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Abstract: This study identified the effect of the type and concentration of vegetable oil on the
quality of meat analogs and analyzed the differences in their physiochemical characteristics. Various
vegetable oils, such as castor oil, orange oil, palm oil, shortening, and margarine, were added to
meat analogs. The meat analog was prepared by adding 10, 20, 30, 40, and 50 g of each vegetable oil
based on 100 g of textured vegetable protein. The cooking loss, water content, liquid-holding capacity,
texture, and antioxidant content of the meat analogs were assessed, and a sensory evaluation was
performed. The meat analog with orange oil had a higher water content than the others, regardless of
the amount of added oil, and it had a relatively high liquid-holding capacity. The DPPH(2,2-diphenyl-
1-picrylhydrazyl) radical scavenging activity of the meat analog with orange oil was higher than
that of the others. The sensory evaluation also showed a decrease in soy odor and an increase in
juiciness. Therefore, adding orange oil improves the preference, juiciness, soy odor, and quality of
meat analogs. Our results demonstrate that orange oil has positive effects on the productivity of meat
analogs and can help to improve meat analog consumption.

Keywords: meat analog; vegetable oil; vegetable protein; storage stability; oil content; antioxidants;
limonene; orange oil

1. Introduction

Worldwide meat production, including beef, pork, chicken, and lamb, is approximately
19 billion kg per year, and per capita meat consumption is expected to increase from 8.2 kg in
2017 to 8.6 kg in 2025 [1,2], possibly due to higher incomes and increased stability of life [3].
However, while demand increases, meat supply is limited because the resources to raise
livestock, such as land and water, are finite [4,5]. Additionally, greenhouse gases emitted
from livestock cause environmental problems. Methane emissions are approximately 37%
and nitrous oxide is approximately 65% of global emissions [6]. carbon dioxide emissions
also continue to increase [7]. In terms of health, meat is high in cholesterol and saturated fat,
and contributes to high blood pressure, obesity, cardiovascular disease, and cancer [8-10].

As meat consumption has increased, the demand for meat substitutes has also in-
creased; interest in developing those based on plant protein is growing. Soybean protein-
based meat substitutes have been studied [11,12]; however, they still lack a substitute
for meat gravy, and are easily broken and difficult to chew, and therefore, they do not
satisfy consumers’ preferences [13]. In addition, it is hard to remove the odor from soy
protein-based products; therefore, research is needed to mask it [14]. The degree of odor
was compared with that of powder prepared from raw soybean via heat treatment and then
added to soybean meat [15]. Soybean odor was reduced by treating cutlet-type soybean
instead of pork with Protamex enzyme [16]. In addition, the effect of adding carrageenan
on the succulence of meat substitutes was reported [17]. Most studies report improved
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texture with chewiness similar to meat [11,18]. However, further research is needed to
improve the succulence and soybean odor.

The fundamental purpose of alternative meat development is to imitate the taste and
flavor using plant materials, while preventing problems from excessive meat consumption,
and satisfying consumers’ desire for meat. The characteristics of the oils used in meat
analog are as follows: vegetable shortening and margarine, with a relatively high saturated
fat content, are the most similar to animal oil in composition because they artificially
form saturated fats while undergoing hydrogenation [19]. In addition, orange oil, which
might attenuate the bean odor of meat substitutes, was selected as a flavor ingredient with
high unsaturation and volatility [20]. Ahmad [21] reported that the odor was attenuated
using the flavor component of orange oil. Castor oil is known to have a high viscosity
among vegetable oils [22], and it was selected for possible high retention in substitute meat.
Although palm oil has not undergone hydrogenation as shortening or margarine have, it
exists as a solid at room temperature owing to its relatively low unsaturation [23] and was
selected for the potential to improve retention and succulence.

The purpose of this study was to improve the succulence and odor of plant meat.
Various vegetable oils were added at different concentrations; the characteristics of the
samples were compared and the quality change according to storage temperature and
period was confirmed.

2. Materials and Methods
2.1. Materials

Textured vegetable protein (TVP, Supromax 5050®, Supromax 5010%, Solae do Brasil
Ind. e Com. A), soy protein isolate (SPI, Avention, Incheon, Korea), and binder (Meatline®
2714, Danisco, Copenhagen, Denmark) were combined. The meat analog was prepared
by adding castor oil (Daejung Chemicals, Siheung, Gyeonggi, Korea), orange oil (Sigma-
Aldrich Inc., St. Louis, MO, USA), palm oil (Lottefoods, Cheonan, Korea), margarine
(Ottogi, Anyang, Korea), or shortening (Hain Celestial Group, Inc., Lake Success, NY, USA)
to the mixture.

2.2. Preparation of Vegetable Protein

Meat analog was prepared by partially modifying the manufacturing process provided
by Daesang Co., Ltd. TVP Supromax 5050® and Supromax 5010° were hydrated in distilled
water 10 times their weight for 2 h and dehydrated for 5 min using a dehydrator (WS-6600,
Hanil Electric, Seoul, Korea). The dehydrated TVP Supromax 5050® and Supromax 5010®
in a 1:2 ratio, SPI, binder, and five types of vegetable oil were placed in a hand blender
(Multiquick 3 Vario MQ 3145, Braun, Kronberg im Taunus, Germany) according to the
composition ratio in Table 1 and mixed for 90 s. After placing 19 g of the mixed dough into
a stainless-steel cylindrical mold and forming it, it was placed in an oven (M4207, Simfer,
Istanbul, Turkey), preheated to 180 °C, and baked for 7 min, turned over, and baked again
for 7 min. The cooked meat analog was left to cool to room temperature for 30 min and
then used in the experiment.

Table 1. Ingredients and contents of meat analog.

0Oil Concentration (g/100 g TVP @)

Sample @ X -
Castor Orange Palm Shortening Margarine
C10 10 - - - -
C20 20 - - - -
C30 30 - - - -
C40 40 - - - -

C50 50 - - - -
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Table 1. Cont.

W 0Oil Concentration (/100 g TVP ?)

Sample - -
Castor Orange Palm Shortening Margarine
010 - 10 - - -
020 - 20 - - -
030 - 30 - - -
040 - 40 - - -
050 - 50 - - -

P10 - - 10 - -
P20 - - 20 - -
P30 - - 30 - -
P40 - - 40 - -
P50 - - 50 - -

S10 - - - 10 -
S20 - - - 20 -
S30 - - - 30 -
540 - - - 40 -
S50 - - - 50 -

M10 - - - - 10
M20 - - - - 20
M30 - - - - 30
M40 - - - - 40
M50 - - - - 50

@ sp1 (soy protein isolate) and binder were added (4.5 g and 3 g, respectively, based on 100 g of TVP). @ Tvp
stands for textured vegetable protein composed of Supromax 5050® and Supromax 5010® (1:2).

2.3. Experimental Method
2.3.1. Cooking Loss

Cooking loss was calculated by substituting the weight of meat analog before and
after cooking using the formula below. After cooking, the weight was measured, and the
samples were left to cool at room temperature for 30 min.

Cooking loss % = {(W1 — W3)/W;} x 100

W;: Weight of sample before cooking (g)

Wo: Weight of sample after cooking (g)

2.3.2. Water Contents

The outer part of the cooked meat analog was removed, and the inner part was used.
The water content of 1 g of each meat analog dough and cooked meat analog was measured
by atmospheric pressure heating and drying according to the AOAC method [24].

water contents % = {(W; — W»)/W;} x 100

W;: Weight of sample before drying (g)

W,: Weight of sample after drying (g)

2.3.3. Liquid-Holding Capacity

The liquid-holding capacity (LHC) of the dough and the cooked meat analog was
measured simultaneously with the water and oil retention by modifying the method of
Wierbicki and Deatherage [25]. Each sample was placed in a 15 mL conical tube containing
1 g of sterile gauze and stored overnight at 4, 25, and 35 °C; centrifugation was then
performed for 10 min at 3000 rpm (Labogene 1736R, GYROZEN Co., Ltd., Kimpo, Korea).
The weight of the sample before and after centrifugation was substituted into the formula
below and the value was calculated.

Liquid-holding capacity % = {(W1 — W3)/Wj} x 100

Wy: Sample weight before centrifugation (g)

W,;: Sample weight after centrifugation (g)
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2.3.4. Texture Measurement

The texture of the meat analog was measured using a texture analyzer (CT3-1000;
Brookfield Engineering Laboratories, Inc., Middleboro, MA, USA) by cutting the sample
into cubes with a width, length, and height of 2 cm after standing to cool. The measure-
ment was performed under the conditions of a strain rate of 40%, measurement speed of
2.5 mm/s, and trigger load of 10 g. Measurements were repeated 10 times per treatment
group using a cylindrical probe (TA4/1000).

2.3.5. DPPH Radical Scavenging Activity

DPPH (2,2-diphenyl-1-picrylhydrazyl) (Sigma-Aldrich, St. Louis, MO, USA) free-
radical scavenging activity of cooked meat analog was measured by modifying the method
described by Blois [26]. One gram of freeze-dried meat analog and 25 mL of 70% ethanol
was subjected to hot water extraction for 3 h in a water bath (BF-30SB; Biofree, Seoul,
Korea) set at 80 °C. The extract was filtered using filter paper (Whatman No. 2, Healthcare
Life Science, Buckinghamshire, UK) and then concentrated using a reduced pressure
concentrator (EYELA rotary evaporator N-1000, SUNILEYELA, Seongnam, Korea). The
concentrate was freeze-dried (MCFD8512, Ilshinbiobase Co., Dongducheon, Korea) to
obtain a powder, which was prepared at a concentration of 1 mg/mL in distilled water and
used as the sample. After reacting 0.1 mL of sample with 0.1 mL of 0.2 mM DPPH reagent
in the dark at room temperature for 30 min, absorbance was measured at 517 nm using a
spectrophotometer (Multiskan GO, Thermo Scientific, Waltham, MA, USA). As a control, to
which the sample was not added, 0.1 mL of methanol was used, and the measurement was
performed in the same manner. To correct the absorbance value for the color of the sample
itself, methanol was added instead of the DPPH reagent, and the absorbance was measured
in the same way. The value was calculated by substituting the measured absorbance with
the following formula:

DPPH radical scavenging activity % =[1 — {(Al — A2)/A3}] x 100

A1l: Absorbance of 0.1 mL DPPH solution + 0.1 mL sample solution

A2: Absorbance of 0.1 mL methanol + 0.1 mL sample solution

A3: Absorbance of 0.1 mL DPPH + 0.1 mL methanol

2.3.6. Sensory Test

The sensory characteristics of meat analog supplemented with the five types of veg-
etable oils were determined at a concentration of 30 g/100 g TVP. The concentration of oil
added to the sample used for sensory testing was selected to be close to the fat content of
Beyond Meat hamburger patty products. Prior to sensory testing, the Institutional Review
Board (IRB) of Konkuk University approved the sensory test in accordance with the Guide-
lines for Good Clinical Practice by the International Conference on Harmonization (ICH
GCP) to protect the reliability of the experiment and the human rights of the evaluators
(700355- 201901-HR-294). Ten sensory panelists who had received regular training for
4 months, identified and evaluated the sensory characteristics of the plant meat. Samples
were cut to the same size and a 3-digit random number was assigned to each sample.
Hardness, succulence, soybean odor, strength, preference for oily taste, and overall prefer-
ence were evaluated. An 11-point scale was used, and the higher the score, the higher the
intensity and preference.

2.3.7. Statistical Analysis

The analysis in this study was conducted more than three times. Physicochemical
analysis results were analyzed using SPSS statistical program (Statistical Package for the
Social Science, Ver. 24.0 IBM., Chicago, IL, USA). One-way ANOVA was used to determine
the differences between samples, and significant differences were verified using Duncan’s
multiple range test for post hoc testing. An independent samples t-test was used to confirm
the differences depending on whether cooking was performed.
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3. Results and Discussion
3.1. Cooking Loss

In this experiment, the weight of meat analog produced by adding five different types
of vegetable oils at various concentrations was measured before and after cooking; the
weight loss after cooking is shown in Table 2. In the sample containing orange oil, the
weight loss after cooking increased as the concentration increased (p < 0.05), whereas it
decreased when castor oil was added. When palm oil, shortening, and margarine were
added, the cooking loss decreased as the concentration increased, but increased in the P50,
530, and M30 samples. In addition, when the same concentration of oil was added, except
for a concentration of 10 g/100 g TVP, the sample with no elution had a lower cooking
loss than the sample with orange oil added (p < 0.05). Among the samples from which
the oil was eluted, the cooking loss of the sample with added shortening was significantly
higher (p < 0.05). With palm oil, the cooking loss increased by 10.33% while the oil eluted
at P50; with shortening and margarine, oil elution started to occur from S30 and M30, and
in S50 and M50, the cooking loss increased by 10.61% and 10.21% compared to before
elution, respectively. The reason for the decrease in cooking loss is that more moisture
is lost than oil during the cooking process [27]. When the amount of the sample was the
same, the concentration of the added oil increased, possibly because the amount of water
present in the sample decreases as it increases. In addition, cooking loss decreases and
then increases at a certain oil concentration; when even more oil is added, it is visibly
eluted during cooking. Therefore, the weight of the sample was greatly reduced after
cooking. On the other hand, because of the relatively high water solubility of limonene,
the sample with added orange oil had a content of 92-95% of the total components of
orange oil [28]; when water is lost during the cooking process, it seems that the loss on
heating is increased because the total weight is greatly reduced compared to other oils as
the limonene component is lost.

Table 2. Cooking loss (%) of meat analog supplemented with different types or amounts of veg-
etable oils.

Concentration (g/100 g TVP)

oil
10 20 30 40 50
Castor oil 1064 + 06482 9.03 + 0.59¢Pb 892 4+ 0200 780 4+ 032D0¢ 755 4+ 045Dc
Orange oil 991 + 032Ce 11.04 + 0.634d 1476 £+ 0.645¢ 16.05 + 065 1940 + 0938
Palm oil 1026 4+ 0.62 B 865 + 048Dc 773 + 0658 734 + 0508 1768 + 075
Shortening ~ 11.63 + 0.64Ad 949 + 0.898Ce 1663 + 0.684c 1801 + 0.644P 2010 + 1.0042
Margarine 1126 + 0.844d 962 + 087 1395 + 0.78¢ 1674 + 033FB° 19.83 + 0.334Ba

Cooking loss (%) was calculated by the following formula: Cooking loss % = {(W1 — W3)/W;} x 100. Wy: Weight
of sample before cooking (g). W,: Weight of sample after cooking (g). Three independent experiments were
conducted in this study. #°F Means within a column with different letters are significantly different (p < 0.05).
3¢ Means within a row with different letters are significantly different (p < 0.05).

3.2. Water Contents

Table 3 shows the water content of the meat analog dough and cooked meat analog
prepared by adding five types of vegetable oils at each concentration. Except for orange oil
samples, the water content decreased significantly as the concentration increased, whether
it was cooked or not (p < 0.05). In the orange oil samples, the water content increased as
the oil concentration increased (p < 0.05), and it always had a significantly higher water
content than the other samples whether cooked or not, and regardless of the concentration
(p < 0.05). The water content of the dough and cooked samples of O10 were 61.61% and
63.34%, respectively, which were 4.09% and 5.38% higher than those of C10, respectively,
which had the lowest water content at the same concentration. As the oil concentration
increased, the difference in water content between the orange oil sample and the other
samples became larger. In addition, the O50 was 66.29% for the dough and 67.26% for the
cooked samples, showing 22.26% and 24.57% higher water content than C50, respectively.
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On the other hand, Zhang et al. [29] found that the higher the sausage fat content, the
lower the water content. In general, when samples are prepared with the same weight, the
amount of water decreases as the amount of oil increases. In this experiment, the water
content of the samples, except the orange oil sample, showed the same phenomenon; the
orange oil sample showed the opposite result due to the relatively high water solubility of
limonene; this accounts for 92-95% of orange oil, as mentioned in the heat loss results [28].
It seems that the difference in sample weight before and after drying is large compared to
other samples because limonene components are lost in addition to water.

Table 3. Water contents (%) of meat analog supplemented with different types or amounts of
vegetable oils.

Concentration ) Water Contents (%)
oil t-Value @
(/100 g TVP) Non-Cooking Cooking
Castor oil 5752 + 039C 5796 + 0.24¢ NS
Orangeoil  61.61 + 0854° 6334 £ 0.214d *
10 Palm oil 5878 + 058B2 5834 + 0.03B NS
Shortening 5843 + 0.15B2 5839 4+ 0.12B2 NS
Margarine 58.81 + 0.09B8 5853 + 02182 NS
Castor oil 5263 + 025P° 5361 £ 0.07< **
Orange oil 64.65 + 0.134P 6529 £ 0.344c *
20 Palm oil 5351 + 028C® 5296 4+ 0.09PP *
Shortening 5412 £ 0078 5447 L+ 02980 NS
Margarine 5440 + 0088 5475 + 0378 NS
Castor oil 4891 £ 048DPc 4953 + 031D NS
Orange oil 65.57 + 0.1742 6628 =+ 0.08 AP **
30 Palm oil 4941 + 049€Pc 5017 + 043¢ NS
Shortening 5013 + 050¢° 5259 + 0.11B¢ **
Margarine 50.90 + 0268 5234 + 0265 *
Castor oil 4579 £ 029Pd 4548 + 0.58Dd NS
Orangeoil 6621 + 03542 6645 + 0.144P NS
40 Palm oil 4742 + 0714 4668 + 0.44Cd NS
Shortening 4741 =+ 042¢ 5017 £ 0258 o
Margarine 4856 =+ 00784 5096 + 058Bd o
Castor oil 4404 + 017 4268 + 025D *
Orange oil 6629 + 05042 6726 + 04142 NS
50 Palm oil 4549 + 0378 4432 £+ 0.12Ce *
Shortening 4430 =+ 0.28¢¢ 4714 =+ 046°5¢ **
Margarine 4582 + 0418 4752 + 045Be **

Water content of sample was calculated by the following formula: Water contents % = {(W; — W3)/W;} x 100.
W;: Weight of sample before drying (g). W,: Weight of sample after drying (g). Three independent experiments
were conducted in this study. () The difference between the non-cooking and cooking samples are presented
using the t-test. ™° Means with different superscript letters in the same concentration are significantly different
(p < 0.05). *¢ Means with different superscript letters in the same oil type are significantly different (p < 0.05).
NS: Not significant. * p < 0.05. ** p < 0.01.

Among the samples showing a significant difference in water content before and
after cooking, the content increased after drying, except for P20, P50, and C50. It seems
that the loss of components other than water during the cooking process is greater than
that of water; therefore, the water content of the sample is relatively high. In a study by
Kim et al. [30], if the weight loss of the entire sample is greater than the loss of specific
components during the heat treatment process, the content of specific components may be
relatively increased after heat treatment; however, it is difficult to explain the increase due
to the production of the component.
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3.3. Liquid-Holding Capacity

Liquid-holding capacity was measured after storing the meat analog dough and
cooked meat analog at 4, 25, and 35 °C overnight at each concentration of five types of
vegetable oils (Tables 4-6). Castor o0il and orange oil have melting points below 0 °C, but
palm oil, shortening, and margarine exist as a solid at 4 °C and coexist as a solid and
a liquid at 25 °C. In addition, because it exists in a liquid state at 35 °C, samples were
stored at different temperatures in order to determine the difference in liquid-holding
power according to the state of oil. The samples were stored overnight at each temperature
to ensure a sufficient phase change of the oil, and the liquid retention was measured.
The liquid-holding capacity showed a tendency to decrease as the storage temperature
increased, and the decrease was greater in the samples containing palm oil, shortening, and
margarine (p < 0.05). Cooked S50 showed a liquid retention of 95.89% when stored at 4 °C,
which decreased by 18.77% at 35 °C to 77.12%, and M50 dough decreased by 18.37% from
93.60% to 75.25%. This is due to the difference in the bonding force between oil molecules
according to the state of the oil at each temperature. That is, the higher the bonding force
between the oil molecules in the sample, the lower the amount eluted to the outside when
a physical force is applied [31]. In addition, in general, the closer the liquid is to the solid
state, the higher the bonding force between the oil molecules; therefore, the liquid-holding
power is higher [32].

Table 4. Liquid holding capacity (%) of meat analog supplemented with different types or amounts
of vegetable oils stored at 4 °C overnight.

Concentration ) Liquid Holding Capacity (%) W
(/100 g TVP) oil Non-Cooking Cooking t-Value
Castor oil 93.09 = 0.94Ba 97.70 + 0.854a *
Orange oil 96.80 = 0.14 A2 95.79 £ 0.41Ba *
10 Palm oil 96.53 + 0.324a 96.19 + 0.53 B2 NS
Shortening 96.16 + 0.79 A2 9598 + (0.73Ba NS
Margarine 96.13 £ 0.62 42 96.00 =+ 0.10B2 NS
Castor oil 9224 + 0.57C2 96.80 + 0.1342
Orangeoil ~ 96.11+ 0.03%2> 9486 + 0898 NS
20 Palm oil 96.42 £ 0.0542 96.44 + 0424 NS
Shortening ~ 95.52 &+ 0.20 Bab 96.74 £ 0.1642 *
Margarine 96.51 = 0.03 A2 96.18 + 0.69 A2 NS
Castor oil 89.38 + 0.61 P 9521 + 0.31Bb o
Orangeoil 9567 + 0.58 AP 9420 + 0.08 Cbe *
30 Palm oil 96.27 £ 0.74 42 96.31 + 02242 NS
Shortening ~ 94.42 + 0.87Bb 96.28 + (.58 A2 *
Margarine 95.81 £ 0.18 A2 96.45 + 0.1742 *
Castor oil 86.86 + 0.63 P¢ 9253 + 0.28¢
Orangeoil 9471+ 042BC 9401 + 0.308Bbc NS
40 Palm oil 95.81 = 04243 9641 £ 0.2942 NS
Shortening ~ 95.65+ 0.684BP 9631 + 0.6042 NS
Margarine 9429 + 051 9440 + 0.61Bp NS
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Table 4. Cont.
Concentration Liquid Holding Capacity (%)
Oil t-Value @
(/100 g TVP) Non-Cooking Cooking
Castor oil 84.19 + 0.29 ¢d 86.28 + (.84 ¢d *
Orangeoil ~ 9447+ 0464B¢ 9384 + 04565¢ NS
50 Palm oil 9521 &+ (.74 AP 96.09 =+ 0.3042 NS
Shortening ~ 94.72 + 0.75 AP 9589 + 0.344a NS
Margarine 93.60 + 0.35Bb 9431 + 0.71Bb NS

The capacity (%) was calculated by the following formula: Liquid-holding capacity % = {(W1 — W2)/W7} x 100.
W;: Sample weight before centrifugation (g). Wy: Sample weight after centrifugation (g). Three independent
experiments were conducted in this study. ¥ The difference between the non-cooking and cooking samples are
presented using the t-test. A™° Means with different superscript letters in the same concentration are significantly
different (p < 0.05). >4 Means with different superscript letters in the same oil type are significantly different
(p < 0.05). NS: Not significant. * p < 0.05. ** p < 0.01. *** p < 0.001.

Table 5. Liquid holding capacity (%) of meat analog supplemented with different types or amounts
of vegetable oils stored at 25 °C overnight.

Concentration Liquid Holding Capacity (%)
Oil t-Value @
(/100 g TVP) Non-Cooking Cooking
Castor oil 92,67 =+ 0.63B2 9285 + 043¢ NS
Orange oil 9454 + (.174a 9431 + 046582 NS
10 Palm oil 9312 + 0078 95.25 + 03042 **
Shortening ~ 91.34 + 097¢ 9445 + 0.12B2 *
Margarine 9348 4+ 0.794Ba 9390 + 0.23Fa NS
Castor oil 91.89 + 0618 9266 + 087B2 NS
Orangeoil 9440 + 0.1042 94.07 + 0.534a NS
20 Palm oil 9292 + 05782 9444 + (0.254ab *
Shortening ~ 90.41 + 0.95D2 90.03 + 020 NS
Margarine 90.97 4+ 0.68CP> 9041 + 0.09CP NS
Castor oil 91.50 + 0.82Ba 91.33 + 0.59Bb NS
Orangeoil 9340 + 0.864P 93.71 + 0.09 Aab NS
30 Palm oil 91.74 + 0.81Bb 9415 + 0.184b *
Shortening ~ 88.64 + 0.37CP 88.93 + 0.78¢c NS
Margarine 8835 4+ 0.42Cc 8738 4+ 0.29Cc *
Castor oil 8261 + 022F° 89.91 + 0.508¢
Orangeoil ~ 92.81 =+ 0.29A4b 9326 + 0.054P NS
40 Palm oil 90.77 + 0.4358¢ 92,60 £ 0.66A¢ *
Shortening ~ 86.93 + 0.59 ¢ 8491 + 0.15¢d o
Margarine 85.77 4+ 0.85Pd 8448 + 0.12¢ NS
Castor oil 7724 + 0.80Pc 85.18 + 0.45¢d
Orangeoil ~ 92.89 + 0.364P 9328 + 0.184b NS
50 Palm oil 8191 + 0.30¢ 8843 4+ 0.94Bd o
Shortening ~ 85.33 + 0.09 Bd 8290 + 0.75De *
Margarine 82.35 + 0.19C° 80.92 + 0.09 Fe ok

The capacity (%) was calculated by the following formula: Liquid-holding capacity % = {(W; — W,)/W;} x 100.
W;: Sample weight before centrifugation (g). W,: Sample weight after centrifugation (g). Three independent
experiments were conducted in this study. () The difference between the non-cooking and cooking samples are
presented using the t-test. AF Means with different superscript letters in the same concentration are significantly
different (p < 0.05). ** Means with different superscript letters in the same oil type are significantly different
(p < 0.05). NS: Not significant. * p < 0.05. ** p < 0.01. *** p < 0.001.
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Table 6. Liquid holding capacity (%) of meat analog supplemented with different types or amounts
of vegetable oils stored at 35 °C overnight.

Concentration . Liquid Holding Capacity (%) o

(/100 g TVP) oil Non-Cooking Cooking t-Value
Castor oil 9091 + 0888 9426 + 0.6142 *

Orange oil 9246 + 02542 9233 + 019¢ NS

10 Palm oil 9291 £ 0.744a 9322 + 04582 NS
Shortening ~ 87.85 + 0.28C2 9225 + 0542

Margarine 91.28 £ 0.14B2 90.58 =+ 0.35DP2 *

Castor oil 8798 + 0.70B° 93.85 + 02742

Orange oil 91.14 £ 0434P 90.60 =+ 2.03 Bab NS

20 Palm oil 91.52 £+ 0.544P 9218 + 0.51ABP NS
Shortening 8457 + 030CP 88.24 + 022 .

Margarine 88.25 4+ 0.15B° 87.38 + 033 *

Castor oil 86.70 4+ 0.2258¢ 91.96 + 0.164P

Orangeoil ~ 90.16 + 0.244c 89.97 + 034P° NS

30 Palm oil 90.74 4+ 0.974b 91.55 + 0.554b NS
Shortening 83.45 + 0.67D° 8473 + 0.87¢ NS

Margarine 8452 + 0.27C¢ 8534 + 0.12¢¢ o

Castor oil 85.65 + 0.38Bd 91.78 4+ 0.774b .

Orangeoil 8883 £ 0.59Ad 88.83 + (.49 Bbe NS

40 Palm oil 8837 £ 0.754c 88.76 + 0.30Bc NS
Shortening ~ 82.09 =+ 0.58¢d 80.07 + 0.59Pd *

Margarine 78.02 + 037Pd 8155 + 0.34¢d

Castor oil 7623 + 0.42Ce 86.32 + 0.20B¢

Orangeoil ~ 88.62 + 0.284d 88.14 + 0314 NS

50 Palm oil 80.33 + 0.67Bd 87.70 + 0.33Ad
Shortening ~ 80.82 + 0.44 B¢ 7712 £+ 0.36C°

Margarine 7523 + 0.40De 7722 + 0.23Ce **

The capacity (%) was calculated by the following formula: Liquid-holding capacity % = {(W1 — W3)/W7} x 100.
Wi: Sample weight before centrifugation (g). Wy: Sample weight after centrifugation (g). Three independent
experiments were conducted in this study. V' The difference between the non-cooking and cooking samples are
presented using the t-test. AP Means with different superscript letters in the same concentration are significantly
different (p < 0.05). *° Means with different superscript letters in the same oil type are significantly different
(p < 0.05). NS: Not significant. * p < 0.05. ** p < 0.01. *** p < 0.001.

In contrast, water has a stronger binding force with proteins than oil because of
hydrogen bonding [33]. In this experiment, because the samples were the same weight, if
the volume of oil increased, the proportion of hydrated soy protein decreased; thus, the
amount of water present decreased, possibly due to the volume of water strongly binding
to soybean protein decreasing [29].

When the plant meat was stored at 4 °C, the liquid retention showed a tendency to
increase, except for S10 and S30, among samples that showed a significant difference after
cooking, and C30 showed a 5.83% increase in liquid retention after cooking. Additionally,
when stored at 25 °C and 35 °C, the liquid-retention capacity increased as in the sample
stored at 4 °C, except for some of the margarine and shortening samples, among the
samples with the difference. In addition, C50 increased liquid-holding capacity by 7.94%
and 10.08% at 25 °C and 35 °C, respectively. The experimental results were similar to that
of Kim et al. [34], in that water absorption increased after cooking soybean protein. During
the cooking process, as the protein structure is denatured by heat, active groups such as
OH, SH, COOH, and NH; groups that were not originally observed appear on the surface,
increasing the reactivity. As a result, the water absorption-capacity of soybean protein
increases, and the longer the heating time, the greater the water absorption capacity of
soybeans [35,36]. In this experiment, there was also a tendency for the liquid-retention
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capacity to increase after cooking, possibly due to the increase in the active group of the
denatured soybean protein and the binding force with water due to hydrogen bonding.

Because palm oil, shortening, and margarine have melting points higher than 4 °C,
when measuring the liquid retention of a sample stored at 4 °C, the oil within exists as
a solid. It was determined that the bonding force between the oil molecules and the
liquid-holding power were both high. The orange oil samples have a relatively high liquid
retention capacity under all conditions because of the hydrogen bonding between water-
soluble limonene and soy protein [28,36]. Castor oil is known to have very high viscosity,
unlike other vegetable oils [37], but it is not considered to have a significant effect on
liquid retention.

3.4. Texture and pH Measurement

Tables 7 and 8 show the texture of cooked meat analog with five kinds of vegetable oils
added at different concentrations. In addition to adhesiveness, there were differences in
hardness, cohesiveness, springiness, gumminess, and chewiness. Hardness is essential to
the suitability of food texture and is an important quality constraint [38]. In this experiment,
the hardness decreased as the amount of oil increased; the hardness of the samples with
orange oil were significantly higher than the others (p < 0.05). When the amount of oil added
was the same, O10 had a hardness of 12.09 N (1234 g) higher than that of M10, and O50
had a hardness of 10.64 N (1086 g) higher than that of S50. These results can be explained
in relation to the pH values of the vegetable oil, as shown in Table 9. The pH of the orange
oil (3.19 £ 0.04) was closest to pH 4, near the isoelectric point of soy protein; therefore,
denaturation during cooking occurred the most in the samples with orange oil [39]. It may
be because a rigid matrix structure is formed by the hydrophobic interactions between
soy proteins [40]. In contrast, the samples with margarine and shortening showed pH
values of 6.31 4 0.04 and 6.51 £ 0.05, respectively, a relatively large difference from pH 4.
Accordingly, the protein matrix structure is loose compared to the samples with other oils,
showing relatively low hardness. The decrease in hardness with an increase in the amount
of oil added is due to the protein density of the sample decreasing when the proportion of
hydrated soybean protein decreases [41]. In contrast, stickiness and chewiness refer to the
force and energy required to break down food until it can be swallowed [42].

Table 7. Texture profile analysis (hardness, adhesiveness, and cohesiveness) of meat analog supple-
mented with different types or amounts of vegetable oils.

Concentration (g/100 g TVP)

oil

10 20 30 40 50
Castoroil ~ 39.82 + 1.0242 3253 £ 1.81°B° 2995 + 1.334c 2359 £+ 0384d 1571 £ 0278
Orange oil 4144 + 15342 36.84 + 1.064P 2936 + 0.614¢ 2549 £+ 1,09 Ad 23.05 £ 0.60A¢
Hardness Palmoil 3616 + 37482 2737 £ 091 2610 + 0.73Bb 1675 + 1.69Cc 1646 + 2.005¢
N) Shortening 3127 £ 325 2457 + 1.20PP 2258 + 223 2124 £ 26580 1241 £ 187¢
Margarine  29.35 + (.89 < 2636 £ 055 19.82 + 0570¢ 1754 + 0.49¢d 1485 + 0428
Castoroil ~ 0.03 £ 0.05A4P 010 + 0.004P 015 4+ 0.174b 018 + 0.104P 040 £+ 0.1642
) Orangeoil 010 =+ 0.0842 0.05 £ 0.0642 015 £ 02442 0.00 =+ 0.00¢ 005 =+ 0108
Adhesiveness  pyimoil 005 4 0.064b 003 + 0.054b 015 £ 0.1042 0.00 + 000 003 £ 0058
(m]) Shortening 005 + 0064 008 + 0154 003 + 0054 005 + 0065 015 + 006%
Margarine 003 =+ 0.054P 005 + 0.064P 010 4+ 0004 010 =+ 00048 018 + 0108
Castoroil 033 £ 0.04%2 034 £ 0064 032 + 0038 022 + 002 023 + 001B°
Orangeoil 029 =+ 0.018¢ 031 £ 0.03Bb 029 + 0.02¢ 033 + 0034 036 + 0014
Cohesiveness Palmoil 031 + 0044Bb 035 + 00248 033 + 0.018® 030 =+ 001P 034 =+ 0034
Shortening 033 + 0.014¢ 038 + 0.024° 043 + 0034 036 £ 0.014bc 034 £ 0024
Margarine 030 =+ 0.014B 035 + 00248 042 £ 00242 035 =+ 0.034° 034 £ 0014°

Texture profile analysis was conducted using the cubed sample with a width, length, and height of 2 cm after
standing to cool. Ten independent experiments were conducted in this study. #° Means within a column with
different letters are significantly different (p < 0.05). ¢ Means within a row with different letters are significantly
different (p < 0.05).
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Table 8. Texture profile analysis (springiness, gumminess, and chewiness) of meat analog supple-
mented with different types or amounts of vegetable oils.

Concentration (g/100 g TVP)

0il
10 20 30 40 50
Castoroil 725 + 05542 680 + 0584 653 + 0314 450 + 035C 411 + 037P¢
o Orangeoil 681 =+ 0.314b 650 + 0.904b 6.64 + 0404P 6.84 + (.194P 766 + 0264
Springiness  paimoil 681 + 0624 739 &£ 0444 702 + 0224 631 + 0288 632 + 0328
(MM)  Shortening 698 + 0364% 719 + 03547 656 + 0394b 629 + 0238 563 + 035Cd
Margarine  6.66 + 0244 708 + 04242 6.95 £ 03442 6.19 + 0438 566 =+ 040
Castoroil ~ 13.37 & 2354 1112 4 249 Aab 949 L+ 0.654B 343 + 028C 238 + 0.56P¢
) Orangeoil 11.82 + 11048 1124 + 12242 807 + 115485 854 £+ 1744P 10.87 + 07442
Gumminess  pain ol 1121 + 1254BC 950 + 0424Bb  §50 + 186ABP 491 + (588 557 + 1.058¢
(N) Shortening 1040 + 1.14B% 874 + 1208 1001 + 1684 750 + 09240 426 + 045C
Margarine 899 + 0.65% 831 4+ 0.39Bab 772 4+ 0378 612 4+ 036 514 + 0.46BCd
Castoroil 979 4+ 23142 768 + 22.8Add 621 + 6.04P 155 £+ 24PDc 99 <+ 30D
] Orangeoil 808 £ 10.84B2 739 + 17044 533 + 44Ac 583 + 11.0Abc 833 + 6.042
Chewiness  paimoil 767 + 1404BC 703 &+ e4h% 508 + 1354 310 + 39C 354 + 858
M) Shortening 724 + 55B% 630 + 994 657 + 11947 480 + 75AB 241 L 36Cc
Margarine  56.6 + 51 594 + 384 571 £+ 2642 411 + 828 292 £+ 4.2BC

Texture profile analysis was conducted using the cubed sample with a width, length, and height of 2 cm after
standing to cool. Ten independent experiments were conducted in this study. #° Means within a column with

different letters are significantly different (p < 0.05). >4 Means within a row with different letters are significantly
different (p < 0.05).

Table 9. pH values of vegetable oils used to prepare meat analog.

Oil pH
Castor oil 564 =+ 0.02P
Orange oil 319 + 0.04F
Palm oil 588 4+ 0.03€
Shortening 631 =+ 0.04B
Margarine 6.51 4 0.054

Three independent experiments were conducted in this study. A-E Means within a column with different letters
are significantly different (p < 0.05).

Springiness refers to the property of returning to its original state after the force
applied to the sample is removed, and cohesiveness is an indicator of the strength of the
internal bonds of food. Therefore, it is possible to measure tissue-forming ability using
chewing [42,43]. In this experiment, although there was a significant difference between
the samples, owing to small deviations in elasticity and cohesiveness, no clear trend was
observed.

3.5. DPPH Radical Scavenging Activity

DPPH is a compound with relatively stable radicals and is widely used to confirm the
antioxidant ability by reducing antioxidants [44], using the degree of purple decolorization
as an index of reduction by aromatic compounds and amines due to the electron-donating
ability of antioxidants [45]. The DPPH radical scavenging activity of the meat analog
samples was analyzed, and the results are shown in Table 10. Scavenging activity increased
as the concentration of vegetable oil increased, and that of the sample with orange oil
was significantly higher at all concentrations (p < 0.05). The scavenging activities of 010
and O50 were 30.15% and 36.91%, respectively, and all samples containing orange oil
exhibited more than 30% scavenging activity. The remaining samples showing more than
30% scavenging activity were P30, P40, and P50, with scavenging activities of 30.19%,
31.46%, and 33.46%, respectively. In addition, the sample containing orange oil showed
more than 7.79% higher scavenging activity than the sample with the lowest scavenging
activity at each concentration; the scavenging activity of O20 was 10.21% higher than that
of 520. In contrast, the sample with added shortening showed the lowest scavenging
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activity at each concentration. These results are attributed to the excellent antioxidant
properties of orange oil. Limonene, a major component of citrus fruits such as oranges and
citrons, has been reported to have excellent antioxidant, anti-inflammatory, antibacterial,
and anticancer activities [46,47]. Antioxidants such as ascorbic acid and flavonoids are
present in citrus fruits and juices [48], and the chemical composition and antibacterial and
antioxidant properties of limonene, a component of orange oil, have been reported [49].

Table 10. DPPH radical scavenging activity (%) of meat analog supplemented with different types or
amounts of vegetable oils.

Concentration (g/100 g TVP)

0il
10 20 30 40 50
Castor oil 2212 £+ 072€¢d 2427 £ 240Cd 2622 £ 059CPc 2766 + 042CL 2922 £+ (075C
Orangeoil ~ 30.15 4 0414¢ 3254 £ 10144 3396 &£ 0354 3536 + 0574P 3691 £ 02842
Palm oil 2841 + 1.08Bd 2933 + 084Bd 3019 + 0528 3146 + 037F° 3346 + 12182
Shortening ~ 20.07 + 1.11P4 2233 +£ 042¢ 2521 + 1.84C 2757 + 034 2813 + 047¢
Margarine  21.67 4+ 080°4 2301 + 060< 2621 £ 051 2791 £ 046 2865 + 0942

The activity was calculated by the following formula: DPPH radical scavenging activity % =[1 — {(A1l — A2)/A3}]
% 100. Al: Absorbance of 0.1 mL DPPH solution + 0.1 mL sample solution. A2: Absorbance of 0.1 mL methanol +
0.1 mL sample solution. A3: Absorbance of 0.1 mL DPPH + 0.1 mL methanol. Three independent experiments
were conducted in this study. #° Means within a column with different letters are significantly different (p < 0.05).
3¢ Means within a row with different letters are significantly different (p < 0.05).

3.6. Sensory Test

In this experiment, differences in sensory characteristics between samples of meat
analog prepared by adding five types of oil were evaluated. The test results for each sample
are shown in Figure 1, along with their intensities and preferences. The sample with orange
oil had the lowest soybean odor and oily taste at 1.38 and 2.50 points, respectively, and the
highest score for hardness and juiciness at 7.63 and 5.38 points, respectively. In contrast,
the castor oil sample had the lowest succulence score (3.75) and soybean odor (5.63). The
sample with palm oil had the lowest hardness score (3.50) and the sample with margarine
had the highest score (7.88) for oily taste.

Hardness_Intensity

8.0
A
'

-

.
Overall acceptance /

AN Juiciness_Intensity
o

=@ Castor oil
—& Orange oil
Palm oil

=A== Shortening

Oily taste_Preference Soybean odor_Intensity

e Margarine

Soybean odor_Preference e [ Oily taste_Intensity
L =

Juiciness Preference Hardness_Preference

Figure 1. Sensory evaluation of meat analog supplemented with castor oil (e), orange oil (ll), palm
oil (@), shortening (A), and margarine (—).

The intensity of each sample was reflected in the preference chart. Soybeans are
restricted in food development and application because of their peculiar fishy smell [14].
In addition, it is known that succulence is an important factor in judging softness and thus
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affects palatability [50]. Additionally, in this experiment, in terms of soybean odor and oily
taste, the sample with orange oil, with the lowest intensity in the corresponding category,
had the highest degree of preference at 6.13 and 6.00 points, respectively; it also had the
highest succulence intensity, with a score of 5.38.

Orange oil is a volatile flavor component widely used in the food industry, in bev-
erages, confectionery, desserts, and ice cream [51]. The physicochemical properties of
beverage emulsions using the organoleptic properties of orange oil as a flavor component
have been evaluated [52]. The addition of volatile flavoring ingredients to improve the
fishy smell of pig livers has also been investigated [53]. In this study, the ability of orange
oil to mask bean odor and improve juiciness was demonstrated; its application to meat
analog is a possibility in the future.

In contrast, although an 11-point scale was used, the highest point for overall accep-
tance was not high, at 5.75, possibly as no additives such as sugar or salt were added so
that the effect of the oil was clear. The overall preference for the sample containing orange
oil, evaluated as the highest for succulence, soybean odor, and oily taste, was 4.88 points.
In contrast, the overall preference of the sample with shortening was higher, at 5.75 points,
possibly due to the influence of other unmeasured sensory characteristics.

4. Conclusions

In this study, the physicochemical and sensory characteristics of meat analogs prepared
with different vegetable oils were analyzed to find the optimal concentration for improving
succulence and soybean odor. The meat analog with orange oil had excellent water content
and liquid-holding capacity and showed relatively high hardness; the antioxidant activity
was the highest among the oils, and the sensory test showed a reduction in soybean odor,
and excellent succulence. Ultimately, to apply this study to industry, specific research will
need to establish the optimal concentration of orange oil and the recommended daily intake.
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