
Meat Science 71 (2005) 52–61

www.elsevier.com/locate/meatsci
Enhancing palatability traits in beef chuck muscles
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Abstract

Thirty-six USDA Select complexus, latissimus dorsi, rhomboideus, serratus ventralis (SEV), splenius, subscapularis, supraspinatus
(SUS), and triceps brachii (TRB) muscles were studied. Muscles were assigned to one of four treatments: control, marinated, needle-
pumped, and vacuum-tumbled to reach 10% brine pick-up after treatment. The solution was formulated to have 0.5% of sodium
chloride and 0.4% of sodium tripolyphosphate in the end product. Steaks from the SEV, SUS, and TRB muscles were cooked on a
grill and the other Wve muscles were oven-roasted whole, all of them cooked to an internal temperature of 71 °C. Sensory evaluations
and Warner–Bratzler shear force (WBSF) determinations were conducted immediately after cooking (Day-1), and after being
cooked and stored frozen for 60 days (Day-60). For the Day-60 evaluation, samples were reheated using a microwave oven. The nee-
dle-pumped treatment reduced WBSF values compared to the control in 3 out of 8 muscles (P < 0.05). The marinated treatment
appeared to have the greatest inXuence on juiciness and was diVerent from the control in 7 of 8 muscles (P < 0.05). Comparing treated
muscles to the control, tenderness was increased in 4 out of 8 muscles when needle pumped (P < 0.05). Brine treatment reduced sen-
sory detected connective tissue only in 2 of 8 muscles. More oV-Xavors were detected by the panel for marinated samples from six of
eight muscles. All muscles had lower values for WBSF, less connective tissue and oV-Xavors, and higher juiciness, overall tenderness,
and beef Xavor intensity on Day-1 than Day-60. The needle-pumped method was slightly superior to the marinated and vacuum-
tumbled treatments even though the diVerences were not always consistent. But, regardless of the application method, palatability
traits were generally enhanced by brine treatments.
  2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Tenderness has consistently been shown to be one of
the major determinates of value in meat products. His-
torically, there has been a widening price diVerential
between tender and less tender primals of the beef car-
cass. The percentage of each primal cut in an average
USDA Choice carcass, as determined by Savell and
Smith (2000) as round, 24%; loin, 17%; rib, 9%; chuck,
30%; and brisket, plate, shank and kidney/pelvic fat,
20%. Since the most valued cuts come from the loin and
rib areas which represent only 26% of the total carcass,
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74% of the carcass consists of lower valued cuts. Accord-
ing to data collected by the US Department of Agricul-
ture, value of the loin and rib has increased at a much
greater rate over the past nine years than the value of the
chuck, round, and trimmings (USDA, 2005). Research-
ers have looked for alternatives to add value to this 74%
of the carcass that is composed of low value cuts.

The perception of quality is the main factor related to
the increase in value for the loin and rib primal cuts, and
the reduction in value for the chuck and round. With the
objective of having a better understanding of quality,
HuVman et al. (1996) conducted a study which asked
consumers to rank diVerent quality traits. The study
showed that 51% of participant’s ranked tenderness as
the number one trait for quality, 39% chose Xavor as
number one, and 10% selected juiciness as their most
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important quality trait. Knowing the importance of ten-
derness as a meat quality trait, Boleman et al. (1997)
showed that consumers were not only capable of dis-
cerning diVerent categories of tenderness but also that
people were willing to pay higher prices for products
that are known to be more tender. DiVerent paths have
been taken by scientists trying to increase the quality of
meat to meet consumer’s demands. Many studies (Mann
et al., 1990; Paterson & Parrish, 1988; Robbins et al.,
2003; White, Resurreccion, & Lillard, 1988) have been
conducted trying to Wnd alternatives that add value to
the chuck and round primal cuts since these two primal
cuts represent around 2/3 of the total carcass (Savell &
Smith, 2000).

The University of Florida in collaboration with the
University of Nebraska conducted a muscle proWling
study in which thirty-nine muscles from the beef chuck
and round were characterized. The muscle proWling
study was done with the intent of developing a better
understanding of each individual muscle from the
chuck and round and utilize them more appropriately
(Bovine Myology & Muscle ProWling, 2004). This pro-
ject identiWed a group of muscles that were very desir-
able in palatability when evaluated individually and
cut across the muscle grain. In addition to these high
quality muscles from the chuck and round, the muscle
proWling study also identiWed another group of mus-
cles that were intermediate in palatability traits having
shear force values in between 3.5 and 5.0 kg and with
sensory panel tenderness scores between slightly tender
and slightly tough. Tenderness was not aVected by car-
cass yield grade or by cooking method for this group
of muscles (Bovine Myology & Muscle ProWling,
2004).

The rationale of the present project was to determine
if eight individual muscles from the beef chuck, identi-
Wed as borderline in palatability traits, could be
enhanced by adding water, salt, and phosphates. If palat-
ability, especially tenderness, of these eight muscles
could be improved by enhancement, the muscles could
oVer additional alternatives to higher value cuts. These
individual muscles from the beef chuck could be a good
source of raw material for fresh or precooked, easy to
prepare, beef products. Consumers could have a more
convenient beef alternative and the value of the chuck
primal cut could be increased.

2. Materials and methods

2.1. Objective

The objective of this study was to evaluate four tech-
niques for incorporation of ingredients into muscles and
evaluate their inXuence on palatability traits after cook-
ing and during frozen storage and reheating. Eight indi-
vidual muscles from the beef chuck characterized as
having no major amounts of connective tissue, having
shear force values in between 3.5 and 5.0 kg, and having
sensory scores for tenderness in between slightly tough
and slightly tender were selected to analyze.

2.2. Sample preparation

The study was replicated three times. For each repli-
cate, 12 USDA Select two-piece beef chucks were pur-
chased from a national supplier. From each two-piece
chuck, the complexus (COM), latissimus dorsi (LAD),
rhomboideus (RHB), serratus ventralis (SEV), splenius
(SPL), subscapularis (SUB), supraspinatus (SUP), and tri-
ceps brachii (TRB) muscles were extracted for evalua-
tion. For each replicate of the study, three individual
muscles were selected randomly from each muscle group
and assigned to one of four treatments. At the end of the
experiment, a total of nine representatives of each mus-
cle group were used for each treatment.

Brine was formulated to have, after a 10% brine pick-
up, an end product with 0.5% sodium chloride (Salt) and
0.4% sodium tripolyphosphate (STPP). The four treat-
ments evaluated were: control with no added ingredi-
ents, marinated, needle pumped or vacuum tumbled. A
Dorit Injectomat PSM -10 (Dorit Machinery, Bahn-
hotstr, Germany) was used to inject chilled brine
(2 § 2 °C) at .7 bar pressure to reach the prescribed 10%
pick-up for injected samples. A Lyco Model 40 (Colum-
bus, WI) vacuum tumbler set at 28 rpm was utilized for
the tumbled samples. Marinated samples were soaked as
a group in excess brine at 2 § 2 °C without agitation until
a 10% added weight was achieved, after a 30 s drip
period. After injection or tumbling, muscles were
weighed then individually vacuum-packed in Cryovac
B620 bags (3–6 cc/m2 24 h, 1 atm @ 4.5 °C, 0% RH) held
at 2 °C until the marinated muscle treatment reached
10% pickup. The control muscles were packaged at the
same time as the injected and tumbling treatments. Sam-
ples were allowed to equilibrate in the vacuum package
for 24 h at 2 °C after the marinate treatment reached its
target pickup level, then all treatments were blast frozen
(¡40 °C) until palatability analysis could be conducted.
All muscles were of the same postmortem age when
frozen.

2.3. Shear force determination and sensory evaluation

Large muscles (SUP, SEV, and TRB) were cut into
2.54 cm thick steaks and cooked on Farberware Open-
Hearth Broilers (Farberware Products, Nashville, TN).
The rest of the muscles were cooked whole in gas ovens
(GE Model JGRS14, Louisville, KY) preheated to
135 °C. Temperatures were monitored using copper-
constantan thermocouples (Omega Engineering, Inc.,
Stamford, CT) and recorded using a 1100 Labtech
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Notebook for Windows 1998 (Computer Boards, Inc.,
Middleboro, MA). Steaks were turned after the inter-
nal temperature reached 35 °C. Roasts were cooked in
an open roasting pan and were not turned during cook-
ing. Steaks and roasts were both cooked to an internal
temperature of 71 °C (AMSA, 1995). Steaks or roast
portions designated for WBSF analysis were chilled at
4 °C for 18 h. After chilling, six cores, 1.27 cm in diame-
ter were removed parallel to the longitudinal orienta-
tion of the muscle Wbers. Cores were sheared once
perpendicular to the longitudinal orientation of the
muscle Wbers with a Warner–Bratzler shear head (cross-
head speed D200 mm/min) attached to an Instron
Universal Testing machine (Instron Corporation,
Canton, MA).

Steaks or roast portions designated for sensory evalu-
ation were served immediately while warm to an 8–11
member trained sensory panel according to AMSA sen-
sory evaluation guidelines (AMSA, 1995). Five attributes
were evaluated for each sample: juiciness (8 D extremely
juicy; 1D extremely dry), beef Xavor intensity (8D
extremely intense; 1 D extremely bland), overall tender-
ness (8 D extremely tender; 1D extremely tough), connec-
tive tissue (8 D none detected; 1 D abundant amount), and
oV-Xavor (6 D none detected; 1 D extreme oV-Xavor). If
oV-Xavors were detected, panelists were asked to describe
the oV-Xavor. Two sensory evaluations and two WBSF
determination were conducted for each muscle. The Wrst
was conducted immediately after being cooked (Day-1)
and the second one after being cooked and stored frozen
for sixty days (Day-60). After the 60-day period, the sam-
ples were reheated to an internal temperature of 60 °C
using a microwave oven (75% power; Panasonic, Genius
1300). Samples were microwaved for 45 s per 100 g of
sample weight and temperature was monitored with a
thermometer. Cooked samples were packaged in vacuum
bags (Foodsaver, Tilia, Inc. Patent #34,929) and stored at
¡10 § 2 °C.
2.4. Statistical analysis

Data were analyzed as a split-plot design. The appli-
cation techniques were used as the main plot. The day
of analysis (Day-1 vs. Day-60) was tested as the split-
plot. The General Linear Model procedure of the Sta-
tistical Analysis System (SAS Inst. Inc, 1991) was used
for the analysis of variance to test main eVects and
two-way interactions between the main eVect and the
sub-plot eVects. No two-way interaction between the
application technique and the day of analysis was
found for any trait evaluated. For the analysis of
means, both Dunnett’s and Duncan’s tests were con-
ducted. Dunnett’s is a very conservative test designed
to compare each treatment mean against the untreated
control mean, while Duncan’s test was conducted to
test diVerences between treatment means. Data from
the untreated control were eliminated from the analy-
ses for the Duncan’s test.

3. Results and discussion

3.1. Thaw and cook loss

The eVects of added ingredients and application tech-
nique on thaw loss of eight beef chuck muscles are
shown in Fig. 1. The addition of water, salt, and phos-
phate tended to reduce the loss of juices from six out of
the eight muscles evaluated. The vacuum-tumbled SPL
was the only enhanced treatment that had signiWcantly
less thaw loss than did the untreated control SPL. When
diVerences between application techniques were tested,
vacuum-tumbled COM, LAT, and SUB had less thaw
loss than did the other two application techniques.
Steaks from TRB showed the reverse of this trend in that
the vacuum-tumbled treatment had the highest thaw loss
of all three application techniques. The eVects of added
Fig. 1. EVects of added ingredients on thaw loss percentage of the complexus, latissimus dorsi, rhomboideus, serratus ventralis, splenius, subscapula-
ris, supraspinatus, and triceps brachii muscles. *Means with symbol represent enhanced means that diVered from the untreated control (P < 0.05)
according to the Dunnett’s test. x,y Means with diVerent superscript illustrate diVerences among treatments (P < 0.05) according to the Duncan’s test.
The untreated control is excluded from this test.
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ingredients and application technique on cook loss per-
centage of oven-roasted COM, LAT, RHM, SPL, and
SUB are presented in Fig. 2. The addition of salt and
STPP increased water-holding capacity resulting in less
weight loss due to cooking in all enhanced oven-roasted
muscles (except for the RHM) relative to the untreated
control. The RHM failed to show any diVerence from the
control when either needle-pumped or vacuum-tumbled.
The mean cook loss for the enhanced oven-roasted mus-
cles was 21% as compared to 31% for the untreated
oven-roasted control muscles. The average cook loss for
enhanced grilled muscles was 24% in contrast to the
grilled control muscles which was almost 30% (Fig. 3).
DiVerences between techniques were not always signiW-
cant but for the thawing process, the vacuum-tumbled
was shown to have slightly better weight loss protection.
On the other hand, for the cooking process the mari-
nated technique was somewhat superior. The use of salt
and phosphates has been hypothesized to correct for the
moisture losses that the “pale, soft, and exudative
“(PSE) problem causes in the poultry industry. Woelfel
and Sams (2001), however, proved that tumbling broiler
breasts with salt and alkaline phosphates did not reverse
the PSE condition.
Fig. 2. EVects of added ingredients on cook loss percentage of the oven-roasted complexus, latissimus dorsi, rhomboideus, splenius, and subscapula-
ris muscles. *Means with symbol represent enhanced means that diVered from the untreated control (P < 0.05) according to the Dunnett’s test. x,y
Means with diVerent superscript illustrate diVerences among treatments (P < 0.05) according to the Duncan’s test. The untreated control is excluded
from this test.
Fig. 3. EVects of added ingredients on cook loss percentage of the grilled serratus ventralis, supraspinatus, and triceps brachii muscles. *Means with
symbol represent enhanced means that diVered from the untreated control (P < 0.05) according to the Dunnett’s test. x,y Means with diVerent super-
script illustrate diVerences among treatments (P < 0.05) according to the Duncan’s test. The untreated control is excluded from this test.
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Sheard, Nute, Richardson, Perry, and Taylor (1999),
working with pork enhanced with water and polyphos-
phates, showed an average of cook loss of 35% when the
cooking endpoint was 72.5 °C and 42% when cooked to
80 °C. This showed the impact of cooking endpoint on
moisture losses since higher losses occurred when the
samples were cooked to a higher endpoint. The addition
of salt and diVerent types of phosphates has been shown
to increase yield in several studies. Xiong and Kupski
(1999a, 1999b) demonstrated that adding phosphates to
chicken Wlets increased the cooking yield signiWcantly.
Detienne and Wicker (1999) showed that injecting salt
and STPP into pork loins reduced purge loss signiW-
cantly and increased Wnal product yield and moisture
content. Dhanda, Pegg, Janz, Aalhus, and Shand (2002)
showed not only that the addition of salt and phosphate
increases yield but also indicated that the cooking
method had a signiWcant eVect on cooking loss. They
showed that cook loss was signiWcantly less when moist
cooking was used as compared to dry cooking.

3.2. WBSF comparison

The added ingredients did not have an eVect on
WBSF with the exception of three muscles (Table 1).
When needle pumped, the COM and TRB muscles had
lower shear force values than the untreated control
(P < 0.05). All three enhanced treatments were shown to
reduce shear force values (P < 0.05) in the SUB muscle
according the Dunnett’s test. There were no signiWcant
diVerences in any muscles among treatment means.
Numerically, the average WBSF value reduction of the
enhanced muscles was almost 20% showing a trend for
increased tenderness due to the addition of water, salt,
and STPP. Prestat, Jensen, McKeith, and Brewer (2002)
showed that injecting pork loin chops with a solution of
salt and phosphates, reduced shear force measurements
even when cooked to a higher endpoint, showing that
added ingredients oVered protection from the detrimen-
tal eVects of over-cooking.

3.3. Sensory panel evaluation

Lawrence, Dikeman, Hunt, Kastner, and Johnson
(2003) also reported no signiWcant improvement in
WBSF for injection marination of beef with calcium
lactate, phosphate, salt and water of beef semitendnosis
or longissimus muscles. At least, one enhancement tech-
nique improved (P < 0.05) sensory panel scores for juici-
ness relative to the untreated control in seven out of
eight muscles evaluated according to the Dunnett’s test
(Table 2). Added ingredients did not aVect juiciness
scores for the RHB muscle. SigniWcant diVerences
within techniques were found by Duncan’s test for Wve
of the eight muscles. The LAD and the SUB muscles
were more responsive to added ingredients when mari-
nated than to the other two techniques utilized
(P < 0.05). The SEV had higher scores for juiciness when
marinated and needle-pumped than when vacuum-tum-
bled (P < 0.05). In contrast, the SUP had a higher
(P < 0.05) juiciness score when marinated than when
vacuum-tumbled, but the needle-pumped treatment was
intermediate between but not diVerent from the other
two (P > 0.05). The TRB had higher sensory juiciness
scores when needle-pumped than when vacuum-tumbled
(P < 0.05) but neither treatment was diVerent from the
marinated treatment. Numerically, the average increase
in sensory juiciness due to added ingredients was 7/10 of
a sensory unit, increasing the sensory score value by
almost 15%. Scanga et al. (2000) reported that marinating
top sirloin steaks using beef Xavoring in combination
with calcium chloride/sodium phosphate increased juic-
Table 1
Means of Warner–Bratzler shear force (WBSF) determination of oven-roasted (OR) complexus, latissimus dorsi, rhomboideus, splenius, subscapularis
and grilled steaks (GR) from the serratus ventralis, supraspinatus, and triceps brachii muscles by enhancement methods and day of evaluation

a Shows means that diVered from the untreated control (P < 0.05) according to the Dunnett’s test.
b Warner–Bratzler shear values in Newtons for muscles roasted in a gas oven at 135 °C until the internal temperature reaches 71 °C.
c Warner–Bratzler shear values in Newtons for grilled steaks (2.54 cm thickness) cooked to 71 °C internal temperature.

Treatment WBSF-ORb WBSF-GRc

Complexus Latissimus dorsi Rhomboideus Splenius Subscapularis Serratus ventralis Supraspinatus Triceps brachii

Control 34.3 46.1 40.2 31.4 34.3 32.4 36.3 35.3
Marinated 27.5 39.2 32.4 28.4 24.5a 27.4 30.4 27.4
Needle-pumped 22.6a 40.2 33.3 28.4 21.6a 24.5 28.4 25.4a

Vacuum-tumbled 26.4 43.1 37.3 26.4 26.4a 26.5 31.4 27.5
SEM 2.5 2.9 2.8 2.2 1.1 1.7 2.0 1.9

Day of evaluation
Day-1 22.6 38.2 29.4 23.5 24.5 22.6 24.5 24.5
Day-60 33.3 46.1 41.2 33.3 29.4 34.3 38.2 33.3
P value <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
SEM 1.1 1.8 1.4 1.1 .6 1.5 1.2 1.7
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iness ratings. Prestat et al. (2002) also showed that salt
and phosphates could increase juiciness scores at diVer-
ent cooking endpoints. Sheard et al. (1999) studied the
eVect of polyphosphates in pork. They evaluated
diVerent concentrations of polyphosphates and
diVerentiated between genders (male vs. female) and
two diVerent cooking endpoints (72.5 and 80 °C). These
researchers showed that increasing concentration of
polyphosphate to 5% of the brine increased juiciness
scores in both sexes, but only when cooked to the
highest endpoint.
The addition of water, salt, and STPP was, in general,
not useful in increasing sensory panel scores of beef
Xavor intensity in the muscles evaluated (Table 3). Also,
these added ingredients alone did not protect the product
from beef Xavor intensity loss over the 60-day frozen
storage of the cooked samples. Similar to the tendency
shown for shear force measurements, a trend for
increased tenderness by the addition of water, salt, and
STPP, was noted in the sensory tenderness scores
(Table 4). The average numeric score change due to
enhancement was 7/10 of a sensory unit, an increase in
Table 2
Means of sensory panel juiciness scores of oven-roasted (OR) complexus, latissimus dorsi, rhomboideus, splenius, subscapularis and grilled steaks (GR)
from the serratus ventralis, supraspinatus, and triceps brachii muscles by enhancement methods and day of evaluation

x,yMeans with diVerent superscript illustrate diVerences among treatments (P < 0.05) according to the Duncan’s test. The untreated control was
excluded from this test.

a Shows means that diVered from the untreated control (P < 0.05) according to the Dunnett’s test.
b Juiciness scores (4, slightly dry; 5, slightly juicy; 6, moderately juicy) for muscles roasted in a gas oven at 135 °C until the internal temperature

reached 71 °C.
c Juiciness scores for grilled steaks cooked to 71 °C internal temperature.

Treatment Juiciness-ORb Juiciness-GRc

Complexus Latissimus dorsi Rhomboideus Splenius Subscapularis Serratus ventralis Supraspinatus Triceps brachii

Control 5.3 4.7 5.1 5.1 3.9 5.0 4.8 4.7
Marinated 5.9a 5.6a,y 5.7 5.9a 5.7a,y 6.0a,y 5.6a,y 5.5a,x,y

Needle-pumped 5.9a 5.0x 5.2 5.4 4.7a,x 6.1a,y 5.4x,y 5.9a,y

Vacuum-tumbled 5.7 4.9x 5.5 5.4 4.7a,x 5.7a,x 5.0x 4.9x

SEM 0.13 0.2 0.29 0.15 0.16 0.03 0.16 0.17

Day of evaluation
Day-1 6.0 5.3 5.5 5.6 5.1 5.9 5.6 5.5
Day-60 5.4 4.8 5.2 5.3 4.4 5.5 4.8 5.0
P value <0.01 0.08 0.08 0.12 <0.01 <0.01 <0.01 <0.01
SEM 0.11 0.18 0.12 0.12 0.08 0.1 0.07 0.17
Table 3
Means of sensory panel beef Xavor intensity of oven-roasted (OR) complexus, latissimus dorsi, rhomboideus, splenius, subscapularis, and grilled steaks
(GR) from the serratus ventralis, supraspinatus, and triceps brachii muscles by enhancement methods and day of evaluation

x,yMeans with diVerent superscript illustrate diVerences among treatments (P < 0.05) according to the Duncan’s test. The untreated control was
excluded from this test.

a Shows means that diVered from the untreated control (P < 0.05) according to the Dunnett’s test.
b Beef Xavor intensity scores (5, slightly intense; 6, moderately intense) for muscles oven roasted in a gas oven at 135 °C until the internal tempera-

ture reached 71 °C.
c Beef Xavor intensity scores for grilled steaks cooked to 71 °C internal temperature.

Treatment Beef Xavor intensity-ORb Beef Xavor intensity-GRc

Complexus Latissimus
dorsi

Rhomboideus Splenius Subscapularis Serratus
ventralis

Supraspinatus Triceps
brachii

Control 5.9 5.4 5.6 5.5 4.9 5.8 5.9 5.9
Marinated 5.5a,x 5.3x 5.3 5.3 5.0 5.7x 5.6 5.8
Needle-pumped 5.7x,y 5.59a,y 5.6 5.6 5.4 5.9y 5.7 5.6
Vacuum-tumbled 5.8y 5.55y 5.5 5.6 5.3 6.0y 5.8 6.0
SEM 0.06 0.06 0.14 0.07 0.12 0.06 0.12 0.2

Day of evaluation
Day-1 5.9 5.7 5.7 5.7 5.4 6.1 5.9 6
Day-60 5.5 5.2 5.3 5.4 5.0 5.6 5.6 5.7
P value <0.01 <0.01 0.01 0.06 0.02 <0.01 <0.01 <0.01
SEM 0.06 0.06 0.09 0.09 0.1 0.06 0.06 0.05
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tenderness of almost 13%. This improvement was signiW-

cant in only four of the eight muscles measured. The SEV
and triceps brachii muscles were improved by added
ingredients regardless of the application technique used
(P < 0.05). The SUP muscle tenderness improved when
marinated and when needle-pumped (P < 0.05), while the
SUB muscle was improved only when needled-pumped
(P < 0.05). DiVerences between application techniques
were detected only in two muscles. The SEV appeared to
be more tender when needle-pumped than when vacuum-
tumbled. When marinated, the SEV was intermediate
with no diVerences from the other two techniques
(P > 0.05). The marinated SUP muscle was more tender
than the vacuum-tumbled treatment (P < 0.05) but was
not diVerent from the needle-pumped treatment.

The present study showed that diVerences in sensory
panel tenderness scores on grilled muscles were more
easily detected than on the oven-roasted muscles.
Cooking method might be responsible of the lack of
signiWcant diVerences among treatments applied to the
oven-roasted muscles. Oven-roasting at lower tempera-
tures for longer periods of time decreases the eVect of
heat on the myoWbrillar proteins, reducing protein
hardening (Aberle et al., 2001); this could have masked
the eVects of added ingredients on tenderness.

The addition of water, salt, and STPP reduced the
sensory panel detectable connective tissue in only two
muscles (Table 5). Added ingredients decreased
(P < 0.05) the perceptible connective tissue in the SEV
muscle regardless of the technique used. Sensory panel
detectable connective tissue score in the TRB muscle was
improved only when needle-pumped (P < 0.05).

The incidence of oV-Xavors appeared to be a problem
only for the marinated treatment (Table 6). The mari-
nated treatment resulted in more detectable oV-Xavors
(P < 0.05) in seven out of eight muscles according to the
Dunnett’s test; the increase in oV-Xavor was not signiW-
cant only for the marinated RHB. The needle-pumped
treatment had more detectable oV-Xavors (P < 0.05) than
the untreated control only in the SEV and TRB muscles.
The vacuum-tumbled treatment did not increase oV-
Xavors relative to the untreated control in any of the
muscles evaluated. DiVerences among techniques were
noted in seven muscles that showed more detectable oV-
Xavors in the marinated muscles than the needle-
pumped or the vacuum-tumbled muscles (P < 0.05). For
the TRB, the marinated as well as the needle-pumped
treatment had more detectable oV-Xavors than the vac-
uum-tumbled (P < 0.05). Scanga et al. (2000) showed
how adding beef Xavoring to the marinade could mask
oV-Xavors. They demonstrated a reduction in bitterness
and metallic Xavors when beef Xavoring was added to a
solution of calcium chloride and phosphates.

3.4. EVects of frozen storage and reheating process on 
WBS and sensory characteristics

A two-way interaction between treatments and the
day of evaluation (day-1 vs. day-60) was tested. No two-
way interaction was found in any of the traits evaluated.
Therefore, it was concluded that the eVect of adding
water, salt, and STPP was consistent across treatments
during storage period. The frozen storage and the
reheating process aVected all treatments, including the
control, in the same manner. However, frozen storage
and reheating did have a detrimental eVect on most of
the palatability traits evaluated.

Warner–Bratzler shear force increased (P 6 0.01) in
all muscles evaluated following frozen storage. The aver-
age increase in shear force was 1 kg at day-60. Sensory
Table 4
Means of sensory panel overall tenderness of the oven-roasted (OR) complexus, latissimus dorsi, rhomboideus, splenius, subscapularis, and grilled
steaks (GR) from the serratus ventralis, supraspinatus, and triceps brachii muscles by enhancement methods and day of evaluation

x,yMeans with diVerent superscript illustrate diVerences among treatments(P < 0.05) according to the Duncan’s test. The untreated control was
excluded from this test.

a Shows means that diVered from the untreated control (P < 0.05) according to the Dunnett’s test.
b Overall tenderness scores (5, slightly tender; 6, moderately tender) for muscles oven roasted in a gas oven at 135 °C until the internal temperature

reached 71 °C.
c Overall tenderness scores for grilled steaks cooked to 71 °C internal temperature.

Treatment Overall tenderness-ORb Overall tenderness-GRc

Complexus Latissimus dorsi Rhomboideus Splenius Subscapularis Serratus ventralis Supraspinatus Triceps brachii

Control 6.2 5.2 5.1 5.8 6.1 5.2 5.0 5.6
Marinated 6.5 5.9 5.9 6.3 6.68 6.1a,x,y 6.0a,y 6.4a

Needle-pumped 6.8 5.9 5.6 6.2 6.72a 6.5a,y 5.9a,x,y 6.9a

Vacuum-tumbled 6.6 5.5 5.7 6.4 6.6 5.9a,x 5.5x 6.4a

SEM 0.2 0.18 0.33 0.17 0.13 0.11 0.18 0.16

Day of evaluation
Day-1 6.7 5.9 5.9 6.4 6.7 6.2 5.9 6.5
Day-60 6.4 5.3 5.3 5.9 6.3 5.6 5.4 6.1
P value 0.04 <0.01 <0.01 <0.01 0.03 <0.01 <0.01 <0.01
SEM 0.09 0.06 0.04 0.05 0.11 0.08 0.07 0.07
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tenderness was equally aVected; all muscles showed a
decrease in tenderness when evaluated at day-60
(P < 0.05). This reduction averaged one-half of a sensory
unit (1–8 scale), changing from moderately tender to
slightly tender. The storage and reheating process was
shown to decrease sensory panel juiciness scores, but it
was only signiWcant in Wve of the eight muscles evaluated
(P < 0.05). Storage did not aVect juiciness in the LAD,
RHB, or SPL muscles. Numerically, the average
decrease in juiciness was 1/2 of a sensory unit, however,
it did not change sensory panel ratings (moderately juic-
iness). Sensory scores for beef Xavor intensity were
reduced by the storage and reheating process in seven
out of eight muscles (P < 0.05). There also was a ten-
dency toward reduction of sensory panel Xavor intensity
for the SPL (P D 0.06). Sensory panel detectable connec-
tive tissue scores were increased by frozen storage in six
of eight muscles (P 6 0.01). Detectable connective tissue
in the SUB and TRB muscles was not aVected by storage
and reheating. Numerically, the average increase in sen-
sory detectable connective tissue was 4/10 of a sensory
unit, changing from traces to slight amount. Detectable
oV-Xavors were increased by storage and reheating for
the COM, LAD, RHB, and SPL muscles (P < 0.05). Dur-
ing the sensory evaluation, the panelists were asked to
characterize the oV-Xavors detected. When evaluated in
Day-1, the oV-Xavors detected by panelists were mostly
described as “salty”. However, when evaluated in Day-
60, the oV-Xavors were described as “warmed-over”
Xavor. All palatability traits evaluated seemed to be
Table 5
Means of sensory panel detectable connective tissue of oven-roasted (OR) complexus, latissimus dorsi, rhomboideus, splenius, subscapularis, and
grilled steaks (GR) from the serratus ventralis, supraspinatus, and triceps brachii muscles by enhancement methods and day of evaluation

x,yMeans with diVerent superscript illustrate diVerences among treatments (P < 0.05) according to the Duncan’s test. The untreated control was
excluded from this test.

a Shows means that diVered from the untreated control (P < 0.05) according to the Dunnett’s test.
b Connective tissue scores (5, slight amount; 6, trace amount) for muscles oven roasted in a gas oven at 135 °C until the internal temperature

reached 71 °C.
c Connective tissue scores for grilled steaks cooked to 71 °C internal temperature.

Treatment Connective tissue-ORb Connective tissue-GRc

Complexus Latissimus dorsi Rhomboideus Splenius Subscapularis Serratus ventralis Supraspinatus Triceps brachii

Control 6.1 5.2 5.1 5.9 6.2 5.2 5.3 5.7
Marinated 6.3 5.7 5.7 5.9x 6.5 5.9a 5.9 6.3
Needle-pumped 6.6 5.7 5.4 6.2y 6.8 6.2a 5.8 6.7a

Vacuum-tumbled 6.5 5.4 5.4 6.4y 6.6 5.8a 5.7 6.4
SEM 0.15 0.17 0.22 0.15 0.15 0.14 0.17 0.16

Day of evaluation
Day-1 6.6 5.7 5.6 6.3 6.7 6.0 5.9 6.3
Day-60 6.1 5.3 5.2 5.9 6.4 5.5 5.4 6.2
P value 0.01 <0.01 <0.01 <0.01 0.1 <0.01 <0.01 0.13
SEM 0.1 0.07 0.08 0.05 0.11 0.1 0.11 0.07
Table 6
Means of sensory panel detectable oV-Xavors of oven-roasted (OR) complexus, latissimus dorsi, rhomboideus, splenius, subscapularis, and grilled
steaks (GR) from the serratus ventralis, supraspinatus, and triceps brachii muscles by enhancement methods and day of evaluation

x,yMeans with diVerent superscript illustrate diVerences among treatments (P < 0.05) according to the Duncan’s test. The untreated control was
excluded from this test.

a Shows means that diVered from the untreated control (P < 0.05) according to the Dunnett’s test.
b OV-Xavor scores (4, slight oV-Xavor; 5, threshold; barely detectable) for muscles oven roasted in a gas oven at 135 °C until the internal tempera-

ture reached 71 °C.
c OV-Xavor scores for grilled steaks cooked to 71 °C internal temperature.

Treatment OV-Xavor-ORb OV-Xavor-GRc

Complexus Latissimus dorsi Rhomboideus Splenius Subscapularis Serratus ventralis Supraspinatus Triceps brachii

Control 4.8 4.9 4.8 5.2 4.9 5.3 5.3 5.4
Marinated 4.0a,x 4.0a,x 4.2 4.1a,x 3.5a,x 4.0a,x 3.7a,x 4.2a,x

Needle-pumped 4.5y 4.5y 4.8 5.0y 4.5y 4.7a,y 4.6y 4.3a,x

Vacuum-tumbled 4.9y 4.9y 4.6 5.0y 4.6y 5.1y 4.7y 5.3y

SEM 0.15 0.14 0.19 0.09 0.21 0.12 0.18 0.17

Day of evaluation
Day-1 4.7 4.8 4.9 5.0 4.5 4.9 4.6 4.9
Day-60 4.3 4.4 4.3 4.7 4.2 4.6 4.6 4.7
P value 0.05 <0.01 0.02 <0.01 0.22 0.07 0.76 0.31
SEM 0.13 0.08 0.13 0.06 0.14 0.11 0.18 0.09
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negatively aVected by frozen storage and the reheating
process. Harris and Lindsay (1972), when studying the
Xavor changes in reheated chicken, recommended that
measures to protect Xavor should be done prior to cook-
ing because the onset of oV-Xavors occurs in a very short
time. They showed signiWcant development of oV-Xavors
in a 2-h period. Johnston and Baldwin (1980) compared
microwaving to convection to reheat roast beef, and
reported that with two days of storage at 4 °C, the
warmed-over aroma was signiWcantly reduced when
microwaved but the warmed-over Xavor was not aVected
by heat source.

4. Conclusions

The present study showed that the addition of water,
salt, and sodium tripolyphosphate increased palatabil-
ity traits in some of the eight muscles from the beef
chuck that were evaluated. However, the improvement
was not consistent throughout all the muscle types.
Muscles did not respond consistently to the added
ingredients. The lack of consistency could be due to var-
iability in the physical and chemical characteristics
among the muscle types and also could be due to the
cooking method used. The study showed that the serratus
ventralis, the subscapularis, the supraspinatus, and the
triceps brachii muscles had the best response to the
added ingredients. On the other hand, the rhomboideus
was the only muscle that showed no improvement due
to the addition of salt and phosphates. Johnson et al.
(1988) reported that the SEV was the largest muscle
from the beef forequarter, followed by the TRB. The
SEV, TRB, SUP and SUB muscles represent 8.9%, 7.5%,
2.7%, and 1.9% of the beef forequarter, respectively.
Improving quality traits by adding salt and phosphates
is an alternative to increase the value of this 21% of the
beef forequarter.

The application techniques utilized also failed to show
consistent eVects in the muscles evaluated. Only the mari-
nated treatment showed a consistent problem imparting
oV-Xavors to the product in which it was applied; a prob-
lem that might be due to the extended period of time
required to incorporate the solution into some muscles.
However, none of the techniques evaluated could be con-
cluded to be ideal based on all of the evaluations of this
study. However, needle-pumping procedure might be
somewhat superior relative to the marinated treatment or
the vacuum-tumbled treatment. Even though the study
failed to show consistent diVerences among techniques,
the needle-pumping procedure always had higher palat-
ability scores than at least one of the other two tech-
niques evaluated when signiWcant diVerences were found.

Added phosphates did not protect the muscles from
the eVects of extended frozen storage and the reheating
process. Since the frozen storage and the reheating pro-
cess negatively aVected palatability traits, it could be
concluded that the pro-oxidant properties of salt may
have negated the positive eVects of phosphates in this
type of beef product. The use of spices and other Xavor
protectors might be useful to reduce these detrimental
eVects. Further research will be required to evaluate the
economics and consumers’ acceptability of this type of
product before they can be released to the public.

The addition of non-meat ingredients to meat products
is an easy and inexpensive alternative to add value to a
product. The common ingredients used are relatively eco-
nomical and easy to Wnd, and the equipment required is
normally found in any meat processor. The pork industry
has been using this technology to add value to diVerent
products and they have been able to make it proWtable.
The poultry industry has succeeded using it as well. This
technology is a great option for the beef industry to
increase the value of low-priced cuts. The present study
showed that 21% of the beef forequarter, usually commer-
cialized as low value cuts, has the potential to respond to
this technology and increase in value. These muscles are
usually sold as low-priced roast or ground beef. Using
this technology could signiWcantly increase the value of
these muscles at relatively little added expense.

This study increased our knowledge of the individual
characteristics of the muscles composing the beef chuck.
Through a better understanding of these muscles, we
should be able to utilize each of them most appropriately
and perhaps increase the value of the beef chuck.
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