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In the study, the oleogel developed by lecithin/sorbitol monostearate (SMS) with canola oil was prepared and used as lamb fat
replacer (0, 25, 50, 75, and 100%) for lamb sausage. Lecithin/SMS-canola oil oleogel decreased the cooking loss, hardness,
springiness, chewiness and resilience of sausage, without affecting the cohesiveness. The ratio of unsaturated to saturated fatty
acid increased from 1.12 to 3.38 as the replacement increased from 0 to 100%, presenting a health implication. The sensory
scores showed no significant difference when the replacement was lower than 50%. The TBARS values of treatment groups
were significantly lower than the control after 24 d storage, indicating the retard of lipid oxidation. These findings suggest that
50% replacement of lamb fat with lecithin/SMS-canola oil oleogels may be the optimal for lamb sausages, which provide new

information for developing healthy meat products.

1. Introduction

Fat, one of the major nutrients in food, exhibits various
functions in food matrix, contributing to food flavor and
texture [1]. In meat products, fat greatly contributes to the
sensory properties, such as hardness, juiciness, and flavor.
However, the animal fat is regarded as less healthy due to
the high levels of saturated fatty acids, which are related to
diabetes, endothelial dysfunction, inflammation, oxidative
stress, metabolic syndrome, etc. [2, 3]. Vegetable oil has high
contents of unsaturated fatty acids and is healthier than ani-
mal fat [4]. Nieto and Lorenzo [5] reported that olive oil
could be used as a fat substitute in meat emulsions to pro-
duce healthier meat products. Nevertheless, vegetable oil is
different from animal fat in terms of viscosity, color, and fla-
vor, which may lead to negative impacts on the quality of
meat products if directly added to replace animal fat [6].
Oleogel, a solid fat formed by gelatinization using vege-
table oil and organic gelator (s), has been studied as a prom-
ising fat substitute [7]. It is rich in vegetable oils (>97%, wt)

and can mimic the properties of fat due to its ability to hold
the liquid phase with the three-dimensional network struc-
ture via hydrogen bonds, van der Waals forces, covalent
bonds, or ionic interactions (Dsc, Ak, Abl, & Rpb, 2022;
[8]). Several studies have reported that oleogel can partially
replace animal fat and improve product quality and fatty
acid profile. Da Silva et al. [9] produced a healthier Bologna
sausage with reduced fat content, cholesterol, and energy
values using an oleogel formed with pork collagen and high
oleic sunflower oil (HOSO). Since canola oil contains the
highest level of unsaturated fatty acids among vegetable oils,
especially the high contents of oleic acid and linoleic acid, it
was widely used for preparing oleogel as the animal fat
replacer [10]. Gao et al. [11] applied canola oil oleogel with
10% beewax to replace beef fat and found that this oleogel
significantly decreased the saturated fatty acid concentration
and cooking loss of beef patties. However, the tunability of a
single gelator-oil system is relatively low [12], which limits
its application to totally imitate the multiple functions of
animal fat [13]. Recently, composite gelators were used to
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produce the oleogel with higher tunability. Yang et al. [14]
mixed emulsified oil with xanthan gum and konjac gluco-
mannan (KGM) to produce a softer and higher elastic oleo-
gel and compared the oleogel with a single gelator. It was
found that 5% phytosterol (PS) enhanced the hardness, gel
strength, and structural properties of glycerol monoester-
(GM-) olive oil oleogel [15].

Lecithin and sorbitan monostearate (SMS) are widely
used in organogel systems as emulsifiers and gelators. Leci-
thin is a surfactant and a dietary supplement with a lot of
functions, such as lowering cholesterol level, increasing
serum choline level, and enhancing memory [16]. Han
et al. [17] studied lecithin/sorbitol stearate (STS) oleogel
and found that lecithin formed needle-like or flaky crystals
when it was used as a crystal modifier of STS, forming a bet-
ter gel network. SMS is biocompatible and nonirritating;
hence, it is generally applied in the development of cosmetic,
medicine, and food as a structural modifier [18]. Peltonen
and Yliruusi [19] investigated the interfacial pressure, hys-
teresis, interfacial tension, and critical micelle concentration
of SMS at the water-gas, water-oil, and oil-gas interfaces and
found that SMS reduced the interfacial tension, forming a
more stable and elastic emulsion. In addition, due to the
close packing of SMS molecules, it contributes to a higher
stability of gel network. However, to our knowledge, little
has been known about the feasibility of the oleogel formed
by lecithin/sorbitol monostearate with canola oil as a lamb
fat replacer for lamb sausage.

In this study, an oleogel was prepared using lecithin,
SMS, and canola oil, and this oleogel was used as lamb fat
replacer (0, 25, 50, 75, and 100%) for the production of lamb
sausage. Effects of different proportions of oleogel on the
components (water, fat, protein, and ash), texture, and fatty
acid composition of the cooked sausages before storage, as
well as the color, pH, and thiobarbituric acid reactive sub-
stances (TBARS) values of sausage during storage were
determined. The objectives were to investigate the effect of
lecithin/SMS-canola oil oleogel on the fatty acid composi-
tion and physicochemical properties, explore the feasibility
of this oleogel as a new animal fat replacer, and provide
information for developing healthier products in meat
industry.

2. Materials and Methods

2.1. Chemicals and Reagents. Canola oil (Kerry Specialty Fats
Co., Shanghai, China), salt (National Salt Industry Group
Co., Beijing, China), Chinese five spice (Meishijia Food
Co., Taizhou, China), fresh Ningxia Tan-sheep lamb (Ning
Xia Xin Hai Co., Yinchuan, China), and cooking wine (Hai-
tian Flavoring and Food Co., Foshan, China) were used in
this experiment. Span 60 and lecithin were obtained from
Xintai Changsheng Biological Co., Ltd. (Yinchuan, China).
Methanol, n-heptane, and isooctane were supplied by the
Aoyan Experimental Equipment Co., Ltd. (Fuzhou, China)
and were chromatographically pure. Other reagents were
from Damao Chemical Factory (Tianjin, China) and were
of analytical grade.
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2.2. Preparation of Oleogel and Lamb Sausage. Oleogel was
prepared according to Harris et al. [20] with slight modifica-
tion. Briefly, canola oil (100 g) was heated to 80°C. Lecithin
(5.6g) and SMS (22.4g) were added and stirred at 800 rpm
for 30min using a digital thermostatic magnetic stirrer
(DF-101S, Weier Experiment Equipment Co., Shenzhen,
China). After lecithin and SMS were completely dissolved,
the solution was cooled at 25°C for 24 h until it formed a
solid oleogel block. The oleogel was stored at 4°C for 2d
for complete stabilisation until further use.

All lamb fat was firstly separated from the lean of fresh
lamb hind legs. The lean was cut into small cubes and chopped
using a food processor (FP3010, Braun, Kronenberg,
Germany). Lean meat was added with 2%o composite phos-
phate (sodium tripolyphosphate : sodium pyrophosphate :
sodium hexametaphosphate =2 : 2 : 1, w/w/w) and 10% ice
water and chopped at 600 rpm for 5 min, followed by the addi-
tion of 2% salt and chopping at 1,400 rpm for 1 min. The mix-
ture was added with 3% sugar, 3% white wine, 0.5% Chinese
five spice, 1% soy sauce, and 10% ice water and chopped at
3,000 rpm for 2 min. After the addition of 15% starch and
2%o transglutaminase (TGase) as well as the chopping at
3,000 rpm for 1 min, lamb fat and oleogel were added accord-
ing to Table 1 and further mixed at 1,400rpm for 1min.
Totally, 0, 25, 50, 75, and 100% of lamb fat were replaced by
lecithin/SMS-canola oil oleogel. All percentages were based
on the weight of meat, and the temperature during whole
chopping process was 10-12°C. The meat batter was cured at
4°C for 24h and then filled into 19 mm collagen casings. The
raw sausage was set at 55°C for 30 min, heated at 80°C for
30 min, and steamed for 20 min. After cooling to room tem-
perature, the sausage was stored at 4°C and used within 1 d,
except for the storage indicators. For the storage indicators,
the sausage was kept at a temperature of 4°C and a humidity
of 80% for 24 d. Color, pH, and TBARS values of the samples
were tested on days 1, 6, 12, 18, and 24.

2.3. Physicochemical Properties of Canola Oil, and Oleogel.
The content of moisture and acid, peroxide, and iodine
values of canola oil and oleogel were determined according
to ISO 662 (2016) [21], ISO 660 (2020) [22], ISO 3960
(2017) [23], and ISO 3961 (2018) [24], respectively.

2.4. Proximate Composition of Lamb Sausage. The contents
of moisture, protein, fat, and ash were determined according
to ISO 1442 (1997) [25], ISO 5983-1 (2005) [26], ISO 1443
(1973) [27], and ISO 936 (1998) [28], respectively.

2.5. Fatty Acid Analysis. Fatty acids of canola oil, oleogel,
and lamb sausage were extracted and determined according
to ISO 18363-1 (2015) [29]. After methyl esterification, sam-
ples were analysed by GC-MS (GCMS-QP2010, Shimadzu,
Kyoto, Japan) equipped with a BPX-70 capillary column
(60m x 0.25 mm (id), 0.2 4 film thickness). The temperature
of FID detector (Shimadzu, Kyoto, Japan) was 280°C, the
split ratio was 100:1, and the injection volume was 1 uL.
The oven (YXD-Z303, Lechuang Network Technology Co.,
Foshan, China) was held at 100°C for 13 min, heated to
180°C at 2°C/min and kept for 6 min, then heated to 200°C
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TaBLE 1: Experiment grouping.

Group Lamb addition amount (%) Fat added (%) Addition of oleogel (%) Replacement ratio (%)
Control group T, 60 40 0 0
Treatment group T, 60 30 10 25
Treatment group T, 60 20 20 50
Treatment group T, 60 10 30 75
Treatment group T, 60 0 40 100

at 1°C/min and kept for 20 min, and finally heated to 230°C
at 4°C/min and kept for 10.5 min. Fatty acids were identified
based on the mass spectra databases and standard solutions.
The relative quantification was performed according to the
area of each fatty acid peak.

2.6. Cooking Loss. The sausages were weighed before heating
and after cooling. The cooking loss was calculated according
to Chen et al. [30] with the following formula:

_m

”12
— = x 100, 1
: (1)

Cookingloss (%)
where m, is the weight of sausage before heating, and m, is
the weight of sausage after cooling.

2.7. Texture Profile Analysis (TPA). Sausage texture was ana-
lysed according to Kim et al. [31] with slight modification.
Briefly, samples were cut into cylinders (with a height of
2cm and a diameter of 1.5cm) and analysed using a texture
analyser (TA-XT Plus, Stable Micro System Haslemere,
Godalmin, UK) with a P/50 probe. The parameters were pre-
test speed of 2 mm/s, midtest speed of 1 mm/s, posttest speed
of 1 mm/s, and trigger force of 5g. Each sample was axially
compressed to 50% of its initial height. Data of hardness,
springiness, cohesiveness, chewiness, and resilience were
recorded.

2.8. Color, pH, and TBARS Values. The color value of sau-
sage cross-section was determined using a portable colorim-
eter (CR400, Konica-Minolta, Kyoto, Japan) calibrated with
a standard white board. L* (lightness), a* (redness), and b*
(yellowness) values of each point on the central part of sau-
sage cross-section were measured.

Five grams of sausage were homogenised with 50 mL of
deionized water at 10,000 rpm for 1 min using a homogeni-
ser (PT45-80-GT, Kinematica, Luzern, Switzerland). The
pH value of homogenate was measured using a pH meter
(FE28, Mettler Toledo, Zurich, Swiss).

TBARS value was determined with a method modified
from Wang et al. [32]. Five grams of sample were mixed
with 25mL of 7.5% trichloroacetic acid (containing 0.1
EDTA), shaken for 30 min, and filtered through a Whatman
filter paper. Five milliliters of filtrate were mixed with 5mL of
0.02 M thiobarbituric acid (TCA) and heated in a boiling water
bath for 40 min. After cooling to room temperature, the absor-
bance value was measured at 532nm and 600 nm using an
UV-VIS spectrophotometer (T6, Sizhuo Medical Devices
Co., Jinan, China). According to Shibata et al. [33], 2 wave-

lengths were used in order to enhance the accuracy and sensi-
tivity of results. The TBARS value was expressed as the
content of malondialdehyde (MDA) per kg of sausage (mg
MDA /kg) and calculated according to the following formula:

(Aszy —Agyo) X 4.69x 10
m x 10

TBARS value = , (2)

where A532 and A600 are the absorbance values at 532 nm
and 600 nm, respectively; m is the weight of sample.

Color, pH, and TBARS values were measured on days 1,
6, 12, 18, and 24 and were done in triplicate independently.
TBARS value was expressed as mg MDA/kg lamb sausage.

2.9. Sensory Evaluation. Sensory descriptive analysis was
conducted by thirty experienced and trained sensory panel-
ists (15 females and 15 males, at the ages of 30-45). All of
the panelists were trained through three preliminary sessions
for sample familiarization by an expert in the meat science
laboratory in Ningxia University. Panelists were provided a
description table with the definition and the intensity scale
for each sensory attribute as the reference for scoring. They
were trained for the definitions to ensure that each panelist
applied the same evaluation criteria during sensory evalua-
tion. All participants received hard copies of the information
of this study and signed the informed consent.

Sensory evaluation was performed according to Chen et al.
[30] with slight modification. The sensory panels were carried
out in a sensory test laboratory with partitioned cabinets (ISO
8589, 2007) [34]. The tests consisted of three sessions that
were conducted on different days with the same panelists.
For every session, each panelist evaluated all treatments (T0-
T4). After heating in a microwave oven for 15s, lamb sausage
from each group was cut into pieces (2 to 3cm long) and
placed on white plates coded with a 3-digit random number.
Then, all the samples were immediately served to panelists.
Mineral water and unsalted crackers were provided between
samples to clean the palate. The panelists evaluated samples
in terms of each sensory attribute (appearance, color, odour,
tenderness, or overall acceptance) according to Table 2 with
the definition and the intensity scale.

2.10. Statistical Analysis. All assays were done in triplicate
independently. Data were analysed by one-way ANOVA
(Duncan’s Multiple Range Test) with least significant differ-
ence (LSD) test using SPSS 17.0 (International Business
Machines Co., Armonk, USA). The significance of difference
was set as P < 0.05.
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TaBLE 2: Sensory descriptors with definitions and intensity range.

Descriptive vocabulary

.. Int it
Definition ntensity

range

The casing is dry and complete and close to the meat filling, and the intestine is full without mold 8-10

The casing is slightly moist or sticky, easy to separate from the meat but not easy to break, with

Appearance mildew on the surface >-8
The casing is moist and sticky and easily separated from the meat, and easy to tear, with serious 1-5

mildew on the surface
The cut surface is shiny, the muscles are grayish red to rose red, and the fat is white or reddish 8-10
Color Part of the meat is shiny, the muscles are dark gray or brown, and the fat is yellow 5-8
The whole meat is dull, the muscle is dull, and the fat is yellow 1-5
The fat has no sour taste, no bad smell, and has the unique flavor of sausage 8-10
Odour Fat has a mildly rancid taste, and sometimes the meat filling has a sour taste 5-8
Fat has a heavier rancid taste 1-5
The meat is tender, tough, and chewy 8-10
Tenderness The meat is average, with a certain degree of toughness 5-8
Poor meat quality, no chewing 1-5
Overall happy to accept 8-10
Opverall acceptance Acceptable 5-8
Not very acceptable 1-5

3. Results and Discussion

3.1. Physicochemical Properties and Fatty Acid Composition
of Canola Oil and Lecithin/SMS-Canola Oil Oleogel. As
shown in Table 3, the acid, peroxide, and iodine values
of both canola oil and oleogel met the regulations of oil
[35]. The moisture content of oleogel was slightly higher
than that of canola oil since lecithin and SMS contained
water. Acid and peroxide values represent the degree of
deterioration and oxidation of the oil, respectively [36].
These values of oleogel were higher than those of canola
oil, because the oleogel was heated during preparation
and the oxidation was accelerated. Iodine value reflects
the number of double bonds in the oil, which means
the higher the iodine value, the higher the content of
unsaturated fatty acid [36]. During heating, a series of
reactions, such as oxidation, occurred in canola oil,
reducing the number of double bonds in the oleogel. In
addition, the low iodine value demonstrated the solid
state of oleogel [37].

Canola oil was rich in unsaturated fatty acids (UFA,
88.11%), among which oleic acid (55.13%) and linoleic acid
(19.71%) showed the highest percentages (Table 3). The
content of saturated fatty acid (SFA) of canola oil was
10.27%, mainly palmitic acid and stearic acid, which was
consistent with the results of Gao et al. [11]. The content
of trans fatty acid (TFA) in the organic oleogel was lower
than that in canola oil (P < 0.05) due to the oxidation reac-
tion during heating and the low fat content of the oleogel
itself. The SFA of the oleogel (21.41%) was lower than that
of animal fat [38], indicating that oleogel had the potential
to be used as a substitute of lamb fat to improve the fatty
acid composition in sausage.

TaBLE 3: Basic physicochemical indexes and fatty acid composition
of canola oil and oleogel.

Canola oil Oleogel
Moisture (%) 0.07 +0.01% 0.26 +0.03°
Acid value (mg/g) 0.22 £0.04* 1.46 +0.10°
Peroxide value (mmol/kg) 1.35+0.10° 2.50 +0.10°
Todine value (g/100g) 125.90 + 2.55° 35.33 +0.49
C16:0 4.51+0.13* 11.38+0.89°
C18:0 2.03+£0.02° 7.90 + 0.66°
C18:1 55.13 + 0.64° 44.39+1.07°
C18:2 19.71 +0.27° 16.92 +0.49°
C18:3 3.25 +0.05% 2.98+0.19°
TFA 3.07 £0.03 2.74+0.22°
SSFA 10.27 £ 0.29° 21.41 +0.50°
SMUFA 56.03 + 0.61° 44.91 +1.02°
SPUFA 32.07 + 0.45° 27.03 +0.04°
SUFA 88.11 + 1.05° 71.94 + 1.06°

Note: (1) results are expressed as means + standard deviation. Values with a
different letter (a and b) within a row are significantly different (P < 0.05);
(2) TFA: trans fatty acids; SFA: saturated fatty acids; MUFA:
monounsaturated fatty acids; PUFA: polyunsaturated fatty acids; UFA:
unsaturated fatty acids.

3.2. Effect of Lecithin/SMS-Canola Oil Oleogel on the Proximate
Composition and Texture of Lamb Sausage. As shown in
Table 4, when the lamb fat was replaced by lecithin/SMS-canola
oil oleogel from 0% to 100%, there were no significant changes
of water, protein, and ash contents in sausages, while the fat
content was significantly reduced (P < 0.05). Compared to T,
the fat contents of T}, T,, T, and T, decreased by 5.62, 7.20,
14.55, and 24.42%, respectively.
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TaBLE 4: Physicochemical index, cooking loss, and texture characteristics of sausage in different treatment groups.

T, T, T, T, T, P value
Moisture (%) 46.96 +0.89% 48.08 +0.26* 48.68 +0.26" 49.05+1.17* 51.16 +0.71° n.s
Fat (%) 20.27 £0.91° 19.13 +0.92%° 18.81 +0.81%° 17.32 £0.46° 15.32 + 0.42¢ *
Protein (%) 11.99 +0.77% 12.89 +1.62% 12.93 +2.27% 11.05 +0.40" 11.28 +1.03* n.s
Ash (%) 3.82+0.10° 3.83 +0.06° 3.94+0.18° 3.89 +0.02° 3.75+0.14° n.s
Cooking loss (%) 48.82 +1.32° 41.49 +0.14° 41.96 +0.75° 43.95 + 1.74" 46.06 +0.17° o
Hardness (g) 2877.07 +9.23° 2632.94 + 12.05° 1918.71 + 80.92¢ 1811.61 + 88.53¢ 1350.03 + 63.26% o
Springiness (%) 74.62 £2.23° 60.89 +0.10° 55.67 +2.28° 54.35 +1.45° 54.53 +0.87°
Cohesiveness 0.53 +0.02% 0.34 +0.08" 0.36 +0.14% 0.42 +0.01° 0.45 +0.04* n.s
Chewiness 712.22 +13.34° 694.32 + 33.52° 569.80 + 18.91° 462.31 +5.38¢ 388.93 +18.14° o
Resilience (%) 13.92 +0.87° 11.09 +0.62° 11.82 +1.33° 12.59 +0.14° 14.66 +0.73°

Note: (1) results are expressed as means + standard deviation. Values with a different letter (a—c) within a row are significantly different (P < 0.05); (2) P value:

***(P<0.001), **(P<0.01), *(P <0.05), n.s.: not significant. (The same below).

Cooking loss is a key factor to reflect the juiciness of sau-
sage and is related to the water or fat holding capacity during
heating [30]. The cooking loss greater than 40% might be
due to the low concentration of salt during sample prepara-
tion [39], high cooking temperature, and long cooking time
[40]. The cooking losses of T, T,, T5, and T, were all lower
than that of T, with the decrements of 15.01, 14.05, 9.98,
and 5.65%, respectively (Table 4). As the increase of oleogel,
more fat globules were dispersed in the 3D cross-linked net-
work structure, trapping water globules, thus reducing the
content of water evaporation during heating [36]. However,
the cooking loss increased as the oleogel replacement
increased from 25 to 100% (T1 to T4), which was contrary
to the results of a previous study of da Silva et al. [9]. This
may be because the melting point of lecithin/SMS-canola
oil oleogel was relatively low, and its structure was destroyed
when the sausages were cooked, so that its affinity for water
and the interaction with protein became weak. This result
was similar to Kim et al. [31], who found that the cooking
loss of meat emulsions increased when the replacement of
grape seed oil and gelatin/alginate increased and assumed
that this was due to the melting of gelatin.

TPA is important for evaluating the acceptability of meat
products, including hardness, springiness, cohesiveness, che-
winess, and resilience. Compared to T, oleogel significantly
decreased the hardness, springiness, chewiness, and resil-
ience of products (P < 0.05), but did not affect the cohesive-
ness. Salcedo-Sandoval et al. [41] reported that when various
fats or fat replacers were applied, the differences of TPA
parameters may be related to the proximate components of
the product, especially moisture and fat contents. The size
of fat globules in the oleogel prepared using vegetable oil
was different from that of animal fat; thus, the interaction
between proteins and fat globules was changed when the
lamb fat was replaced by the oleogel [42]. As the replace-
ment proportion of oleogel increased, the fat content of
sausages decreased, and the amount of relatively large fat
globules increased. Relatively large fat globules were
regarded to be unstable, resulting in the instability of fat-
protein structure [43].

3.3. Effect of Lecithin/SMS-Canola Oil Oleogel on the Fatty
Acid Composition of Lamb Sausage. Table 5 shows the fatty
acid composition of sausages made with lecithin/SMS-
canola oil oleogel as fat replacer in different proportions. It
can be seen that most fatty acids in treatment groups were
significantly different from the control (P <0.05). Among
the whole fatty acids, oleic acid accounted for the most
(8.26-11.73%), followed by palmitic acid (3.18-5.58%), lino-
leic acid (1.41-4.67%), and stearic acid (1.88-3.87%). In all
groups, the content of SFA of T, was the highest, mainly
including palmitic acid (C16:0) and stearic acid (C18:0).
When lecithin/SMS-canola oil oleogel was used for 25, 50,
75, and 100% replacement, SFA contents of lamb sausages
significantly were reduced by 34.01, 23.75, 59.38, and
55.30%, respectively. This was consistent with Asuming-
Bediako et al. [44], who replaced pork back fat with HOSO
and found that SFA content of sausage was only 8.34%.

Oleic acid (C18:1) was the most abundant monounsatu-
rated fatty acid (MUFA) of lamb sausage. The content of
oleic acid increased significantly as the replacement propor-
tion of oleogel increased from 0 to 100%. T'5 and T, showed
the highest levels of oleic acid, indicating that reformulation
of sausage with oleogel increased the nutritional and health
characteristics of sausage, because oleic acid could reduce
the risks related to cardiovascular disease, such as obesity,
high blood pressure, and cholesterol [45, 46].

The most abundant polyunsaturated fatty acid (PUFA)
of lamb sausage was linoleic acid (C18:2). As the oleogel
substitution increased from 25 to 100%, the contents of
linoleic acid in sausages were increased by 1.62- to 3.31-
fold. As an essential fatty acid in the human body, linoleic
acid can lower blood cholesterol and prevent atherosclero-
sis [8]. Therefore, the reformulation improved the health
characteristic of products.

Several studies reported that after the addition of vegeta-
ble oil, the UFA/SFA ratio increased, indicating the
improvement of nutrient composition [5]. The UFA/SFA
ratio gradually increased from 1.12 to 3.38 as the amount
of oleogel replacement increased (Table 5). This result was
consistent with a previous study [47], showing that UFA
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TaBLE 5: Fatty acid composition of sausages in different treatment groups.
T, T, T, T, T, P value
C14:0 0.90 +0.16% 0.46 +0.04° 0.39+0.02° 0.13+0.03° 0.05 +0.00¢
Cl4:1 0.03 £ 0.01° 0.02 + 0.00° 0.02 +0.00° 0.00 £ 0.00° 0.00 + 0.00° *
C15:0 0.32 +0.06° 0.15+0.05° 0.15+0.02° 0.04+0.01° 0.02 + 0.00° *
C15:1 0.01 £ 0.00° 0.00 £ 0.00* 0.00 + 0.00° 0.00 £ 0.00* 0.00 + 0.00° n.s
C16:0 5.58 +0.25 4.13+0.61% 4.51 +0.58% 2.65 + 0.54¢ 3.18 +0.35% *
Cl16:1 0.45+0.08" 0.24 +0.06° 0.23+0.03° 0.09 +0.01° 0.07 + 0.00° *
C17:0 0.97 £0.18" 0.47 £0.16° 0.45+0.06° 0.12 £ 0.03¢ 0.05 +0.01° *
C18:0 3.87+£0.57° 2.39+0.72° 2.84 +0.44% 1.60 +0.35° 1.88 +0.20° *
C18:1 10.96 + 0.91° 8.26 +0.00° 8.87 +0.47° 11.14 +0.27° 11.73 £ 0.24° *
C18:2 1.41+0.13¢ 2.28+0.11° 3.47 £0.26° 3.44+0.17° 4.67 +0.44%
C18:3 0.04 +0.00° 0.16 +0.09° 0.39+0.03° 0.44+0.11° 0.66 +0.12° **
C20:1 0.16 £ 0.02* 0.14 £ 0.04* 0.10 + 0.01*° 0.05+0.01° 0.05+0.01° *
C20:2 0.01 +0.00° 0.01 +0.00° 0.03+0.01° 0.02 +0.00> 0.06 +0.01° **
C20:3 0.01 + 0.00° 0.27 +0.17° 0.68 +0.05° 0.76 +0.21° 1.19+0.22° **
C20:4 0.07 +0.01° 0.06 +0.01*° 0.06+0.01° 0.05 +0.00° 0.05 +0.00° *
C22:0 0.00 + 0.00° 0.00 + 0.00° 0.04 +0.00° 0.02 +0.03% 0.08 +0.01° **
SFA 12.26 +£1.19° 8.09 + 1.52" 8.98 +1.24° 4.98 +0.93¢ 5.48 +0.60° =
>MUFA 12.15+1.12° 8.93 +0.10° 9.53+0.38° 11.39 +£0.34° 11.89 +0.23° -
SPUFA 1.57 +0.13° 2.78 +0.37° 4.65+0.38 4.72+£0.50° 6.66 +0.76" *
UFA 13.72 + 1.24° 11.71 +0.48¢ 14.18 +0.00¢ 16.11 £ 0.85° 18.55 +0.52° -
UFA/SFA 1.12+0.01° 1.47 +0.22° 1.59 +0.22° 3.28 +0.44° 3.38 +0.25° *
n-6/n-3 40.70 + 6.63° 19.23 +9.07° 10.58 +0.45° 9.97 +2.04° 8.51 +0.36° =

Note: (1) results are expressed as means + standard deviation. Values with a different letter (a—c) within a row are significantly different (P < 0.05); (2) SFA:
saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids; UFA: unsaturated fatty acids.

content in sausage increased while SFA content decreased
when pork fat was replaced by light and semiheavy spent
laying hens and soybean oil, compared with traditional sau-
sage. It is worth noting that lowering the n — 6/n — 3 ratio is
important for improving the nutrition of meat products
[48]. Table 5 shows that the n— 6/n — 3 ratio in lamb sau-
sages was significantly reduced from 40.70 to 8.51 when
the animal fat was replaced with oleogel, which was consis-
tent with CAmara et al. [49].

3.4. Effect of Lecithin/SMS-Canola Oil Oleogel on the Color of
Lamb Sausage during Storage. The color change is closely
related to the sausage recipe, especially the type and
amount of fat or oil used [50]. As shown in Table 6, L*
and b* values of T, - T, were significantly higher than
T, (P<0.05), while a* value was lower (P <0.05). This
was in line with Wang et al. [32], who developed Harbin
sausage with camellia oil oleogel as the partial replacement
of pork back fat. Camila et al. [51] reported that the
increase of L* value may be due to the smaller oil droplets
size of oleogel, compared to animal fat, resulting in the
greater degree of light reflection. The decrease of a* value
may be because the emulsion formed with oil, protein, and
water during the chopping induced the scattering of light

[52]. In addition, the increase of b* value may be related
to the yellow color of canola oil, which was previously
reported by Morales-Irigoyen et al. [53].

In the same treatment group during 24d storage, a*
value significantly decreased (P < 0.05), while b* value sig-
nificantly increased (P <0.05). There was no significant
change of L* value in the same group during storage. Similar
changes were also observed by da Silva et al. [9] in the Bolo-
gna sausage using sunflower seed oil oleogel during 35d
storage. Lorenzo et al. [54] reported that a* value of sausage
decreased during ripening, due to the partial or complete
denaturation of nitrosomyoglobin resulting from accumu-
lated lactic acid. Shan et al. [55] found that the increase of
b* value was related to lipid oxidation. In the study, com-
pared to the control, the replacement of oleogel showed a
lower redness and a higher yellowness during storage.

3.5. Effect of Lecithin/SMS-Canola Oil Oleogel on pH and
TBARS Values of Lamb Sausage during Storage. As shown
in Figure 1(a), during 18d storage, pH value of T,
dropped rapidly (from 5.73 to 4.96, P <0.05), while pH
values of T, — T, showed milder decreases than T,. Dur-
ing the storage of 18-24d, pH values of all groups signif-
icantly increased (P <0.05), which may be due to the
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TaBLE 6: The color of sausages in different treatment groups.
Time (d) T, T, T, T, T, P value
0 51.73 £1.15%4 55.29 + 1.74** 56.52 + 2.47°* 57.16 + 1.28** 58.96 + 0.68™* *
6 51.68 +1.78* 54.01 +0.71°4 56.48 +1.21*4 56.76 +1.52%4 58.86 + 1.70°*
L 12 52.50 +1.14%4 55.01 +2.03% 55.28 + 1.14°%A 56.90 +0.71* 57.80 +1.88%4 *
18 51.25+1.05%4 55.94 + 1.08** 56.00 + 2.37°4 57.63 +1.87°4 58.08 + 1.27°4
24 51.98 +0.28 56.38 +2.42°%4 56.73 +2.38% 57.06 + 1.40° 57.49 +1.41°4 *
P value n.s. n.s. n.s. n.s. n.s.
0 10.05 + 0.27*4 10.00 + 0.62** 8.75+0.74%* 8.45 +0.88%* 8.39 + 0.54°>AB *
6 9.34 +0.62**" 9.62 +0.09* 8.77 +0.38* 8.75 +0.60** 8.74+0.87°4 n.s
a* 12 9.98 +1.27°¢ 9.92+0.20** 8.77 £0.92%°4 8.13+0.73°* 7.65 +0.34*4P *
18 8.86 + 0.34*BC 8.92 + 0.46° 8.51+0.27* 7.94 +0.06°° 7.27 +£0.62°C
24 8.38 +0.41%°EC 8.78 +0.26" 7.88 +0.88F 7.56 + 0.50"AB 7.35 +0.75%°EC *
P value . - . . :
0 13.20 + 1.24°* 14.39 + 1.34°48 14.58 + 1.02°° 15.02 +1.52°° 1533+ 1.25* :
6 13.54 + 1.09°4" 14.11 +0.46™° 14.63 +0.50°° 15.38 + 0.60°° 16.80 + 0.77°4
b* 12 13.85 +2.32°48 14.17 +2.42°® 14.85 + 1.38°F 16.13 + 1.90*P 16.54 + 1.98°® *
18 14.25 +1.19%8 15.49 +0.97** 15.86 + 0.66™* 16.43 + 1.37°4 16.51 +0.43°A8 **
24 14.71 £ 1.30® 15.49 +0.57%°<A 15.58 +2.96°*4 16.33 + 1.75°A 17.15+1.13%*4 *
P value * * * * *

Note: results are expressed as means + standard deviation. Averages within the same line followed by the different lowercase letters show significant difference
(P <0.05), and averages within the same column followed by the different upper case show significant difference (P < 0.05).
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Ficure 1: Changes of pH value and TBARS of sausages in different treatment groups at 4 °C. Note: lowercase letters indicate that there are
significant differences between the same set of samples (P < 0.05), and capital letters indicate that there is a significant difference between
different groups for the same storage days (P < 0.05).



increase of nitrogen-containing compounds from protein
hydrolysis. The results were in line with da Silva et al.
[9], who used oleogel rich in oleic acid to replace pork
back fat in Bologna-type sausages. The final pH values of
four treatment groups were higher than that of the con-
trol, which may be related to the effect of oleogel on the
proteolysis of lamb sausage. These results were in line with
de Carvalho et al. [56], who reported that tiger nut oil
enhanced the pH of lamb sausage during storage.

During storage, the oxidation of fatty acids and other
lipids led to quality deterioration, which not only reduced
the shelf life and impaired sensory acceptance but also pro-
duced toxic compounds [32]. TBARS values of all samples
increased during storage (P < 0.05, Figure 1(b)), indicating
that lipid oxidation occurred. After 24 days of storage, the
TBARS values of T, and T, were significantly lower than
that of T, while the TBARS values of T; and T, were higher
than that of T, (P <0.05), which was consistent with
Moghtadaei et al. [36]. The difference in oxidation stability
was related to the composition of oleogel and the production
method. The reason why T, and T, showed higher TBARS
values may be due to higher content of polyunsaturated fatty
acids and greater oxidation degrees with high replacement
proportion of lecithin/SMS-canola oil oleogel [48]. After
storage, T, showed the lowest increment of TBARS among
all groups, which was in agreement with Oztiirk-Kerimoglu
et al. [57]. This positive result showed that the lecithin/
SMS-canola oil oleogel could act as a natural barrier, so that
the addition of an appropriate amount of oleogel could
retard the lipid oxidation of sausages. Our results indicated
that 50% replacement of lamb fat with lecithin/SMS-canola
oil oleogels could effectively alleviate the rancidity and lipid
oxidation of lamb sausage.

3.6. Effect of Lecithin/SMS-Canola Oil Oleogel on the Sensory
Evaluation of Lamb Sausage. As shown in Figure 2, the color
scores of T5 and T, were significantly lower than that of T
(P < 0.05), which may be because the a* values of T; and T,
were lower and the b" values were higher than T. The
scores of appearance, tenderness, and overall acceptability
of T, and T, were also affected by high proportions of leci-
thin/SMS-canola oil oleogel substitution. On the other hand,
there were no significant differences in appearance, odour,
tenderness, and overall acceptability among T, T, and T,
(P>0.05), but there were significant differences in color
(P <0.05). The results of the sensory evaluation were consis-
tent with those of TPA. The scores of sensory evaluation
decreased when the substitution proportion was higher than
50%. Thus, 50% replacement of lamb fat with lecithin/SMS-
canola oil oleogel in lamb sausage could reduce the adverse
effects on sensory attributes of lamb sausage to the greatest
extent.

Meat product is a complex system in which the fat con-
tributes to the emulsification and flavor. When the oleogel
was used to replace lamb fat, the characteristic flavor of lamb
sausage would be inevitably affected. Therefore, lecithin/
SMS-canola oil oleogel should be used with a reasonable
proportion in other meat products. In short, lecithin/SMS-
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Appearance

Overall acceptability

—a— T, —v— T,
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FIGURE 2: Sausage sensory rating radar map. Note: letters indicate
significant differences between samples (P < 0.05).

canola oil oleogel showed considerable prospects for the
development of food products with low SFAs and TFAs.

4. Conclusions

In conclusion, the replacement of lamb fat with lecithin/
SMS-canola oil oleogel in lamb sausage decreased SFA con-
tent, increased UFA content, and retarded lipid oxidation
during storage, which improved the fatty acid composition
and extended the shelf life. To reach the accepted organolep-
tic attributes, replacement proportion of oleogel should be
within 50%.

Data Availability

The data used to support the findings of this study are avail-
able from the corresponding author upon request.

Additional Points

Practical Applications. Oleogel has been a promising animal
fat replacer due to its health and nutritional benefits. The
present work offered some new information about the use
of lecithin, SMS, and canola oil to prepare the oleogel,
exploring the feasibility of using this oleogel as a lamb fat
substitute (0, 25%, 50%, 75%, and 100%). Based on the
results, 50% replacement of lamb fat with lecithin/SMS-
canola oil oleogels may be optimal for the production of
lamb sausage.
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