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ABSTRACT OF DISSERTATION
Postmortem and Pre-Harvest Interventions To Improve the Tenderness And

Consistency Of Beef

Because the per capita consumption of beef continues to decline and consumers
are consistently dissatisfied with the tenderness and palatability of beef. mechanisms to
improve these attributes are imperative to the sustainability of the beef industry. The
objectives of this research were to examine the effects of postmortem beef marination
and pre-harvest oral supplementation with 7-dehydrocholestrol (vitamin D3) on cooked
beef tendemess. In the first study. 28 USDA Select top sirloin steaks were randomly
assigned to a control group (CT) or one of five marination treatments: 1) 150 mM
calcium chloride (CA): 2) 10% solution of beef-flavoring/seasoning mixture (FL): 3) CA
and FL (CF); 4) 2.5% sodium phosphate and FL (PF); and, 5) tap water (TW). Steaks
were marinated in vacuum pouches, aged for 7 days. cooked to 70° C and evaluated by
members of a trained sensory panel. Marination with CA. compared to CT or TW, did
not affect tenderness ratings. but increased (P < .05) bitter and metallic flavors compared
to CT or TW treatments. Use of FL. alone or in conjunction with CA or sodium
phosphate. increased (P < .05) tenderness and juiciness ratings and reduced (P < .05)
bitterness and metallic flavors compared to CT, CA and TW marinades. The second
study included 191 heifers that were assigned (n = 6) to negative controls or
supplemented via oral bolus with one of 7 levels of vitamin Ds (1, 2, 3, 4, 5 million U
Ds/d. 2 million IU Ds/d plus 75 g CaCO; or 4 million IU D3/d plus 75 g CaCQO,;) for 2, 4,
6 or 8 days antemortem. Individual feedlot performance, carcass data and total serum

Ca>™ concentrations were collected and Warmer-Bratzler Shear (WBS) force was

i
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measured at 2, 7, 14 and 21 days postmortem for longissimus steaks (8 steaks/carcass)
cooked to 70° or 85° C. Supplementation with vitamin D; generally decreased daily feed
intake (as-fed), and reduced (P < .05) average daily gains, compared with controls during
the 8 d supplementation period. Supplementation with 1, 2, 3, 4. or 5 million IU Dy/d tor
at least 2 d increased (P < .05) total blood serum Ca”~ concentrations compared to those
for controls, however, supplementation with any level of vitamin Ds. for any length of
time up to 8 d did not improve (P > .05) WBS force of steaks cooked to 70 or 85° C at 2,
7. 14, or 21 d of postmortem aging compared with controls. Marination of beef. in
vacuum pouches, was an etfective method that improved the tenderness of beef. Oral
supplementation of cattle with vitamin D; (at high or low doses) for 2 to 8 d before

harvest increased total blood serum Ca®~ concentration, but did not improve cooked beef

tenderness.

John A. Scanga

Department of Animal Sciences
Colorado State University

Fort Collins, CO 80523

Fall 1999
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CHAPTERI

Introduction

It is predicted that the 1999 per capita consumption of beef will slip to 29.1 kg,
down 26% from 1977 (USDA. 1999). It has been documented that this steady decline in
beef’s market share is due, in part, to consumers’ dissatisfaction with the tenderness.
consistency and overall palatability of beef (Moeller and Courington, 1998). Since 1991,
the beef industry has intently focused on improving these organoleptic attributes, as they
are considered the most important factors affecting consumers’ perception of taste (Savell
et al.. 1987, 1989). In light of these facts, the beef industry, especially the National
Cattlemen’s Beef Association (NCBA), has directed research funds towards studies
focused on improving, predicting and enhancing the tenderness and palatability of beef
products in an attempt to regain market share.

In spite of NCBA's research and rhetorical etforts to improve beef’s tenderness
and palatability, an eight-city audit of retail, beef loin steaks (George et al.. 1999) found
little evidence of improvement in U.S. beef tenderness since the National Beef
Tenderness Survey (Morgan et al., 1991) was conducted. This fact, plus the continued
loss of beef’s market share. provides incentives for developing new technologies for
predicting and enhancing the tendemness and palatability of beef. Among the new
technologies are HunterLab’s BeefCam System (Wyle et al., 1999) and dietary

supplementation of feedlot cattle with supranutritional levels of vitamin D3 (Swanek et
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al., 1999), which have been shown to predict and improve, on average, the overall
palatability and tendemess of beef, respectively. Warner-Bratzler shear (WBS) force
analysis at | or 2 d postmortem (Shackelford et al., 1997) has also been shown to be an
effective method for predicting ultimate beef tenderness. The application of calcium-
chloride (Kerth et al., 1995), sodium tripolyphosphate. sodium lactate or sodium chloride
(Vote et al., 1999; Papadopoulos et al., 1991) via needle injection has also been shown to
improve the tenderness and consistency of cooked beef steaks.

All of these technologies influence the tenderness or palatability of beet and could
have application in today’s consumer driven and brand-focused beet industry.
Specifically, a system similar to that described by Tatum et al. (1999). which relied on
use of carcass sorting technologies plus several tenderness enhancing practices, could
become an integral part of the process of delivering branded beef that is certified and(or)
guaranteed to be tender to end-users.

The following research studies describe efforts to examine, as possible
palatability intervention technologies. the effectiveness ot vacuum-pouch marination with
CaCl,, phosphate and/or beef flavoring solutions to enhance the overall palatability of

beef-steaks and dietary supplementation ot vitamin Dj; to feedlot cattle.

22-
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CHAPTERII

Review of the Literature

CALCIUM DEPENDENT PROTEASES

Aging of meat at refrigerated temperatures has been shown to improve both
subjective and objective ratings for beef tenderness (Smith et al., 1978; Eilers et al..
1996). The mechanism of this improvement in postmortem tenderness has not been tully
defined. but research indicates that the calcium dependent proteases (Dayton et al.. 1976:
Koohmaraie. 1988: Boehm et al.. 1998) and(or) the cathepsins (Moeller et al.. 1977,
Dutson. 1983; Ouali et al.. 1987) are the two proteolytic systems that are most probably
involved.

The premise that cathepsins play a substantial role in tenderizing normally
handled meat. especially in early postmortem tenderization. has been disproved: if
catheptic enzyme tenderization of meat occurs, it is in carcasses stored for 7-10 d
postmortem and(or) at temperatures above 15° C (Koohmaraie, et al., 1988a. b: Boehm et
al., 1998). The strongest evidence supporting the latter conclusion arises from the
findings of SDS-PAGE studies that report no degradation of actin or myosin, both
proteins that are susceptible to catheptic proteolysis, in muscle stored at 0° C to 4° C
(Olson and Parrish, 1977: Olson et al.. 1977: Koohmaraie et al., 1984a,b,c). Because of

these findings, attention in this literature review will be directed towards the effects and
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Figure 2.1. Model of activation of calpains and tenderization. Taken from
Dransfield, (1993)

Step (a): Initiation. The inert calpains are activated by the rise in
calcium ion concentration and enter into the tenderization
system.

Step (b) Binding. The equilibrium of the binding of calpains to
calpastatin determines the level of free activated-calpains
which increases as the pH declines.

Step (c) Inactivation of free activated-calpains. Decay of free
activated-calpains by autolysis.

Step (d) Inactivation of calpastatin (it should be noted that the model
makes no distinction between proteolysis by calpains of the
complexed vs. free calpastatin, but, for clarity, inactivation is
shown only for free calpastatin.

Step (¢) Tenderization. Proteolysis of structural components by
calpains causes tenderization.

mechanisms of calpains (calcium dependent proteases) in tenderizing conventionally
stored and handled meat.

Calpains were first described by Davey and Gilbert (1969), who demonstrated
that by chelating the calcium ions in muscle with ethylenediamine-tetraacetic acid

(EDTA), the weakening of muscle fibers and the disappearance of the Z-

4-
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disk could be prevented. Since the publication of these original research tindings.
studies have indicated that calpains play a major role in postmortem proteolysis. and that
90% of the postmortem proteolysis that occurs during the first 7 to 10 d under
refrigerated conditions (0 - 4° C) is due to CDP (Koohmaraie, 1988; Goll et al.. 1992 a.b:
Taylor et ai., 1995a).

Calcium dependent proteases are further classified (as CDP-I and CDP-II) based
upon their functionality. Both forms of the enzyme contain a catalytic subunit and a
30.000 dalton subunit that is the same for both enzymes, whereas the catalytic subunits
are the products of different genes (Koohmaraie, 1988). There are also no differences in
the temperature and pH, tor optimum activity, of - calpain and m-calpain. but p-calpain
requires a very low level of calcium for 50% activation when compared to m-calpain
(Koohmaraie. 1988). There is also a third, very important component of this calcium-
dependent system, calpastatin. The mode of action of calpastatin (CDP-inhibitor) is not
fully understood, but it is apparent that the binding of calpains and calpastatin requires
Ca™ and that the calcium concentration for inhibition differs for p-calpain vs. M-calpain.
The concentration of calcium ions required for inhibition appears to be the same as is
needed for catalytic activity of the two respective proteases (Koohmaraie. 1988). The
interaction of p-calpain, m-calpain and calpastatin is diagrammed in Figure 2.1
(Dransfield, 1993). It is important to note that measurement of calpastatin at 24 h
postmortem has been shown to be related to ultimate meat tenderness (Koohmaraie et al.,
1996a, b).

There has been extensive debate surrounding which of the calpains is responsible

for the tenderization of meat during aging. Koohmaraie (1988) concluded that. because

-5
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the maximum activity of pu-calpain and m-calpain occurs at 25° C and a pH ot 7.5, both
conditions that do not exist in postmortem muscle, and because of the low concentration
of free calcium in muscle, the majority of postmortem proteolysis was due to the actions
of p-calpain. The free calcium concentration in living muscle would not be expected to
rise above 10 uM (Penny, 1980), but the total calcium content in meat is 1500 uM
(Dransfield, 1993). The free calcium concentration in meat has been estimated to range
from 100 uM (Hattori and Takahashi. 1992) to 500 uM (Penny. 1980), due to the leaking
of calcium out of the sarcoplasmic reticulum which occurs in response to depletion of
ATP. In addition to the increase of free muscle Ca™" during rigor. Boehm et al. (1998)
reported that the activity of m-calpain declines to 83% of at-death activity at 1 d
postmortem and to 63% of at-death activity at 7 d postmortem. In comparison, p-calpain
activity declines rapidly to 20% of its at-death activity at | d postmortem. and to less than
4% of its at-death activity at 7 d postmortem. Because of these findings. it now seems
apparent that a majority of the tenderization that occurs during postmortem aging is a
result of the rise in free muscle Ca’~ during rigor and the concomitant activation of m-
calpain.

This brief review is not intended to be all-encompassing because excellent,
comprehensive literature reviews on this subject have been published by Penny (1980),

Koohmaraie (1988), Dransfield (1992). Boehm et al. (1998) and Goll et al. (1998).

“Enhancement” of Beef Products

The term “enhancement”. (meaning, injecting salt solutions into fresh meat)

evolved from commercialization of the process and was so named by pork packers. The

-6-
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process is now widely used and pork products treated by use of the process are widely
accepted by consumers. “Enhancement” improves the palatability and consistency of
cooked pork in addition to the profitability as it increases (by 5 to 25%) the weight of the
“enhanced” product. It is of current interest to determine potential efficacy of use of this
technology for beef.

Injection of beet with solutions containing CaCl, (Tatum et al.. 1999: Morris et
al.. 1997; Wulf et al., 1996; Miller et al., 1995; Kerth et al., 1995; Lansdell et al., 1995:
Eilers et al., 1994;Wheeler et al.. 1993; Wheeler et al., 1992); lactic acid (Morris et al.,
1997 Eilers et al., 1994); sodium phosphate, sodium chloride and sodium lactate (Vote et
al.. 1999; Papadopoulos et al.. 1991) has been shown to increase both the sensory and
mechanical tenderness of cooked products from injected beef cuts. But, while meat
tenderness has been increased by injection of such solutions, meat flavor has not always
been enhanced; sensory panels have detected off-flavors with the injection with 10%
(wtwt) solutions of 300 mM CaCl, (Morris et al., 1997; Eilers et al., 1994: Wheeler et
al.. 1993). Other research studies have shown that injection with lesser amounts of
calcium [5% (wt/wt) solutions of 200 mM CaCl,] improved the juiciness, flavor and
overall palatability of beef (Lansdell et al.. 1995; Miller et al., 1995); so. perhaps, its
usefulness depends on the concentration at which it is added to products. The
effectiveness of injection. as a tenderness enhancing agent, was studied as an intervention
strategy in the Palatability Assurance Critical Control Points (PACCP) model (Tatum et
al., 1999). In that study, cuts of beef from carcasses identified to be inferior in tenderness

could be subjected to an enhancement procedure and subsequently marketed as a more

tender, consistent and palatable end-product.

-7-
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Although injection has been shown to be an effective system for delivery of a
tenderness enhancing agent, USDA-FSIS (1999) recently proposed that the category of
meat products in which presence of E. coli O157:H7 constitutes adulteration be
broadened to include all products that have been injected, mechanically tenderized,
chopped. ground or minced. As a result of this USDA-FSIS proposed ruling, alternative,
non-invasive mechanisms of improving the tenderness of whole muscle beet products are
needed. One possible tenderness-improvement technology that has been proven effective
is marination (Whipple and Koohmaraie, 1992a,b). Whipple and Koohmaraie (1992a.b)
marinated beef steaks in 150 mM CaCl. for 48 h, observed lower peak Warner-Bratzler
shear (WBS) force measurements; they indicated that this tenderness improvement was
due to increased proteolysis resulting trom greater calpain activity.

From the reviewed literature. it is apparent that CaCl,, sodium lactate and sodium
phosphate are effective enhancers of beef tenderness. whether injected or used as a
marinade. Because of the recent proposed federal ruling categorizing injected meat
products as adulterated if contaminated with E. coli O157:H7, marination of whole
muscle beef items would be more beneficial than injection of products from a food safety

perspective, as a tendemness-enhancing intervention strategy.

Vitamin D; Supplementation

Vitamin D; and its role in calcium metabolism, especially in relation to therapy
for parturient paresis (milk fever) in dairy cattle, can be traced to the 1940's (Hibbs et al.,

1946. from Hibbs and Pounden. 1954). Hibbs and Pounden (1954), in an attempt to

8-
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prevent milk fever, concluded that supplementation to prepartum Jersey cows. of 5to 30
million [U of vitamin D; for 3-8 days prepartum. increased blood serum Ca™
concentration compared to that in cows that received no vitamin D3 supplementation.
Since publication of results of this early work, researchers have veritied the finding that
oral supplementation of vitamin D; to cattle increases serum Ca®™ concentrations
(Swanek et al.. 1999: Montgomery et al.. 1998 Montgomery et al., 1997).

Vitamin Ds is inappropriately named. It is not actually (by modern definition) a
vitamin because it can be produced endogenously (as 7-dehydrocholesterol) and
converted. initially by UV light, into its active metabolite forms, 25(OH)D; and
1.25(OH):D; hydroxylase (Dusso and Brown. 1998: Mayes 1996; Haussler and McCain,
1977). In its active form. vitamin D is essential for normal calcium and phosphorus
homeostasis, and for the normal development and maintenance of bone (Dusso and
Brown. 1998; Mayes 1996). The most biologically active form ot vitamin Dj
[1.25(OH):D;] is produced from 7-dehydrocholesterol, which is photolytically catalyzed
by UV radiation to form 25(OH)D; (Previtamin D;), which is further hydroxylated in the
liver by the mitochondrial enzyme 25-hydroxylase (Dusso and Brown, 1998: Mayes
1996: Haussler and McCain. 1977). The next and most important step is the conversion
of 25(0H)D; to the most biologically active torm. 1.25(OH).Dj3, which occurs in the
kidney and is catalyzed by the enzyme la-hydroxylase (Dusso and Brown, 1998; Mayes
1996: Haussler and McCain. 1977). Because of the potent effect of this form of vitamin
D;, it is normally found in circulating concentrations between 25 and 70 pg/mi, 1,000
times lower than the levels of its precursor. 25(OH)D; (Dusso and Brown, 1998). The

active metabolite is then distributed to tissues through the circulatory system, bound to

9.
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either albumin or D binding protein (DBP), to its primary target. the intestine. where it
enhances the absorption of calcium. As blood calcium levels increase and return to
normal, 1.25(0H),D; acts via a negative feedback mechanism to down-regulate
parathyroid hormone (PTH) production and to reduce the activity of la-hydroxylase in
the kidney and to increase the activity of 24-hydroxylase, the primary enzyme involved in
1.25(0OH).D; degradation (Dusso and Brown. 1998: Haussler and McCain. 1977). The
levels of circulating blood calcium and this regulatory system are stringently controlled to
aid in the preservation of skeletal integrity and facilitate calcium homeostasis (Dusso and
Brown. 1998; Haussler and McCain. 1977).

Using results of previous research studies describing relationships of muscle
calcium concentration and the activation of the CDP, Swanek et al. (1999). Ducket et al.
(1998). and Montgomery et al. (1997) hypothesized that by increasing serum Ca™ levels
in live animals, subsequent Ca levels in postmortem muscle also would be increased,
and that higher intramuscular concentrations of Ca®" would increase the activity of
calpains and improve the tendemness of postmortem meat. This hypothesis was tested by
Montgomery et al. (1997). who concluded that oral bolusing of cattle with 5 or 7.5
million [U of vitamin Ds for 8 d before slaughter reduced peak WBS force values for 14
d postmortem muscle compared to that for controls. The same hypothesis also was
investigated by Swanek et al. (1999) who found that feeding vitamin D; for 7 or 10 d at
levels of 5 or 7.5 million [U/d. respectively. also reduced peak WBS force values for 7 d
postmortem muscle compared to that for controls. Unfortunately though, in addition to
improving tenderness. dietary supplementation with vitamin Dj also has been reported to

reduce daily feed intake of cattle fed 2.5 to 5 million IU/d for 10 d before slaughter

-10-
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(Montgomery et al., 1998). Additional research conducted by Karges et al. (1998)
indicated that feeding cattle 5, 7.5, 15 or 75 million IU of vitamin D; reduced dry matter
intake after 6, 5, 4 or 2 d of supplementation, respectively. Although early reports are
promising, there are issues that must be addressed with the use of vitamin D; betore
recommendations can be made for widespread industry implementation of this
tenderization technique. One such remaining obstacle is lack of approval for
supranutritional use of vitamin D3 in food animals by the U.S. Food and Drug
Administration. A second obstacle is the effect of vitamin D3 supplementation on the
performance of feedlot cattle. Even if FDA approves use of vitamin D; supplementation
for beef tenderization purposes, it is not likely to be used commercially if it has
deleterious effects on teedlot cattle performance.

Justification of Research

Scientists have concluded, through research, that by increasing the available
calcium concentration in meat. it is possible to increase the activity of the calpain system
and subsequently increase the tenderness of postmortem beef. As per capita consumption
of beef continues to decline and consumers continue to be dissatisfied with the average
quality and consistency beef products. the need for technology to enhance meat
tenderness and total palatability management increases. The success of “‘enhancing”
fresh meat is evident in the pork retail case and it does not seem far-fetched to envision
similar success if used with beef items. The addition of management practices that could
improve tendemess; i.e.. feeding vitamin Dj, could be integrated into a total
quality/palatability management system, or used to establish a brand identity for a

tenderized beef product. The use of these technologies and their potential application by
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the beef industry remain to be determined. To expedite the implementation of these

technologies, each must first be proven to be effective through sound and repeated

science.
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CHAPTER I1I
Palatability of Beef Steaks Marinated with Solutions of Calcium

Chloride, Phosphate, and (or) Beef Flavoring

ABSTRACT

The objectives of this study were to evaluate the efficacy of marination for
increasing consumer acceptability of beef. Steaks from 28 USDA Select top sirloin butts
were randomly assigned to one of six marination treatments: 1) negative control (CT), 2
150 mM calcium chloride (CA). 3) 10% solution of beef-flavoring/seasoning mixture
(FL), 4) CA and FL (CF), 5) 2.5% sodium phosphate and FL (PF). or 6) tap water (TW).
Steaks were marinated in vacuum pouches. aged for 7 days. cooked to 70° C and
evaluated by a trained sensory panel. Marination with CA did not affect tenderness
ratings, but increased (P < .05) bitter and metallic tlavors compared to CT or TW
treatments. Use of FL. alorie or in conjunction with CA or sodium phosphate. increased
(P < .05) tenderness and juiciness ratings and reduced (P < .05) bitterness and metallic
flavors compared to CT, CA and TW marinades. Marination of beef, in vacuum pouches,
is an effective method the palatability and yields of cooked beef steaks.

Key Words: Beef, Tenderness. Calcium Chloride, Phosphate, Marination,
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INTRODUCTION

To overcome the problems associated with tough beef, researchers have
investigated technologies that could be used to improve tenderness, reduce tenderness
variability and increase consumer’s satisfaction with beef. The benefits of using
chemical meat-enhancing agents (phosphate, CaCl, and papain) have been well
documented (Wang et al., 1957 Kerth et al., 1995 Mormis et al., 1997) and the success of
“enhanced” (injected with salt solutions) retail products, especially pork. is apparent in
the U.S. meat industry. [n addition to enhancing the flavor, tenderness and consumer
acceptance of retail meat products, the ability to produce and sell value-added and water-
added retail beef provides the beef industry access to a large and growing marketing
opportunity.

Sodium phosphate is commonly used in meat processing and has been
documented to increase protein solubility and the water-binding ability of meat
(Hellendoomn, 1962; Trout and Schmidt, 1986). Smith et al. (1984) concluded that
injection of brine containing sodium tripolyphosphate into pork longissimus increased
juiciness and reduced Warner-Bratzler shear force values. and that injection of such a
solution, when used with beef semimembranosus increased juiciness. Addition of
sodium phosphate (as either pyrophosphate or hexametaphosphate) also has been
reported to prevent rigor mortis and increase tenderness of freshly slaughtered beef
(Streitel et al., 1977).

Calcium chloride injection into beef has been identified as a means for increasing
beef tenderness (Kerth et al.. 1995: Wheeler et al.. 1991; Whipple and Koohmaraie,

1992a.b). However. a 10% injection of 0.3 M calcium chloride into beef has been shown
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to have an adverse effect on palatability, imparting a bitter, metallic and sour taste to the
cooked product (Eilers et al.. 1994; Morris et al., 1997). To compensate for the
undesirable flavor characteristics associated with the use of calcium chloride. flavoring
agents--used in conjunction with calcium chloride injection--have been shown to mask
the off-flavors (Morris et al., 1997).

Benefits of marinating (Whipple and Koohmaraie, 1992a.b) or injecting (Kerth et
al., 1995; Koohmaraie et al.. 1990; Morgan et al., 1991a) beef cuts from 30 min to 5 d
postmortem with calcium chloride to increase tenderness by enhancing calcium-activated
proteolysis are well documented. However, implementation of this technology has not
progressed rapidly, probably due to the compromised tlavor associated with its use
(Eilers et al., 1994; Morris et al.. 1997) and because of the recent USDA-FSIS proposed
rule that would classify injected, mechanically tenderized, chopped, ground or minced
product that is contaminated with E. coli O157:H7 as “adulterated” (USDA-FSIS, 1999).
In the present study, a solution of beef-flavoring/seasoning mixture was added to
solutions containing either phosphate or calcium chloride to determine: 1) if marination
of beef retail cuts can be used as an effective mechanism to apply chemical enhancing
agents, 2) if phosphate solutions can be used to increase the tenderness, juiciness and
overall palatability of cooked beef steaks, and 3) if off-tlavors associated with the use of

a calcium chloride solution (as a marinade) can be masked using a flavoring/seasoning

agent.
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MATERIALS AND METHODS

Product Selection

Top sirloin butts were obtained 24 h postmortem from the right side of USDA
Select beef carcasses (n = 28) in a commercial beef packing facility. Vacuum-packaged
top sirloin butts were transported to the Colorado State University Meat Laboratory and
fabricated into six steaks (2.54 cm thick) from the gluteus medius (excluding end cuts).
Steaks then were trimmed to yield portions weighing 170 = 3 g.
Treatments

One steak from each top sirloin butt was assigned randomly to either a control (no
marinade) or one of five marination-treatment groups: 1) calcium chlonide. 2)
flavoring/seasoning mixture, 3) calcium chloride and beef-tlavoring/seasoning mixture,
4) sodium phosphate and beef-flavoring/seasoning mixture, and. 5) tap water. All
solution volumes were added to the steaks to equal 25% of raw cut weight (25% wuwt).
Calcium chloride marination (CA) was applied via a pH 7.26 solution of 150 mM food
grade calcium chloride (Spectrum. Gardena. CA). The tlavoring/seasoning marinade
(FL) treatment was applied via a 10% solution of a pH 5.29 flavoring/seasoning agent
(Williams Seasoning, Inc.. Product No. BO1144. Lenexa. KS) that contained 48% salt.
24% hydrolyzed soy protein. 15% maltodextrin. 7% dried beef stock and 6% spices and
flavoring. The combined calcium chloride and beef flavor/seasoning marinade (CF)
contained equal volumes of 150 mM calcium chloride and 10% beef-flavoring/seasoning
mixture solutions, pH 5.07: the sodium phosphate and beef flavor/seasoning marinade
(PF) contained equal parts of 2.5% sodium phosphate (BRIFISOL® 85 Instant, BK-

Ladenburg Corp.. Lodi. CA) and 10% beef-flavoring/seasoning mixture solutions, pH
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6.79. All solutions were applied to the steaks in vacuum pouches to determine if the
effect of chemical additives could be observed without using an invasive. surface
penetrating process (i.e.. needle injection).

Packaging and Cooking

Steaks were individually weighed and vacuum packaged with nothing (control) or
with the appropriate marination treatment solution in 20.3 x 25.4 cm vacuum bags (.75
mil nylon and 2.25 mil polyethylene bag) with an oxygen transmission rate of 3.5cm’*
(.065 m°)" + (24 h)"* at 21°C (Koch Supplies Inc., Kansas City, MO). aged for 7 d at 2°C.
frozen and stored at -28.6°C. Steaks were then thawed for 24 h at 2°C, weighed and
cooked on an electric char-broiler (Model 0B51, Hobart Corporation, Troy. OH). Each
steak was turned during cooking every 4 min and the temperature was monitored during
cooking using a digital probe thermometer (Atkins Technical Inc.. Gainesville. FL) until
a final internal temperature of 70°C was reached. Cooked steaks were then reweighed to
determine weight loss during cooking.
Sensory Evaluation

Warm samples were evaluated by members of a trained (Cross et al.. 1978) eight-
member sensory panel, for juiciness. muscle fiber tenderness, connective tissue amount
and overall tenderness using 8-point rating scales (8 = extremely juicy. extremely tender,
none or extremely tender: | = extremely dry. extremely tough, abundant or extremely
tough. respectively). Additionally. tlavors (metallic. salty, bitter, beefy and soapy) were
evaluated cn a 3-point scale (0 = none detectable, 1 = slightly detectable and 2 = very
strong) by the same trained sensory panel following AMSA (1995) guidelines. Panelists

were trained to detect flavors using the procedures of Meilgaard et al. (1991).
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Statistical Analvsis

Individual panelist ratings for each organoleptic trait were averaged to determine
the sensory ratings of each organoleptic trait for each steak. Random effects analysis of
variance was conducted using the general linear models procedures of SAS (1988) for a
split-plot design which included the random effect of top sirloin butt. Data were
analyzed using a model that included the mean sensory rating as the dependent variate,
the independent whole plot of top sirloin butt and the tixed. independent effects tor
marination treatment (CT, CA, FL. CF. PF and TW) within subprimal as the split plot.

When appropriate, means were separated using Tukey's studentized range test.

RESULTS AND DISCUSSION
Sensory Characteristics

Benefits of marinating (Whipple and Koohmaraie, 1992a,b) or injecting
(Koohmaraie er al., 1990; Morgan et al., 1991a: Kerth et al., 1995) beef cuts with
calcium chioride to increase tenderness through enhanced calcium-activated proteolysis
have been well documented: vet. due to compromised flavor (St. Angelo et al., 1991;
Eilers et al., 1994), practical implementation of this technology has not progressed
rapidly.

Steaks marinated with beef-flavoring, either solely or in combination with CaCl,
or phosphate. were rated (Table 3.1) by panelists as being juicier and more tender (for
both overall tenderness and muscle fiber tenderness) and as having less detectable
connective tissue (P < .05) than steaks from the two control groups (no marinade or tap

water) and than steaks from the treatment that included only CaCl,. These results are
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contradictory to those reported by Whipple and Koohmaraie (1992a,b) who found that
tenderness was increased when steaks were marinated in CaCl, for 2 or 5 days. Among
steaks treated with marinades that included a beef-flavoring component. there were no

differences (P < .05) in juiciness, overall tenderness. muscle fiber tenderness or

connective tissue content (Table 3.1).

Table 3.1. Means = standard deviation for sensory panel ratings of individual steaks (N = 168) tor

C . e . . d
overall juiciness®, overall tenderness’. muscle fiber tenderness® and connective tissue amount

it et O ———

Treatment Juiciness Overall Muscle Fiber Connective
Tenderness Tenderness Tissue Amount
No marinade (control) 4.64 = 51° 434 = .84% 474+ .73 4.32 + 85°
25%° 150 mM CaCl, 495 = .73¢ 4.68 = .86° 198 + 78° 4.65 = .88°
25% 10% beef-flavoring 5.56 = .64" 524 =.75° 5.53 +.69° 5.12+.79°
25% CaCl; and beef-flavoring 552=.50° 5.23=.68" 5.53 +£.55° 5.17+.72°
25 % phosphate and beef-flavoring 544 = .61° 541 =.83" 5.74 + .68% 5.37+.76°
25% tap water control 4.85= .53 437=.87 468 .77 441 +.89°

4 Overall juiciness was scored on an 8-point scale, | = extremely dry. 8 = extremely juicy.

® Overail tenderness was scored on an 8-point scale, | = extremely tough. 8 = extremely tender.

< Muscle fiber tenderness was scored on an 8-point scale, | = extremely tough, 8 = extremely tender.

4 Connective tissue amount was scored on an 8-point scale, | = abundant. 8 = none.

¢ All solutions were added to pouches containing the steaks to equal 25% of the weight of the raw product (25% wuwt).
¥2 Means in the same column, lacking common superscript letters, ditfer (P < .05).

Trained panelist tlavor scores indicated that steaks marinated with CaCl> had the
most (P < .05) bittér and metallic off-flavors compared to steaks in the two control groups
and in all other marinade treatments. whereas steaks marinated in solutions that contained
beef-flavoring. either solely or in combination with other additives, were less bitter (P <
.05) and less metallic (P < .05) than non-marinated steaks and steaks marinated in tap

water (Table 3.2). The addition of a beef-flavoring agent masked the bitter and metallic
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flavors that were detected in steaks marinated with 150 mM CaCl,. Additionally. steaks
marinated with solutions that contained a beef-flavoring agent also were described as
having a beefier (P < .05) flavor than steaks from all other marinade treatments (Table
3.2). Although the addition of beef-flavoring to the marinade reduced the bitter and
metallic off-flavors, not surprisingly, it also dramatically increased (P < .05) the saltiness
of the cooked. marinated steaks compared to steaks from the two control (no marinade or
tap water) groups and steaks marinated with CaCl.. Mean panelist ratings for the
presence of a soapy off-flavor in the cooked marinated steaks were below 1.0 for all
marinade treatments, and the steaks marinated in solutions that contained a beef-tlavoring

agent were rated as being less soapy (P < .05) than steaks in the non-marinated control

group (Table 3.2).
Steak Yields

Steaks were weighed before marination, before cooking and following cooking to
determine the uptake of marinade into the raw steak during marination and the weight
lost during cooking. Steaks marinated in solutions ot higher pH, with strong buffering
capacities, should have increased water binding ability compared to those steaks that
were marinated in solutions with a pH close to. or below. the isoelectric point of meat. In
this study (Table 3.3), steaks marinated in a solution of high pH that contained phosphate
and beef flavoring absorbed more (P < .05) marinade solution than control steaks or
steaks marinated with CaCl- alone or beef-tlavoring alone (but not than steaks marinated
with both CaCl, and beef-flavoring). Control steaks (no marinade or tap water) had the
greatest (P < .05) weight loss from marination/packaging to cooking. Steaks in the no-

marinade control group and those that were marinated in a solution that contained
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phosphate and beef flavoring had lower (P < .05) weight loss during cooking than steaks
in all other treatments and steaks in the tap water control group. Because of the loss of
water during marination, the control (no marinade or tap water) steak weight loss during
cooking was similar (P > .05) to that sustained in all other marination treatments. but
control (no marinade or tap water) steak final yields were lower (P < .05) than final yields
for steaks marinated in solutions of beef-flavoring, either solely or in combination with

CacCl; or phosphate (Table 3.3).

Table 3.2. Means = standard deviation for sensory panel ratings of individual steaks (N =

168) for bitterness’. metallic taste®. saltiness®. beefy tlavor! and soapiness®

—

Treatment Bitter  Metallic Salty Beety Soapy
No marinade (Control) 57221 27= .14 05=.09 41=.16° 08=x.13"
25%" 150 mM CaCl, 7428 49=21° .05 = 08° 40+.22° .06 £.09%
25% 10% beef-flavoring 23=.08 12=20Y 1.15=.22" 84+.24 02z 05"
25% CaCl, and beef-flavoring 33=.20 A0 = 11" 1.27=26" 77+.23 .00+.02%

A5
"

25 % Phosphate and beef-tlavonng A4 .06 = .08° 1.35=.50° 82+.18 .00+.00°

I

25% tap water 22 28 = .18 00=.02 41 £.18 .06+.08""

n
(=]
2]

* Bittemess was scored on an 3-point scale, O = not bitter. 2 = extremely bitter

® Metallic taste was scored on an 3-point scale. 0 = not metallic, 2 = extremely metallic.

* Saltness was scored on an 3-pomnt scale. U = not salty. 2 = extremely salty

* Beefy flavor was scored on an 3-point scale, ) = extremely weak, 2 = extremely beety.

* Soapiness was scored on an 3-point scale. 0 = not soapy. 2 = extremely soapy

' All solutions were added to pouches contasming the steaks to equal 25%s of the werght of the mw product (25% wt wt).
w22 AMeans in the same column. lacking common superscript letters, ditter (P < 05).
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CONCLUSIONS

This study indicated that the use of marination effectively enhanced the
palatability characteristics of beef steaks, especially when marinade solutions contained a
beef-flavoring additive. In addition to improving perceived tenderness. marinades that
incorporated a beef-flavoring agent also reduced off-flavors and increased cooked
product yields. Marination of beef steaks, especially with solutions containing a beet-

flavoring agent, is an effective and practical means to improve cooked beef palatability.

Table 3.3. Means = standard deviation of individual steaks (N = 168) for percent marinade
penetration (uptake)”. percent weight loss® during cooking, final product yield® and the pH

of the marination solution

Treatment Marinade  Weight loss during  Final Yield  Marination
Uptake (o) cooking (%) (%) Solution. pH
No marinade (Control) 47+ 1.7 249 = 4.0 71.6 £4.0° -
25°%* 150 mM CaCl; 7222 27.0=39 718 £ 4.4 7.26
25% 10%0 beef-tlavoring 28=21° 253=44 76.7 £ 4.5° 5.29
25% CaCl; and beef-flavoring 38 =t1.6™ 158 =4.2¢ 77.1£4.8° 5.07
25 % phosphate and beef-flavonng 4.6 =3.1" 23245 1.2+4.1° 6.79
25% tap water 35238 274=47 70.0 £ 6.2 -

4 percent marinade uptake was calculated using weights taken prior to marination and before cooking.

" Percent weight loss was calculated using weights taken immediately prior to and following cooking.

¢ Percent final vield was calculated using weights taken prior to marination and immediately tollowing cooking.

* All solutions were added to pouches containing the steaks to equal 25% the weight of the raw product (25% wt/wt).
w2 Means in the same column. lacking a common superseript letter, differ (P < .05).
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CHAPTERIV

Supranutritional Oral Supplementation with Irradiated 7-

Dehydrocholestrol and Calcium to Improve Beef Tenderness

ABSTRACT

Intrinsic. calcium dependent proteases deteriorate the ultrastructure of muscle early
postmortem. and increase tenderness. Due to the calcium dependent nature of calpains, it
has been hypothesized that oral supplementation with vitamin D; will increase both
muscle Ca®” content and the activity of muscle proteases. and thus. the tenderness of
cooked beef. Individual heifers (n = 191) were assigned to a negative control group or
groups supplemented via oral bolus with one of 7 levels of vitamin Dy (1. 2. 3. 4, 5
million [U Dy/d. 2 million [U Dyd plus 75 g CaCO; or 4 million [U Dy/d plus 75 g
CaCO0;) for 2, 4, 6 or 8 days antemortem. [ndividual feedlot performance. serum Ca™
levels and carcass data were collected and 8 steaks/carcass were used to obtain Warner-
Bratzler shear (WBS) force was values measured at 2, 7. 14 and 21 days postmortem for
longissimus steaks cooked to 70° or 85° C. Supplementation with vitamin Ds generally
decreased daily feed intake (as-fed). and reduced (P < .05) average daily gains compared
to controls during the 8 d supplementation period. Additionally, supplemented cattle had

numerically higher dressing percentages, indicating less fill at the time of slaughter, as
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carcass weights and USDA yield grades did not differ (P > .05) across treatment groups.
Supplementation with 1, 2, 3.4, or 5 million U Dy/d, for at least 2 d, increased (P < .05)
total blood serum Ca”~ concentrations compared with controls. while cattle that received
additional dietary Ca>", in the form of CaCOs; had the lowest blood serum Ca™
concentration. Although blood serum Ca®™ was increased, supplementation with any
level of vitamin Dj; for any length of time up to 8 d. did not improve (P > .05) WBS force
at 2. 7. 14. or 21 d of postmortem aging compared to controls when steaks were cooked
to final internal temperatures of either 70° or 85° C. Results indicated that oral
supplementation with vitamin Dj (at high or low doses) for 2 to 8 d before slaughter
increased total blood serum Ca®~ concentration, but oes not improve cooked longissimus

tenderness.

Key Words: Vitamin D;. Beef. Tenderness, Calcium, Calpains
INTRODUCTION

The Beef Industry Long Range Plan Task Force (NCBA, 1999) concluded that
consumer demand for beef products could be increased by enhancing the quality and
consistency, especially tenderness of retail beef products. Also, the National Beef
Tenderness Survey concluded that toughness was a problem among a variety of retail
beef cuts (Morgan et al., 1991b). George et al. (1999) reported findings similar to those
of the 1991 National Beef Tenderness survey and concluded that the beef industry has

made little progress in improving retail beef tenderness, especially for beet products from

carcasses of USDA Select and low Choice grades.
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In order to slow the decline in beef’s market share and per capita consumption of
beef, researchers have aggressively sought methods to predict and improve the tenderness
of beef. Supplementation of cattle with supranutritional levels of vitamin D3 immediately
pre-harvest is one method that has been explored. Montgomery et al. (1997) reported that
steers. orally bolused with 5 and 7.5 million [U Dyd for 8 days betore slaughter. had
greater concentrations of plasma calcium and produced steaks with lower Warner-
Bratzler shear values than did untreated control cattle. More recently, Swanek et al.
(1999) reported that cooked beet tenderness was improved through dietary
supplementation of cattle with vitamin Dj at a rate of 5 million [U/d tor 7 days or ot 7.5
million [U/d for 10 d.

The objectives of this study were to 1) evaluate the effects of dietary vitamin Ds
supplementation on feedlot performance and blood calcium levels. 2) to determine the
effect of vitamin D3 on postmortem tenderness. and 3) to develop a recommendation for

the optimum dose level and duration of administration ot vitamin Ds for purposes of

improving tenderness of cooked beef.

EXPERIMENTAL PROCEEDURES

In order to minimize breed to breed variability, 192 Charolais x Hereford heifers
from a single source and of similar size were selected from a commercial teedlot in
eastern Colorado.  Following selection, cattle were shipped to Colorado State
University’s Beef Nutrition Unit and allowed to acclimate to feedlot conditions for 5
days. Cattle were acclimated to the finishing ration and returned to full-feed tollowing

the five-day period, at which time cattle were weighed, tagged and randomly assigned to
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fill the cells of an 8x4 factorial design. Cattle were assigned to one of eight vitamin D;
and CaCO; dose combination levels [control, I million [U Dy/d. 2 million [U Dyd. 3
million IU Dy/d. 4 million [U Dy/d, 5 million [U Dy/d, 2 million [U Dy/d plus 75 g CaCO
(2+); and 4 million IU Ds/d plus 75 g CaCO; (4+)]. Within each dose level. cattle (n = 6)
were supplemented for either 2. 4, 6 or 8 days before slaughter.

Boluses were manually prepared using gelatin capsules (Torpac Inc.. Fairtield.
NJ) and Rovimix® D5 500 (Roche Vitamins and Fine Chemicals, Nutley. NJ) or ground
limestone (Colorado Lien Company. Fort Collins, CO:. minimum of 33% calcium).
Vitamin D; was administered in the form of irradiated 7-dehydrocholesterol. Boluses
were filled and individually weighed and verified to contain 1. 2. 3. 4, or 5 million [U of
vitamin D; or 75g of CaCO;.

Cattle were moved through a hydraulic squeeze chute daily and dietary
supplements were administered via oral bolus. Control cattle were processed daily, but
did not receive a placebo bolus. On day 7 of the trial. a single heifer was removed -- due
to illness -- from the treatment group that was to receive 2 million [U Dy/d plus 75 g
CaCO; tor 8 d.

Negative controls and cattle that were to receive vitamin D; for 8 d. from each
dosage level (n = 6 per cell) were segregated and fed apart from the remaining cattle in 8
small pens (one pen for controls and each vitamin D3 dose level). On a daily basis, all
feed remaining in the bunk was removed. weighed, and average daily feed intake was
calculated for each pen and is reported as average daily intake per head (Kg fed - Kg
remaining/6 hd/pen). These pens were used to evaluate the level of feed intake for

controls and treatment groups receiving vitamin D for 6 hd/pen over 8 d. The remaining
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cattle (n = 144) were co-mingled and equally divided into two pens and fed as single
groups.

Twenty-four hours following administration of the final bolus. final live weights
were obtained, blood was collected via jugular venipuncture using Vacutainer™
evacuated blood collection vials (Becker Dickinson and Company, Franklin Lakes. NJ),
and cattle were shipped (~48 km) to, and processed at. a commercial beef packing tacility
in Greeley. CO.

Blood samples were allowed to clot overnight and centrifuged at 1300 x g for 15
m using a Beckman, Model TJ6 centrifuge (Beckman I[nstruments. Inc.. Palo Alto. CA),
and the resulting serum was removed. frozen (-17° C) and stored for subsequent total
serum Ca’~ determination.

Individual cattle were followed through slaughter, chilled for 36 h and all USDA
Quality and Yield Grade factors were determined by USDA personnel.  Hunter
Miniscan™ (Hunter Laboratories. Reston, VA) CIE L*. a* and b* values were obtained
from the exposed surface of the longissimus between the twelfth and thirteenth ribs of the
right side ot each carcass.

Following carcass data collection. striploins were collected from the right side of
cach carcass and transported to the CSU Meats laboratory. Striploins were turther
fabricated to yield 8 steaks (2.54 cm thick). from which four sets of two adjacent steaks
were randomly assigned to one of four postmortem aging periods (2, 7, 14 or 21 d).
Paired steaks were then randomly assigned to one of two endpoint cooking temperatures
(70°C and 85°C). Steaks were aged at 15° C. and when the predetermined aging period

had elapsed. frozen and held at -11°C until subsequent analysis. Steaks were removed
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from the freezer and allowed to thaw for 24 h at 15°C, broiled on a Hobart Char Broiler.

(model CB 51, Hobart, Troy, OH) to the specified end-point temperature and allowed to

cool to room temperature (35°C).

When steaks reached room temperature, a minimum of seven 1.27-cm diameter
cores were removed from each steak parallel to the muscle fiber orientation and peak
shear force was determined for each core using a Warner-Bratzler shear (WBS) machine.
The peak shear force values for the cores obtained from each steak were then averaged to
determine mean steak shear force (AMSA. 1995).

Frozen blood samples were packed on ice and shipped to Oklahoma State
University for total serum Ca”” concentration determination. Samples were digested by
combining | ml of serum with 5 ml of HNO; and heated using a microwave digestion
system (CEM Corporation. Matthews. NC). Following acid digestion, total serum Ca™
concentrations were determined using spectroscopy and are reported as mg of Ca®"/dl of
serum.

Data were analyzed using the General Linear Models procedure of SAS. using a
model appropriate for the 8x4 factorial design (SAS. 1988). The dose by time interaction
was not significant (P > .05) and was therefore removed from the analysis model.
Subsequent analyses were pertormed including only the main effects of supplementation
treatment level. regardless of days of administration. Additionally, treatment groups that
did not receive additional dietary Ca*~ were pooled into three subclasses, (1) cattle that
received no vitamin Dj, (2) cattle that received 10 million [U or less (total dose over 8

days) of vitamin Ds_or (3) cattle that received more than 10 million [U (total dose over 8
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days) of vitamin D;. When significant main effects of treatment level or total dose group

occurred (P < .05), means were separated using a protected Tukey’s HSD method.

RESULTS AND DISCUSSION

Feedlot Performance

At the onset of the trial. there were no differences (P > .05) in the weight of the
cattle between the 32 control or treatment groups. Following the eight-day
supplementation period, finished weights were obtained and average daily gains were
calculated. Cattle that were supplemented with 4 million [U Dyd plus 75 g CaCO; (4+)
had lower (P < .05) final weights than cattle that had received 3 million or tewer [U D./d.
and cattle that received 4 million U Diyd plus 75 g CaCO; over the eight-day
supplementation period had a net loss in live weight and lower average daily gains than
control cattle or cattle that were supplemented with | million IU Dy/d (Table 4.1).

Because the length of time that vitamin D; was administered pre-harvest or the
interaction of time pre-harvest and vitamin D dose did not influence feedlot performance
(P > .05). the treatment subclasses were reclassified to reflect three pooled treatment
groups of cattle that received (1) no vitamin D;. (2) 10 million [U Ds (total cumulative
dose over 8 d) or less, and (3) more that 10 million IU D; (total cumulative dose over 8
d). Among the three pooled control and treatment groups. there were no differences (P >
.05) in initial live weight. final live weight, hot carcass weight, dressing percentage.
USDA Yield Grade or USDA marbling score. However. cattle that received >10 million
IU of vitamin D; over the 8 d period did have lower (P <.05) ADG than negative control

cattle. whereas cattle that received 10 million IU of vitamin Dj or less over the 8 d period
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had intermediate daily gains and their gain did not differ (P > .05) trom that of control
cattle or cattle receiving the higher vitamin D; dose.
Table 4.1. Arithmetic means for final live weight (FWT), average daily gain
(ADG), dressing percentage (DRESS), and total blood serum calcium
concentration (Ca’~ mg/dl) for cattle (N = 24) supplemented with 0. 1. 2. 3. 4.
5 million [U of vitamin Ds, 2 million IU vitamin D; plus 75g CaCO;. or 4
million IU vitamin Ds plus 75g CaCOs, regardless of the length of time that

cattle were subjected to pre-harvest supplementation with vitamin D3

Trt* FWT (kg) ADG (kg/d) DRESS (%) Ca™" (mg/dl)
0 516 2.2 59.8° 1.3
1 508" 1.7¥ 60.0° 13.3"
2 507* L1 60.1° 13.2™
3 502* 1.0 60.1° 120%™
4 496 0.2 60.9° 12.9™
5 500* (0.1)” 60.8" 2.7
24 487" 1.0” 60.5* 1.7
4+ 470° 0.7y 61.9% 12.0"
RSD 36.05 2.66 1.71 1.27

* Treatment level indicates the daily supplemental dose of vitamin Ds.

°N=23

© Cattle received 2 million [U D1 d plus 75 g CaCOx

¢ Cattle received 4 million IU Dx d plus 75 g CaCOx

*£ Means. within a column. but lacking common superscript letters, differ (P < .05).

Feed Intake

In order to determine feed intake patterns for cattle supplemented with vitamin
D, daily feed consumption (as-fed) was collected for cattle that received a dose of
vitamin D; on each of the 8 days pre-harvest. Trend lines. from single observations, are

shown in Figure 4.1 for each of the eight treatment groups. Cattle that were
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supplemented with 2, 4. 5, 2= and 4+ million U Ds/d exhibited decreased daily feed
consumption during the supplementation period. These data suggested that following day
2 of supplementation, the appetite of cattle receiving more than | million IU Ds/d
declined, and the reduction in feed consumption was amplified by administration of
added dietary calcium (in the form ot CaCO;). This pattern of reduced daily feed intake
could be indicative of cattle that manifested acute toxicity from the supranutritional levels
of vitamin Ds provided. When additional calcium was added to the diet, the impact on

feed intake was amplified. suggesting that the combination of increased vitamin D; and

additional dietary calcium magnified the toxic effect.
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Total Serum Calcium

Twenty-four hours following administration of the last bolus, blood samples were
collected via jugular venipuncture and analyzed for total serum calcium content. Cattle
that were supplemented with 1, 2 or 5 million IU Ds/d had higher (P < .05) total serum
calcium levels than negative control cattle; cattle that were supplemented with 1 million
[U Dwd. regardless of days of administration. had the highest (P < .05) serum Ca™
concentration (Table 4.1). Cattle that were given additional dietary calcium (in the form
of CaCOs) plus 2 or 4 million U Dy/d, had the lowest (P < .05) blood serum Ca™~
concentrations following 8 d of supplementation. These results were consistent with
reports from Hibbs and Pounden (1954) and Swanek et al. (1999) that stated that serum
Ca” levels increased when cattle were fed supranutritional levels of vitamin D;. Vitamin
D; was successfully administered via oral bolus in the present study. and feedlot heifers
responded metabolically to supranutritional supplementation with vitamin Ds.

Total blood serum Ca®” concentration, among the three pooled. cumulative dose,
treatment groups, are reported in Table 4.2. Cartle that received vitamin D, whether it
was a large total dose (> 10 million [U) or a smaller dose (10 million IU or less) over 8 d.
had higher (P < .05) total blood serum Ca™” concentrations than did control cattle. This
latter finding demonstrated the etfectiveness of vitamin D; in manipulating the
circulating concentration of C a”". but also indicated that there was a level of
administration that achieved the greatest increase in total blood Ca™ while at the same
time, minimizing the cost of supplementation.

In order to determine the optimum dose level and time of administration. total

blood serum Ca>~ concentrations were analyzed by dose over the course of the 8 possible
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days of supplementation (Figure 4.2). It appeared that supplementation with either 1 or
2 million [U Dy/d for 8 d produced the maximum concentration of blood serum Ca™.in
this study. However, it also was apparent that supplementation with either 1. 2, or 4
million [U Dy/d for only 2 d also effectively increased (P < .05) total blood serum Ca™
concentrations. Again, it was observed that when additional dietary calcium was
provided. total blood serum Ca’~ concentrations were the lowest. numerically. and lower
(P < .05) than that for cattle that received only | or 2 million [U Dyd for the same length
of time. From an economic standpoint. supplementation with a lower dose of vitamin D
for fewer total days, while attaining an equal increase in blood Ca’™ concentrations.
would require fewer total IU of vitamin D; and would thus. be less expensive to

incorporate into a production system.

Table 4.2. Means for final live weight (FWT). average daily gain (ADG), dressing
percentage (DRESS), and total serum calcium concentration (Ca*” mg.dl) for cattle
that received no vitamin Ds. < 10 million [U of vitamin D; or > 10 million [U of

vitamin D;. within 8 d of slaughter

Trt N FWT (kg)  ADG (kg/d) DRESS Ca’* (mg/dl)
0 24 516 2.0 59.8 11.3
<10MIL 54 510 1.4 60.1 12.9%
>10 MIL 66 496 0.3 60.7 12.8*
v MSE - 37.05 2.66 1.73 1.38

"Treatment level indicates the total amount of vitamin D: administered over 8 days.
*Z Means. within a column, lacking common superscrpt letters, differ (P < .03).

Calcium carbonate (CaCO;) was included in two of the treatment groups to

explore the possibility that cattle had adequate, endogenous levels of vitamin D; to
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absorb greater amounts of calcium than were normally available in the diet. [f the latter
hypothesis were true, it would be feasible to suggest that Ca’” supplementation alone
could increase blood and muscle Ca®™ concentrations sufficiently to increase calpain
activity and postmortem tenderness. The latter hypothesis was based on the work of
Ducket et al. (1998), who found that drenching of cattle 3-6 h pre-harvest with a solution
of calcium propionate increased cooked meat tenderness at 4 and 7 d postmortem. In the
present study, supplementing cattle with both supranutritional levels of vitamin Dj; and
CaCO; lowered (P < .05) total serum Ca>" content following d 6 of supplementation
(Figure 4.2). Cattle that received 2 or 4 million [U Dy/d and additional dietary calcium
were compared with cattle that received 2 or 4 million U Di/d and no additional calcium
(Table 4.3). The administration of 75 g of CaCOj daily for up to 8 d reduced (P < .05)
HCW and dressing %. increased (P = .0589) WBS force for their steaks after aging them
for 2 d postmortem and cooking them to 70° C. Contrary to our original hypothesis.
supplementation with CaCOs. plus bolusing them with 2 or 4 million [U Dy/d. reduced (P
< .05) total blood serum Ca™~ concentrations.

Table 4.3. Least squares means = standard error for average daily gains (ADG). hot carcass weight
(HCW). dressing percentage (DRESS). Warner-Bratzler shear torce (WBS) and total serum calcium
concentration (Ca”” mg dl) for steaks aged 2 d and cooked to 70° C from cattle that received 2 or 4

million TU of vitamin D+ d with or without 75 g of additional CaCO: for up to 8 d pre-harvest

— e
— —

N ADG Ca”

. » . o,
Treatment ! keg/d) HCW (kg) DRESS (%) WBS (kg) (mg/dl)

No Added Calcium 48 .67 =.38 303=290° 60.5+.24y 6.18+.23 13.0+.19

Added Calcium 47 10=.38 292:292° 61.3+.25 6.81+.23" 118=.19

* N = 43 for each treatment level.
*% Means. within the same column. lacking a common superscript letter. differ (P <.05).
' Means. within the same column. lacking a common superscript letter. differ (P = .0589).

-34-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



(SO > d) Jop31p ‘s119] dussiadns uowwiod Furyor| ‘Kep uiyum ‘suediy "fQIe) g gL snid

p/£@ utwelia Jo Q] uol{jiut 10 £{QJR) 9 ¢/ snjd p/EQ UNUBIA JO (] UOfjit T p/iE uiumiA JO A1 uorppiut ¢ ‘p/EQ

UIWRYIA JO ()] UOK[[IW ¢ ‘P/EQ UIWRIA JO (1] UOL[I ¢ ‘p/ECT UIWIRIA JO O] UOI|I T P/EC] WiURiA JO O uorfpiwi |

a5 12101 101 DU 1040 *asuodsas aso(] *T'y 2ndiyg
‘£ unuepA ou Yitm paudwaddns aram eyl ONed 10} P WRIDS (2107 40} D

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



= £ H © @
«
| | | ] ! [
(Vo] - o o — (] (=Y
| — — L | —( o
(% Sur) [p/Sw

-36-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

6
Days Antemortem



Based on the aforementioned information, and the biochemical mechanism
through which vitamin Ds is synthesized and regulates blood calcium (Figure 4.3), it was
concluded that the abundance of dietary calcium provided to the animal actually inhibited
the synthesis and actions of vitamin D3. This presumably occurred at two levels. (1) Ca*™”
inhibits the activity of 25 Hvdroxvlase and (2) Ca” inhibits the activity of 1 a-
Hydroxylase. Both of these enzymes perform a regulatory role in the production of
metabolically active vitamin D; [1,25(0H),-D;]. Because these key regulatory enzymes
were probably inhibited, the supplemented vitamin Dj (7-Dehydorcholesterol) and
intrinsic vitamin D3 were most likely not converted to metabolically active vitamin Dj,
resulting in a net reduction in total blood serum Ca” concentration.

Cooked Steak Tenderness

Boneless top loin steaks were aged for 2. 7, 14 and 21 d following slaughter and
Wamner-Bratzler shear tforce analyses were conducted at two end-point cooking
temperatures (70° C and 85° C). Again, duration of administration of vitamin Ds had no
effect (P > .05) on WBS force. thus means were evaluated across the 8 control and
dosage levels. regardless of days of administration. There were no differences (P > .05)
in mean shear force measures for steaks from control vs. Treated cattle (irrespective of
vitamin D; dose) cooked to 70° C at 2. 7. 14 or 21 d postmortem. Additionally. there
were no differences (P > .05) in mean shear force measures for steaks from control vs.
Treated cattle (irrespective of vitamin D; dose) cooked to 85° C at 2, 7 or 14 d
postmortem. Steaks aged 21 d and cooked to 85° C from cattle that were supplemented

with 5 million IU Dy/d had lower (P < .05) mean shear values than comparably aged and
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cooked steaks from cattle supplemented with 1 million IU Dy/d or 4 million IU Dy/d plus
75 g CaCO;.

Warner-Bratzler shear force values also were stratified by pooled. cumulative
vitamin D; dose treatment groups and no differences (P > .05) in mean shear force were
found across aging periods or end-point degrees of doneness. Contrary to earlier reports
(Swanek et al.. 1999, Montgomery et al., 1997), vitamin D supplementation did not
improve cooked longissimus tenderness in our study even though it did generally increase
total serum Ca™" concentrations.

It is important to note that, in this study, aging period and end-point cooking
temperatures had significant impacts on WBS force (data not shown). These tindings are
consistent with the well accepted conclusions that beet longissimus steaks become more

tender with increased aging time (Eilers et al., 1996) and less tender as degree of

doneness increases (Wulf et al., 1996).

IMPLICATIONS

These results indicate that supplementing cattle with vitamin D; (7-
dehydrocholestrol) does not intluence (improve or impair) postmortem cooked beef
tenderness. [t is apparent that more work is necessary to determine if vitamin D has an
impact on beef tenderness. and if so. does the positive impact of tenderness outweigh the
negative effect on feedlot performance and result in tenderness improvements that are

sufficient to offset the cost of vitamin D3 supplementation.
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