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By 
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Chair:  Chad Carr 

Major: Animal Sciences 

The objective of this research was to evaluate the effect of sous vide cooking on dairy cow 

semitendinosus muscles (ST) (IMPS # 171C). Each of the ST muscles (n = 50) was further 

fabricated into steaks according to the specified, randomly assigned treatment in one of three 

experiments. Experiment 1 indicated steaks sous vide cooked at 62.8°C had lower SSF values (P 

< 0.03) than all other treatment steaks cooked to 51.7°C or 57.2°C and had numerically lower 

SSF values than grilled steaks at the same cooking temperature. Steaks sous vide cooked to 

62.8°C exhibited the greatest percentage of solubilized collagen (P ≤ 0.04). As sous vide cooking 

temperature increased (P ≤ 0.04), there was a linear decrease in the moisture percentage. The 

51.7°C treatments exhibited the lowest fat percentages (P ≤ 0.04). Experiment 2 showed 

mechanically tenderized steaks had lower SSF values (P ≤ 0.01) than intact steaks at 51.7°C and 

57.2°C, and an increase in cooking loss was observed (P ≤ 0.01) as cooking temperature 

increased, regardless of mechanical tenderization. The trained sensory panel evaluation 

complemented our findings for the slice shear force and cook loss analysis. Experiment 3 

revealed steaks subjected to the I/62.8°C treatment had the lowest (P ≤ 0.04) SSF values. All 

sous vide par-cooked treatments had a greater (P ≤ 0.04) cooking loss percentage when 
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compared to all grilled steak treatments. Based on the trained sensory panel evaluations, 

juiciness was the only category that was significantly different across all treatments (P < 0.01). 
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CHAPTER 1 

INTRODUCTION 

Mechanical tenderization and needle injection are processes that are utilized extensively in 

the United States to improve the palatability of whole-muscle meat. An estimated 10.5% of fresh 

beef product sold in the United States is mechanically tenderized totaling to approximately 2.6 

billion pounds (Muth et al., 2012). An additional 5.3% has been needle injected or marinated 

(Muth et al., 2012). Drastic changes are expected to occur in the food service industry on January 

1, 2016 as it relates to the cooking of mechanically tenderized beef. Since the year 2000, six 

outbreaks resulting in 176 illnesses with 32 hospitalizations and one death were linked to 

mechanically tenderized beef products. Furthermore, follow-up investigations revealed that the 

contributing factor to these illnesses was failure to fully cook the mechanically tenderized beef 

products. As a result, on Monday, June 10, 2013, the U.S. Department of Agriculture Food 

Safety and Inspection Service (FSIS) submitted a proposed issuance of rules and regulations 

titled “Descriptive Designation for Needle- or Blade- Tenderized (Mechanically Tenderized) 

Beef Products” to the Federal Registrar (Vol. 78, No. 111). Should the rule become final, the 

following changes would occur as it relates to the cooking of non-intact beef cuts: 

 Mandatory labeling with the descriptive designation “mechanically tenderized” coupled 

with an accurate description of the beef component with both using the same style, color, 

and size on a single-color contrasting background. 

 The inclusion of validated cooking instructions on labels of raw or partially cooked 

mechanically tenderized beef products destined for use in homes, restaurants, or similar 

institutions specifying a method of cooking, minimum internal temperature parameters , 

and a dwell time prior to consumption to ensure the non-intact beef product is fully 

cooked. 

 Raw or partially cooked mechanically tenderized beef products destined to be fully 

cooked at an official establishment would not be required to have the descriptive 

designation on the label. 

 For the validated cooking instructions, the establishment would be required to obtain 

scientific and technical support for the judgments made in designing the cooking 
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instructions and validation proving that the establishment is achieving the critical 

operational parameters as documented by the scientific and technical support.  

Currently, the FSIS’s guidance for validated cooking instructions draws heavily from 

studies by Luchansky et al. (2011; 2012) on Shiga toxin–producing O157:H7 and non-O157:H7 

Escherichia coli cells within blade-tenderized beef steaks after cooking on a commercial open-

flame gas grill. Luchansky et al. (2012) reported a 2.0- to 4.1-log CFU/g and 1.5- to 4.5-log   

CFU/g reductions in ECOH and STEC levels when cooked to internal temperatures of 48.9, 54.4, 

60.0, 65.6, and 71.1°C; however, even after reaching an internal temperature of 71.1°C, some 

cells were still present. Furthermore, as reported by Goodfellow and Brown (1978), the FSIS is 

recommending on its website to cook mechanically tenderized beef products to an internal 

temperature of 62.8°C with a 3 min dwell time as this will result in a 5.0-log unit reduction of 

Salmonella. 

As of 2011, an estimated 555 beef processing facilities in the U.S. utilize mechanical 

tenderization (Muth et al., 2012). Not only would the proposed rule would have an effect on 

domestic processing establishments, but there would be a global effect on the beef processing 

industry as foreign establishments that manufacture and export mechanically tenderized beef 

products to the U.S. would have to follow the designated labeling requirements. If the proposed 

rule were to become final, the estimated total cost to the food processing industry for label 

changes would be 1.57 million dollars as the labels would include the “mechanically tenderized” 

designation as well as designation relating to enhancement if the beef product had added 

solutions (Muth et al., 2012). Furthermore, the estimated cost to the food service industry for the 

validation studies of the cooking parameters could range in costs from 5,000 to 10,000 dollars 

per product line with a single formulation (Muth et al., 2012). Labeling compliance would be 

mandatory on January 1, 2016 as it would be included in the new meat and poultry product 



 

13 

 

labeling regulations that occur in 2-year increments. Moreover, it is expected that the final 

mechanically tenderized beef rule will be implemented during the same time period. 

Under the proposed rules, consumers would not be able to order mechanically tenderized 

beef products cooked to “rare” or possibly “medium rare” degrees of doneness as food service 

establishments would be required to heat mechanically tenderized beef products to an internal 

temperature of 71.1°C or 62.8°C with a 3 min hold as stated by the FSIS. Consumers prefer 

steaks cooked to a lower degree of doneness as juiciness and tenderness scores decreased as the 

degree of doneness increased (Lorenzen et al., 1999; Neely et al., 1999). Furthermore, a survey 

comprising of 3,554 consumers, spanning nine restaurants revealed that the average consumer 

ordered their steaks cooked to medium, and that the consumers believed steaks cooked to rare or 

medium rare degrees of doneness were more tender and flavorful leading to greater overall 

satisfaction and an overall higher intent to repurchase (Cox et al., 1996). Previous research by 

Creed (2001) has indicated the sous vide method can provide many opportunities to satisfy 

several groups of consumers with regard to nutritional, sensory, convenience and safety 

requirements. Thus, to meet consumer needs in the food service industry, the use of previously 

under-utilized, innovative cooking methods such as sous vide par-cooking should be evaluated as 

an alternative to mechanical tenderization to ensure acceptable tenderness in less palatable beef 

steaks and roasts. Therefore, the objective of this research was to evaluate sous vide cooking as a 

comparable alternative to mechanical tenderization.  
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CHAPTER 2 

REVIEW OF LITERATURE 

Muscle Characteristics and Factors Effecting Palatability 

Anatomically, muscles vary in composition and use. Muscles of locomotion such as the 

bovine semitendinosus that is used for forward movement are compositionally different than 

muscles of support such as the bovine psoas major or longissimus dorsi found in the loin and rib. 

Research has indicated some variable fiber type composition within each primal as the bovine 

semitendinosus is composed of type I fibers in its deepest portions and type IIB fibers in the 

most outer regions (Totland et al., 1988). Furthermore, the bovine semitendinosus and 

longissimus dorsi are both highly glycolytic in nature despite their differences in anatomical 

locations and functions (Kirchofer et al., 2002). Nonetheless, muscles of locomotion are less 

tender than muscles of support specifically when comparing round subprimals and rib and loin 

subprimals as indicated by data from three national beef tenderness surveys (Brooks et al., 2000; 

Guelker et al., 2013; Morgan et al., 1991). Morgan et al. (1991) reported 56.4% of 

semitendinosus steaks had Warner-Bratzler shear (WBS) force values greater than 4.6 kg, the 

threshold WBS value the average consumer associates as a tough steak. In the subsequent survey 

by Brooks et al. (2000), 55.9% of semitendinosus steaks had a WBS force score greater than 3.9 

kg as compared to ribeye and top loin steaks which had no values greater than 3.0 kg. And in the 

2010 survey by Guelker et al. (2013); cuts from the bottom and top round received lowest “like” 

ratings and the lowest tenderness level ratings. 

A major component contributing to the toughness of bovine semitendinosus is connective 

tissue as it influences the qualitative characteristics of meat; specifically related to background 

tenderness (Forrest et al., 1975). Connective tissue surrounds muscle at every level of 

organization; around the entire muscle as epimysium, around the muscle bundle as perimysium, 
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and around the muscle fiber as endomysium. The bovine semitendinosus contains almost 12 

mg/g of collagen (Jones et al., 2004). As the animal ages, the percentage of soluble collagen in 

the bovine semitendinosus significantly decreases leading to a greater percentage of stronger, 

more stable crosslinks known as insoluble collagen (Nishimura et al., 1996). As a result, the 

toughness of bovine semitendinosus increases linearly with age; doubling from 0 months to 32 

months of age (Nishimura et al., 1996).  

The bovine semitendinosus has the same amount of fat as the leanest muscle in the chuck 

and half the amount of fat as the longissimus dorsi (Jones et al., 2004). The lower percentage of 

intramuscular adipose tissue directly influences the toughness of the bovine semitendinosus as 

intramuscular adipose tissue weakens the structure of perimysial connective tissue by breaking 

away the collagen bundles as well providing lubrication during mastication (Brooks and Savell, 

2004; Nishimura et al., 1999).   

Juiciness is a function of both moisture content and intramuscular fat. Moreover, muscles 

from chuck and loin, with the exception of the gluteus medius, tend to exhibit greater juiciness 

than those from the round (Carmack et al., 1995). The bovine semitendinosus is similar to most 

other lean beef cuts at 73% water; and when combined with lack of intramuscular fat, the cooked 

bovine semitendinosus is perceived as slightly dry (Jones et al., 2004). Furthermore, in the 2010 

National Beef Tenderness Survey, cuts from the bottom and top round received the lowest 

numerical ratings in juiciness “like” and juiciness level; 5.3 for juiciness like/dislike and 5.3 and 

5.2 respectively for juiciness level on a 10-point scale (Guelker et al., 2013).  

Additionally, the bovine semitendinosus was ranked as the blandest muscle with a high 

degree of off-flavor (Brickler, 2000; Calkins and Hodgen, 2007). 
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Traditional Cooking Effects on Whole-Muscle Palatability 

Traditional Cooking Methods 

Dry heat cookery and moist heat cookery are considered traditional cooking methods. 

Furthermore, grilling is often depicted as the conventional dry heat cooking method; while 

braising, simmering, and stewing are considered conventional moist heat cookery methods. In an 

in-home, beef top round cookery survey spanning four major American cities, consumers in 

Philadelphia, San Francisco, and Houston preferred dry heat cookery such as grilling and pan-

frying as opposed to Chicago which preferred simmering and stewing (Neely et al., 1999). 

Moreover, these cooking methods can be further subdivided into long time, low temperature or 

short time, high temperature. Dry heat cookery for a short time at a high temperature is often 

discouraged for cuts with high connective tissue content due to the negative effects on 

palatability such as myofibrillar protein hardening. However, dry heat cookery at a low 

temperature for a long period of time has been shown to improve the palatability of cuts from the 

round as compared to water added, moist heat cookery in an oven with a subsequent dry heat 

finish at 260°C, which produced the highest percentage of undesirable roasts with the lowest 

ratings for initial and overall tenderness, juiciness, and overall palatability (Jeremiah and Gibson, 

2003). Thus, both dry heat and moist heat cooking methods influence the palatability of muscles 

from the round depending on both the time and temperature of the cookery. 

Tenderness 

Research has indicated over 50% of consumers believe tenderness is the most important 

attribute, over flavor or juiciness, when consuming a steak in-home or at a foodservice 

establishment (Huffman et al., 1996). Cooking can positively or negatively affect the tenderness 

of meat depending on the composition of the meat and as a result of the subsequent changes that 

take place due to cooking (Forrest et al., 1975). 
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Kolle et al. (2004) showed semitendinosus steaks cooked to an internal temperature of 

71°C using moist heat cookery, water added to the bottom of aluminum pan to produce a moist 

environment in forced-air convection oven set to a temperature of 93°C, were more tender as 

shown by a greater WBS force percentage reduction as compared to semitendinosus steaks 

cooked to an internal temperature of 71°C using dry heat cookery; a clam-shell grill set to a 

surface temperature of 189°C. 

Previous research on the bovine semitendinosus by Christensen et al. (1999) linked the 

effect of cooking temperature on the mechanical properties of meat quality. Some changes will 

occur rapidly, while other changes are much slower. As a result of heat, muscle fibers will 

rapidly shrink transversely and longitudinally beginning at 35-40°C with a linear increase up to 

80°C (Baldwin, 2012). The slow changes improve tenderness by dissipating collagen into gelatin 

and reducing muscle fiber adhesion to surrounding connective tissue with denaturation 

increasing above 55°C (Baldwin, 2012). Lastly, in regard to enzymatic activity, high heat 

inactivates the enzymes responsible for myofibrillar degradation (Forrest et al., 1975). 

Proteolytic enzymes are stable between the temperatures of 20-35°C; and as the temperature 

increases above 40°C, a rapid decrease in activity will occur leading to minimal activity at 60°C 

(Whitaker, 1996). 

The degree of doneness refers to the end-point temperature of meat. The beef steak color 

guide published by the American Meat Science Association (1995) lists the degrees of doneness 

and corresponding end-point temperatures for beef steaks: very rare- 55°C, rare- 60°C, medium 

rare- 63°C, medium- 71°C, well done- 77°C, and very well done- 82°C. The degree of doneness 

has a significant effect on palatability; as end-point temperature increases from 60°C to 80°C, 

tenderness, juiciness, and overall acceptability all decrease while total cook loss dramatically 
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increases (Parrish et al., 1973). Steaks cooked to a very well done degree of doneness have 

almost 10% greater cook loss values than steaks cooked to a rare degree of doneness (Parrish et 

al., 1973). Additionally, in-home consumer evaluations from four major cities revealed steaks 

from the top round cooked to the degree of doneness medium rare or less received greater 

numerical tenderness ratings, juiciness ratings, and overall like ratings when compared to higher 

degrees of doneness ranging from medium to very well done (Neely et al., 1999). 

In addition to heat, time contributes to tenderness. Specifically when cooking the bovine 

semitendinosus, lower temperatures (56-58°C) showed the greatest impact on tenderness after 60 

min; whereas higher temperatures (72-74°C) showed greatest impact on tenderness after just 

several minutes; however, as time increased with higher temperatures so did the resistance to 

shear (Machlik and Draudt, 1963). The increased myofibrillar rigidity of meat cooked for a 

prolonged period of time at high temperatures is known as protein hardening.  

Cook Loss and Juiciness 

Moisture loss occurs due to evaporation and drip loss, and will increase with end-point 

cooking temperature (Forrest et al., 1975). Jeremiah and Gibson (2003) showed eye of round 

roasts rapidly roasted to an internal temperature of 71°C in an oven at a temperature of 260°C 

with water added had a cook loss value of 8.1% higher than roasts cooked to 71°C in an oven at 

a temperature of 140°C with no moisture added. Furthermore, Bowers et al. (2012) and Obuz et 

al. (2004) further depicted that an increase in endpoint temperature led to lower cook yields 

regardless of cookery method. Thus, an increase in temperature results in greater cook loss due 

to moisture loss and fat solubilization. Time influences cook loss as well. Garcia-Segovia et al. 

(2007) showed a significant increase in cook loss as time increased over a constant temperature 

using dry cookery.  
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Flavor  

Numerous compounds contribute to the flavor of beef. Water-soluble components and 

lipids are the major precursors of meat flavor (Mottram, 1998). Moreover, lipids are responsible 

for specific species flavor as aldehydes are a major product of lipid degradation (Mottram, 1998). 

As a result of direct dry heat cookery; such as grilling, non-enzymatic browning- otherwise 

known as the Maillard reaction occurs between amino acids and reducing sugars as well as the 

thermal degradation of lipids resulting in the primary components that contribute to taste 

(Calkins and Hodgen, 2007; Mottram, 1998). The Maillard reaction will not occur without direct 

heat; thus, the meat taste will be bland.  

Sous vide Cooking Method 

The term sous vide is French for “under vacuum.” Sous vide cooking is a non-traditional 

long time, low temperature cooking method in which food is vacuumed-sealed in heat stable, 

food grade plastic pouches and cooked fully submerged in a water bath using precisely 

controlled heating (Baldwin, 2012). Thus, sous vide cooking is a cook-in-bag system utilizing 

variations of cook-hold, cook-serve, cook-chill, or cook-freeze technologies. As cited by 

Baldwin (2012) in reference to Church and Parsons (2000); vacuum sealing allows for a more 

efficient transfer of heat from the water to the food, it eliminates the risk of recontamination 

during storage, and it inhibits off-flavors from oxidation as well as prevents losses of flavor 

volatiles and moisture during cooking. Furthermore, sous vide cooking allows for precise 

temperature control resulting in a highly reproducible product (Baldwin, 2012). As concluded by 

Vaudagna et al. (2002) the advantages related to palatability traits and microbiological stability 

make sous vide cooking a suitable process for adding value to a low cost raw material. 
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Mechanism of Tenderization 

Current research by Christensen et al. (2013) and Suriaatmaja and Lanier (2014) on sous 

vide cooking has indicated that collagen solubilization is the primary mechanism responsible for 

tenderness improvement. Work by Suriaatmaja and Lanier (2014) showed a clear reduction of 

toughness at temperatures above 51.5°C through the use of sous vide cookery. Previous research 

has also linked a significant reduction in connective tissue specifically between the temperatures 

50°C to 60°C through the use of long time, time low temperature cookery (Laakkonen et al., 

1970). At typical sous vide cooking temperatures between 55°C and 60°C most proteolytic 

enzymes are denatured (Tornberg, 2005). Furthermore, Christensen et al. (2013) showed the 

activity of cathepsins B and L in young bull and cow semitendinosus decreased with increased 

time and temperature. However, recent research has indicated slight catheptic activity above 

60°C (Christensen et al., 2011).  Christensen et al. (2011) reported catheptic activity in sous vide 

slaughter pig and sow longissimus dorsi and semitendinosus cooked for a long period of time at a 

temperature of 63°C.  

Time and Temperature Effects 

The sous vide cooking method is a variation of long time, low temperature moist heat 

cookery. Studies have indicated that both time and temperature are significant to achieving a 

reduction in toughness when using the sous vide cooking method; however, temperature is the 

most significant and should be kept high enough to solubilize collagen, but low enough to 

prevent myofibrillar hardening (Christensen et al., 2013; Garcia-Segovia et al., 2007; Vaudagna 

et al., 2002). Current research by Suriaatmaja and Lanier (2014) revealed no increase in 

tenderness for meat samples sous vide at 50°C up to 30 h, but saw a significant difference in 

tenderness once the temperature was raised to 51.5°C; thus, temperature had the most significant 

impact on tenderness. Sous vide research by Roldan et al. (2013) on lamb loins indicated a loss 
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of connective tissue integrity at 60°C and the formation of protein gel in the endomysial space at 

70°C with the lowest average shear force values at 60°C. Christensen et al. (2013) noted 

tenderness of the semitendinosus from young animals improved as cooking temperature 

increased from 53°C to 55°C with a cooking duration of 2.5 h and when time was increased from 

2.5 to 7.5 h at 53°C, but a cooking temperature of 58°C for 2.5 h or a cooking duration of 19.5 

hours at 53°C was needed to significantly improve the tenderness of cow semitendinosus; 

suggesting the cow semitendinosus exhibited greater cross-linking resulting in greater thermal 

strength of the connective tissue. Nonetheless, after 19.5 h at 63°C, both the young bull and cow 

meat samples were equally tender. Christensen et al. (2011) reported that increasing the end-

point sous vide temperature from 53°C to 60°C increased the percentage of soluble collagen in 

the longissimus dorsi and semitendinosus from slaughter pigs and sows leading to more tender 

muscles.  

Cook Loss 

Cook loss or the lack of retention of the meat juices in the bag is clearly the most notable 

disadvantage of the sous vide cooking method (Church and Parsons, 2000; Szerman et al., 2012). 

Some previous research on sous vide cooking has indicated both time and temperature have a 

significant impact on cook loss (Christensen et al., 2011; Garcia-Segovia et al., 2007). 

Furthermore, other research on sous vide cooking has indicated that although time has an effect, 

temperature has the greatest impact on cook loss (Christensen et al., 2011, 2012; Roldan et al., 

2013; Vaudagna et al., 2002) Moreover, studies have shown an increase in cook loss as 

temperature increased as well as a negative correlation between juiciness and tenderness 

(Christensen et al., 2012; Vaudagna et al., 2002). Additionally, previous research has indicated 

that sous vide cooking results in higher cook loss percentages as compared to traditional grilling 

methods across the same end-point temperatures (Obuz et al., 2004). Work by Obuz et al. (2003) 
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showed 9% increase in cook loss when using the sous vide cooking method as compared to a belt 

grill. The slower cooking rate was explained as the reason for the increase in cook loss between 

the two cooking methods as the belt grill provides direct heat transfer and sears the surface of the 

meat.  

Flavor 

Similar to other long time, low temperature cooking techniques, sous vide cooking results 

in meat with low flavor intensity; thus, leading to a bland flavor (Christensen et al., 2012). In 

recent sensory evaluation work on the flavor and odor intensity of sous vide bovine 

semitendinosus; Szerman et al. (2012) characterized the flavor and odor as both slightly intense. 

The flavor of meat is result of volatile compounds generated at high temperatures; thus, the lack 

of high cooking temperatures when using the sous vide cooking method is directly responsible 

for the low flavor intensity (Christensen et al., 2012; Mottram, 1998).     

Color 

Both time and temperature affect the appearance of long time, low temperature cooked 

beef and pork as heat-induced conversions in myoglobin occur (Christensen et al., 2012). An 

increase in both time and temperature give sous vide cooked meat a lighter more yellow color 

leading to an overall more greyish appearance (Garcia-Sergovia et al., 2007). The loss of redness 

is indicative of greater myoglobin degradation as the temperature increases (Rouldan et al., 

2013). Additionally, on a cooked beef color ratings scale from 1 to 7 (1: Very red, 7: Brown) and 

a color uniformity scale from 1 to 5 (1: No variation, 5: Extreme amount of variation); sous vide 

cooked semitendinosus was given a rating of 5.58 for cooked beef color and a color uniformity 

score of 2.73 (Szerman et al., 2012).  
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Food Safety 

As with all raw meat products, initial microbial load is a determinant of the survival of the 

pathogens during processing (Nyati, 2000). Thus, raw material inspection is critical. Specifically 

to sous vide cookery; pouches must be inspected for leaks as to prevent post-processing 

contamination as well as the proper training of food service professionals to ensure proper food 

hygiene and handling (Nyati, 2000). 

Pathogens of Concern 

Salmonella 

Salmonella is a heat resistant, gram-negative, rod-shaped bacilli responsible for an 

estimated 1.2 million illnesses in the U.S., with roughly 23,000 hospitalizations and 450 deaths 

(CDC, 2014). Raw foods of animal origin can potentially carry Salmonella. The FSIS (2013) 

recommends that all raw beef steaks and roasts be cooked to a minimum internal temperature of 

62.8°C. Thus, Salmonella would be a pathogen of interest as sous vide processing temperatures 

can be lower than 62.8°C. 

As cited by Baldwin (2012) in reference to Snyder (1995); a 3 log10 unit reduction in 

Salmonella species should be sufficient for healthy individuals; whereas, a 6.5-7 log10 unit 

reduction should be sufficient for immunocompromised individuals. Work by Goodfellow and 

Brown (1978) indicated that water-bath cooking was capable of reducing Salmonella to 

undetectable levels in beef rounds at temperatures of 54.4°C and 57.2°C. Very low levels of 

Salmonella were present after 7 h at a temperature of 51.6°C; and Salmonella was undetectable 

at a water-bath temperature of 54.4°C if the beef rounds were held at this internal temperature for 

a minimum of 30 min. Furthermore, at a water-bath temperature of 57.2°C, undetectable levels 

were seen when the beef rounds were held for a minimum of 3 min at this internal temperature. 

Moreover, Salmonella was undetectable at all internal temperatures above 57.2°C during water-
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bath cooking. Sous vide microbial research by Juneja and Marks (2003) showed varying the time 

at which the target temperature is reached can result in significant changes in the ability of cells 

to survive a heat treatment at the target temperature. Additionally, the use of whole muscle as 

compared to ground products allows for the use of lower temperatures with less time to achieve 

reductions in Salmonella (Orta-Ramirez et al., 2005).  

Escherichia coli O157:H7 

Escherichia coli O157:H7 is a deadly shiga-toxin producing, pathogenic strain of the 

Escherichia coli bacteria with an extremely low infectious dose resulting in an estimated 2,138 

hospitalizations annually (CDC, 2012; 2013).  

Determined by a linear regression, work by Juneja et al. (1997) showed ground beef 

cooked in a water-bath at 55, 57.5, 60, 62.5, and 65°C for predetermined lengths of time had 

respective D-values of 21.13, 4.95, 3.17, 0.93 and 0.39 min. Furthermore, the D-values will 

decrease as the percentage of fat decreases; thus, a whole muscle such as the bovine 

semitendinosus will have a lower D-value (Ahmed et al., 1995).  

Listeria monocytogenes 

Listeria monocytogenes is a primary pathogen of concern in sous vide processing as it is an 

anaerobic organism that is both resistant to high temperatures and is psychrotolerant in nature 

(Hansen and Knochel, 1996). As cited by Hansen and Knochel (1996) in reference to Kim et al. 

(1994) and Stephens et al. (1994); the heat resistance of L. monocytogenes can increase due to 

slowly rising temperatures. Thus, L. monocytogenes is a pathogen of concern for sous vide 

cooking due to slow rising temperatures over an extended period of time. 

Work by Bolton et al. (2000) showed sufficient inactivation of L. monocytogenes for beef 

in vacuum packaging at water bath temperatures of 50°C for 36.1 min, 55°C for 3.1 min, and at 

60°C for 0.15 min. Furthermore, Vaudagna et al. (2002) reported higher temperatures reduced 
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the time for the thermal destruction of L. monocytogenes. More recent work by Rouldan et al. 

(2013) found less than log 1 CFU/g of L. monocytogenes at the lowest sous vide heat treatment 

of 60°C for 6 h indicating a healthy individual would not become ill. This was possibly due to 

low initial counts; nonetheless, growth was not seen across any of the heat treatments. 

Temperature abuse must be limited due to L. monocytogenes’s heat resistance and ability 

to recover from heat-shock. Previous research by Jorgensen et al. (1999) indicated that 

temperature abuse in the logarithmic growth phase increased the thermotolerance of L. 

monocytogenes in water-bath cooked minced meat at 60°C. Additional work by Hansen and 

Knochel (2001) showed an increase in the log reduction times of L. monocytogenes in the late 

logarithmic phase when meat samples were subjected to a heat pretreatment of 46°C for 30 min 

prior to a sous vide heat treatment of 60°C. 

Clostridium perfringens 

Clostridium perfringens is an anaerobic, spore forming bacteria found throughout the 

environment in the soil, water, and air that produces an enterotoxin (Granum, 1990; Huang, 

2003). As a result, the organism can potentially contaminate the surface of raw meat. 

Furthermore, C. perfringens has an infectious dose of (>10
6
) vegetative cells or (>10

6
) spores/g 

of food (FDA, 2012). Clostridium perfringens is an organism of concern as it relates to sous vide 

cooking due to the survival of anaerobic, heat resistant spores in the vacuum sealed pouch and 

since the vegetative cells have an estimated maximum growth temperature of 53.5°C (Golden et 

al., 2009). 

Clostridium perfringens is a viable indicator of the thermal efficacy of vegetative cell 

destruction (Vaudagna et al., 2002). Research by Juneja and Marmer (1998) indicated thermal 

destruction of vegetative cells could be achieved at 55°C for 21.6 ± 0.1 min, 57.5°C for 10.2 

min, 60°C for 5.3 min, and at 62.5°C for 1.6 min. Additional thermal inactivation research on 
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vegetative cells by Byrne et al. (2006) revealed D-values of 0.9 min at 65°C to 16.3 min at 55°C 

with the recommendation to cook meat to an internal temperature of 70°C for 1.3 min to achieve 

a 6 log unit reduction of C. perfringens vegetative cells. As a precaution, to prevent sporulation 

of surviving vegetative cells after subsequent heat treatment, food should be held at or below 

2.5°C and re-heated to an internal temperature of 65°C for 1 min (Baldwin, 2012; Juneja and 

Marmer, 1998; Meng and Genigeorgis, 1994). 

Par-Cooking 

Par-cooking is a process that involves the use of two separate heat treatments. The first 

heat treatment; usually a method of long time, low temperature cookery, is responsible for 

cooking the raw meat product to an internal temperature below the desired end-point 

temperature. The par-cooked product is then held at refrigerated temperatures until further 

processing. The second heat treatment; usually a method of dry heat cookery such as grilling, is 

responsible for cooking the product to a final end-point temperature prior to consumption. 

Furthermore, finishing at food service is common for meat products. Searing by the direct heat of 

a grill or blow torch is popular as browning adds significant flavor as well as a grilled 

appearance which is preferred by consumers (Baldwin, 2012; Creed, 2001).  

Tenderness 

Research by Obuz et al. (2003) showed bovine biceps femoris and longissimus lumborum 

steaks previously held in a water bath up to 30 min at temperatures of 57°C or 62°C and then 

reheated on a belt grill to a final internal end-point temperature of 70°C had significantly higher 

WBS force values as compared to steaks not reheated possibly due to myofibrillar hardening. 

Cook Loss 

In a study by Obuz et al. (2003); steaks reheated on a belt grill to an internal temperature of 

70°C after being held in a water bath had a significantly greater percentage of cook loss, roughly 
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7% higher, than steaks not reheated. Furthermore, the combination of increased holding time at 

higher temperatures combined with reheating further increased the percentage of cook loss. As 

cited by Obuz et al. (2003) in reference to Hearne et al. (1978) and Lawrence et al. (2001); the 

increase in cook loss was due to fluids being forced out as a result of collagen shrinking and the 

shortening of sarcomeres.  

Mechanical Tenderization 

Mechanical tenderization is a post-harvest practice for improving the tenderness of meat. 

Primal and subprimal cuts are passed through machines that contain reciprocating rows of 

extremely sharp blades or needles that are responsible for disrupting the structural integrity of 

myofibrils, muscle fibers, and muscle bundles as well as severing fibrils of connective tissue 

(Smith et al., 2008). An estimated 10.5% or 2.6 billion pounds of beef product sold in the U.S. is 

mechanically tenderized (Muth et al., 2012). As indicated in a recent beef mechanical 

tenderization survey submitted to 241 members of the North American Meat Processors 

Association with 90 total respondents; mechanical tenderization was used on cuts from the 

round, sirloin, loin, rib, and chuck with 86.9% of top sirloin butts and 85.1% of strip loins 

receiving a mechanical tenderization treatment (George-Evins et al., 2000). Moreover, cuts from 

the chuck and round received the greatest number of passes through the machine at 2.1 and 1.9 

respectively; whereas, cuts from the loin and rib received the least number of passes through the 

machine. Additionally, cuts from lower quality grades tended to receive a mechanical 

tenderization treatment as only 35% of prime cuts were mechanically tenderized as compared to 

86.8% of both Select and Standard. Lastly, respondents indicated 75.1% of the mechanically 

tenderized beef was destined for food service and 13.3% was processed for retail.  
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Tenderness 

Well-established research has indicated both decreased shear force values and amounts of 

organoleptically detectable connective tissue with the use of mechanical tenderization (Savell et 

al., 1977; Seidman et al., 1977). Recent research by Pietrasik et al. (2010) and Pietrasik and 

Shand (2011) revealed a significant decrease in WBS force values as a result of mechanical 

tenderization as well as significantly higher sensory panel scores for overall tenderness and 

scores indicating a significant decrease in the amount of detectable connective tissue. In addition, 

work by Jeremiah et al. (1999) declared mechanical tenderization could be effectively utilized to 

reduce the variability in and improve both tenderness and palatability in muscles from the hip. 

Mechanical tenderization reduced the percentage of unpalatable inside round samples from 36% 

to 8% and from 80% to 40% of samples from the eye of round.  

Cook loss 

Current research is not in agreement on whether blade tenderization has an effect on cook 

loss. Work by Pietrasik et al. (2010) found mechanically tenderized bovine semitendinosus 

steaks had greater cooking loss as compared to control steaks. Furthermore, research by Obuz et 

al. (2014) showed comparable results between intact versus non-intact steaks from the loin. 

However, other studies have indicated mechanical tenderization did not affect cook loss 

(Jeremiah et al., 1999; Pietrasik and Shand, 2011). The conflicting results may be attributed to 

the specific muscles that were used in the studies as certain muscles are more susceptible to 

greater cook loss with the use of mechanical tenderization (Jeremiah et al., 1999; Savell et al., 

1976). 

Food Safety 

The act of mechanically tenderizing meat is of great food safety concern to the FSIS as 

pathogens may be potentially internalized in the meat product. Research by Gill and McGinnis 



 
 

29 

 

(2005) found the contamination of deep tissues increased significantly as a result of mechanical 

tenderization with increasing numbers of aerobic bacteria on meat surfaces. However, a greater 

number of passes through the machine did not increase deep tissue contamination. Furthermore, 

recent studies have shown microbial translocation depths of several centimeters (Luchansky et 

al., 2012; Ray et al., 2010).  

Escherichia coli O157:H7 is a major pathogen of concern to the food industry as it relates 

to non-intact beef products. Phebus et al. (2000) showed blade tenderization translocated roughly 

3 to 4% of E. coli O157:H7 from the surface of subprimals, regardless of the initial surface 

contamination. Furthermore, the study found oven broiling at temperatures of 60°C or greater 

resulted in the complete thermal destruction of E. coli O157:H7 in mechanically tenderized 

subprimals. However, Gill et al. (2009) showed complete thermal inactivation was not reached 

until 65°C with no hold and at 65°C with a 2 min hold at respective growth conditions of 35°C 

and 42°C simulating temperature abuse. Luchansky et al. (2012) reported a 2.0- to 4.1-log   

CFU/g and 1.5- to 4.5-log CFU/g reductions in ECOH and STEC levels when cooked to internal 

temperatures of 48.9, 54.4, 60.0, 65.6, and 71.1°C; however, even after reaching an internal 

temperature of 71.1°C, some cells were still present. Studies have indicated the thickness and 

weight of mechanically tenderized beef affect the thermal destruction of E. coli O157:H7 (Adler 

et al., 2012; Phebus et al., 2000). 
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CHAPTER 3 

SOUS VIDE BEEF COOKERY 

Materials and Methods 

Raw Samples 

Beef semitendinosus muscles (ST) (IMPS # 171C; n = 50) were removed and collected 

from USDA Commercial and Utility dairy cow carcasses from a commercial beef processing 

facility 24 h after slaughter. Selection was made by trained, University of Florida personnel by 

utilizing carcass weight, subjective external fat thickness and color, and carcass conformation. 

External fat was not removed prior to individual packaging in vacuum sealed bags at the 

commercial beef processing facility. Whole muscles were shipped under refrigeration to the 

University of Florida Meat Processing Center and aged for 7 d at a temperature of 2°C ± 1°C 

prior to fabrication. 

Sample Preparation 

After aging, all muscles were denuded free of exterior fat and epimysium. The tail portion 

of each muscle was then removed. Each of the 50 ST muscles was randomly assigned an 

identification number. Ten muscles were cut into (n = 7) 2.54 cm steaks for Experiment 1 (Table 

3-1). The remaining muscles were bisected into a posterior and anterior half. One half of each 

muscle was needle tenderized two times using a 48 knife, Jaccard Meat Tenderizing Machine 

(Jaccard Corporation, Rochester, NY). To ensure randomization during needle tenderization, the 

end of the roast, anterior or posterior, was alternated between samples. Muscles were then cut 

into 5.1 cm steaks (n = 6) with 20 muscles being used for Experiment 2 and 20 muscles for 

Experiment 3 (Figure 3-1). All steaks were then individually placed in vacuum bags (BQ6620; 

Cryovac, Duncan, SC) and vacuumed sealed. All vacuum-sealed steaks were frozen at -40°C 

until further testing. 
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Experiment 1: The Effect of Cooking Method and Endpoint Temperature on 

Characteristics of Cow Semitendinosus Steaks 

The seven semitendinosus steaks per muscle randomly assigned to 1 of 7 treatments;        

(n = 1) uncooked, (n = 3) sous vide cooked at 51.7°C, 57.2°C, or 62.8°C, or the same respective 

endpoint cooking temperatures for grilling (n = 3).  

Thermal processing 

Sous vide cooking was done using a constant temperature water bath (Magni Whirl; Blue 

M Electric Company, Blue Island, IL). A come-up time of 1 h was allotted in order for the water 

temperature to reach operating condition. The water agitation function was used for all 

treatments. Samples were thawed 24 h prior to the cooking treatment. Samples with an initial 

internal temperature of 6°C ± 2°C were placed into the water bath once the operating 

temperature had been reached. All vacuum packaged samples from each of the 10 muscles, for 

each respective cooking temperature, were placed in the water bath at 51.7°C, 57.2°C, or 62.8°C 

for a total of 8 h each. Fully submerged samples were checked for leaks. Water bath temperature 

was monitored periodically using a water-proof thermometer (4039 Traceable; Control 

Company, Friendswood, TX). After cooking, samples were chilled in an ice bath and then placed 

in a walk-in cooler at 4°C ± 2°C until further testing. The process was repeated for all three sous 

vide cooking treatments. 

An open hearth, variable heat grill (Model 31605 AH, Hamilton Beach/Proctor-Silex Inc., 

Southern Pines, NC) was used for all grilling treatments. Samples were thawed 24 h prior to the 

cooking treatment. The steaks were placed on the pre-heated grills and turned once at an internal 

temperature of 35°C; and then allowed to finish cooking to 51.7°C, 57.2°C, and 62.8°C, 

respectively. Temperature was monitored using copper-constantan thermocouples (Omega 

Engineering, Inc., Stanford, CT) placed in the geometric center of each steak connected to a 



 
 

32 

 

recording thermometer (Measurement Computing Corp., Norton, MA) and recorded using 

DASYLab 12.0 in Windows 7 (Measurement Computing Corp., Norton, MA). After cooking, 

samples were placed in a walk-in cooler at 4°C ± 2°C. Once chilled, steaks were placed in a bag 

(BQ6620; Cryovac, Duncan, SC) and vacuumed sealed. Steaks were then placed back in a walk-

in cooler at 4°C ± 2°C until further testing. The process was repeated for all three endpoint 

temperatures. 

Slice shear force analysis 

After completion of cooking and chilling, a slice shear force analysis was performed on 

each individual steak (n = 60) at a chilled temperature. The slice shear force analysis was 

conducted using the 90° box as stated in the USMARC Slice Shear Force Procedure for Beef ST 

made available by the USDA- Agriculture Research Service (ARS) (2012). Following the proper 

orientation of the steak as depicted in the protocol; cuts one and two were made from the sides, 

the steak was rotated 90° counter clockwise and then placed in the 90° box. Three slices were 

obtained representing the top, center, and bottom with equal spacing. Each slice was sheared 

once perpendicular to the muscle fibers using a slice shear head attached to an Instron Universal 

Testing machine (Model 3343; Instron Corporation, Canton, MA) with a cross-head speed of 

500mm/min. All trim, including sheared slices, from each treatment steak was individually 

placed in identified bags for further analysis and subsequently refrigerated at 4°C ± 2°C. 

Moisture analysis 

A food processor (# 306 Handy Chopper Plus, Black and Decker, Towson, MD) was used 

to process samples from each steak. All sous vide and grilled treatment steak samples (n=60) 

plus raw steak samples (n = 10) were analyzed. All samples were analyzed using the Moisture by 

Oven Drying protocol (AOAC Official Method 24.003, 1984). Dry aluminum pans were labeled 

and placed in the drying oven set to a temperature of 105°C. After 12 h, the aluminum pans were 



 
 

33 

 

removed from the drying oven and placed in a desiccator for 30 min. The dried aluminum pans 

were weighed, with weight being recorded as C. Approximately 3 to 6 g of each steak sample 

was placed, in duplicate, into the dried aluminum pan, and the weight was recorded as A. Those 

samples were then placed in the drying oven set to a temperature of 105°C for 18 h. After drying, 

samples were removed from the drying oven and placed in a desiccator to cool. Dried samples 

were re-weighed, with weight recorded as B. Moisture percentage was calculated by the 

difference of A and B over the difference of A and C, and multiplying that value by 100. All 

moisture analysis samples were discarded after calculations were complete.  

Fat analysis 

Samples from each steak were processed using a food processor (# 306 Handy Chopper 

Plus, Black and Decker, Towson, MD). All sous vide and grilled treatment steak samples (n=60) 

plus raw steak samples (n = 10) were analyzed. A 1.7 g ± 0.2 g portion of each sample was 

placed, in duplicate, into a labeled filter bag, heat sealed, and weight was recorded as initial 

weight. Those samples were placed in a drying oven for 12 h, and then weighed, with weight 

being recorded as W2. Total lipid content was measured using hexane in an Ankom XT15 

Extractor. After extraction, samples were again placed in a drying oven for 15 min, and then 

weighed, with weight being recorded as W3. Fat percentage was calculated by the difference in 

W2 and W3, divided by initial weight × 100. All fat analysis samples were discarded after 

calculations were complete. 

Collagen analysis 

After cooking, a collective sample greater than 5 g was taken from each individual steak  

(n = 70) for a collagen analysis. All samples were pulverized using liquid nitrogen and stored at -

20°C prior to the analysis. Hydroxyproline content was determined by following a modified Hill 

Method (AOAC Official Method 990.26, 2005). Approximately 1 g of the pulverized, freeze-



 
 

34 

 

dried sample was weighed-out and transferred into a 25mm x 150mm glass, Teflon-lined screw-

cap tube. A 12 mL aliquot of ¼ Strength Ringer’s Solution was added to the tube, which was 

then placed in a water bath set to 77°C and allowed to incubate for 80 min with shaking at 80 

rpm. The tube was then removed from the water bath and centrifuged at 3000 rpm for 12 min at 

20°C to separate the soluble and insoluble fractions. Supernatant was transferred to a separate 

identical sized tube labeled “soluble.” Next, 3 mL of ¼ Strength Ringer’s Solution was added 

into the tube with the insoluble fraction. The tube was then vortexed and subsequently 

centrifuged at 3000 rpm for 12 min at 20°C. Next, 3.0 mL of concentrated H2SO4 was added to 

the “soluble” tube and 30 mL of 3.5 M H2SO4 was added to the tube containing the insoluble 

fraction; both were vortexed and all tubes were subsequently placed in a drying oven set to 

105°C for 16 to 20 h. Once cooled for a minimum of 30 min, samples were filtered, by gravity, 

through a Whatman 541 (hardened, ashless, fast filter speed) filter paper cone and diluted with 

deionized water to 250 mL for the soluble fraction and 500 mL for the insoluble fraction. Ten 

milliliters of the sample was transferred to 15 mL glass containers and immediately analyzed 

using a hydroxyproline assay. Hydroxyproline determination was carried out following the 

procedures outlined by Bergman and Loxley (1963) using a BioTek Eon spectrophotometer 

(Winooski, VT) to read absorbance at 558 nm. The spectrophotometer was calibrated using a 

distilled water blank sample, and readings were quantified by standard curves prepared for each 

day of analysis. Total and fractional collagen content was determined by multiplying the 

hydroxyproline content of the soluble fraction by 7.25 and the insoluble fraction by 7.52 (Cross 

et al., 1973).  
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Experiment 2: The Effects of Mechanical Tenderization on Sous vide Cooked, Cow 

Semitendinosus Steaks. 

The six semitendinosus sections (n = 3 needled and n = 3 intact) per muscle were allotted 

to the three sous vide cooking treatments as discussed in Experiment 1.  

Thermal processing 

All samples were thawed, cooked, and chilled as described in Experiment 1 for sous vide 

cooking. 

Cook loss analysis 

A total cook loss analysis was performed on all steaks (n = 120). Initial weights were taken 

for each steak prior to thermal processing. After cooking and cooling, steaks were blotted dry 

with a paper towel, prior to being reweighed for the calculation of cooking loss percentage by 

taking the difference in weights as a percentage of initial weight × 100. 

Slice shear force analysis 

After completion of cooking and chilling, a slice shear force analysis was performed on 

each individual steak (n = 120) at a chilled temperature. Prior to analysis, each 5.08 cm steak was 

cut by bisecting the long axis into two 2.54 cm steaks for slice shear force analysis and trained 

sensory panel evaluation. The slice shear force analysis was then performed as described in 

Experiment 1. 

Trained sensory evaluation 

Samples were prepared as described for sous vide cooking in Experiment 1. A total of 60 

steaks from 10 muscles were evaluated over 10 taste panel sessions spanning 6 d. Panelists 

evaluated six steak samples representing the six possible treatments (mechanically tenderized or 

intact; sous vide cooked at three different temperatures) from the same identified, randomly 

selected cow semitendinosus per session. Each steak was cut into multiple 1.27 cm
3
 cubes; and 
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one cube per sample was served at a chilled temperature in a positive pressure ventilated room 

with lighting and cubicles designed for objective meat sensory analysis. A 7–12 member sensory 

panel trained according to AMSA sensory evaluation guidelines (AMSA, 1995) evaluated each 

cow semitendinosus sample for juiciness (1 = extremely dry, 2 = very dry, 3 = moderately dry,   

4 = slightly dry, 5 = slightly juicy, 6 = moderately juicy, 7 = very juicy, 8 = extremely juicy), 

beef flavor intensity (1 = extremely bland, 2 = very bland, 3 = moderately bland, 4 = slightly 

bland, 5 = slightly intense, 6 = moderately intense, 7 = very intense, 8 = extremely intense), 

overall tenderness (1 = extremely tough, 2 = very tough, 3 = moderately tough, 4 = slightly 

tough, 5 = slightly tender, 6 = moderately tender, 7 = very tender, 8 = extremely tender), 

connective tissue (1 = abundant, 2 = moderately abundant, 3 = slightly abundant, 4 = moderate 

amount, 5 = slight amount, 6 = traces amount, 7 = practically, 8 = none detected), and off-flavor 

(1 = extreme off-flavor, 2 = strong off-flavor, 3 = moderate off-flavor, 4 = slight off-flavor, 5 = 

threshold; barely detected, 6 = none detected). A randomly selected sample was provided for an 

initial panelist warm-up, and water and unsalted crackers were provided to panelists between 

samples for palate cleansing. 

Experiment 3: Sous vide Par-cooking 

Five of the 6 ST steaks, per muscle, made at fabrication were allocated into 1 of 5 

treatments: 1. Intact/Grilled 62.8°C (IG), 2. Needled/Grilled 62.8°C (NG), 3. Needled/Sous vide 

par-cooked 51.7°C (N/51.7°C), 4. Intact/Sous vide par-cooked 57.2°C (I/57.2°C), and 5. 

Intact/Sous vide par-cooked 62.8°C (I/62.8°C). All sous vide par-cooked samples were finished 

on a grill to an endpoint temperature of 62.8°C. 

Thermal processing 

All “grilled” steaks were thawed, cooked, and chilled in the same manner as the grilling 

procedure described in Experiment 1. For the sous vide par-cooking portion of the experiment, 
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steak samples designated to their respective sous vide cooking treatments (n = 60) were initially 

cooked in a constant temperature water bath (Magni Whirl; Blue M Electric Company, Blue 

Island, IL) for 8 h. A come-up time of 1 h was allotted in order for the water temperature to reach 

operating condition. The water agitation function was used for all treatments. Submerged 

samples were checked for leaks; and the water bath temperature was monitored periodically 

using a water-proof thermometer (4039 Traceable; Control Company, Friendswood, TX). After 

the completion of the three initial sous vide cooking treatments, steak samples were removed 

from the water bath and allowed to cool. Samples were then placed on preheated, open hearth, 

variable heat grills (Model 31605 AH, Hamilton Beach/Proctor-Silex Inc., Southern Pines, NC) 

for the finishing portion of the par-cooking process. Temperature was monitored and recorded 

using both copper-constantan thermocouples (Omega Engineering, Inc., Stanford, CT) placed in 

the geometric center of each steak and DASYLab 12.0 in Windows 7 (Measurement Computing 

Corp., Norton, MA). Steaks were turned once at an internal temperature of 35°C; and 

subsequently allowed to finish cooking to an endpoint internal temperature of 62.8°C. After the 

final cooking process, samples were placed in a walk-in cooler at 4°C ± 2°C to cool. Once 

chilled, identified steaks were individually placed in a vacuum bag (BQ6620; Cryovac, Duncan, 

SC) and vacuumed sealed. Steaks were then placed back in a walk-in cooler at 4°C ± 2°C until 

further testing. 

Cook loss analysis 

A total cook loss analysis was performed on all “grilled” treatment steaks (n = 40) as 

described in Experiment 2. A total and secondary cook loss analysis was conducted on all sous 

vide par-cooked steaks (n = 60). Initial weights were taken for each steak prior to thermal 

processing and recorded as W1. The sous vide steaks were removed from the water-bath upon 

completion of the cooking treatment and allowed to cool. Steaks were blotted with a dry paper 
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towel and then re-weighed and recorded as W2. Following the final grilling portion of the par-

cooking procedure, steaks were removed from the grill and allowed to cool. After cooling, steaks 

were blotted with a dry paper towel, prior to being re-weighed and recorded as W3. Total cook 

loss was calculated by dividing W3 into W1; then subtracting the value from 1 and finally 

multiplying the value by 100 to determine a percentage. The secondary cook loss, due to grilling, 

was calculated by first; taking the difference between W2 and W3 and then dividing by W2. The 

value was then multiplied by 100 to determine a percentage. 

Slice shear force analysis 

After completion of cooking and chilling, a slice shear force analysis was performed on 

each individual steak (n = 100) at a chilled temperature. Prior to analysis, each 5.08 cm steak was 

cut by bisecting the long axis into two 2.54 cm steaks for slice shear force analysis and trained 

sensory panel evaluation. The slice shear force analysis was conducted as described in 

Experiment 1. 

Trained sensory evaluation 

A total of 25 steaks from five muscles were evaluated over five taste panel sessions 

spanning 3 d. During each taste panel session, panelists evaluated five steak samples 

representing the five possible treatments from the same identified, randomly selected cow 

semitendinosus. The trained sensory evaluation was then performed as described in Experiment 

2.  

Statistical Analysis 

All data was analyzed using the using the mixed model procedure of SAS (SAS Inst., Inc., 

Cary, NC). Steak location within roast was used as a random variable for slice shear force and 

sensory assessment for all experiments. Least square means were calculated and then separated 
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statistically using pair-wise t-tests (P-DIFF option in SAS). If statistically significant (P < 0.05), 

F-test was discerned. The standard error for the means (SEM) was also reported. 

Results and Discussion 

Experiment 1: The Effect of Cooking Method and Endpoint Temperature on 

Characteristics of Cow Semitendinosus Steaks. 

Slice shear force and collagen analysis 

Consumers believe tenderness is the most important attribute in determining the eating 

quality of meat (Huffman et al., 1996). Cow semitendinosus (ST) steaks sous vide cooked to 

57.2°C had lower SSF values (P < 0.03) than all steaks cooked to 51.7°C and steaks grilled to 

57.2°C (Figure 3-2). Also, steaks sous vide cooked at 62.8°C had lower SSF values (P < 0.03) 

than all steaks cooked to the two lower cooking temperatures and had numerically lower SSF 

values than grilled steaks at the same cooking temperature. These results are different than those 

observed by Obuz et al. (2004) that concluded water bath cooking did not improve the tenderness 

of muscles with high collagen content. However, the current findings are in agreement with 

current work by Christensen et al. (2013), who reported cow semitendinous muscles sous vide 

cooked at 51.7°C had the greatest Warner-Bratzler peak force (WB-PF) values of those 

evaluated, whereas semitendinosus muscles sous vide cooked to 62.8°C displayed the lowest 

WB-PF values.   

It is well established that intramuscular connective tissue contributes to the background 

tenderness of meat (Forrest et al., 1975). The findings for slice shear force are largely explained 

by the findings for steaks sous vide cooked to 62.8°C which exhibited the greatest percentage of 

solubilized collagen (P ≤ 0.04) when compared to all other cooking and temperature 

combinations (Table 3-2). Established work by Machlik and Draudt (1963) and Lawrie and 

Ledward (2006) has indicated the solubility of collagen increases with temperature and at 
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temperatures between 60°C to 64°C the collagen shortens and is converted into a more soluble 

form. Current sous vide research by Suriaatmaja and Lanier (2014) has shown collagen 

solubilization to be the primary mechanism responsible for changes in tenderness and that 

semitendinosus toughness was reduced at temperatures above 51.5°C. This can be explained by 

the slow changes that occur during long time, low temperature cooking methods. Collagen 

dissolves into gelatin and muscle fiber adhesion is reduced leading to an increase in tenderness 

without causing protein hardening (Baldwin, 2012).  

Moisture and fat 

As sous vide cooking temperature increased (P ≤ 0.04), there was a linear decrease in the 

moisture percentage of the cooked product (Table 3-2). This trend in moisture loss can be 

explained by the structural changes that occur in meat as a result of cooking (Offer, 1984; 

Tornberg, 2005). At 40°C to 60°C, the gap between the muscle fiber and the surrounding 

endomysium widens due to muscle fiber shrinkage. Furthermore, the rate of collagen shrinkage 

increases at temperatures above 60°C; thus leading to pressure placed upon the aqueous solution 

in the gap between the fiber and surrounding endomysium. As a result of the exerting pressure, 

the water is forced out of the muscle. Our collagen analysis further supports this phenomenon. 

Among the grilled treatments, temperature had no effect on moisture loss (P > 0.30; not shown in 

table). This could be due to the rate of heat transfer since water-bath cooking requires a greater 

amount of time to reach the endpoint temperature (Obuz et al., 2003; Yancey et al., 2011). Time 

values in Table 3-1 are in agreement with this conclusion. 

When compared to the raw mean value, steaks sous vide or grilled at the two higher 

treatment temperatures had higher numerical mean fat percentage values as opposed to the 

51.7°C treatments, which exhibited the lowest numerical mean fat percentages (P ≤ 0.04; Table 

3-2). Research has shown, as the degree of doneness increases, the percentage of fat increases 
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coupled with an increase in cooking loss (Parrish et al., 1973; Smith et al., 2011). We concluded 

the differences in fat percentages among treatments were due to the increase in moisture loss as 

temperature increased since water dilutes the meat constituents.  

Experiment 2: The Effects of Mechanical Tenderization on Sous vide Cooked, Cow 

Semitendinosus Steaks. 

Slice shear force and cook loss 

Well-established research has demonstrated both a decrease in shear force values and the 

amount of organoleptically detectable connective tissue with the use of mechanical tenderization 

(Savell et al., 1977; Seidman et al., 1977). However, to date, no studies have specifically 

evaluated the effect of mechanical tenderization used in conjunction with sous vide cooking on 

cow semitendinosus steaks. Mechanically tenderized steaks had lower SSF values (P ≤ 0.01) 

than intact steaks at 51.7°C and 57.2°C, but had only numerically lower SSF values at 62.8°C 

(Table 3-3). We think the SSF reduction as a result of mechanical tenderization was minimized 

for steaks cooked at 62.8°C due to the substantial increase in the percentage of solubilized 

collagen as seen in Experiment 1. 

Studies have concluded cook loss or the lack of retention of the meat juices in the bag is 

the most notable disadvantage of sous vide cooking (Church and Parsons, 2000; Szerman et al., 

2012). The present study revealed a comparable conclusion (Table 3-3). A significant increase in 

cooking loss was observed (P ≤ 0.01) as cooking temperature increased, regardless of 

mechanical tenderization. These findings are in agreement with other sous vide research by 

Christensen et al. (2011; 2012), Roldan et al. (2013), and Vaudagna et al. (2002), which showed 

an increase in sous vide cooking temperature resulted in greater cooking loss. Nonetheless, based 

on the moisture and fat analysis values obtained in Experiment 1, those respective values would 

not seem to constitute such a dramatic increase in cook loss as treatment temperature increased. 
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Furthermore, research is not in agreement on whether mechanical tenderization has an effect on 

cook loss; however, the conflicting results may be attributed to the specific muscles that were 

used in the studies as certain muscles are more susceptible to greater cook loss with the use of 

mechanical tenderization (Savell et al., 1976; Jeremiah et al., 1999; Pietrasik et al., 2010; 

Pietrasik and Shand, 2011; Obuz et al., 2014).  

Trained sensory panel 

Previous studies on sous vide cookery indicated an inverse relationship between juiciness 

and tenderness (Christensen et al., 2012; Vaudagna et al., 2002). The present study yielded 

comparable results (Table 3-4). In general, steaks sous vide cooked to 51.7°C had the greatest 

juiciness values with the lowest tenderness values; whereas, steak samples sous vide at 57.2°C 

and 62.8°C had the lowest juiciness values with the greatest tenderness values (P ≤ 0.04). 

Moreover, these results complement our findings for slice shear force as well as the cook loss 

analysis. Additionally, mechanical tenderization did not have an effect on (P ≤ 0.9; not shown in 

table) trained panelist values for tenderness and connective tissue when compared to intact steaks 

(Table 3-4). Panelists detected the greatest amount of connective tissue in samples sous vide 

cooked at 51.7°C as compared to the treatment steaks sous vide at 57.2 and 62.8, which had 

detectible connective tissue descriptions of “slight amount” or better based on corresponding 

mean values (P ≤ 0.04; Table 3-4). These findings are comparable with those observed in the 

collagen analysis conducted in Experiment 1. Furthermore, all treatments were had a mean 

descriptive rating of “slightly bland” and no significant differences in off-flavor were detected as 

indicated by the P-value of the model (Table 3-4). Overall, samples sous vide cooked at a 

temperature of 57.2°C produced the best combination of juiciness and tenderness. 
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Experiment 3: Sous vide Par-cooking 

Slice shear force and cook loss 

Due to the drastic changes that are expected to occur in the food service industry as a result 

of the proposed rule titled “Descriptive Designation for Needle- or Blade Tenderized 

(Mechanically Tenderized) Beef Products”, consumers would not be able to order, nor could 

food service establishments serve, mechanically tenderized steaks at rare or possibly medium 

rare degrees of doneness. Currently, following research by Luchansky et al. (2011; 2012); the 

FSIS is proposing mechanically tenderized beef products be cooked to an internal temperature of 

71.1°C or to 62.8°C with a three minute hold. Studies have indicated satisfaction of juiciness and 

tenderness decrease as the degree of doneness increases (Lorenzen et al., 1999; Neely et al., 

1999). Additionally, a consumer survey found the average consumer believes steaks cooked to 

rare or medium rare degrees of doneness are more tender and flavorful leading to greater overall 

satisfaction and an overall higher intent to repurchase (Cox et al., 1996).  

Few studies have evaluated sous vide partial cooking or “par-cooking” as an alternative to 

mechanical tenderization. Specifically, work by Suriaatmaja and Lanier (2014) showed a 

controlled sous vide par-cook, with the addition of pre-injection to enhance moisture retention, 

yielded a tender and succulent grilled steak. Results from this experiment were comparable in 

terms of tenderness; however, pre-injection was not included (Table 3-5). Steaks subjected to the 

I/62.8°C treatment had the lowest (P ≤ 0.04) SSF values, and steaks designated to the I/57.2°C 

treatment had lower (P ≤ 0.04) SSF values than IG steaks as well as numerically lower SSF 

values when compared to NG. Thus, sous vide par-cooking could be a viable alternative to 

mechanical tenderization in terms of tenderness enhancement for tough muscles. However, a 

total cook loss analysis revealed all sous vide par-cooked treatments had a greater (P ≤ 0.04) 

cooking loss percentage when compared to all grilled steak treatments (Table 3-5). Overall, 
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I/62.8°C treatment steaks had the greatest percentage of cooking loss (P ≤ 0.04). Furthermore, as 

a result of the grilled, finishing portion of the par-cooking process, N/51.7°C treatment steaks 

had the greatest (P ≤ 0.04) percentage of secondary cooking loss; whereas I/62.8°C treatment 

steaks had the lowest (P ≤ 0.04) percentage of secondary cooking loss (Table 3-5). These results 

were comparable to work by Obuz et al. (2003), which showed meat previously cooked in a 

water bath and then reheated on a grill exhibited a 7% increase in cooking loss when compared 

to steaks that were not reheated on a grill. Based on the cook loss analysis in Table 3-3 and Table 

3-5, we observed a similar finding with steaks sous vide cooked at 51.7°C exhibiting the greatest 

increase in total cook loss due to the increased temperature of the finishing portion as compared 

to the initial water bath temperature. Furthermore, Obuz et al. (2003) found all water bath 

cooking treatments that were subsequently reheated yielded greater cooking loss as compared to 

all grilled only treatments due to the slower rate of heat penetration. Time values in Table 3-1 are 

in agreement with this conclusion.  

Trained sensory panel 

Based on the trained sensory panel evaluations, juiciness was the only category that was 

significantly different across all treatments (P < 0.01; Table 3-6). When compared to NG 

treatment steaks, both I/57.2°C and I/62.8°C treatment steaks were less juicy (P ≤ 0.03). The 

panelists’ evaluations of juiciness are in agreement with the results obtained for the cook loss 

analysis in this experiment. Although no statistical difference was observed in the model (P > 

0.1; Table 3-6), all sous vide par-cooked treatments received higher mean tenderness scores than 

the NG treatment. Additionally, the mean values for beef intensity flavor and off-flavor, 

indicated all sous vide par-cooked treatments as well as the NG treatment produced a cow 

semitendinosus steak that was “slightly bland” with off-flavor that was barely detectable (Table 

3-6). 
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Implications 

The present studies have indicated a reduction in the toughness of cow semitendinosus 

steaks can be achieved through the use of sous vide cookery at low temperatures for 8 h. The 

inclusion of mechanical tenderization with sous vide cookery enhanced tenderness for steaks 

cooked at temperatures below 62.8°C. These findings indicate sous-vide par-cooking could be 

used as an alternative to mechanical tenderization for tenderness improvement for muscles with 

high connective tissue content. However, cook loss is a major issue as all sous vide par-cooked 

steaks exhibited significantly greater cook loss as compared to the traditional, mechanically 

tenderized, grilled steak samples. Further research should examine methods to reduce cook loss 

associated with sous vide cookery. Lastly, further research is needed to validate the 

microbiological safety of the sous vide par-cooking process. 
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Table 3-1. Experiment 1 treatments for cow semitendinosus steaks. 

Cooking 

Method 
 

Water Bath 

Temperature (°C)
2
 

Time
3 

(min) 

Time
4
 

(min) 

Sous vide
1
     

I  51.7 480 80±10 

II  57.2 480 60±10 

III  62.8 480 40±10 

     

Grilled
1  

Endpoint 

Temperature (°C)
2
 

 Time
4
 (min)

 

     

I  51.7  10±1 

II  57.2  15±1 

III  62.8  21±1 
1
Cooking method.

 

2
Water bath was maintained at the specified temperature for entire 

cooking period. Steaks were removed from grill once the internal 

temperature reached the specified endpoint temperature. 
3
Time of entire cooking treatment 

4
Time to reach the same temperature for both water bath and 

internal temperature. Time to reach specified endpoint temperature. 
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Whole Cow Semitendinous  

 

 

51.7°C
1 

Needled
2
 

57.2°C
 

Needled 

62.8°C
 

Needled 

51.7°C
 

Control 

57.2°C
 

Control 

62.8°C
 

Control 

 

 

Figure 3-1. Experiment 2 and 3 sample preparation.  

Notes: 
1
Water bath temperatures for sous vide cooking treatments.  

2
Mechanically tenderized.  

5.08 cm steaks with corresponding treatments 
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Figure 3-2. Effect of cooking method and endpoint temperature on Slice Shear Force values of 

cow semitendinosus steaks.  

 

Notes: Grilled = Cooked to specified endpoint temperature on grill; Sous vide = Cooked in a 

water bath under vacuum at specified temperature for 8 h. Slice Shear Force measurements taken 

at 4°C ± 2°C. A,B,C,D Values lacking common superscript differ (P < 0.0246).
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Table 3-2. Effect of cooking method and endpoint temperature on collagen, moisture, and fat characteristics on cow 

semitendinosus steaks
1
 

  Raw
2
  

Sous vide cooking 

temperature
3  

Grilled cooking 

temperature
3  SEM P-value 

Trait  ---  51.7°C 57.2°C 62.8°C  51.7°C 57.2°C 62.8°C    

Total collagen, 

mg/g 
 

16.2
d
  21.2

a
 19.8

abc
 21.4

a
  19.1

bc
 18.2

c
 20.5

ab
  0.9 < 0.001 

Insoluble, %  95.3
a
  93.9

abc
 93.4

bc
 88.9

d
  94.2

ab
 93.9

abc
 92

c
  0.7 < 0.001 

Soluble, %  5.0
d
  6.6

cd
 7.1

bc
 13.0

a
  6.2

cd
 6.6

cd
 8.9

b
  0.9 < 0.001 

Moisture, % 
 

74.3
a
 

 
69.8

b 
68.3

c 
66.0

d
 

 
67.8

c 
67.1

cd
 67.2

cd
  0.5 < 0.001 

Fat, %  2.7
ab

  2.1
c
 2.9

a
 2.5

abc
  1.3

d
 2.3

bc
 2.3

bc
  0.3 < 0.001 

1
All values represent steaks from 10 different roasts 

2
Uncooked. 

3
Cooked in a water bath under vacuum at specified temperature for 8 h; Cooked to specified 

endpoint temperature on grill 

Values lacking common superscript differ (P ≤ 0.04) 
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Table 3-3. Effect of mechanical tenderization on Slice Shear Force and cook loss on sous vide cooked
1
 cow semitendinosus steaks

2 

  
Cooking Temperature of Intact 

 Cooking Temperature of 

Tenderized
3 SEM P-value  

Trait 

 

51.7°C 57.2°C 62.8°C 

 

51.7°C 57.2°C 62.8°C 

  

SSF, kg
4  50.1

a
 35.2

c
 30.3

cd
  45.0

b
 29.9

d
 27.4

d
 1.2 <0.0001 

Cook loss, % 
 

20.3
c
 25.1

b
 33.3

a
 

 
20.0

c
 24.7

b
 32.8

a
 0.7 <0.0001 

1
 Cooked in a water bath under vacuum at specified temperature for 8 h 

2
All values represent steaks from 20 different roasts. 

3
Needled twice. 

4
Slice Shear Force measurements taken at 4°C ± 2°C.

 

Values lacking common superscript differ (P < 0.0038) 
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Table 3-4. Trained sensory panel values for mechanically tenderized, sous vide cooked
1
 cow 

semitendinosus steaks
2
. 

  

 
Cooking Temperature of 

Intact 
 

Cooking Temperature of 

Tenderized
3 SEM P-value 

Trait 51.7°C 57.2°C 62.8°C  51.7°C 57.2°C 62.8°C 

  

Juiciness
4
 5.7

a
 5.2

b
 4.4

c
  5.8

a
 5.4

b
 4.2

c
 0.1 <0.0001 

Beef Flavor 

Intensity
5
 

4.3
b
 4.6

ab
 4.7

a
  4.3

b
 4.7

a
 4.8

a
 0.2 <0.0165 

Tenderness
6
 4.0

c
 5.7

ab
 5.5

b
  4.2

c
 6.0

a
 5.6

b
 0.2 <0.0001 

Connective 

Tissue
7
 

3
d
 5.1

c
 5.7

ab
  3.2

d
 5.5

bc
 6.0

a
 0.2 <0.0001 

Off-flavor
8
 5.8 5.9 5.9  5.8 5.9 5.9 0.1 <0.9867 

1
 Cooked in a water bath under vacuum at specified temperature for 8 h 

2
All values represent steaks from 10 different roasts. 

3
Needled Twice. 

4
Juiciness: 1 extremely dry, 2 very dry, 3 moderately dry, 4 slightly dry, 5 slightly juicy, 6 moderately juicy, 7 very 

juicy, 8 extremely juicy. 
5
Beef flavor intensity: 1 extremely bland, 2 very bland, 3 moderately bland, 4 slightly bland, 5 slightly intense 6 

moderately intense, 7 very intense 8 extremely intense.  
6
Tenderness: 1 extremely tough, 2 very tough, 3 moderately tough, 4 slightly tough, 5 slightly tender, 6 moderately 

tender, 7 very tender, 8 extremely tender. 
7
Connective tissue: 1 abundant amount, 2 moderately abundant, 3 slightly abundant, 4  moderate amount, 5 slight 

amount, 6 traces amount, 7 practically none, 8 none detected. 
8
Off-flavor: 1 extreme off-flavor, 2 strong off-flavor, 3 moderate off-flavor, 4 slight off-flavor, 5 threshold, barely 

detected, 6 none detected. 

All samples served at a temperature of 4°C ± 5°C. 

Values lacking common superscript differ (P < 0.0416). 
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Table 3-5. Effect of sous vide par-cooking
1
 on Slice Shear Force and cook loss on cow semitendinosus steaks

2
. 

Treatments
3 

 IG NG
 

 N/51.7°C
 

I/57.2°C I/62.8°C  SEM P-Value  
 

SSF, kg
4 

 39.2
a
 36.5

bc
  37.4

ab
 34.5

c
 29.6

d
  1.1 <0.0001 

 

Total Cook loss, %
 

 24.8
d
 29.3

c
  34.1

b
 33.9

b
 37.5

a
  0.7 <0.0001 

 

Secondary           

Cook loss, %
5     16.6

a
 13.8

b
 8.9

c
  0.4 <0.0001 

 

1
 Sous-vide cooked to specified endpoint temperatures prior to grilling to an internal temperature of 62.8 °C.

 

2
All values represent steaks from 20 different roasts 

3
IG: Intact/Grilled 62.8°C, NG: Needled/Grilled 62.8°C, N/51.7°C: Needled/Sous vide 51.7°C, Intact/Sous vide 57.2°C,    

Intact/Sous vide 62.8°C 
4
Slice Shear Force measurements taken at 4°C ± 2°C. 

5
Cook loss as a result of grilling to an internal temperature of 62.8 °C after sous vide cooking treatments. 

Values lacking common superscript differ (P < 0.0449) 
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Table 3-6. Trained sensory panel values for sous vide par-cooked
1
 cow semitendinosus steaks

2
. 

Treatment
3 

 IG NG
 

 N/51.7°C
 

I/57.2°C I/62.8°C  SEM P-value  

Juiciness
4
  5.0

a
 4.8

ab
  4.5

bc
 4.4

cd
 4.1

d
  0.1 <0.0001 

Beef Flavor 

Intensity
5
 

 4.9 4.9  4.4 4.5 4.8  0.2 <0.0768 

Tenderness
6
  4.4 4.7  5.0 4.9 5.0  0.3 <0.1497 

Connective 

Tissue
7
 

 4.8 5.4  5.2 5.3 5.6  0.4 <0.2338 

Off-flavor
8
  5.9 5.8  5.9 5.9 5.8  0.1 <0.6904 

1
Sous-vide cooked to specified endpoint temperatures prior to grilling to an internal temperature of 62.8°C.

 

2
All values represent steaks from 5 different roasts 

3
 IG: Intact/Grilled 62.8°C, NG: Needled/Grilled 62.8°C, N/51.7°C: Needled/Sous vide 51.7°C, Intact/Sous vide 57.2°C,   

Intact/Sous vide 62.8°C 
4
Juiciness: 1 extremely dry, 2 very dry, 3 moderately dry, 4 slightly dry, 5 slightly juicy, 6 moderately juicy, 7 very juicy,                  

8 extremely juicy. 
5
Beef flavor intensity: 1 extremely bland, 2 very bland, 3 moderately bland, 4 slightly bland, 5 slightly intense 6 moderately intense, 

7 very intense 8 extremely intense.  
6
Tenderness: 1 extremely tough, 2 very tough, 3 moderately tough, 4 slightly tough, 5 slightly tender, 6 moderately tender,                

7 very tender, 8 extremely tender. 
7
Connective tissue: 1 abundant amount, 2 moderately abundant, 3 slightly abundant, 4  moderate amount, 5 slight amount,                 

6 traces amount, 7 practically none, 8 none detected. 
8
Off-flavor: 1 extreme off-flavor, 2 strong off-flavor, 3 moderate off-flavor, 4 slight off-flavor, 5 threshold, barely detected,               

6 none detected. 

All samples served at a temperature of 4°C ± 5°C. 

Values lacking common superscript differ (P < 0.0331). 
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