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Introduction and Objectives: 

The beef chuck represents almost one third of the total carcass 
and is usually underutilized as an inexpensive product. A 
recent study of the University of Florida in cooperation with 
the University of Nebraska (Von Seggern et al., 2000), 
showed that a group of muscles from the beef chuck, when 
individually removed and cut across the muscle fibers, were 
very desirable in sensory panel scores. For this group of 
muscles, an increase in value could be achieved just by selling 
them as steaks instead of part of a roast. The same study 
showed another group of muscles from the beef chuck that 
were borderline in palatability traits (muscles that scored 
between slightly tough and slightly tender in sensory panel 
scores, and that had shear force between 3.5 and 5.5 kilograms 
force). For this group of muscles, tenderness was not affected 
by the quality or yield grade of the carcass from which they 
were removed, or by the cooking method used.  The present 
study investigated if adding salt, phosphates, and water could 
enhance palatability traits in these borderline muscles from the
beef chuck. This study was conducted in two phases. One 
phase was to determine the amount of pump of added 
ingredients needed to achieve a desirable impact on 
palatability. The other phase was to evaluate the method of 
application of the added ingredients and to evaluate the effect 
of frozen storage on a precooked product.

Materials and Methods Phase I

Experimental Units:

Twenty representatives of complexus (CO), latissimus dorsi (LD), and 
splenius (SP) muscles were evaluated.

Treatments:

I-0 = Control with no added ingredients

I-1 = Needled, no added ingredients but run through injector

I-2 = Needled pumped to a 5% added weight

I-3 = Needled pumped to a 10% added weight

I-4 = Needled pumped to a 15% added weight

The brine used was based on water, sodium chloride (salt), and sodium 
tripolyphospate (STPP). The three solutions were formulated to have 
treated muscles with 0.5% salt and 0.4% of STPP.

ABSTRACT:  This study was conducted in two phases. Phase 
I involved determining the amount of brine pick-up needed to 
have an impact on palatability of individual beef chuck 
muscles. Phase II involved the evaluation of the application 
techniques for added ingredients and the evaluation of the 
effects of storage on palatability. In phase I, twenty USDA 
Select complexus, latissimus dorsi, and splenius muscles were 
treated by one of the following: a control (I-0) with no added 
ingredients, needled (I-1) with no added ingredients, and 
needle pumped to 5, 10 or 15% brine pick-up (I-2, I-3, and I-4 
respectively). A solution that resulted in 0.5% salt and 0.4% 
phosphate in the treated muscles was used. Individual muscles 
were oven-roasted in a preheated oven at 1350C until an 
internal temperature of 710C was achieved. Trained sensory 
panel and Warner-Bratzler shear (WBS) determination were 
used for the evaluation. For sensory, tenderness (T), juiciness 
(J), beef flavor (F), connective tissue (CT), and off-flavor 
(OF) were evaluated. In phase II, 36 complexus, latissimus 
dorsi, rhomboideus, serratus ventralis (SV), splenius,
subscapularis, supraspinatus (SS), and triceps brachii (TB) 
were studied. One of four treatments was applied to each 
muscle: a control with no added ingredients (II-0), marinated 
(II-1), needle pumped (II-2), and vacuum tumbled (II-3) to 
reach 10% pick-up. The eight muscle groups were divided in 
two: large muscles and small muscles. The group of large 
muscles was composed by SV, SS, and TB; the rest were 
classed as small muscles. 

Continue: The small muscles were oven-roasted whole in a 
preheated oven at 1350C until the internal temperature reached 
710C. Steaks from the large muscles were grilled until the 
internal temperature of 710C.Two sensory evaluations and two 
WBS determinations were taken:  after cooked (AC) and after 
60 days of frozen storage (FS). For the FS evaluation, the 
samples were reheated using a microwave oven. In phase I, it 
was difficult to reach the 15% pick-up. All brine treatments 
showed a reduction in thaw loss (P<0.05), but cook loss was 
not altered. Since no differences were observed between the 5 
and 10% upon the sensory evaluation or WBS determination, 
economical reasons favored the 10% brine pick-up. In phase 
II, the II-2 treatment reduced (P<0.05) WBS values compared 
to II-0 in 3 out of 8 muscles. The II-1 treatment appeared to 
have the greatest influence on J and was different from the II-0 
in 7 out of 8 muscles (P<0.05). Compared to  II-0, tenderness 
was increased in 4 out of 8 needled pumped  muscles 
(P<0.05). Significant differences were found in CT in only 
two muscles. The II-1 treatment showed more OF in 6 out of 8 
muscles. When AC was compared to FS, all AC muscles had 
lower values for WBS, less CT and OF, and an increase on J, 
T, and F scores. The OF on the AC was generally described by 
panelists as “salty” while on the FS the OF was described as 
“warmed over”. This study indicated that the needle pumped 
method was slightly superior to marinated and vacuum 
tumbled even though the differences were not always 
consistent.  But, regardless of the application method, 
palatability traits were generally enhanced. 

Materials and Methods Phase II:

Experimental Units:

This phase was conducted in three replicates. For each replicate, twelve 
representatives of complexus (CO), latissimus dorsi (LD), rhomboideus 
(RH), serratus ventralis (SV), splenius (SP), subscapularis (SB), 
supraspinatus (SS), and triceps brachii (TB) muscles were evaluated.

Experimental Treatments:

II-0 = Control, no added ingredients

II-1 = Marinated to the appropriate percentage 

II-2 = Needle pumped to the appropriate percentage

II-3 = Vacuum tumbled to the appropriate percentage

The appropriate percentage was 10% brine pick-up according to the 
results obtained in phase I.
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Conclusion Phase I:
Since the 15% brine pick-up target resulted practically impossible to achieve, it was not considered for phase II.

The other two targets (5 and 10%) did not show significant differences in the traits evaluated. Since no differences were detected, economic reasons favored the 10% brine pick-up 
for phase II of the project.

Conclusion Phase II:
The brine pick-up target of 10% was very well achieved in phase II.
Regardless of the method of application, thaw loss and cook loss were less for enhanced muscles compared to the control.
Even though all treatments increased juiciness, the marinated treatment scored the highest for sensory panel juiciness in 6 out of 8 

muscles, data not shown in tabular form. 
Added ingredients had no effect on the beef flavor intensity in six out of eight muscles, data not shown in tabular form.

Enhanced muscles had numerically, almost 20% improvement in WBS values and slightly more than 10% increase in sensory 
score positively affecting muscle tenderness.

Even though all treatments had an impact in tenderness, needle pumped treatment had the greatest effect having the lowest WBS 
values in 3 out of 8 muscles and the highest sensory panel score for tenderness in 3 out of 8 muscles.

Added ingredients had practically no effect on connective tissue scores.
The marinated treatment had a greater incidence of detected off-flavor in all muscles, data not shown in tabular form.
When the sensory evaluation was conducted immediately after cooked, the panelists generally characterized the off-flavors as 

“salty”, and as “warmed over” when conducted after the 60-day frozen storage period, data not shown in tabular form.

Most muscles showed some palatability improvement by enhancement although the impact was not  consistent; but the enhanced
rhomboideus muscles showed practically no response in palatability traits to added ingredients. 

Frozen storage and the reheat treatment showed to increase WBS values for an average of one Kg force; and showed  to decrease 
sensory overall tenderness for an average of almost half of a sensory unit.

Continue Phase I:

Experimental Procedure: 

Muscles were oven-roasted in a preheated to 135°C gas oven until 
internal temperature reached 71°C.

Sensory panel evaluation was conducted. Eight to eleven panelists 
were asked to score samples for five attributes.  On a scale of 1-8, 
juiciness, beef flavor, overall tenderness, and connective tissue were 
evaluated (8 = Extremely juicy, extremely intense, extremely tender, and 
none detected; 1 = extremely dry, extremely bland, extremely tough, and 
abundant amount). The off-flavor was evaluated by panelists using a 
scale of 1-6 (6 = None detected: 1= extreme off-flavor).

Warner-Bratzler Shear force determination was conducted the next 
day after cooked. Six 1.27cm in diameter cores were sheared for each 
sample.

Continue Phase I:

Statistical Analysis:

•The General Linear Model procedure (GLM) of the Statistical Analysis 
System (SAS, 1991) was used for the analysis.

•Data was analyzed as a randomized block design using treatment as the 
block and single muscle as the experimental unit.

•For the analysis of means, two tests were conducted. Dunnett’s test was 
conducted to determine differences between individual treatments
against the untreated control. Duncan’s test was conducted to test 
differences between treated means; the untreated control was not used in 
this test.

Continue Phase II:

Experimental Procedure:

The eight muscle types used were divided into two classes, the 
muscles large enough to have steaks cut from them (SS, SV, TB) were 
one group, and the rest were the group of small muscles.

Steaks from large muscles were grilled on Farberware Open-hearth 
broilers. Small muscles were oven-roasted whole in a preheated to 135°C 
gas oven. All muscles were cooked to an internal temperature of 71°C.

Two sensory panel evaluation and two WBS force determination 
were conducted on each sample. One immediately after cooked (AC) and 
the other one after 60-day period of frozen storage (FS).

The portion evaluated after the frozen storage period was thawed
and reheated using a microwave oven.

Continue Phase II:

Statistical Analysis:

• Data was analyzed as a split-plot design. Using the application 
technique as the main plot and the moment in time of evaluation (AC vs. 
FS) as the split-plot.

• For the analysis of variance, Proc GLM procedure of SAS (1991) was 
used. Main effect and two-way interaction between main effect and sub-
plot effect were tested. No two-way interaction between the application 
technique and the moment in time of evaluation was found in any trait 
analyzed.

• For the analysis of means, Dunnett’s and Duncan’s tests were used as 
described in phase I.
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