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Effects of Dietary Vitamin E Supplementation on Lipid Oxidation and Sensory Characteristics of Irradiated High-Fat and Low-Fat Beef Patties
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ABSTRACT: This study was to determine if dietary vitamin E (VE) supplementation in feedlot steers decreased the incidence of lipid oxidation (LO) and undesirable sensory characteristics in irradiated [cold pasteurization (CP)] ground beef patties.  Twelve Angus x Hereford steers (BW = 383 ± 41 kg) were individually penned in concrete-slatted floor facilities.  Steers were fed a finishing ration formulated to meet NRC (1996) requirements.  Six steers received 1000 IU VE daily (VEST) as alpha-tocopheryl acetate (Rovimix E 20, Roche Vitamins) in a top dressing and six steers received no supplemental VE (CON).  After a 122-d feeding period followed by a 15-d VE withdrawal required by the Food and Drug Administration, steers were harvested at the University of Illinois Meats Laboratory.  Carcasses were chilled for 24 h at 0ºC.  High-fat (28.75%; HF) patties were made from the chuck and low-fat (13.84%; LF) patties were obtained from the sirloin of each animal.  The patties were individually vacuum-packaged, frozen, and taken to the Iowa State University Linear Accelerator Facility for CP at 0, 2.3, and 7.6 kGy.  High performance liquid chromatography measured an average of 3.53 and 3.50 µg/g alpha-tocopherol for CON and 8.7 and 7.5 µg/g alpha-tocopherol for VEST in HF and LF patties, respectively (P < 0.003).  Thiobarbituric acid residue (TBAR) values were determined at 30 d of storage to measure LO.  Lipid oxidation was increased (P < 0.008) 44% by CP, and there was a dose response between 0 and 7.6 kGy (P = 0.002) but none (P > 0.05) between 2.3 and 7.6 kGy.  Vitamin E did not (P > 0.05) decrease CP-induced LO regardless of fat level.  High-fat patties had higher (P = 0.004) TBAR values than LF patties.  After 3 mo of storage, the patties were shipped to Texas A&M University for trained sensory panel evaluation. A scale of 0 (no undesirable characteristics) to 15 (extremely intense) was used for evaluation.  The sensory characteristics brothy, serumy/bloody, astringent, and wet dog/hairy increased (P < 0.05) as a result of CP regardless of fat or VE.  Wet dog/hairy was the most prevalent off-flavor occurring in  2.3 kGy and 7.6 kGy CP treatments (P < 0.0001).  Although VE has antioxidant abilities, it was unable to alter the development of off-flavors caused by CP in this experiment.
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Introduction

Foodborne diseases are estimated to cause 76 million illnesses, 325,000 hospitalizations, and 5,000 deaths in the Unites States annually (Mead et al., 2000), and cost $6.5 to $34.9 billion (Buzby and Roberts, 1997), not to mention the costs associated with recalls and negative public perception.

     Irradiation or cold pasteurization (CP) has proven effective for eliminating undesirable microflora and preserving fruits and spices since 1916 (Molins, 2001a).  Mercuri et al. (1967) demonstrated that CP extended shelf life in poultry products.  Additionally, Niemand et al. (1981) demonstrated that vacuum-packaged whole muscle beef cuts subjected to CP treatments achieved shelf-life extensions of up to five weeks.

     Unfortunately, off-odors, undesirable flavors, and discoloration have been reported in irradiated poultry products (Hansen et al., 1987) and ground beef patties (Wheeler et al., 1999).  The major non-microbial cause of meat quality deterioration is lipid oxidation (LO) (Rhee et al., 1987).  Radiolytic products caused by CP increase LO and lead to substantial increases in undesirable flavors and aromas (Murano, 1995). 

     Dietary vitamin E (VE) is capable of being incorporated and stored in cellular membranes (Arnold et al., 1992; Stipanuk, 2000), where it acts as a natural antioxidant and reduces the rate of LO in beef, thus delaying beef discoloration due to metmyoglobin formation (Garber et al., 1996).  Vitamin E supplementation delays LO-induced spoilage and allows for shelf-life extension of beef (Arnold et al., 1992).  Patterson and Stevenson (1995) reported supplemental VE reduced CP-induced LO in chicken.

     Preventing undesirable characteristics in CP products  would be beneficial to the meat industry.  Avoiding contaminated meat products through CP usage could drastically reduce or potentially eliminate foodborne diseases and costly product recalls.  The ability of VE to perform its antioxidant function in conjunction with CP in ground beef products is unknown.  This study is based on the hypothesis that VE will continue to perform as an antioxidant in CP beef patties and reduce the occurrence of undesirable sensory characteristics.

Materials and Methods

     Animals and Diets.  Twelve Angus x Hereford steers were fed a high-roughage receiving ration and acclimated to the Southern Illinois University-Carbondale experimental feedlot facilities for 28 d.  The steers were then randomly allotted as control (CON) or VE steers (VEST) and penned individually in 3.66 m x 3.66 m concrete-slatted floor pens.  The steers averaged 383 kg (± 42 kg) and were fed a ration balanced to meet NRC requirements (NRC, 1996).  The VEST received a twice-daily top-dressing of ground corn and 500 IU VE from Rovimix E 20 (44,092 IU/kg as dl-alpha tocopheryl acetate, Hoffman Laroche, Parsippany, NJ) for 107 d.  Control steers received a twice-daily top-dressing of ground corn.  The steers were fed at approximately 95% ad libitum to ensure vitamin E intake. 

     Slaughter and Patty Preparation.  After the 15-d withdrawal of VE mandated by the Food and Drug Administration, the steers were transported to and harvested at the University of Illinois Meats Laboratory in Urbana, Illinois.  After 24 h at 0oC, the carcasses were broken into wholesale cuts and the chucks (high-fat; HF) and sirloins (low-fat; LF) were removed for grinding. The ground beef was then chub-packed, stored at 0oC for 24 h, and then sliced into 1.27-cm thick patties and individually vacuum-packaged.                         

     Cold Pasteurization.  The patties were transported frozen to the Iowa State University Linear Accelerator Facility in Ames, Iowa.  High-fat and LF patties from each steer were irradiated at levels of 0, 2.3, and 7.6 kGy. The patties were then stored at -20oC for 30 d.     

     Laboratory Analyses.  Moisture and fat content were performed by chloroform/methanol extraction following procedures by Novakofski et al. (1989).  High-fat patties were 28.75% fat and LF patties were 13.84% fat.  

     High performance liquid chromatography (HPLC) was performed to determine alpha-tocopherol content at Ralston Analytical Laboratories, St. Louis, MO.  Samples were extracted with 1% pyrogallol to prevent VE oxidation.

     After 30 d of frozen storage, thiobarbituric acid residue (TBAR) assays were performed using the method of Arnold et al. (1992) to determine LO. 

     Sensory Panel.  Six-member sensory panels trained at Texas A&M University Department of Animal Science, Food and Nutrition evaluated numerous sensory attributes of the patties.  The Spectrum Universal Intensity Scale (Meilgaard et al., 1991) was used, measuring intensity from 0 to 15 with 0 being the absence of any detectable attribute and 15 being extremely intense.  The patties were placed on Faberware grills (model SSR200) while still frozen,  cooked to an internal temperature of 70oC, and held in an alto-shaam no longer than 1 h at 49oC until served.  Three samples of each patty were evaluated for the following characteristics:  cooked beef/brothy, beef fat, grainy/cowy, soured, cardboard, painty, fishy, livery, serum/bloody, browned, wet dog/hairy, milk, astringent, metallic, salty, sour, bitter, sweet, fat mouth feel, springiness, juiciness, hardness, cohesiveness, and denseness.

     Sensory characteristics statistical analysis was performed using the general linear model procedure of SAS (SAS Inst., Inc., Cary, NC).  Class variables included VE level, CP level, fat level, and their interactions.  The error term was defined as steer within VE*fat*CP.  Lipid oxidation data was also analyzed using GLM procedure of SAS with class variables being VE, fat, and CP.  VE levels were analyzed by t-test procedures of SAS.   

Results and Discussions

     Vitamin E concentration of LF patties averaged 3.5 µg/g from CON and 7.5 µg/g from VEST (P < 0.0001).  High-fat patties averaged 3.5 µg/g from CON and 8.7 µg/g from VEST (P = 0.0003) (Fig. 1).  Previous researchers have reported values ranging from 0.51 to 2.4 µg/g for CON and 6.2 to 7.23 µg/g for VEST (Arnold et al., 1992; Schaefer et al., 1999).  The higher levels obtained in this research could be explained by the use of the antioxidant pyrogallol in the HPLC extraction.  Pyrogallol prevents the depletion of VE that occurs through iron in heme being oxidized (Don Willis, personal communication, Ralston Analytical, St. Louis, MO).

     Lipid oxidation tended to be lower (P < 0.07) in VEST compared with CON patties  (Fig. 2).  Garber et al. (1996) and Faustman et al. (1998) demonstrated significantly decreased LO in fresh beef from VE- supplemented steers. Emmerson et al. (1998) previously reported that some antioxidants (rosemary, VE, and erythrobate) could be effective in reducing LO in irradiated ground beef product.  The lesser response in our study could be explained by the use of frozen product compared with fresh product.  Frozen meat has been shown to have delayed lipid oxidation (Molins, 2001b).  

     Predictably, fat content had a significant effect on TBA results (P = 0.004) (Fig. 3).  Cold pasteurization increased (P = 0.008) LO in a dose responsive manner (Fig. 4).  Irradiation levels higher than approximately 2 kGy lead to an increase in LO and off- flavors (Montgomery et al., 1997).  Therefore, it appears  that 2.3 kGy may be near the breakpoint for eliciting LO effects. 

     The sensory attributes evaluated were significantly affected in only eight of the 24 categories.  Cooked beef/brothy, beef fat, serum/bloody, wet dog/hairy, astringent, sweet, juiciness, and hardness characteristics all significantly increased due to fat content or CP (Table 6).   Fat level had an effect on seven of the eight characteristics listed excluding cooked beef/brothy (P < 0.01).  Simic et al. (1992) stated that ionizing irradiation generates radicals at high rates and is an accelerating chain reaction.  Increased fat content would then account for the increases in LO and incidences of off-flavors.    

     Weese et al. (1997) reported that off-flavors in ground beef irradiated at 7 kGy increased after 5 wk of frozen storage.  Lefebvre et al. (1994) reported untrained panels detected off-odors in raw product and, to a lesser extent, in cooked ground beef irradiated at 2.5 kGy and 5 kGy. In this study, CP had the greatest effect (P < 0.0001) on the wet dog/hairy characteristic.  Panelists described CP patties as tasting like chemical burn, metallic, musty, milky, and wet dog.  Metallic tastes have been associated with CP in pork at 2.5 kGy and higher (Luchsinger et al., 1996).  Wet dog is also one of the most common tastes associated with CP (Meat and Poultry Irradiation Short Course, 1999).

     In this study, adding supplemental VE to cattle finishing rations was not effective in reducing off-flavors associated with irradiated ground beef obtained from these animals.  Trained sensory panelists were able to detect undesirable characteristics.  Wheeler et al. (1999) concluded that untrained consumer panelists rated CP beef patties irradiated at 3.0 kGy and 4.5 kGy “fair” and expected few consumer problems with acceptance of CP.  However, these panelists were allowed to use a variety of toppings and condiments, which could mask the off-flavors associated with CP.  It is undetermined if consumers will accept patties irradiated at higher levels.  Higher levels of irradiation offer greater reductions in microbial pathogens and reduced instances of foodborne illnesses.  Further research should be conducted to confirm that consumer panelists can detect undesirable characteristics in patties irradiated at higher levels such as 7 kGy and, if so, can antioxidants, in combination with or other than VE, be used to decrease these occurrences.
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Figure 1.  Vitamin E concentrations in high-fat (HF) and low-fat patties[image: image3.wmf]0.00
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 (LF) from control (CON) and vitamin E- supplemented steers (VEST).                                 
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Figure 2.  Differences in lipid oxidation as measured by thiobarbituric acid values in patties from control (CON) and VE- supplemented steers (VEST) (P < 0.07).

Figure 4.  Lipid oxidation, as measured by thiobarbituric acid residue values (TBAR#) , in high-fat (HF) and low-fat (LF) beef patties (P = 0.004).              


Figure 3.  Differences in lipid oxidation in beef patties as measured by thiobarbituric acid resistance values  (TBAR#)  for increasing levels of cold pasteurization (P = 0.008).


Table 6.   P-values for sensory characteristics increased by cold pasteurization of frozen beef patties as determined by sensory panel analysis.

                                                                ========================================================================================

Sensory                                   Dependent Variables and Interactions
Character.                                                            VE*     VE*     Fat*   VE*Fat

                                         VEa     Fat      CPb        Fat       CP        CP       *CP
         

Cooked Beef/

 Brothy          -   .10  .15    -   .07   -     -

Beef Fat        .10  .001  -     -    -    -     -

Grainy/Cowy      -    -    -     -    -    -     -

Soured           -    -    -     -    -    -     -

Cardboard        -   .096  -     -    -    -     -

Painty           -    -    -     -    -    -     -

Fishy            -    -    -     -    -    -     -

Livery           -    -    -     -    -    -     -

Serum/Bloody     -   .002  -    .134 .098 .065   -

Milky            -    -    -     -    -    -     -

Wet Dog/Hairy    -   .008 <.0001 -    -   .101   -

Browned          -    -    -    .097  -   .051   -

Astringent      .183 .005  -    .155  -    -    .102

Metallic         -    -    -     -    -    -     -

Salt             -    -    -     -    -    -     -

Sour             -    -    -     -    -    -     -

Bitter           -    -    -     -    -    -     -

Sweet            -  <.0001 -    .127  -    -    .158

Fat Mouth Feel   -    -    -     -    -    -     -
                  Springiness      -    -    -     -    -    -     -

                  Juiciness        -    .01  -     -   .135  -     -

                  Hardness         -   <.001 -    .13   -    -     -
                  Cohesiveness     -    -    -     -    -    -     -

                  Denseness        -    -    -     -    -    -     -

                  a Vitamin E
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