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ABSTRACT The effects of commercial vegetable oils
and duck skin on quality characteristics of a reduced-fat
duck meat emulsion were examined. The cooking loss,
emulsion stability, and hardness were lower for emulsions
preemulsified with vegetable oils and duck skin (P < 0.05)
than for the control. Storage modulus (G’) and loss
modulus (G”) of reduced-fat duck meat emulsions treated
with corn, grape seed, soy, and olive oils were similar to
the values of control; the highest G’ and G” values were

reported for the reduced-fat duck meat emulsion treated
with coconut oil. Myofibril protein solubility was the
highest for the reduced-fat duck meat emulsion treated
with coconut oil and duck skin (P < 0.05). Replacing of
pork back fat with different vegetable oils for emulsifica-
tion may impart superior quality to reduced-fat duck
meat emulsion. We recommend preemulsion with vege-
table oils and duck skin to enhance the quality charac-
teristics of reduced-fat duck meat emulsion.
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INTRODUCTION

Meat emulsion sausages are traditional meat products
that are popular as general meat products rich in fats
(normally up to 30% fat) (Kim et al., 2020b). Fats
play an important role in maintaining water-holding ca-
pacity, emulsion capacity, and emulsion stability (Shin
et al., 2019). Fats in meat emulsions also reduce cooking
loss, improve textural and structural properties, and
impart flavor and juiciness (Lee et al., 2020). Despite
these advantages, high intake of animal saturated fatty
acids is known to cause hypertension, obesity, coronary
heart diseases, and cardiovascular diseases (Rahman
et al., 2019). Hence, studies have concentrated on devel-
oping techniques for reducing the intake of animal fat
(Choi et al., 2013). According to Kim et al. (2020b), con-
sumers are increasingly attracted to emulsion meat
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products with reduced fat content but excellent overall
acceptability and flavor. Because of these current trends,
it is replaced pork back fat with vegetable oils to produce
emulsified meat products.

In general, vegetable oil is known to exhibit higher con-
tents of unsaturated fatty acids and lower cholesterol
compared with animal fat (Kim et al., 2020b). However,
vegetable oils have different processing properties rely on
the characteristics of the raw materials; therefore, they
require suitable processing techniques (Asuming-
Bediako et al., 2014). In particular, the difference of
melting point, fatty acid composition, color, and flavor
of vegetable oil have unfamiliar quality when
manufacturing emulsified meat products compared with
animal fat meat products (Kim et al., 2020a). Vural
et al. (2004) reported the interesterification process used
to successfully reform the physical characteristics of vege-
table oil. When pork back fat was replaced with interes-
terified vegetable oils in reduced-fat frankfurters, it
could improve the product quality characteristics (Choi
et al.,, 2010a). Thus, incorporation of vegetable oil in
meat emulsions to substitute animal fat may improve
quality characteristics.

Duck skin is a waste by-product in the duck meat in-
dustry and composed of fat, gelatin, and collagen (Shim
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et al., 2018; Shin et al., 2019). Kim et al. (2020a) sug-
gested the use of duck skin as a potential alternative to
and novel source of gelatin and collagen. Despite these
advantages, its application in meat products has been
limited (Kang et al., 2020). We suggest that the applica-
tion of duck skin in meat products may not only increase
its value but also help develop new meat products.

Thus, present study evaluate the influence of
substituting pork back fat with different vegetable oils
emulsified with duck skin on the physiochemical proper-
ties of reduced-fat duck meat emulsion.

MATERIALS AND METHODS

Processing of Duck Meat Emulsions

Six different duck meat emulsions were prepared in
5 kg batches, and all analyses were conducted in tripli-
cates for each duck meat emulsion. Each duck tenderloin
and pork back fat were chopped using a 6 mm plate. Five
types of commercial vegetable oils were used to substi-
tute pork back fat, including corn, grape seed, soybean,
olive, and coconut oil. Preemulsification of all vegetable
oils was conducted as described by Choi et al. (2010a).
The preemulsion was mixed with vegetable oil (20%),
duck skin (5%), and water (5%) for 30 s and treated
with 1.0% alginate and 1.0% isolated soy protein homog-
enized for 3 min. The prepared preemulsion was used af-
ter an overnight incubation at 5°C. Control duck meat
emulsion was prepared using 30% pork back fat. Other
reduced-fat duck meat emulsions were prepared using
preemulsified vegetable oil. Duck meat emulsions pre-
pared were homogenized and emulsified for a total of
6 min using a silent cutter and mixed with salt (1.5%)
and sodium tripolyphosphate (0.15%) in 10 s. Chilled
dissolved water (2°C) was added by dividing samples
twice (20 s and 60 s). After 3 min, preemulsified vege-
table oil (pork back fat) was added, and the temperature
of emulsions was monitored and maintained below 10°C.
All meat emulsion systems were tested on the same day
and maintained below 10°C during analysis.

Cooking Loss

Duck meat emulsions were weighed (initial weight),
stuffed into a casing, and heat processed at 75°C for
30 min. After cooling (21°C, 3 h), cooked emulsions were
weighed, and cooking loss was calculated from the calcu-
lated weights.

Emulsion Stability

Meat emulsions were analyzed for emulsion stability
using the method of Choi et al. (2007). Emulsion stabil-
ity was determined from total expressible fluid separa-
tion and fat separation. The emulsion stability in
graduated glass tubes was measured and calculated.
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Viscosity and Rheological Property

Apparent viscosity of reduced-fat duck meat emulsions
was measured with a rotational viscometer (DV3T HB,
Brookfield Engineering Labs Inc. Stoughton, MA). A stan-
dard cylinder sensor (SC4-29 standard spindle) was filled
with reduced-fat duck meat emulsions and allowed to
spin at a fixed share rate (s~ ') for 30 s. Dynamic viscosity
was investigated as a function of frequency using a Physica
MCR 101 Rheometer (Anton Paar Ltd., Graz, Austria).
Measurements were conducted using a parallel plate with
a diameter of 25 mm and a gap of 1 mm. Angular frequency
was swept from 1 to 100 Hz at a strain of 1%, and the tem-
perature was maintained at 25°C. Storage modulus (G'),
loss modulus (G”), and loss factor (tand = G”/G’) were
recorded using RheoCompass 1.19 software.

Differential Scanning Calorimetry

Differential scanning calorimetry (DSC) was performed
on a DSC 4000 furnace (PerkinElmer, Waltham, MA).
Reduced-fat duck meat emulsion samples (20 pg) were
placed in an aluminum pan; an empty pan was used as refer-
ence. The temperature range was 10-120°C, and samples
were heated at a rate of 5°C/min. Pyris data analysis soft-
ware was used to calculate the data displayed as onset tem-
perature (To), peak temperature (Tp), end temperature
(Tc), and changes in enthalpy (dH) (Hwang et al., 2019).

Texture Profile Analysis

Texture profile analysis (TPA) was measured using a
TA-XTplus texture analyzer (Stable Micro Systems
Ltd., Surrey, England). The TPA values were deter-
mined as shown by Bourne (1978). Cooked emulsions
were cooled to room temperature, and samples were ob-
tained from the central portion of each duck meat emul-
sion (Kim et al., 2020a).

Protein Solubility

Protein solubility was determined in terms of sarco-
plasmic protein solubility and myofibrillar protein solubi-
lity (Joo et al., 1999). In brief, sarcoplasmic protein
solubility was determined by dissolving reduced-fat duck
meat emulsions (2 g) in 25 mmol ice-cold potassium phos-
phate buffer (20 mL, pH 7.2). The homogenized mixtures
of low-fat duck meat emulsions, and buffer were incubated
for overnight on a shaker at 4°C. Protein concentrations in
the supernatants were determined by the Biuret method
(Gornall et al., 1949). Myofibrillar protein solubility was
determined by measuring the difference between total
and sarcoplasmic protein solubilities. Total protein solubi-
lity was analyzed by homogenizing reduced-fat duck meat
emulsions (2 g) in ice-cold 1.1 mol/L potassium iodide in
100 mol /L phosphate buffer (20 mL, pH 7.2). The proced-
ures for homogenization, shaking, centrifugation, and pro-
tein determination are described above.
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2-Thiobarbituric Acid Reactive Substance

Lipid oxidation was assessed using thiobarbituric acid
(TBA), as described by Tarladgis et al. (1960). In brief,
10 g samples were mixed with 50 mL distilled water and
washed with 47.5 mL distilled water. Each sample was
treated with 4 N hydrochloric acid (HCI; 2.5 mL), an anti-
foam agent, and a boiling stone in a distillation flask and
distilled. A total of 50 mL distillate was sampled, and
5 mL of 0.02 M TBA reagent (2-TBA in 90% acetic
acid) was added to a vial containing 5 mL distillate.
The mixture was homogenized well, and the vials were
capped and heated in a boiling water bath (100°C,
30 min) to generate the chromogen. The vials were cooled
(24°C, 30 min), and the absorbance of the reaction prod-
uct was determined at 538 nm wavelength using a UV
spectrophotometer. The TBA values were calculated us-
ing the standard curve for malondialdehyde.

Fatty Acid Composition

The fatty acid composition of the reduced-fat duck
meat emulsion systems was measured by Choi et al.
(2016). Fatty acid methyl esters were separated by an
HP-6890 Series gas chromatograph (Hewlett-Packard,
Waldbronn, Germany) equipped with a split injector
(75:1), fused silica capillary column (CP-SIL 88, Varian
Inc., Cromapak, the Netherlands).

Statistical Analysis

All experimental data were analyzed using SPSS Ver.
20.0 (SPSS Inc.,) in a completely randomized study
design. One-way analysis of variance was used to deter-
mine significant differences (P < 0.05) between the con-
trol and reduced-fat treatment groups, and Duncan’s
multiple range test was employed to analyze differences
in the physicochemical characteristics of the reduced-fat
duck meat emulsions.

RESULTS AND DISCUSSION
Cooking Loss and Emulsion Stability

The effects of different preemulsification conditions on
the cooking loss and emulsion stability are presented in
Table 1. The cooking loss of vegetable oil treatments
was significantly lower than that of the control sample,
and the lowest value was observed in coconut oil treat-
ment (P < 0.05). These results are in line with those re-
ported by Choi et al. (2013), who reported reduced
cooking loss in reduced-fat frankfurters meat batters
treated with sunflower seed oil and makgeolli lees fiber
as compared with that in the control sample treated
with pork back fat. Shim et al. (2018) also found that
cooking loss in restructured ham was influenced by the
preemulsified duck skin and that it reduced upon pre-
emulsion with vegetable oils and duck skin, owing to
the increase in the water-binding capacity of the meat
emulsion. Reduced diameter size of fat or oil generally
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increase emulsion stability with high dispersion (Zayas,
2012). Duck skin and oil was homogenized before
manufacturing sausage preemulsified processing, and
these processing might affect positively cooking loss
and emulsion stability.

The total expressible fluid separation and fat separa-
tion of vegetable oil treatments were lower (P < 0.05)
than those of the control sample (Table 1). The total
expressible fluid separation among vegetable oil treat-
ments was not significantly different (P > 0.05). Accord-
ing to Choi et al. (2013), when sunflower seed oil at
various levels was used in low-fat meat batters, no signif-
icant difference was found. These authors found that the
increase in sunflower seed oil level from 0 to 20% led to a
significant reduction in total expressible fluid separation
and fat separation. Shim et al. (2018) observed that the
emulsion stability of duck ham preemulsified with duck
skin was lower than that of the control sample treated
with pork back fat, owing to improvements in water-
holding and fat-holding capacities. In general, emulsion
stability may serve as a substantial indicator of the qual-
ity characteristics of meat products. Thus, replacement
of pork back fat with preemulsified vegetable oils and
duck skin may yield high-quality reduced-fat meat
products.

Viscosity and Rheological Property

Figure 1 shows the changes in the apparent viscosity
and dynamic viscosity of reduced-fat meat emulsions
preemulsified with different vegetable oils and duck
skin. The apparent viscosity values of vegetable oil treat-
ments were lower (P < 0.05) than the values of the con-
trol, except for the sample treated with coconut oil and
duck skin (Figure 1A). Similar results were obtained
by Choi et al. (2009), who observed that reduced-fat
meat emulsion treated with vegetable oil and dietary
fiber had higher maximum apparent viscosity and that
control meat batters with pork back fat had the lowest
maximum apparent viscosity. Kim et al. (2018) showed
that the apparent viscosity of the meat batter was influ-
enced by the duck skin used for preemulsification. Some
studies have reported that higher apparent viscosity was
related to the increase in emulsion stability and that
emulsions with high apparent viscosity have strong
emulsion stability (Aktas and Genccelep, 2006; Kim
et al., 2020Db).

Figure 1B illustrates the changes in the dynamic vis-
cosity of vegetable oil treatment. The G’ and G” values
of vegetable oil treatments showed different trends.
These values of corn, grape seed, soy, and olive oil treat-
ments were similar to the value reported for the control;
however, coconut oil treatment had higher G’ and G”
values than others. This observation might be attribut-
able to a higher melting temperature of coconut oil
than others oils. Corn oil (—11°C melting temperature),
grape seed oil (10°C melting temperature), soy oil
(—16°C melting temperature), and olive oil (—6°C
melting temperature) exist in a liquid state, and coconut
oil (25°C melting temperature) exists in a solid state at
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Table 1. Effects of preemulsification with various vegetable oils and duck skin on the cooking loss and emulsion

stability of reduced-fat duck meat emulsions.

Parameters Pork fat Corn oil' Grapeseed oil Soybean oil Olive oil Coconut oil
Cooking loss (%) 827 +0.21*  6.13 +0.16%°  7.00 = 0.22" 6.78 = 0.54"°  6.48 = 0.30°!  5.67 = 0.16°
Emulsion stability (%)
Total fluid separation ~ 5.32 * 1.15*  1.66 = 0.58" 1.33 = 0.29" 1.16 + 0.29" 1.16 + 0.58" 1.50 = 0.25"
Fat separation 1.05 +0.29"  0.83 + 0.15 0.67 + 0.17°°  0.51 + 0.13° 0.42 *+ 0.14° 0.50 + 0.15°

““Means within a row with different letters are significantly different (P < 0.05).

All values are mean * standard deviation of 3 replicates.

'Each vegetable oil was preemulsified with duck skin, alginate, and isolated soy protein.

23 to 25°C (room temperature). The fatty acid composi-
tions of vegetable oils were differentiated depending on
the length of the hydrocarbon chain and the degree of
unsaturation, both of which define their physical proper-
ties such as viscoelasticity and melting temperature. In
general, the melting temperature of cooking oil increases,
whereas the unsaturation of fatty acid content decreases
(Wagh and Martini, 2017). Coconut oil is composed of
approximately 92% of saturated fatty acids, 6% of mono-
unsaturated fatty acids, and 2% of polyunsaturated
fatty acids, whereas the composition of unsaturated
fatty acids of other vegetable oils used in this study is
more than 85%. Therefore, coconut oil treatment had
higher G’ and G” values than those of other samples.
As shown in Figure 1C, the loss factors for corn, grape
seed, soy, and olive oil treatments were similar, but the
value reported for coconut oil treatment was higher
than the values reported for the others. Loss factor value
smaller or greater than 1 is indicative of gel-like behavior
and sol-like behavior, respectively (Lee et al., 2018).
Although loss factors for all samples in the present study
were lower than 1, indicative of their gel-like behavior,
the value of coconut oil treatment was close to 1. This
is attributed to the shorter chain length of fatty acids
in coconut oil than that in other oils. Vegetable oils
used in the present study (except for coconut oil)
comprise linoleic acid (C18:2) and oleic acid (C18:1),
whereas coconut oil in general comprises lauric acid
(C12:0), myristic acid (C14:0), and palmitic acid
(C16:0). The viscosity of the oil phase decreases as the
hydrocarbon chain length of fatty acids decreases, result-
ing in high G” value and loss factor (Gomes et al., 2018).

DSC Analysis

Table 2 shows the changes in DSC values of reduced-
fat meat emulsions treated with different vegetable oils
and duck skin. Four types of endothermic reactions
were observed in this study. We divided the reactions
into 2 major parts as follows: the endothermic reaction
from 10°C to 50°C is known as fat/oil phase (peak 1)
and protein denaturation after heating was observed
in the range from 40°C to 90°C (peaks 2-4)
(Fernandez-Martin et al., 2009). Except for samples
treated with pork fat and coconut oil, other samples
showed no endothermic reactions in the range from
10°C to 50°C. This observation may be related to the
lower melting points of vegetable oils (corn oil, grape
seed oil, soy bean oil, and olive oil) than the range of

temperature employed (10°C-100°C). Pork fat and co-
conut oil showed similar thermal denaturation temper-
atures (peak 1) and endothermic enthalpy changes
(P > 0.05); this result suggests that coconut oil may
be used to replace pork fat when focused on the thermal
stability. Meat protein denatured by heat treatment
showed 3 major components in DSC. Thermal denatur-
ation of myosin (43°C—67°C), sarcoplasmic protein
(65°C-70°C), and actin (71°C-83°C) was gradually
detected as peak 2, peak 3, and peak 4, respectively,
and the endothermic peak temperatures of these pro-
teins could change depending on their solubility
(Kazemi et al., 2011; Li et al., 2019). Each peak indi-
cates the thermal stability of meat proteins, whereas
enthalpy changes (AH) indicate the degree of protein
denaturation (Chen et al., 2007). According to
Table 2, peaks 2 and 3 of vegetable-meat emulsion
were lower than those observed for pork fat-meat emul-
sion, indicating that the oil phase decreased the thermal
stability of myosin and sarcoplasmic protein. However,
no specific difference was observed in peaks 3 and 4
among the different treatment groups. In conclusion,
the stability of myosin and sarcoplasmic protein could
be lower in the presence of vegetable oil than in the
presence of the pork fat-meat emulsion, resulting in a
decrease in the thermal denaturation of myosin.

Texture Profile Analysis

In Table 3, the effect of the addition of vegetable oils
and duck skin on the textural profiles of reduced-fat
meat emulsions is shown. The hardness of control duck
meat emulsion showed significantly higher value
(P < 0.05) than that of the samples preemulsified with
vegetable oils and duck skin. The springiness and cohe-
siveness of reduced-fat duck meat emulsions preemulsi-
fied with coconut oils and duck skin was the lowest
(P < 0.05). In addition, gumminess and chewiness was
the highest for the control sample (P < 0.05) and lowest
for the sample preemulsified with coconut oil and duck
skin (P < 0.05). Meat emulsion manufactured with vege-
table oil had a higher value in hardness when replaced
animal fat (Choi et al., 2009). Kim et al. (2020b) also re-
ported the highest values of hardness, cohesiveness, and
gumminess for meat emulsions preemulsified with grape
seed oil without hydrocolloids. Substitution of back fat
with vegetable oil in meat emulsion products resulted
in firmed meat emulsions. Therefore, hydrocolloids
were combined with vegetable oils to improve textural
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Figure 1. Apparent viscosity (A) and dynamic viscosity (B) storage [G'] modulus and loss modulus [G”], and (C) loss factor [tand| of reduced-fat
duck meat emulsions preemulsified with various vegetable oils and duck skin. Each vegetable oil was preemulsified with duck skin, alginate, and

isolated soy protein.

properties of meat emulsion, and the hardness was
decreased owing to high water holding capacity of hy-
drocolloids (Shim et al., 2018; Kim et al., 2020b).

Thus, preemulsified vegetable oil and duck skin contents
need to be controlled to obtain reduced-fat meat prod-
ucts with soft texture properties.
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Table 2. Effects of preemulsification with various vegetable oils and duck skin on the thermal properties of

reduced-fat duck meat emulsions.

Parameters Pork fat Corn oil” Grapeseed oil Soybean oil Olive oil Coconut oil
Peak 1' 31.29 + 1.07 ND ND ND ND 31.04 * 0.82
AH of peak 1 0.37 % 0.06 ND ND ND ND 0.29 * 0.11
Peak 2 64.60 = 0.29°  51.34 = 0.30>°  51.64 = 0.26™°  51.25 * 0.06"°  52.25 + 0.65°  50.67 + 1.00°
AH of peak 2 0.10 + 0.01* 0.08 = 0.00™" 0.05 + 0.01° 0.06 = 0.02"¢ 0.09 + 0.01* 0.05 =+ 0.00°
Peak 3 68.13 = 1.18*  63.67 = 0.30" 62.52 = 0.39™°  62.14 * 0.01° 63.63 = 0.35"  63.63 = 0.36"
AH of peak 3 0.02 = 0.02 0.06 = 0.01 0.09 = 0.02 0.05 = 0.07 0.09 = 0.02 0.08 = 0.00
Peak 4 70.76 + 2.18 71.30 = 0.35 71.39 = 0.21 71.80 * 0.47 72.09 * 0.41 71.75 *+ 0.41
AH of peak 4 0.07 = 0.05 0.03 = 0.00 0.03 = 0.00 0.01 = 0.01 0.05 = 0.00 0.03 = 0.00

““Means within a row with different letters are significantly different (P < 0.05).

All values are mean * standard deviation of 3 replicates.
'Peak and AH of peak units are °C and J/g.

*Each vegetable oil was preemulsified with duck skin, alginate, and isolated soy protein.

Protein Solubility and Thiobarbituric Acid
Reactive Substance

The effects of the various vegetable oils on protein sol-
ubility and thiobarbituric acid reactive substance
(TBARS) values of reduced-fat meat emulsion are
shown in Table 4. The solubility of sarcoplasmic proteins
of reduced-fat duck meat emulsions preemulsified with
vegetable oils and duck skin was higher (P < 0.05)
than that of the control, except for the sample treated
with coconut oil. The solubility of myofibril proteins of
reduced-fat duck meat emulsions treated with coconut
oil and duck skin was the highest (P < 0.05). These
results in current study are in agreement with the data
reported by Choi et al. (2010b) who found higher sarco-
plasmic protein solubility for reduced-fat meat emulsion
batters treated with grape seed oil than for control sam-
ples treated with 30% pork back fat; the myofibril pro-
tein solubility of reduced-fat meat emulsion batters
increased with an increase in grape seed oil concentra-
tion. Kim et al. (2017) found that the protein solubility
of duck ham meat batter was affected by duck skin
concentration. Some studies revealed myofibril protein
solubility as the most important index for improving
emulsifying capacity and texture properties of emulsion
meat products (Kim et al., 2019; Noh et al., 2019). In our
study, increased myofibril solubility might increase
emulsion stability and cooking loss of meat emulsion.
There are various factors which can affect protein solubi-
lity such as pH, ionic strength, temperature, protein
type, and oxidation. Lipid oxidation of meat emulsion
has a negative effect on protein solubility of meat emul-
sion (Zayas, 2012). Antioxidant capacity of natural oil

might inhibit the lipid oxidation and increase protein
solubility of myofibril protein.

The TBARS values of cooked reduced-fat meat emul-
sions were significantly different (Table 4). Lipid oxida-
tion is one of the important factors affecting meat
product quality, especially, when it stored. The TBARS
values for reduced-fat duck meat emulsions preemulsi-
fied with vegetable oil and duck skin samples were signif-
icantly (P < 0.05) lower than those for the control,
treated with 30% pork back fat, excepted to treatments
with soy bean oil. This seems to be because of the higher
fat content in the control and because of the fact that
added vegetable oils executed different fatty acid compo-
sition. These results are in line with those reported by
Choi et al. (2010a), who found that the TBARS of
reduced-fat frankfurters formulated with vegetable oil
and dietary fiber was significantly higher than that of
control sample without vegetable oil. The highest
TBARS value was reported for samples treated with soy-
bean oil. Woo (1995) reported that the emulsion-type
sausage manufactured with cottonseed oil had signifi-
cantly higher TBARS than control sample with pork
back fat. However, some researchers showed that the
biggest drawback of using vegetable oils in emulsion
meat products was the chance of rancidity owing to
high contents of unsaturated fatty acids (Yildiz-Turp
and Serdaroglu, 2008).

Fatty Acid Composition

The fatty acid composition of reduced-fat meat emul-
sions formulated with various vegetable oils and duck
skin is shown in Table 5. Palmitic acid (C 16:0), stearic

Table 3. Effects of pre-emulsification with various vegetable oils and duck skin on the textural profile analysis of

reduced-fat duck meat emulsions.

Parameters Pork fat Corn oil' Grapeseed oil Soybean oil Olive oil Coconut oil
Hardness (kg) 5.95 + 0.35%  4.27 +0.42° 520 = 0.77° 5.15 *+ 0.46" 4.68 + 1.28"°  4.43 * 0.87"¢
Springiness 0.90 = 0.03*  0.91 +0.04> 091 *+ 0.04 0.91 * 0.05 0.90 * 0.03" 0.81 = 0.04"
Cohesiveness 0.43 = 0.06° 042 * 0.06°  0.35 = 0.07>°  0.38 = 0.07*">  0.43 * 0.06" 0.31 = 0.03°
Gumminess (kg)  2.54 + 0.23*  1.80 * 0.28° 222+ 037>  1.97 + 031>  1.65 * 0.61¢  1.36 + 0.29¢
Chewiness (kg) 2.30 £ 0.26°  1.63 +0.23°  1.47 = 0.52° 1.78 + 0.28"° 2,02 + 0.34*"  1.11 *+ 0.23¢

*d)\eans within a row with different letters are significantly different (P < 0.05).
All values are mean * standard deviation of 3 replicates.
"Each vegetable oil was preemulsified with duck skin, alginate, and isolated soy protein.
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Table 4. Effects of preemulsification with various vegetable oils and duck skin on the protein solubility and TBARS values of

reduced-fat duck meat emulsions.

Parameters Pork fat Corn oil' Grapeseed oil Soybean oil Olive oil Coconut oil
Sarcoplasmic protein (mg/mL)  16.04 = 1.09°  20.97 = 1.97°  27.77 = 2.50* 2558 = 1.63*  20.72 = 1.92°  15.52 + 1.27°
Myofibril protein (mg/mL) 29.72 = 119 32.06 = 3.55¢ 3558 = 1.58°  29.17 = 1.07%  43.87 = 1.19*  50.26 = 2.21°
TBARS (mg/kg) 1.08 + 0.04" 0.42 = 0.03¢ 0.19 + 0.02" 1.35 = 0.07" 0.50 + 0.02¢ 0.25 * 0.02°

*Means within a row with different letters are significantly different (P < 0.05).

All values are mean * standard deviation of 3 replicates.
Abbreviation: TBARS, thiobarbituric acid reactive substance.

'Each vegetable oil was preemulsified with duck skin, alginate, and isolated soy protein.

acid (C 18:0), oleic acid (C 18:1), and linoleic acid
(C 18:2) were the most abundant fatty acids in control
samples with pork back fat and those preemulsified with
vegetable oils and duck skin. When compared with pork
back fat control, vegetable oil treatment had lower
saturated fatty acids and higher unsaturated fatty acids
(P < 0.05) except for coconut oil treatment. These re-
sults are similar to those reported by Choi et al.
(2010a) who substituted pork back fat with vegetable
oils to formulate reduced-fat frankfurters. These au-
thors reported higher contents of saturated fatty acids
in control sample treated with 30% pork back fat and
higher unsaturated fatty acids for samples preemulsi-
fied with vegetable oils and rice bran fiber. Wood
et al. (2004) recommended that a meal should have a
polyunsaturated fatty acids/saturated fatty acids ratio
higher than 0.45 because values lower than 0.45 may
correlate with a higher incidence of cardiovascular dis-
ease. In this study, this ratio was 0.45 or more for all
reduced-fat duck meat emulsions preemulsified with
vegetable oils and duck skin but not for the treatment
sample with coconut oil. Thus, lipid reformulation of
reduced-fat duck meat emulsions preemulsified with

vegetable oils and duck skin could enhance the nutri-
tional quality of products.

CONCLUSION

Preemulsification with vegetable oils and duck skin
was performed to replace pork back fat in the
manufacturing of reduced-fat duck meat emulsions.
Reduced-fat duck meat emulsions offer health benefits
owing to their low saturated fatty acid levels except
for coconut oil. The results of present study demon-
strate the use of preemulsified vegetable oils and duck
skin as a replacement for pork back fat to produce
reduced-fat duck meat emulsions with superior quality.
Cooking losses and emulsion stability were improved
with addition of preemulsified vegetable oil with duck
skin. Although thermal stability of vegetable oil treat-
ments was lower than control, they have softer texture
than pork fat control with increase of protein solubility
and apparent viscosity and decrease of lipid oxidation.
Our data indicate that vegetable oils and duck skin
may be used to replace pork back fat in reduced-fat

Table 5. Effects of preemulsification with various vegetable oils and duck skin on the fatty acid composition of

reduced-fat duck meat emulsions.

Parameters Pork fat Corn oil' Grapeseed oil Soybean oil Olive oil Coconut oil
C6:0 - - - - - 0.51 = 0.00
8:0 - - - - - 6.50 = 0.01
C10:0 - - - - - 5.34 + 0.02
C12:0 0.11 + 0.00° 0.12 + 0.00° 0.11 = 0.01° 0.21 = 0.01° 0.55 = 0.00°  42.42 = 0.17*
C14:0 1.32 * 0.00" 0.22 + 0.00¢ 0.23 = 0.01¢ 0.23 * 0.01¢ 0.32 = 0.00°  16.93 = 0.00
C16:0 20.01 + 0.04*  11.93 = 0.00¢ 9.34 = 0.01° 1227 + 0.03" 12.06 = 0.05°  10.32 + 0.03°
C18:0 9.61 + 0.03" 4.25 * 0.00° 4.46 = 0.00° 2.17 = 0.01 3.84 + 0.01¢ 2.84 * 0.03°
€20:0 0.10 * 0.00" 0.10 * 0.01° 0.08 * 0.00" 0.20 = 0.00* 0.20 = 0.00* 0.05 = 0.07"
€22:0 - 0.20 = 0.00 0.04 = 0.00° 0.10 = 0.00° 0.05 = 0.07° -

Cl4:1 0.12 + 0.00 - . - 1 - 1 0.12 + 0.01 - 1
C16:1 1.90 = 0.00* 0.65 = 0.07 0.60 = 0.01° 0.60 = 0.00° 1.10 = 0.00" 0.40 =+ 0.00°
C18:1 41.25 + 0.07°  26.25 £ 0.07%  22.27 £ 0.00°  29.75 + 0.07° 71.40 * 0.14*  11.05 = 0.07"
C18:2 20.15 = 0.07  47.60 = 0.00°  61.42 = 0.01®  51.50 = 0.00" 7.95 * 0.07° 3.30 = 0.00'
C18:3 0.95 + 0.02° 5.92 = 0.00* 0.52 = 0.00° 1.16 + 0.00" 0.86 = 0.00¢ 0.13 + 0.01"
020:1 1.54 = 0.00* 1.23 = 0.021’ 0.43 =+ 0.00;l 0.55 = 0.05f 0.50 * 0.00° 0.21 * 0.01°
20:2 0.83 + 0.00" 0.12 + 0.00" 0.12 = 0.01° 0.11 + 0.02" - -
©20:3 0.22 = 0.00 0.11 * 0.00° - - 0.12 = 0.02° -

ST SFA 31.10 £ 0.00°  16.70 = 0.00%  14.10 £ 0.02°  15.00 % 0.00° 16.90 + 0.14°  84.25 = 0.07"
3. MUFA 44.75 + 0.07°  28.10 = 0.009  23.31 = 0.00°  30.90 * 0.00° 73.05 + 0.21*  11.65 = 0.07"
> PUFA 22.00 + 0.000  53.65 = 0.07°  61.99 + 0.01*  52.65 = 0.07° 8.80 =+ 0.00° 3.40 =+ 0.00"
> UFA 66.75 = 0.07Y 8175 = 0.07°  85.29 = 0.01*>  83.55 + 0.07" 81.85 = 0.21°  15.05 * 0.07°
SFA/UFA 0.47 + 0.00° 0.20 = 0.00° 0.17 = 0.00¢ 0.18 + 0.00%¢ 0.21 *+ 0.00° 5.60 = 0.03"
PUFA/SFA 0.71 = 0.004 3.21 + 0.00° 4.40 * 0.01° 3.51 =+ 0.00" 0.52 + 0.00° 0.04 =+ 0.00"

*f\eans within a row with different letters are significantly different (P < 0.05).
Abbreviations: MUF A, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; SFA, saturated fatty acids;

UFA, unsaturated fatty acids.

"Each vegetable oil was preemulsified with duck skin, alginate, and isolated soy protein.
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duck meat emulsion to successfully manufacture high-
quality meat products.
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