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Abstract—Direct fortification by emulsion injection
may be a more effective method than animal feeding to
achieve targeted levels of omega-3 in whole muscle beef
products. The objective of the study was to determine
the combined effects of method of canola oil-in-water
emulsion preparation (homogenizer {HOM} vs.
premixer {PRE}) and emulsion-stabilizing protein
type/concentration (soy protein isolate {SPI}/0.5%,
SP1/2.5%, whey protein isolate {WPI}/0.25%,
WPI1/2.5%) on the quality of beef Longissimus lumborum
(LL) muscle steaks. Samples were prepared according
to a 2x4 factorial design, along with a salt/phosphate
control treatment.

With the exception of the WPI/0.25% treatment,
injection of HOM emulsions into LL. muscles improved
moisture retention and generally resulted in lighter
coloured steaks. Cooked steaks treated with HOM
emulsions tended to be juicier than PRE injected
samples, but had lower oxidative stability. Steaks
injected with WPI-stabilized emulsions tended to have
greater oxidative stability SPI samples. Injection of
protein-stabilized emulsions created artificial marbling,
and emulsion-treated steaks received higher sensory
scores for the perceived amount of marbling; however,
these differences in amount of marbling were not
reflected in the marbling acceptability scores. Generally,
overall acceptability of grilled steaks was not adversely
affected by emulsion preparation method or type/level of
protein used. Due to their greater oxidative stability,
steaks injected with WPI-stabilized emulsions showed
the best opportunity for incorporation of omega-3 into
beef muscles.
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I. INTRODUCTION
Research over the past decade has revealed the biological
importance of omega-3 fatty acids to human health [2].
Realization of the health benefits of omega-3 fatty acids and
the fact that their consumption is decreasing has stimulated
an increased interest in incorporating these bioactive lipids
into foods, including meat products. Most of the efforts to

enhance fatty acid composition of meat have been aimed at
manipulation of animal feed and feeding ruminants omega-
3 rich diets [7, 8]. However, despite the high dietary supply
of omega-3, increases in intramuscular omega-3 content in
beef has been limited and variable because of high degree
of biohydrogenation of unsaturated fatty acids by rumen
bacteria [8]. Alternatively, targeted levels of omega-3 can be
achieved by direct supplementation of meat products with
omega-3-rich sources during further processing. Recognizing
the potential significance of meat consumption as a
contributor to human dietary intakes of omega-3, we
postulate that direct supplementation of meats with sources
rich in omega-3 fatty acids may be a viable option to alter
the nutritional profile of fresh and processed meats. In our
approach oil-in-water emulsions were used as delivery
systems for incorporating omega-3 rich oils, in an
oxidatively stable form, into processed beef products. The
majority of previous studies on the fortification of meat
products with omega-3 fatty acids (FA) have largely
focused on ground [4, 5] or fermented [6, 9] products, and
there is little information available on enhancing of fresh
meat that is designed to be used as a whole muscle product.
To our knowledge only a few attempts have been made to
use an emulsion system as a carrier for targeted delivery of
essential fatty acids in whole muscle meat products [1], and
this system may be a useful means to effectively enhance
nutritional value and eating quality of beef. Incorporation of
a relatively small amount of a highly concentrated oil-in-
water emulsion containing omega-3 fatty acids into meat
products would result in products with nutritionally
significant levels of these bioactive lipids. The objective of
the study was to determine the combined effects of protein
(for emulsion stabilization) source and concentration, and
method of canola oil emulsion preparation on quality
characteristics of beef strip loin steaks.

II. MATERIALS AND METHODS
Longissimus lumborum (LL) muscles from mature over
thirty month (OTM) carcasses were used for this study. The
major variables investigated were: method of emulsion
preparation (two-stage homogenizer, HOM or high speed
pre-mixer, PRE), protein source (soy protein isolate, SPI or
whey protein isolate, WPI) and protein level (0.5% and



2.5% or 0.25% and 2.5% for SPI or WPI, respectively).
Brine containing sodium tripolyphosphate (STPP) and
sodium chloride, but without canola oil and proteins served
as a control. For HOM treatments, canola oil-in-water
emulsions (50:50) containing previously weighed proteins
were prepared using a two-stage Gaulin homogenizer:
canola oil (50% w/w) was first mixed with an aqueous
phase consisting of respective protein isolates and then
homogenized at 3000 psi. For PRE treatments, canola oil-
in-water emulsions (50:50) containing previously weighed
proteins were prepared using a high speed (1000 rev./min)
Admix pre-mixer. LL muscles were injected to achieve
10% extension by weight and 0.4% salt, 0.3% STPP and 5%
canola oil levels in the injected product. After injection, the
muscle samples were vacuum packaged and stored
overnight at 4°C prior to being cut into 2.54 cm steaks.
Hydration properties (purge, expressible moisture) were
measured on raw injected muscles. Colour (CIE L*a*b¥)
and oxidative stability, as measured by 2-thiobarbituric acid
reactive substances (TBARS), of injected LL steaks during
5 days of display at 4°C were also evaluated. The variables
measured on grilled steaks included: TBARS, cook loss
(CL), expressible moisture (EM) and Warner Bratzler shear
force (WBSF) of 1.27x1.27x2.54cm core samples sheared
perpendicular to the fibre direction. Appearance attributes
of the raw steaks (overall colour acceptability, marbling
acceptability) and acceptability of sensory attributes of
cooked steaks (juiciness, flavour, tenderness, overall) were
evaluated by a 20-member, untrained taste panel using 9-
point hedonic scales. A 5-point scale was used for
evaluation of perceived marbling level.

Data were analyzed as a 2x4 factorial design with
method of emulsion preparation (HOM, PRE) and protein
type/level (SP1/0.5%, SP1/2.5%, WP1/0.25%, WP1/2.5%) as
main factors. The model for colour and oxidative stability
also included day of storage as a fixed factor. The Least
Significant Difference test at p=0.05 was used to
determine differences amongst treatment means, and the
Dunnett’s test was used to compare each emulsion
injection treatment to the control.

III. RESULTS AND DISCUSSION
Generally, the steaks injected with emulsions prepared with
WPI had lower TBARS values than SPI emulsions;
however, the differences were statistically significant
(p<0.05) only amongst PRE samples. TBARS values of

steaks injected with homogenized emulsions containing
WPI and SPI were similar (Table 1). In cooked samples,
the steaks treated with HOM emulsions had higher TBARS
values than those injected with PRE brine, and WPI used
for emulsion stabilization resulted in lower TBARS values
compared to SPI. In both raw and cooked steaks, there was
no significant difference (p>0.05) in oxidative stability of
injected steaks due to protein concentration.

Our results are in agreement with Hu et al. (2003) who
found that oxidative stability of the oil-in-water emulsion
stabilized with WPI was greater than stabilized with SPIL.
Whey proteins have been reported to inhibit lipid oxidation
in oil-in-water emulsions when they are either at the
emulsion droplet surface or in the aqueous phase [4].
Differences in amino acids that can scavenge free radicals
or differences in how the proteins impact the thickness or
packing of the emulsion droplet interface with thicker
interfacial regions potentially inhibiting lipid oxidation
might be also responsible for the oxidative stability of
emulsions stabilized by the different proteins.

Table 1. Effects of preparation method and protein source on
TBARS of beef steaks.

TBARS (mg malon-aldehyde

eq./kg)

Raw Cooked
Preparation method
HOM 0.794 0.933
PRE 0.760 0.749
p-value 0.76 0.01
Protein
2.5% SPI 0.835ab 0.854ab
0.5% SPI 0.887a 1.022a
2.5% WPI 0.663c 0.783b
0.25% WPI 0.723bc 0.705b
p-value 0.007 0.01
Day
0 0.503c 0.564c
2 0.557c 0.761bc
5 0.942b 0.898b
7 1.105a 1.141a
p-value <0.0001 <0.0001
Interactions
HOM 2.5% SPI 0.884a
HOM 0.5% SPI 0.753ab
HOM 2.5% WPI 0.787ab
HOM 0.25% WPI 0.751ab
PRE 2.5% SPI 0.787ab
PRE 0.5% SPI 1.021a
PRE 2.5% WPI 0.538b
PRE 0.25% WPI 0.695b
p-value 0.00 NS

Except for L* (lightness) of steaks with lower
concentration of SPI, the steaks injected with HOM



emulsions exhibited significantly (p<0.01) higher L* than
PRE samples (Fig. 1). The effect of protein source and
level on L* values of steaks was dependant on emulsion
preparation method (p<0.05). In steaks injected with HOM
emulsions containing lower concentration of WPI, L*
values were higher than both SPI injected steaks, whereas in
PRE injected muscles higher SPI treatments were darker
than their low SPI counterparts, but not different from WPI
injected samples.

The control samples injected with salt/phosphate brine
were darker (lower L*) than HOM steaks but not different
from those injected with PRE brine regardless of protein
type and level. Except for steaks injected with
HOM/WPI/2.5% emulsions, there was no significant
difference in a* (redness) and b* (yellowness) values
amongst the control and oil emulsions treatments.

There was a general decline in L*, a* and b* values as
duration of display increased; however, colour changes
were not dependant on protein type/level or emulsion
preparation method (p>0.05).

Generally, steaks injected with HOM emulsions had
significantly (p<0.05) lower thaw loss and drip loss after 5
days of retail display. The steaks injected with emulsions
containing higher concentration of WPI had lower thaw loss
than the samples containing less WPI, but were equivalent
to the samples injected with SPI.
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Fig. 1. Effect of injection canola oil emulsions on the
lightness of beef steaks.

The effect of type and level of protein on thaw loss from
steaks, however, was moderated by emulsion preparation
method, as shown by the interactive effect (p<0.05)
between the two variables (Fig. 2). There was a significant
increase in thaw loss from steaks injected with emulsion
homogenized with lower concentration of WPI compared to
the other homogenized treatments.
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Fig. 2. Effect of injection canola oil emulsions on the thaw
loss of beef steaks.

Within the HOM treatments, the effect of protein type
had a significant (p< 0.05) effect on cooking loss. Muscles
injected with higher WPI had lower cooking losses than
those containing less WPI (Fig. 3).

PRE samples had significantly lower EM than did steaks
from meat injected with HOM emulsions. However,
similarly to cooking loss, the effect of type and level of
protein on EM from the steaks was moderated by emulsion
preparation method, as shown by the interactive effect

(»<0.05) between the two variables.
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Fig. 3. Effect of injection canola oil emulsions on the

cooking loss of beef steaks.

The higher level of WPI resulted in greater moisture
retention than the lower WPI concentration when prepared
as HOM emulsion, indicating that there was less free
moisture in the product (Fig. 4). No difference in moisture
retention was observed amongst the protein types/level in
beef injected with PRE brine. As expected EM was
inversely related to cooking loss (r=-0.58).
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Fig. 4. Effect of injection canola oil emulsions on the

expressible moisture of beef steaks.

These results suggest that 2.5% concentration of WPI is
insufficient to form a stable emulsion with good ability to
entrap oil within the injected muscle.

There were no significant differences between control
and emulsion treatments in cooking losses or WBSF.
Except for the brine with lower concentration of
homogenized WPI all other oil emulsion treatments had
higher moisture retention than salt/phosphate control raw
samples.
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Figure 5. Illustration of marbling for control and emulsion
injected steaks.

However, the thawed steaks that had been injected with
PRE emulsions had higher purge than the control samples.

Injection of protein stabilized emulsions created artificial
marbling (Figure 5), and emulsion-treated steaks received
higher (p<0.01) scores for amount of marbling. However,
these differences in amount of marbling were not reflected
in the marbling acceptability mean scores. For acceptability
of both marbling and overall raw appearance, the SP1/0.5%
treatment garnered the lowest proportion (32-35%) of
“liking scores” (i.e scores of 6-9 on 9-point scale) amongst
the PRE treatments, although it was scored as having a
significantly greater amount of marbling. The WPI-
containing treatments with moderate amounts of marbling
received the largest proportion (65-68%) of marbling
acceptability scores in the liking range of the scale. With
the exception of a significantly lower juiciness acceptability
score for the control treatment as compared to steaks
injected with HOM emulsion stabilized with 0.25% WPI,
no significant differences were observed amongst eating
quality characteristics of control and emulsion-treated
steaks.



IV. CONCLUSION

Except for emulsions stabilized with lower
concentration of WPI, homogenized emulsions
injected into LL muscles favorably affected hydration
properties, yielding lower drip and thaw losses;
however, susceptibility to lipid oxidation was
increased. An effective antioxidant approach may be
necessary for protecting omega-3 FA against lipid
oxidation due to their unsaturated nature and the
presence of naturally-occurring pro-oxidants in meat
systems.

Generally, overall acceptability of grilled steaks was
not adversely affected by either method of emulsion
preparation or type and level of protein used.

Due to better oxidative stability, steaks injected with
WPI stabilized emulsions show the best opportunity for
incorporation of omega-3 into beef muscles.
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