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ABSTRACT This study aimed to optimize the emul-
sification of olive oil in chicken sausage production at
varying cutting times (30, 45, and 60 s) and cooking
temperatures (63, 73, and 83°C). Pork backfat sausages
were prepared as controls, using the same variables.
The quality attributes of the sausages were analyzed,
and the distribution of lipid droplets was identified
using confocal laser scanning microscopy. The combi-
nations of cutting time and cooking temperature in
olive oil sausages showed different emulsifying charac-
teristics. Meat emulsion with olive oil at a cutting time
of 60 s and cooking temperature of 73°C showed the
highest emulsion stability with lowest water and lipid
loss (2.49%, P < 0.05). The pH values were lower for
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olive oil samples than for the controls (5.9 vs. 6.2, P <
0.05). Cutting time of 60 s and cooking temperature of
73°C generated higher hardness, gumminess, and chew-
iness in olive oil sausages (P < 0.05). The replacement
of pork backfat with olive oil resulted in a higher b*,
C*, and h values, as well as lower lipid oxidation (P <
0.05). In addition, microstructural images exhibited a
finer distribution of lipid droplets in olive oil sausages
with a cutting time of 60 s. In conclusion, chicken sau-
sage at a cooking temperature of 73°C and cutting time
of 60 s was optimal for producing sausages with olive
oil. Given the condition, the sausages produced from
olive oil had better emulsion and oxidative stability
than sausages produced from pork backfat.
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INTRODUCTION

Chicken meat, one of the most representative white
meat, is a valuable food source with high nutritional
value. In addition to abundant amino acids, vitamins,
minerals, and essential fatty acids, chicken meat has lower
caloric value and saturated fatty acids than red meat
(Kralik et al., 2018). Chicken meat has been associated
with a lower risk of diseases related to the consumption of
red meat, such as the incidence of cardiovascular disease
and some cancers (Sinha et al., 2009; Marangoni et al.,
2015). Thus, meat products based on chicken meat are
appealing to health-conscious consumers.

Emulsion sausage is a major meat product, in which
up to 30% of the total content is animal fat, emulsified
with water and meat protein (Choi et al., 2013). How-
ever, high saturated fatty acid content in animal fats
has been associated with obesity and coronary heart dis-
eases (Siri-Tarino et al., 2010), and the substitution
with plant oil has been highlighted by many scientists
and industry. Owing to an abundance of unsaturated
fatty acids and bioactive phytochemicals, plant oils can
modify fatty acid composition and provide functionality
in sausage (Kavuşan et al., 2020). However, since the fat
in meat products contributes to the quality properties,
including texture, oxidative stability, and sensory char-
acteristics, its substitution should be performed carefully
(Youssef and Barbut, 2011).
Olive oil is a promising lipid in the emulsification pro-

cess as a fat substitute in meat products due to its supe-
rior sensory and functional properties (Rodriguez-
Carpena et al., 2012; Shin et al., 2020). It contains high
levels of monounsaturated fatty acids (oleic and eicose-
noic acid) and antioxidant capacity (Rodriguez-
Carpena et al., 2012). However, in previous studies,
lower hardness and/or emulsion stability of beef
(Bloukas et al., 1997), pork (Muguerza et al., 2001), and
chicken meat sausages with olive oil (Shin et al., 2020)
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compared with pork backfat controls were observed.
Other reports suggested that chicken (Choi et al., 2009)
or pork sausages with olive oil (Paneras et al., 1998)
were firmer than sausages with pork backfat. The con-
tradictory reports on the emulsion characteristics of sau-
sages with olive oil suggest that certain factors need to
be optimized in order to control its emulsification. Fur-
thermore, few data has been reported on the use of olive
oil in chicken meat sausages.

Some advanced processing techniques including pre-
emulsification (Youssef and Barbut, 2011; Herrero et al.,
2012; Kim et al., 2020) and double-layer emulsion
(Cofrades et al., 2013; Kumar and Kumar, 2020) have
been suggested to overcome such problems when plant
oil is used in meat emulsions. However, these approaches
require the use of additives or special technical steps.
Furthermore, these methods could also create problems
with consumer acceptance or increased production costs.
Thus, a different approach for the emulsification of plant
oils is needed.

On the processing of emulsion sausage, cutting, or
comminution procedure is an influential factor for emul-
sification, as it not only imparts a change in tempera-
ture, but also changes the dispersion of fat particles
(Tomas et al., 2007; Sun et al., 2015). Cooking tempera-
ture is also considered one of the most important factors
influencing the gelation properties of myofibrillar pro-
teins because cooking is required for denaturation and
unfolding of protein molecules necessary for gel forma-
tion (Lesi�ow and Xiong, 2001). Although these factors
could be crucial for emulsification of oils with meat pro-
tein, the combined effects of cutting time and cooking
temperature on emulsification of chicken sausage with
olive oil have not yet been elucidated. For these reasons,
this study was conducted to investigate the impact of
olive oil as a replacement for pork backfat in chicken
sausages, and to optimize the physicochemical proper-
ties of chicken sausages by adjusting cutting time and
cooking temperature.
MATERIALS AND METHODS

Raw Materials

Frozen broiler breasts were purchased from a local dis-
tributor (Maniker, Namyangju, Korea) and thawed at
4 § 1°C for 12 h prior to sausage manufacture. Pork
backfat was purchased from a local butcher shop (Seoul,
Korea), and extra virgin olive oil was purchased from a
local market (CJ CheilJedang Corp., Seoul, Korea,
100% purity).
Figure 1. Flow diagram for manufacturing process of emulsion-
type chicken sausages with pork backfat or olive oil with varying combi-
nations of cooking temperature and cutting time.
Formulation and Processing of Sausages

Three batches of emulsion-type chicken sausages
were prepared with 2 lipids types (pork backfat and
olive oil), 3 cutting times (30, 45, and 60 s), and
3 cooking temperatures (63, 73, and 83°C). Cutting
times and cooking temperatures were selected based
on preliminary studies. Sausages were prepared
following a previously described method (Shin et al.,
2020), with minor modifications, using 60% broiler
breast meat, 20% lipid, and 20% iced water. As addi-
tives, 1.5% sodium chloride and 0.2% sodium triphos-
phate were added based on the total sample weight
(w/w). The manufacturing process is illustrated in
Figure 1. The meat was ground using a grinder
(MG51, Kenwood, Hampshire, UK) equipped with a
5 mm plate. Six aliquots of raw materials (350 g for
each meat batter) were prepared and emulsified in a
bowl cutter at 2,200 rpm (C4W, Sirman, Padova,
Italy). At final cutting, the batters were processed at
different cutting times (30, 45, and 60 s). The tem-
perature of the mixtures was monitored using a digi-
tal thermometer (TM-747DU, Tenmars Electronics
Co., Ltd., Taipei, Taiwan) and maintained below
13°C during processing. Each emulsified meat batter
was stuffed into a 25-mm diameter collagen casing
(#240, NIPPI Inc., Tokyo, Japan). The batters were
then steam-cooked in a smoke chamber (Bastra 851C,
Bayha Strackbein GmbH, Arnsberg, Germany) at 75,
85, and 95°C until the core temperature reached 63,
73, and 83°C, respectively. The temperatures of the
smoke chamber were set to compensate for the differ-
ence in the heating rate to achieve different core tem-
peratures.
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Emulsion Stability

The emulsion stability of the meat batters produced
at different cutting times and cooking temperatures was
determined by assessing water and lipid loss using a
modified method based on Choi et al. (2009). Absorbent
cotton was placed at the bottom of a 50 mL tube to
absorb water and oil loss from the meat batter during
cooking. A 5 £ 5 cm, 25 mesh sieve was placed in the
Expressible fluid ð%Þ ¼ Weight before centrifuging ðgÞ � Weight after centrifuging ðgÞ
Weight before centrifuging ðgÞ � 100
tube. Batter (20 § 0.5 g) was stuffed onto the mesh. The
tube was loosely closed to avoid the possible effect of
vapor pressure, then cooked to a core temperature of 63,
73, or 83°C using a water bath (WB-22, Daihan Scien-
tific, Wanju, Korea) at 75, 85, or 95°C. Subsequently,
the tube was cooled to room temperature (20 § 2°C) for
12 h. The weight of cotton-absorbing water and lipid
loss were then measured. To determine the water con-
tent, the cotton was dried in a drying oven at 105°C for
3 h (DS-520L, Daewon Science, Bucheon, Korea). The
water and lipid loss from the batter was calculated as a
percentage using the following equation:

Water loss ð%Þ ¼ A � C

Weight of batter ðgÞ � 100

Lipid loss ð%Þ

¼ A � B

Weight of batter ðgÞ � 100 �water loss %ð Þ

where A is the weight of the cotton after cooking, B is
the weight of cotton before cooking, and C is the weight
of cotton after drying.
pH Value

One gram of chopped sausage sample was diluted 10-
fold with distilled water and homogenized for 30 s (T10
Basic, Ika Works, Staufen, Germany), and the pH of the
homogenate was measured using a pH meter (SevenGo2,
Mettler-Toledo International Inc., Schwerzenbach,
Switzerland).
Cooking Yield

The cooking yields were determined from the weight
of the sausages before and after cooking.

Cooking yield ð%Þ

¼ Weight of cooked sample ðgÞ
Weight of raw sample ðgÞ � 100
Expressible Fluid

The centrifugation method was used to measure the
expressible fluid of the cooked sausages (Shin et al.,
2020). The sausage sample (5 g) was chopped and placed
on a filter paper and centrifuged at 252 £ g for 10 min
(Continent 512R, Hanil Co., Ltd., Incheon, Korea). The
percentage of expressible fluid was calculated using the
following formula:
Water Content

The water content of the sausages was determined
using the official methods of the AOAC International
(Horwitz and Latimer, 2006). The ground sample (3 g)
was weighed on an aluminum dish. The dish was placed
in a drying oven at 105°C for 16 h (DS-520L, Daewon
Science). The water content was calculated based on the
weight loss from the sample after drying.

Water content ð%Þ

¼ 1� Weight of sample after drying ðgÞ
Weight of sample ðgÞ

� �
� 100
Lipid Content

Lipid content was analyzed by Soxhlet extraction
(Horwitz and Latimer, 2006). Briefly, 1.5 g of ground
sample was placed in a round filter paper and dried in a
105°C dry oven for 16 h (DS-520L, Daewon Science).
The paper was then placed in a Soxhlet extractor to
extract lipids from the sample. The extraction was per-
formed for 12 h using ethyl ether, and the weight of the
extracted lipid per total sample weight was presented as
a percentage.
2-Thiobarbituric Acid Reactive Substances
Value

Lipid oxidation was assessed by the 2-Thiobarbituric
Acid Reactive Substances (TBARS) method
(Kim et al., 2020). Five grams of the sample was blended
for 30 s at 9,600 rpm using a homogenizer (T10 Basic,
Ika Works, Staufen, Germany) with 15 mL distilled
water and 50 mL of 7.2% (w/v) tert-butyl-4-hydroxyani-
sole ethanol solution. In a new tube, 2 mL of the homog-
enate was added to 4 mL of 0.02 M thiobarbituric acid
in 15% (w/v) trichloroacetic acid. Tubes were capped
and vortexed, heated in a 90°C water bath (WB-22, Dai-
han Scientific) for 30 min to develop the color, and
cooled with tap water for 10 min. The absorbance of the
reacted solution was measured at 532 nm using a UV/
VIS spectrophotometer (X-ma 3100, Human Co. Ltd.,
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Seoul, Korea). The TBARS value was expressed as mg
of malondialdehyde (MDA)/kg sausage as follows:

TBARS ðmg MDA=kgÞ ¼
absorbance of sample � absorbance of blank sampleð Þ
� 5:58
Texture Profile Analysis

Sausage samples (ø 2.5 cm) were cut to a height of
2 cm and analyzed using a texture analyzer (TA1, AME-
TEK Lloyd Instruments Ltd., Fareham, UK). With an
attached ø 70 mm compression plate, the analyzer was
subjected to compress the samples twice perpendicularly
to 60% of their original height (test speed of 2.0 mm/s,
trigger force of 0.1 newton). The acquired data were ana-
lyzed using the NexygenPlus software program (AME-
TEK Lloyd Instruments Ltd.). The hardness (Newton,
N), cohesiveness, springiness, chewiness (N), and gum-
miness (N) were recorded.

Color Analysis

The color of the pork backfat, olive oil, and sausage
surface was measured using a colorimeter (CM-5, Konica
Minolta Co., Ltd., Osaka, Japan) with an 8-mm measur-
ing area. Standard black and white calibration plates
(CM-A210, Konica Minolta Co., Ltd.) were used for cali-
bration. The lightness (L�; + brightness, � darkness),
redness (a�; + redness, � greenness), and yellowness
(b�; + yellowness, � blueness), chroma (C*), and hue
angle (h) were recorded.
Confocal Laser Scanning Microscopy

Confocal laser scanning microscopy (CLSM) was per-
formed according to the method described by
Liu et al. (2016). The cooked sausage specimen was pre-
pared by slicing the sausage at a thickness of 3 mm using
a razor blade. The fluorescent dye, 0.2% Nile blue A sul-
fate (w/v, certified by the Biological Stain Commission,
Sigma-Aldrich, Saint Louis, MO) was prepared with
deionized water and pipetted onto the specimen. It was
allowed to be absorbed into the specimen at room tem-
perature for 10 min. Micrographs of the samples were
obtained using a confocal laser scanning microscope
(SP8X, Leica, Wetzlar, Germany). The 488 nm and
633 nm lasers were used to excite in the lipid phase
(green) and the protein phase (red), respectively. Emis-
sion spectra were collected from 500 to 650 nm for the
lipid phase and 650 to 800 nm for the protein phase, and
the images were overlaid.
Statistical Analysis

All experiments were performed in triplicate with
three separate batches of sausage manufacturing. Statis-
tical analysis for the combined effect of cutting time and
cooking temperature was performed using one-way anal-
ysis of variance (ANOVA), and significant differences
were identified using the Student−Newman−Keuls mul-
tiple range test in the SAS statistical software program
(SAS, Release 9.4; SAS Institute Inc., Cary, NC) with a
significance level of P < 0.05. To identify significant dif-
ferences (P < 0.05) between treatments, a t test was per-
formed using Excel 365 (Microsoft, Redmond, WA).
RESULTS AND DISCUSSION

Emulsion Stability

The stability of the meat emulsion to hold water and
lipids in its matrix is one of the most important quality
parameters for emulsion-type sausages. The emulsion
stability of sausages formulated with pork backfat or
olive oil with combinations of cutting time and cooking
temperature is shown in Table 1. In the meat batters
with pork backfat, emulsion stability tended to decrease
with increasing cooking temperature (P < 0.05). How-
ever, no differences were found with respect to the cut-
ting times.
Among the olive oil meat batters, the emulsion stabil-

ity at cooking temperatures of 63 and 73°C significantly
increased with increasing cutting time. At a cutting
time of 60 s and cooking temperature of 73°C, the lowest
percentage of water and lipid release was observed (P <
0.05). At a cutting time of 30 s, the lipid loss in the emul-
sion with olive oil was higher than that with pork back-
fat (P < 0.05). Usually, the optimal temperature for
gelation of myofibrillar protein is reported to be between
70 and 80 °C (Wu et al., 2020). At this temperature, the
protein is moderately denatured and forms a gel with
the maximum capability of holding water. When the
cooking temperature is above 80°C, the excessive dena-
turation and aggregation of myofibrillar protein results
in a denser structure, which may lower the retention of
water in the protein structure (Promeyrat et al., 2010).
Also, the temperature-dependent increase in water loss
during cooking due to shrinkage of the whole fiber has
been reported (Tornberg, 2005). Consistent with these
reports, the cooking temperature of olive oil meat bat-
ters at 83°C induced significantly higher water and lipid
loss in the present study.
Several factors may have contributed to these results.

1) Different lipid characteristics: because the olive oil used
had higher unsaturated fatty acids than did pork backfat,
it was more fluid at room temperature. Youssef and Bar-
but (2010) reported that the hardness of fat plays an
important role in emulsion stability. In their work, it was
shown that sausages with solid animal fat had higher
emulsion stability than those with fluidic plant oils.
Therefore, the different phases of the lipids used could be
a reason for the relatively higher lipid loss from olive oil
sausages in the present study. In addition, the cell mem-
brane of fat cells could be another factor for fat stabiliza-
tion in meat products (Sun and Holley, 2011). 2) Fine
dispersion of oil droplets: The CLSM images exhibited
fine distribution of olive oil (Figure 3). According to
Liu et al. (2016) and Youssef and Barbut (2010), evenly
distributed small lipid droplets result in higher emulsion



Table 1. Emulsion stability of chicken meat emulsion with pork backfat or olive oil with varying combinations of cooking temperature
and cutting time.

Traits Lipid type Cutting time (s)

Cooking temperature (°C)

SEM163 73 83

Water and lipid loss (%) Pork backfat 30 3.73c,y 8.11b,x 10.02a,y 0.407
45 3.14b,y 8.85a,x 10.50a,y 0.565
60 2.69b,y 9.00a,x 10.16a,y 0.358

Olive oil 30 9.93b,x 8.96b,x 18.26a,x 0.900
45 5.89b,y 3.83b,y 17.37a,x 1.519
60 5.10b,y 2.49b,y 15.62a,x 0.928
SEM2 1.482 0.953 0.709

Water loss (%) Pork backfat 30 3.28c 7.46b,x 9.43a,y 0.378
45 2.98b 8.24a,x 9.75a,y 0.492
60 2.52b 8.29a,x 9.52a,y 0.358

Olive oil 30 5.35b 4.25b,y 14.42a,x 0.553
45 4.08b 2.43b,z 15.62a,x 0.661
60 4.90b 2.28b,z 14.51a,x 0.922
SEM2 0.999 0.419 0.516

Lipid loss (%) Pork backfat 30 0.46y 0.65y 0.59y 0.089
45 0.16b,y 0.61a,y 0.75a,y 0.083
60 0.17b,y 0.71a,y 0.64a,y 0.060

Olive oil 30 4.58x 4.71x 3.84x 0.748
45 1.80y 1.40y 1.75y 1.268
60 0.20b,y 0.21b,y 1.11a,y 0.036
SEM2 1.160 0.784 0.326

a-cMeans within the same row with different superscripts differ significantly (P < 0.05).
x-zMeans within the same column with different superscripts differ significantly (P < 0.05).
1Standard error of means (n = 9).
2Standard error of means (n = 18).
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stability after cooking. They explained this phenomenon
using the physical entrapment theory. That is, the fat
cannot easily permeate the finely structured hydrophilic
protein gel. Therefore, it can be held in meat emulsions.
Similarly, Jim�enez-Colmenero et al. (2010) found
improvement in the emulsion stability of sausages by
substituting pork backfat with a pre-emulsion of olive oil
Table 2. The pH, cooking yield, and expressible fluid of emulsion-typ
combinations of cooking temperature and cutting time.

Traits Lipid type Cutting time (s)

pH Pork backfat 30
45
60

Olive oil 30
45
60
SEM2

Cooking yield (%) Pork backfat 30
45
60

Olive oil 30
45
60
SEM2

Expressible fluid (%) Pork backfat 30
45
60

Olive oil 30
45
60
SEM2

a-cMeans within the same row with different superscripts differ significantly (
x,yMeans within the same column with different superscripts differ significan
1Standard error of means (n = 9).
2Standard error of means (n = 18).
and various proteins. Moreover, the same authors noted
the good thermal stability of these pre-emulsions, in
which lipids are well incorporated into the protein matrix
due to their smaller particles. 3) Higher emulsion stability
in olive oil batters may be induced by increased hydro-
phobicity through moderate cooking temperature and
prolonged cutting time. Liu et al. (2016) reported that
e chicken meat sausages with pork backfat or olive oil with varying

Cooking temperature (°C)

SEM163 73 83

6.19x 6.20x 6.21x 0.004
6.20x 6.19x 6.21x 0.016
6.22x 6.21x 6.21x 0.006
5.92y 5.97y 5.91y 0.020
5.92y 5.94y 5.96y 0.025
5.94y 5.94y 5.88y 0.037
0.018 0.013 0.029
96.72a,x 96.61a,x 87.67b 1.283
96.74a,x 96.22a,x 91.49b 0.194
96.11a,x 96.58a,x 90.35b 0.638
94.30y 91.39y 87.75 2.820
93.80by 96.90a,x 87.25c 0.251
93.01a,y 94.45a,x 86.81b 0.733
0.410 0.850 2.185
17.07y 17.63y 14.52 1.268
17.84y 17.27y 14.39 1.661
15.41y 17.01y 14.50 1.380
27.74x 27.49x 20.40 2.516
20.48y 22.77x,y 17.76 3.117
20.21y 18.64y 15.00 1.360
2.031 2.728 2.301

P < 0.05).
tly (P < 0.05).
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the hydrophobicity of meat proteins has an effect on the
stabilization of hydrophobic lipids. The hydrophobicity
can be changed according to the increase in temperature
of the meat batter. Tornberg (2005) explained that the
emulsifying and fat-binding properties of myofibrillar pro-
teins are affected by cooking temperature. The functional
properties of proteins can be improved by changing their
hydrophobicity under moderate cooking (Tornberg, 2005).
An increase in cutting time can also increase the tempera-
ture of the meat batter and induce a change in its hydro-
phobicity, along with a change in oil distribution
(Tomas et al., 2007). It seemed that the combination of
cutting time (60 s) and cooking temperature (73°C)
resulted in optimal hydrophobicity and oil distribution
for emulsification of olive oil. The hypothesis suggested
here should be further studied by determining the
detailed lipid structure and protein-lipid interactions in
meat emulsions.
pH, Cooking Yield, and Expressible Fluid

The pH value of the pork backfat sausages was higher
than that of the olive oil sausages (P < 0.05, Table 2).
While no differences among the combinations of process-
ing conditions were observed in terms of pH. The
decrease in pH due to replacement of pork backfat in
sausage with olive oil has been previously reported by
Utrilla et al. (2014). They reported that the acidity of
olive oil could affect the pH of the sausages. In general,
the pH value of meat products profoundly affects quality
properties such as cooking yield, water holding capacity,
and emulsion stability (Kuo and Chu, 2003). However,
Table 3. Water content, lipid content, and TBARS value of emulsion
combinations of cooking temperature and cutting time.

Traits Lipid type Cutting time (s)

Water content (%) Pork backfat 30
45
60

Olive oil 30
45
60
SEM2

Lipid content (%) Pork backfat 30
45
60

Olive oil 30
45
60
SEM2

TBARS (mg MDA/g sample)3 Pork backfat 30
45
60

Olive oil 30
45
60
SEM

a-cMeans within the same row with different superscripts differ significantly (
x-zMeans within the same column with different superscripts differ significan
1Standard error of means (n = 9).
2Standard error of means (n = 18).
3MDA, malondialdehyde.
the effect of pH on the quality properties of sausages was
not obvious in this study. This means that the effect of
cutting time and cooking temperature was likely more
influential than pH. In the sausages with pork backfat,
the cooking yields tended to decrease with increasing
cooking temperature (P < 0.05). The sausage with olive
oil at a cutting time of 60 s and cooking temperature of
73°C had similar cooking yields to those of the sausages
with pork backfat.
As the oil was fluidic because of its high unsaturated

fatty acid content, it was easily extracted from meat
batter by centrifugation. An increase in cutting time
reduced the expressible fluid in olive oil sausages. Espe-
cially, olive oil sausages with a cutting time of 60 s and
cooking temperature of 73°C induced less expressible
fluid among the olive oil sausages with the same cooking
temperature. These values were similar to those of pork
backfat sausages. The lower expressible fluid of olive oil
sausages with a cutting time of 60 s and cooking temper-
ature of 73°C can be explained with reference to the
CLSM image (Figure 3). Under this condition, olive oil
was finely incorporated into the protein gel matrix; in
this way, the holding of water and oil within the struc-
ture of meat proteins can be achieved (Liu et al., 2016).
Water Content, Lipid Content, and TBARS
Value

As shown in Table 3, the water and lipid contents of
the sausages appeared to be influenced by emulsion sta-
bility, as well as cooking yield (Tables 1 and 2). The
water content of sausages with olive oil was lower at
-type chicken sausages with pork backfat or olive oil with varying

Cooking temperature (°C)

SEM163 73 83

65.41a 63.68a,b,xyz 59.28b,y 1.326
62.73 62.65yz 62.50x 0.559
65.23 65.90x 65.54x 1.027
65.22 64.87xy 62.53x 0.745
60.91a,b 61.77a,z 59.02b,y 0.604
61.69a 60.76a,z 58.77b,y 0.427
0.677 0.794 0.815
12.54xy 15.99 14.59 1.331
14.58xy 11.93 14.13 2.051
11.59xy 15.57 12.78 1.546
9.15y 9.64 9.34 1.407
13.09xy 13.49 12.74 0.444
15.53x 15.01 14.16 1.444
1.233 1.399 1.685
0.64x 0.66x 0.55x 0.028
0.72x 0.64x 0.63x 0.027
0.69b,x 0.79a,x 0.64b,x 0.020
0.18y 0.16y 0.19y 0.044
0.18a,y 0.15b,y 0.18a,y 0.034
0.16a,y 0.18b,y 0.17a,y 0.044
0.026 0.046 0.027

P < 0.05).
tly (P < 0.05).



Table 4. Textural parameters of emulsion-type chicken sausages with pork backfat or olive oil with varying combinations of cooking
temperature and cutting time.

Traits Lipid type Cutting time (s)

Cooking temperature (°C)

SEM163 73 83

Hardness (N) Pork backfat 30 24.25z 26.51y 30.35xy 1.430
45 27.95z 31.16y 32.14xy 1.001
60 26.78z 29.17y 33.61xy 1.684

Olive oil 30 22.68b,z 28.27a,y 26.92a,y 0.807
45 40.55x 46.08x 39.16xy 4.312
60 31.46b,y 47.92a,x 42.82a,x 3.015
SEM2 1.835 3.044 2.889

Springiness Pork backfat 30 0.77 0.77y 0.73 0.027
45 0.82 0.75y 0.75 0.019
60 0.81 0.73y 0.77 0.025

Olive oil 30 0.75 0.87x 0.69 0.071
45 0.73 0.78y 0.71 0.033
60 0.68 0.85x 0.76 0.039
SEM2 0.060 0.025 0.029

Gumminess (N) Pork backfat 30 6.16 6.96yz 7.24xy 0.504
45 8.03 8.70xy 8.48xy 0.398
60 8.24 8.00yz 9.18xy 0.884

Olive oil 30 6.47 5.66z 5.23y 1.101
45 9.98 9.62xy 8.92xy 1.059
60 7.25b 11.12a,x 10.90a,x 0.787
SEM2 0.933 0.745 0.891

Chewiness (N) Pork backfat 30 4.74 5.35y 5.36xy 0.529
45 6.60 6.52y 6.35xy 0.402
60 6.71 5.83y 7.18x 0.826

Olive oil 30 5.25 4.99y 3.67y 1.399
45 7.35 7.48xy 6.20xy 0.863
60 5.04b 9.39a,x 8.29a,x 0.785
SEM2 1.136 0.805 0.755

Cohesiveness Pork backfat 30 0.25y 0.26xy 0.24 0.015
45 0.29xy 0.28x 0.26 0.010
60 0.31x 0.27xy 0.27 0.019

Olive oil 30 0.28 0.20z 0.19 0.041
45 0.25 0.21z 0.23 0.015
60 0.23 0.23yz 0.26 0.014
SEM2 0.255 0.011 0.018

N, Newton.
a,bMeans within the same row with different superscripts differ significantly (P < 0.05).
x-zMeans within the same column with different superscripts differ significantly (P < 0.05).
1Standard error of means (n = 9).
2Standard error of means (n = 18).
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cutting times of 45 and 60 s than of 30 s in cooking tem-
perature of 73°C. Because of the higher lipid content of
these samples, their water content was determined to be
proportionally lower (Okeudo and Moss, 2005). Con-
versely, the sausages with olive oil had a relatively lower
lipid content and higher water content in the present
study. The differences between the lipid types were not
obvious.

The TBARS values, indicating the level of lipid
oxidation, exhibited no clear tendency under different
processing conditions (Table 3). All TBARS values of
sausages were below 0.8 mg MDA/kg meat, which is
the sensorial detection threshold for warmed-over fla-
vor in chicken meat (Cortinas et al., 2005). However,
it was clearly shown that the sausages with olive oil
had lower TBARS values than those with pork back-
fat (P < 0.05, Table 3). The lower lipid oxidation of
the olive oil sausages, even though olive oil has high
oxidation-susceptible unsaturated fatty acid content,
was due to the presence of natural antioxidants. An
increase in the oxidative stability of meat products
with olive oils has been reported in numerous studies
(Rodriguez-Carpena et al., 2012; Triki et al., 2013).
This research explains that vitamin E, vitamin K,
carotenoids, and various polyphenols in olive oil have
antioxidant effects.
Textural Properties

Hardness tended to increase with increasing cutting
time in the sausages with olive oil at cooking tempera-
tures of 73 and 83°C (Table 4). Regardless of the cooking
temperature, the hardness at cutting times of 45 and 60 s
was higher than that at 30 s in olive oil sausages. This is
a good indication for a well-formed emulsion, as the
emulsion stability and cooking yield in olive oil sausage
were also higher with higher hardness (Tables 1 and 2).
Youssef and Barbut (2010) reported the same phenome-
non: a well-emulsified canola oil sausage with higher
emulsion stability resulted in higher hardness. In the
present study, the hardness values of the sausages with
olive oil at cutting times of 45 and 60 s at cooking tem-
perature of 73°C were higher than those of sausages with



Table 5. Color parameters of emulsion-type chicken sausages with pork backfat or olive oil with varying combinations of cooking tem-
perature and cutting time.

Traits Lipid type Cutting time (s)

Cooking temperature (°C)

SEM163 73 83

L* Pork backfat 30 82.99b,x 83.66a,x 83.48ab,x 0.142
45 83.34b,x 84.34a,x 84.10a,x 0.158
60 83.78b,x 84.31ab,x 84.81a,x 0.209

Olive oil 30 76.99z 77.01z 76.16z 0.444
45 81.70xy 80.27y 79.39y 0.846
60 80.25y 81.78y 80.65y 0.647
SEM2 0.698 0.535 0.545

a* Pork backfat 30 1.03c,x 1.17b,x 1.50a,xy 0.023
45 1.08b,x 1.13b,x 1.66a,x 0.045
60 0.92b,x 1.10b,x 1.43a,xy 0.061

Olive oil 30 1.20b,x 1.28b,x 1.68a,x 0.092
45 0.34b,y 0.64ab,y 1.13a,y 0.182
60 0.60y 0.35y 0.77z 0.125
SEM2 0.136 0.128 0.111

b* Pork backfat 30 14.41a,y 13.91b,z 13.60c,z 0.073
45 14.22y 13.89z 13.57z 0.152
60 13.99a,y 13.59b,z 13.29c,z 0.057

Olive oil 30 19.39x 20.45x 20.77x 0.067
45 17.68x 18.84xy 17.44y 0.851
60 18.09a,x 17.51ab,y 16.42b,y 0.378
SEM2 0.657 0.547 0.559

C* Pork backfat 30 14.45a,y 13.96b,z 13.68c,z 0.072
45 14.26xy 13.94z 13.67z 0.151
60 14.02a,y 13.64b,z 13.37c,z 0.057

Olive oil 30 19.43x 20.50x 20.84x 0.688
45 17.68x 18.85xy 17.48y 0.858
60 18.11a,x 17.51ab,y 16.44b,y 0.380
SEM2 0.658 0.551 0.563

H Pork backfat 30 85.92y 85.17z 83.72z 0.112
45 85.68a,y 85.36a,yz 83.03b,z 0.209
60 86.25a,y 85.39a,yz 83.85b,z 0.258

Olive oil 30 86.43a,y 86.42a,y 85.38b,y 0.231
45 88.91a,x 88.10a,x 86.34b,y 0.433
60 88.13x 88.85x 87.30x 0.384
SEM2 0.407 0.317 0.298

a-cMeans within the same row with different superscripts differ significantly (P < 0.05).
x-zMeans within the same column with different superscripts differ significantly (P < 0.05).
1Standard error of means (n = 9).
2Standard error of means (n = 18).
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pork backfat (P < 0.05). These were comparable to sau-
sages made with transglutaminase (Lee et al., 2019), an
enzyme added to increase hardness.

Meanwhile, gumminess and chewiness presented the
same trend as hardness, because gumminess was calcu-
lated as hardness £ cohesiveness, and chewiness as
hardness £ cohesiveness £ springiness. The higher gum-
miness and chewiness show the capability of the meat
protein gel to store energy upon mechanical deformation
(Petridis et al., 2010). In line with the hardness value,
olive oil treatments at cutting times of 45 and 60 s at
cooking temperature of 73°C also had similar gumminess
and chewiness compared with the fat treatments. This
can be explained by the stronger and more elaborate
bonds among the meat proteins in the emulsion.
Wu et al. (2020) reported that the texture of meat prod-
ucts is affected by the retention of water and lipids within
such products. In the present study, treatments that
exhibited low water and fat content on emulsion stability
had higher hardness (Tables 1 and 4). Moreover, finely
distributed small lipid droplets (Figure 3) can affect the
formation of texture. Liu et al. (2016) reported that small
lipid droplets are favorable for forming a strong interfacial
protein film of meat protein around each fat.
Color

The color values were significantly different for both
lipid types and processing conditions (Table 5). Gener-
ally, these differences are based on the indigenous colors
of raw materials. The utilized fat had white-pink color
(L*, 75.85; a*, 1.78; b*, 11.47; C*, 11.61; h 81.21) and
olive oil had its own yellow-gold color (L*, 35.07; a*,
- 1.92; b*, 31.47; C*, 31.53; h, 93.49). Thus, the produced
olive oil sausages generally had lower L* and a* values
and higher b*, C*, and h values than the pork backfat
sausages. In previous studies, lower a* and/or L* values
and higher b* values of olive oil sausages than those of
pork backfat sausages have been reported (Choi et al.,
2009; Shin et al., 2020).
The a* values of olive oil sausages differed signifi-

cantly according to the processing conditions. It has
been reported that emulsion stability can affect meat
color (Jeong and Han, 2019). In the present study, treat-
ments with higher emulsion stability generally had lower
a* values. Therefore, the olive oil sausage with a cutting
time of 60 s and cooking temperature of 73°C also had a
relatively low a* value among olive oil treatments. This
might be due to the negative a* value of olive oil used.



Figure 2. CLSM images of chicken sausages with pork backfat with varying combinations of cooking temperature and cutting time. Bar,
0.1 mm. Lipid phase, green; protein phase, red. Abbreviation: CLSM, confocal laser scanning microscopy.
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Usually, the development of red color in meat products
is important, because consumers expect a red color in
conventional meat products (Yong et al., 2019). How-
ever, the concept of weisswurst, white sausages, seems
feasible based on the white color of cooked chicken meat
and olive oil, as well as the additive-free trend.
CLSM

The CLSM images of the sausages exhibited different
distributions of lipid (green) and protein (red) phases
according to the combinations of cutting time and
cooking temperature (Figures 2 and 3). In the pork
backfat sausage, structural changes due to cooking
temperature were not observed. While a change attrib-
utable to cutting time was observed. As the cutting
time increased, the number of large fat droplets
decreased. Regarding olive oil treatments, the same
tendency by the cutting time was shown more clearly.
At 30 s of low cutting time, larger and irregularly
shaped lipid droplets were observed. These structures
caused inferior quality properties, such as high loss of
water and oil, as well as lower cooking yield (Liu et al.,
2016). With the increase in cutting time, the lipid drop-
lets of olive oil were distributed well in a globular
shape. Olive oil sausages with cutting times of 45 and
60 s had smaller and more regular oil distribution than
that of sausages cut for 30 s, except for the sausage
with a cutting time of 45 s and cooking temperature of
63°C. The formation of this difference in structure
could be affected by the cooking temperature.
Increased cooking temperature can increase the hydro-
phobicity of chicken meat proteins (Lesi�ow and
Xiong, 2001). Thus, higher temperature could result in
a favorable condition, allowing incorporation of the oil
into the meat structure by protein-lipid interactions
with hydrophobic olive oil treatments at cooking tem-
peratures of 73 and 83°C. However, an excessive
increase in cooking temperature could induce more
denaturation and aggregation of myofibrillar proteins,
producing a denser structure that may lower the reten-
tion of water in the protein structure (Promeyrat et al.,
2010). As the emulsion stability and cooking yield were
significantly lower at a cooking temperature of 83°C,



Figure 3. CLSM images of chicken sausages with olive oil with varying combinations of cooking temperature and cutting time. Bar, 0.1 mm.
Lipid phase, green; protein phase, red. Abbreviation: CLSM, confocal laser scanning microscopy.
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this condition could be considered inappropriate,
although it exhibited a well-emulsified structure.
CONCLUSIONS

Combinations of different cutting times and cooking
temperatures significantly influenced the physicochemi-
cal properties of chicken sausages with olive oil. The
olive oil sausage with a cutting time of 60 s and cooking
temperature of 73°C had better or similar results to the
pork backfat sausage in terms of emulsion stability,
cooking yield, expressible fluid, and texture. This may
be due to changes in lipid-droplet distribution and pro-
tein-lipid interactions. Olive oil sausages showed better
stability, in terms of lipid oxidation, than did fat sau-
sages. For the production of high-quality chicken sau-
sage with olive oil, an elongated cutting time of 60 s and
a cooking temperature of 73°C are recommended. Fur-
ther experiments to prove the proposed hypothesis for
protein-lipid interactions and evaluate the sensory qual-
ity of the products are worth pursuing.
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