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Abstract: Raw pulses as extenders in meat preparations result in oxidative processes. The oxidative
effects of using a raw chickpea paste (CP; 1/2; chickpea/water) in pork patties were evaluated. In a
first experiment, patties were prepared with increasing levels of CP (0 to 25%); in a second experiment,
patties with CP (25%) and without CP (controls) were kept at 4 ◦C or 22 ◦C for 18 h before patty
production; in a third experiment, chitosan, garlic, and cumin (from 0.5 to 2%) were added in patties
with CP (25%) and controls, and their antioxidant effects were evaluated. Patties were analysed for
pH, colour, and thiobarbituric acid reactive substances (TBARS) on days 1, 3, and 7 of refrigerated
aerobic storage. Discoloration on day 1 and TBARS levels on days 1 to 7 of storage increased with the
CP used. Higher batter temperature after mixing did not activate oxidative processes in the CP patties.
Garlic showed pro-oxidant effects in controls and no effects in the CP patties. Chitosan and cumin
did not reduce CP patties oxidation on the first day of storage, but they controlled oxidation during
subsequent storage. More research is needed to prevent oxidation caused by using raw chickpeas in
meat preparations.

Keywords: meat replacer; lipoxygenase; meat discoloration; meat oxidation; natural antioxidant

1. Introduction

Partial replacement of meat with meat extenders, such as non-meat proteins, i.e., soy
isolates, caseinates, or gluten, or fillers, such as starch or carrageenan, is a common practice
in the meat industry, mainly aimed at reducing raw material costs and increasing water
retention [1]. In recent decades, however, there has been growing interest in reducing
the amount of meat in meat products for purposes beyond cost reduction and improved
cooking yield [2,3]. The aim would be not only to produce meat products with a lower meat
content, but also with a high nutritional value, not inferior to that of conventional products,
a good sensory quality comparable to that of conventional meat products and a reduced
environmental impact. The extenders proposed to replace meat in these novel reformulated
meat products are dry grain legumes (pulses), cereals, oilseeds, or mushrooms. Pulses are
a good and cheap source of dietary protein, with levels usually above 20%, fibre, minerals,
and vitamins, and at the same time, their components have technological functionalities
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necessary for their use in processing food applications, such as water retention, emulsifica-
tion, and gelling [4]. Furthermore, their consumption plays an important role in the health
of the world’s population, as their regular consumption is associated with numerous health
benefits, such as reduced risk of cardiovascular disease, cancer, diabetes, and hypertension,
as well as reduced low-density lipoprotein cholesterol, among others [5,6].

In this context, there is a growing interest in the study of meat reformulated by the
inclusion of pulses to produce so-called hybrid meat products. This research has mainly fo-
cused on fresh meat preparations such as hamburgers, meatballs, and fresh sausages [7–11].
In these studies, quantities of between 5% and 75% of pulses were tested in the formula-
tions. Overall, the results show that the use of pulses in low–medium amounts (<15%)
increases the cooking yield and firmness of meat preparations, without negatively affecting
their sensory evaluation. However, the effects of reformulation depend not only on the
amount of meat substituted, but also on the type of pulses [12] and their pre-treatment
prior to use [13]. In this respect, studies do not show uniformity in the way pulses should
be pre-treated before use (grinding into flour, soaking and grinding in water, heating, etc.).

Interestingly, the use of raw pulses, such as raw chickpeas, in meat preparations has
been associated with oxidative changes, leading to lipid oxidation and resulting in off-
flavours, described as “beany” or “hay”, and discolouration, which compromises consumer
acceptance [13–16]. These effects, which are eliminated when pulses or their flours are
sufficiently heated before being added to meat, have been attributed to enzymatic oxidation
of lipids presumably caused by the enzyme lipoxygenase contained in pulses. Lipoxyge-
nases, non-heme iron dioxygenases, are natural enzymes that catalyse the deoxygenation
of polyunsaturated fatty acids with a cis,cis-1,4-pentadiene moiety, thereby producing
hydroperoxides and the subsequent formation of volatile lipid-derived compounds, mainly
carbonyls. These can be responsible for desirable and undesirable flavours in pulses and
processed food products containing them [17,18]. Lipoxygenase-mediated oxidation is
induced by several factors, such as light, metal ions, and tissue disruption [19].

Different antioxidant families, such as competitive reaction substrates, e.g., ascorbic
acid; Fe2+ chelating agents, e.g., catechins; reducing agents, e.g., selenide; or free radical
inhibitors, e.g., tocopherols and some polyphenols, have been suggested to at least partially
prevent lipoxygenase-associated oxidation of pulses in food applications [17]. However,
few studies have been conducted to assess the efficacy of those antioxidants in preventing
oxidation derived from pulses in meat matrices. Studies found in the literature on this topic
report that an antioxidant composed of α-tocopherol plus and ascorbyl palmitate used at a
concentration of 1% on fat content was able to partially inhibit the oxidative effect of raw
chickpea in a fresh sausage [14], while the use of sodium ascorbate (0.5 g/kg) or sodium
metabisulphite (0.45 g/kg) showed no antioxidant effect in a sausage batter [16].

Numerous natural ingredients or their extracts, containing high levels of phenolics or
other active ingredients, have been proposed for use in meat products as an alternative to
synthetic antioxidants [20]. Some of these natural ingredients may also increase the nutri-
tional value of meat products or possibly contribute antimicrobial agents and functional
components. Three natural ingredients recognised as having potential for use in meat
preparations are chitosan, fresh garlic (Allium sativum L.), and cumin (Cuminum cyminum).
Chitosan is a polysaccharide of animal origin whose use in fresh meat products has been
shown to have a lipid oxidation stabilising effect, also contributing to retarding microbial
growth and improving technological quality, i.e., texture and cooking performance [21–24].
Garlic is commonly used as a seasoning in fresh meat preparations, where its use at levels
between 0.5 and 5% has been shown to improve lipid oxidation stability [25–27]. In terms
of antioxidant effect, the most relevant active agents are specific organosulphur compounds
and polyphenols. Cumin is a commonly used spice with a strong antioxidant potency at-
tributed to a high phenolic content and specific terpenoids, such as cuminaldehyde [28,29],
which shows competitive inhibition of lipoxygenase binding at the active site [30].

The aim of this study was to increase the knowledge on the effects of the use of raw
chickpeas in reformulated fresh meat products on the discoloration and lipid oxidation
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processes occurring during mixing and storage of these meat products. More specifically,
the study had a threefold objective: (i) to assess the effects of the amount of chickpeas used
on the oxidative processes triggered, (ii) to understand whether the temperature of the
meat–chickpea mixture affects the degree of oxidation, and (iii) to evaluate the performance
of a selection of natural ingredients or their extracts with proven antioxidant capacity,
namely, chitosan, garlic, and cumin, on the oxidation generated by chickpeas.

2. Materials and Methods
2.1. Experiment Plan

The research consisted of three experiments to characterise the effects of using a raw
chickpea paste (chickpea–water mixture, 1/2 w/w) as an ingredient (up to 25%) in reformu-
lated pork patties (60% pork) on adverse changes in pH, discolouration, and lipid oxidation
during refrigerated aerobic storage (up to 7 days). Three experiments were conducted, all in-
cluding a set of control patties without chickpea paste and patties with chickpea paste. The
control and chickpea-containing patties had always the same target amount of fat (15%). In
addition, to obtain similar levels of starch, protein, and water (4, 16, and 68%, respectively)
in the control and reformulated patties, adequate amounts of sodium caseinate and potato
starch were included in the patty formulation where necessary. The experiments, sum-
marised in Figure 1, and their purpose were as follows: experiment one, to evaluate the
effect of the level of raw chickpea paste (four levels; from 0 to 25%) on the quality changes
(pH, discoloration and oxidative stability of lipids) of patties during aerobic storage; ex-
periment two, to evaluate the effect of temperature in the patty batter before forming
(4 ◦C and 15 ◦C for 18 h) on these changes in patties with chickpea paste (25%); experiment
three, to evaluate the antioxidant effect of selected natural ingredients used at two levels
(chitosan, garlic, and cumin) on these changes in patties with chickpea paste (25%).
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The patties were prepared at the Food Processing Pilot Plant of the Faculty of Veteri-
nary Medicine (University of León, León, Spain). Once the patties were formed, they
were packaged in trays covered with cling film and stored under aerobic conditions
at 4 ± 1 ◦C for up to seven days. For each experiment, a randomised complete block
design was followed by two replicates (two batches of patties, each prepared on a different
day). Each batch contained from four to six treatments (formulations): four for experiments
one and two, and six for experiment three. For each batch, three patties from each treat-
ment were sampled on days 1 (24 h after patty packaging), 4, and 7 of storage for further
analysis, i.e., three patties were sampled for each formulation x storage time combination
for analysis. The sampled patties were analysed in duplicate for pH, instrumental colour,
and thiobarbituric acid reactive substances (TBARS).

2.2. Ingredients Used in Patty Formulations

The ingredients used to make the patties were lean pork shoulder, pork back fat, sodium
caseinate, sodium chloride, potato starch, cream-coloured chickpea (Cicer arietinum L. vari-
ety Pedrosillano; La Asturiana, Vidanes, León, Spain), and water. The natural ingredients
used as antioxidants in experiment three were chitosan (C3646, deacetylation degree ≥75%,
average molecular weight 1260 kDa; Sigma-Aldrich, St. Louis, MI, USA), fresh garlic, and
cumin seed powder (Cuminum cyminum) purchased locally. The pork and pork fat were
minced with a meat mincer through an 8 mm diameter plate just before preparing the
patty mixes.

The chickpea paste was prepared in duplicate from 1 kg of chickpeas and 2 kg of water
as follows: chickpeas were soaked in 3 L of distilled water for 24 h at room temperature
(22 ◦C); the excess water was removed, the chickpeas were washed with tap water and
then drained and weighed, and distilled water was added to the soaked chickpeas until
a total weight of 3 kg was reached. The soaked chickpeas and added water were mixed
using a Stephan UMC5 (Saint-Cannat, France) operating at 4 ◦C, 2400 r.p.m., and 0.5 atm
for 8 min to form a paste. A 100 g sample of the paste was used for characterisation, which
consisted of triplicate analysis of pH, composition, colour, TBARS (determined as indicated
for patties), and lipoxygenase activity. Lipoxygenase activity was determined from a
subsample of 2 g of paste following the methodology of [31]. The remaining chickpea paste
was divided into three similar portions (approximately 1 kg each), vacuum packed, and
frozen until further use.

2.3. Preparation of Patties and Sampling
2.3.1. Effects of the Amount of Raw Chickpea Paste on the Quality of Reformulated Patties

Four types of patty mixes (four treatments; 2 kg each) were prepared in duplicate
(two batches) using 60% lean pork, 15% fat, and increasing levels of chickpea paste from 0
to 25% (Table 1): control patty, no chickpea paste, CONP; patty with 8.3% chickpea paste,
CP8.3P; patty with 16.7% chickpea paste, CP16.7P; and patty with 25.0% chickpea paste,
CP25P. Starch, caseinate, and water were added at different levels in order to obtain patties
with similar target concentrations of protein, starch, and water, regardless of treatment.
Next, 20 g of sodium chloride per kg was added to all mixtures. The meat and all ingredients
were then mixed in a meat mixer for 6 min until a homogenous mass was obtained.
Patties were then formed into 80 g units (10 cm in diameter and 1 cm thick) using a patty
press, covered with food grade cellophane patty discs, and placed on a plastic tray. The
trays with the patties were wrapped with transparent polyvinyl chloride film and stored
at 4 ± 1 ◦C for up to seven days. On day 1, three patties CONP and CP25P were sampled
for chemical composition analysis, pH, colour, and TBARS. In addition, on days 3 and 7,
three other patties per treatment and per day of storage were sampled for pH, colour, and
TBARS analysis.
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Table 1. Formulations, expressed as percentage, for the patties & in experiment one.

CONP CP8.3P CP16.7P CP25P

Lean pork 60 60 60 60
Pork back fat 15 15 15 15
Water 19 12.7 6.4 -
Potato starch 4 2.7 1.3 -
Sodium
caseinate 2 1.3 0.6 -

Chickpea paste # - 8.3 16.7 25
CONP: control patty; CP8.3P, CP16.7P, and CP25P: 8.3%, 16.7%, and 25% chickpea-paste-containing patties,
respectively. & The four patty mixes were also added with 2 g of common salt per 100 g of mix. # Prepared from
one part of raw chickpea and two parts of water (weight/weight).

2.3.2. Effects of Temperature on the Quality of Reformulated Patties with Raw
Chickpea Paste

A batter of a control patty and a patty containing 25% chickpea paste (two batches;
2 kg per batch) were prepared. The batter composition of both types of patties and the patty
preparation process were the same as described in the previous experiment for CONP and
CP25P (Table 1). The batters for each formulation were divided into two similar portions
and wrapped in cling film. One of these portions was stored at 4 ± 1 ◦C for 18 h, and
the other portion was subjected to a temperature abuse of 15 ± 1 ◦C for 18 h. Thus, the
experiment had four treatments, two batter compositions x two temperatures (4 ◦C or 15 ◦C)
during the 18 h storage period prior to patty formation: CONP4◦C, CONP15◦C, CP25P4◦C,
and CP25P15◦C. Patties were then prepared from each treatment, placed in trays covered
with cling film, and stored under refrigeration, as described in experiment two. The pH,
colour, and TBARS of three patties from each batch and treatment were analysed on days 1,
3, and 7 of storage.

2.3.3. Effect of the Use of Selected Natural Ingredients on the Quality of Reformulated
Patties with Raw Chickpea Paste

In this experiment, two batches of eighteen types of patties were prepared, nine of
which used the same formulation and procedure as described in the previous experiments
for CONP (without chickpea), while the other nine were for CP25P (Table 1), except that
selected natural antioxidant ingredients (no antioxidant, chitosan, garlic, and cumin) were
added to the formulations at two levels (low and high). Thus, the following treatments were
obtained: two without antioxidants (CONP and CP25P), two with 1 g chitosan/100 g of
batter (CONPCH1 and CP25PCH1), two with 2 g chitosan/100 g (CONPCH2 and CP25PCH2),
two with 1 g fresh garlic/100 g (CONPFG1 and CP25PFG1), two with 2 g garlic/100 g
(CONPFG2 and CP25PFG2), two with 0.5 g cumin/100 g (CONPCU0.5 and CPP25CU0.5),
and two with 1 g cumin/100 g (CONPCU1 and CP25PCU1). For the CONP treatments, the
antioxidant ingredients were added before the mixing of the ingredients, and for the CP25P
treatments, the antioxidant ingredients were added to and mixed with the chickpea paste.
After the mixing, patties were then formed, refrigerated, stored, and sampled for analysis
following the abovementioned conditions in the previous experiments.

2.4. Quality Analysis in Patties

The chemical composition (moisture, protein, and ash content) of the raw CONP and
CP25P from experiment one and of the chickpea paste (the same chickpea paste was used
for all experiments) was determined in triplicate following the procedures recommended
by [32], i.e., Official Methods 950.46, 991.36, 981.10, and 920.153, respectively. The pH of all
patties was measured using a pH meter equipped with a penetration electrode calibrated
with buffer solutions of pH 4 and 7. Instrumental colour was measured at three different
points on the surface using a portable colorimeter (Konica Minolta CM-600d, Osaka, Japan)
operating in SCI mode, with D65 illumination, 11 mm aperture, and 10◦ viewing angle.
Colour was described in terms of lightness (L*), redness (a*), and yellowness (b*). Lipid
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oxidation was estimated as TBARS value, which was measured according to [33] with
modifications described by [16] and expressed as mg malondialdehyde equivalents/kg
patty sample. Briefly, a 2 g aliquot of patty was homogenised at 9500 rpm for 60 s with
20 mL of distilled water using an IKA T-18 basic Ultra Turrax (Staufen, Germany). The
mixture was then passed through a wire mesh filter and 1 mL of filtrate, 50 µL of 7.2%
butylated hydroxytoluene ethanolic solution, and 1 mL of thiobarbituric acid 20 mM in 15%
trichloroacetic acid were placed in a test tube, shaken, heated in a water bath at 80 ◦C for
20 min and cooled in cold water for 10 min, centrifuged at 4000× g for 20 min, and filtered
through a 0.45 µm syringe filter. Afterwards, the absorbance was read at 531 nm, and the
TBARS were quantified using 1,1,3,3-tetra-ethoxypropane standard solutions.

2.5. Statistical Analysis

The data were analysed by one-way analysis of variance (ANOVA; general linear
model) using the software SPSS v.26 (IBM, Somers, NY, USA). For the chemical composition,
the mean values obtained from each of the two batches of experiment one was compared by
ANOVA. For the pH, colour, and TBARS values, two ANOVA were carried out. In the first
one, the effect of treatment within each time was assessed using replication as a random
factor. In the second, the effect of time within treatment was used as the fixed factor, and
replication was also used as a random factor. When the analyses proved to be significant
(p < 0.05), they were followed by the Tukey test, considering statistical significance for
p ≤ 0.05. Pearson correlations were calculated between the amount of chickpea paste
added in experiment one and the corresponding dependent variables (pH, colour values,
and TBARS).

3. Results and Discussion
3.1. Chickpea Paste and Patty Chemical Characteristics

The pH value, chemical composition (expressed as a percentage), colour (L*, a*,
and b*), and TBARS values of the chickpea paste were as follows (mean ± standard
deviation; n = 2): pH, 6.24 ± 0.02; moisture, 69.5 ± 0. 1; protein, 6.8 ± 0.2; lipid, 2.1 ± 0.2;
ash, 0.86 ± 0.01; carbohydrate by difference, 20.7; L*, 77.7 ± 0.3; a*, 2.65; b*, 21.0 ± 0.1;
and TBARS, 1.2 ± 0.1 mg malondialdehyde equivalents/kg. The amount of fibre in
chickpea paste, according to the information provided on the chickpea package label
(14.4 g dietary fibre/100 g chickpea), was 4.8%. The lipoxygenase activity of the chickpea
paste was 20,036 ± 2217 units/g dry matter. The results of the compositional analysis and
lipoxygenase activity of chickpea paste are consistent with those found in other studies
on chickpea [31,34]. The composition of the control patty and the one reformulated with
25% chickpea paste is shown in Table 2. No significant differences in moisture, lipids, and
protein were detected, as the formulation was designed to obtain similar levels between
treatments. The use of chickpea paste increased ash and carbohydrate levels. The higher
carbohydrate content in CP25P can be explained by the fibre (and starch) provided by
chickpea paste, as starch and caseinate, added to CONP, do not contain fibre. CP25P was
expected to have more ash, as the levels of minerals contributed by the chickpea paste
(0.9% ash) to the patties would have been higher than those contributed by the sodium
caseinate and starch added to the patties (according to the supplier’s analytical data, the
sodium caseinate and starch contained 3.5% and 0.8% ash, respectively).
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Table 2. Chemical composition (%) of control and reformulated patties.

CONP (n = 2) CP25P (n = 2) p-Level

Moisture 70.13 ± 0.53 67.01 ± 1.80 0.14
Lipids 8.01 ± 1.40 8.76 ± 1.38 0.64
Protein 15.83 ± 0.77 15.68 ± 0.15 0.81

Ash 2.72 ± 0.05 2.90 ± 0.02 0.042
Total carbohydrate # 3.31 ± 0.05 5.69 ± 0.55 0.026

CONP: control patties; CP25P patties with 25% of chickpea paste. # Obtained by difference: 100 − (% moisture +
% fat + % protein + % ash).

3.2. Effects of the Level of Raw Chickpea Paste on the Quality of Reformulated Patties

Increasing levels of chickpea paste were used up to 25% (8.3% chickpea) in the patty
formulation. The maximum value was within the range used in previous studies on fresh
minced meat products reformulated with pulses and was below the levels found in those
studies to negatively affect sensory acceptability [10]. The results obtained for pH, colour,
and TBARS of patties with different levels of chickpea paste are shown in Table 3. The
amount of chickpea paste did not affect the pH on the first day of storage. This is consistent
with the pH value found in the chickpea paste (6.2), which was close to the normal values
expected for pork. During storage under aerobic conditions, from day 4 to day 7, the pH
of patties with higher amounts of chickpea paste increased significantly. This could have
been the result of chickpea paste providing favourable conditions for the growth of aerobic
psychrotrophic bacteria that produce metabolites related to proteolysis that contribute
to the increase in pH. The growth of psychrotrophic bacteria can be used as an index of
spoilage in minced meat stored under aerobic conditions [35]. The observed increase in pH
is consistent with a study by [14], where the use of raw chickpea flour in a fresh sausage
decreased the microbial quality of sausages stored under refrigeration.

The colour of raw patties was affected by the use of raw chickpea, with redness (a*)
being the most affected coordinate. The a* values are shown in Table 3 and Figure 2. On
the first day of patty storage, redness (a*) was lower in patties with chickpea. The decrease
in a*, which is the consequence of myoglobin oxidation and result in patty discoloration,
can negatively influence consumer intention to purchase meat preparations with pulses [9].
Raw chickpeas when mixed with minced meat would generate peroxides from polyunsatu-
rated fatty acids, presumably via lipoxygenase activity, thus promoting pigment oxidation
together with lipid oxidation [13,14]. Consistent with this study, Verma et al. [14] found that
the mixing raw chickpea flour with meat in a reformulated sausage oxidised myoglobin to
metmyoglobin (up to 80%), and that most of the formation of metmyoglobin took place
during the first few minutes of mixing the batter. In this study, in addition to the previously
described effect of raw chickpeas on colour oxidation [14], we found a relationship between
patty discoloration and the level of chickpea in the formulation. Pearson’s correlation anal-
ysis between the level of chickpea paste used (from 8.3 to 25%) and the a* values of patties
with chickpea on day one of storage showed significance (r = −0.618, p = 0.006), indicating
that the concentration of chickpea paste explained 0.38% of the variation in discoloration.

As for the other colour coordinates, on day 1, lightness (L*) increased with the amount
of chickpea, and significant differences were found between CONP and CP25P. The effect
of chickpea paste on L* was also observed on days 4 and 7 of storage and could have
been related to the high L* value of chickpea paste (L* = 78), which was greater than that
of meat and control patties. In contrast, the yellowness (b*) coordinate was not affected
by reformulation.
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Table 3. Effects of partial pork lean meat replacement with different levels of chickpea paste on the
colour, pH, and lipid oxidation (TBARS) of the patties during refrigerated aerobic storage.

CONP CP8.3P CP16.7P CP25P p-Level

pH
Day 1 5.98 ± 0.02 6.00 ± 0.01 6.00 ± 0.20 1 5.99 ± 0.02 2 0.283
Day 4 5.95 ± 0.03 c 5.99 ± 0.01 b 6.01 ± 0.01 ab,2 6.02 ± 0.01 a,2 <0.001
Day 7 5.99 ± 0.03 b 6.00 ± 0.01 b 6.06 ± 0.02 a,2 6.08 ± 0.02 a,1 <0.001
p-level 0.060 0.090 0.003 0.003
Color

L*
Day 1 53.62 ± 2.47 b 54.84 ± 1.20 ab 55.58 ± 1.84 ab 57.74 ± 0.66 a <0.001
Day 4 52.42 ± 1.79 b 54.66 ± 0.64 ab 56.50 ± 1.80 a 56.89 ± 0.90 a <0.001
Day 7 52.61 ± 3.17 b 55.90 ± 2.61 ab 56.28 ± 2.05 ab 57.90 ± 1.92 a <0.001
p-level 0.093 0.260 0.088 0.100

a*
Day 1 8.97 ± 0.87 a,1 7.61 ± 0.96 b,1 7.49 ± 0.67 b,1 6.32 ± 0.19 b,1 0.002
Day 4 4.94 ± 0.23 2 5.03 ± 0.83 2 5.50 ± 0.46 2 5.31 ± 0.33 2 0.221
Day 7 5.16 ± 0.87 2 4.59 ± 0.63 2 4.76 ± 0.59 2 4.66 ± 0.35 2 0.102
p-level <0.001 0.005 <0.001 0.002

b*
Day 1 17.95 ± 0.91 1 17.37 ± 1.12 1 17.82 ± 1.07 1 17.93 ± 0.69 0.620

Day 4 15.94 ± 0.67
b,12 16.98 ± 0.79 a,1 17.69 ± 0.68 a,1 17.32 ± 0.79 a 0.048

Day 7 14.58 ± 1.94 b,2 15.15 ± 0.1 b,2 16.69 ± 0.33 ab,2 17.80 ± 0.78 a <0.001
p-level 0.003 0.026 0.016 0.346
TBARS
Day 1 0.28 ± 0.09 d,2 2.11 ± 0.36 c,2 2.65 ± 0.42 b,2 3.83 ± 0.34 a,3 <0.001
Day 4 0.67 ± 0.18 c,12 3.01 ± 0.22 b,1 3.52 ± 0.61 b,1 5.18 ± 0.33 a,2 <0.001
Day 7 0.75 ± 0.24 c,1 3.34 ± 0.24 b,1 3.90 ± 0.26 b,1 6.06 ± 0.51 a,1 <0.001
p-level <0.001 0.004 0.023 <0.001

TBARS: thiobarbituric reactive substances expressed as mg malondialdehyde equivalents/kg of patty. CONP:
control patty; CP8.3P, CP16.7P, and CP25P: patties with 8.3%, 16.7%, and 25% of chickpea paste, respectively.
abc Means within the same row showing any common letter superscript are significantly different (p ≤ 0.05; Tukey
post-hoc test). 123 Means within the same column showing any common number superscript are significantly
different (p < 0.05; Tukey post-hoc test).

Storage time significantly reduced redness (a*) of patties from day 1 to 4 in all treat-
ments. No decrease in a*, however, was observed from day 4 to 7. The reduction in a*
during the first four days of storage could be attributed to oxidation of myoglobin. It was
more intense in CONP and less intense in CP25P, with the reductions shown by CP8.3P and
CP16.7P being in an intermediate position. As a result, from day 4 onwards, the value of a*
became similar between treatments, irrespective of whether chickpea was used or not and
the amount used. Similarly, Verma et al. [14] found that unoxidised myoglobin remaining
in fresh sausages with and without raw chickpea at the time of packaging became progres-
sively oxidised over a one-week storage period until it was completely oxidised in both the
control sausage and the one containing chickpea. In this study, yellowness (b*) showed a
significant and steady decrease during storage in all sausages except CP25P.
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Figure 2. Values of thiobarbituric acid reactive substances (TBARS; expressed as mg of malondialde-
hyde equivalents/kg) vs. redness (a*) of the patties on each day of storage (n = 24). CONP: control
patty; CP8.3P, CP16.7P, and CP25P: patties with 8.3%, 16.7%, and 25% of chickpea paste, respecitvely.

The TBARS assay was used to monitor lipid oxidation during patty storage. This
is a method widely used in meat research and industry to assess the oxidative status a
of meat or fresh meat products during short storage times, and TBARS levels have been
correlated with the consumer perception of rancid flavour [36]. The TBARS values of the
patties were significantly increased by the use of raw chickpea on day 1 of storage, and the
increasing effect was also observed on days 4 and 7 (Table 3, Figure 2). A similar pattern
was previously reported in fresh sausages [14]. Furthermore, the results of this study
showed that lipid oxidation was related to the level of chickpea used, and the relationship
was stronger than that found for discolouration versus chickpea level. On day 1 of storage,
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the Pearson correlation between the level of chickpea paste (from 0 to 25%) and TBARS
values was 0.952 (p < 0.001). Thus, accepting that oxidation is produced by chickpea
lipoxygenase, these results are in line with previous studies in various non-meat food
applications showing that the enzyme concentration determines the rate and extent of
lipid oxidation [37]. Previous studies on meat products have found that lipid oxidation by
raw chickpea has resulted in the formation of a number of volatile compounds that could
negatively affect the acceptability of its aroma and flavour. [13,16].

As suggested by [14], a relationship between lipid oxidation and discoloration of
patties was observed. The variation of TBARS in patties due to the use of chickpea showed
a high correlation with the variation of a* (discoloration) on each of the three days of storage
(Figure 2), i.e., the correlations between TBARS and a* were r = −0.775 (p < 0.001; n = 24)
on day 1, r = −0.512 (p = 0.011; n = 24) on day 4, and r = −0.694 on day 7 (p < 0.001; n = 24).

Lipid oxidation in patties increased with storage time, and the increase was the lowest
in CONP and the highest in CP25P. Verma et al. [14] also found that the lipid oxidation
rate of a control fresh sausage (with no chickpea) during storage was lower than that of
a sausage containing raw chickpea. This means that the oxidative effect mediated by the
raw chickpea continues after the patty making during aerobic refrigerated storage. Results
in this study also show that the rate of oxidation during storage was positively related
to the level of chickpea used. In contrast, a previous study with reformulated cooked
sausages containing raw chickpea showed no increase in TBARS during a similar period
of aerobic storage [16]. The discrepancy could be attributed to the inactivation effect of
sausage cooking on lipoxygenase activity.

3.3. Effects of Temperature of the Patty Batter on the Quality of Reformulated Patties with Raw
Chickpea Paste

The oxidation of chickpea-containing patties, presumably mediated by lipoxygenase [13,17],
could be affected by temperature, as the catalytic activity of lipoxygenases is temperature
dependent, with the optimum being between 30 and 40 ◦C [38]. To determine the possible
effect of temperature, a patty batter without chickpea (control) and one with 25% chickpea
paste were prepared and kept in the dark for 18 h at two different temperatures: refrigerated
(4 ◦C) and at abuse temperature (15 ◦C). The patties were then formed, packaged, stored,
and refrigerated for up to 7 days and then analysed. Table 4 shows the effect of temperature
on the patty quality traits. The temperature at which the patty batter was held before
forming did not affect the pH on any of the storage days, except for a lower pH in CONP15◦C
compared to CP25P4◦C on day 7. No increase in pH was observed in the chickpea patties
during storage, indicating a possible lower growth of aerobic psychrophilic bacteria in
CP25P in this experiment than in the previous one. The use of chickpeas in the patties, as
seen in experiment one, tended to increase L* and decrease a*, further reducing a* during
storage. In addition, lipid oxidation on day 1 increased with the use of chickpeas, and the
oxidative effect of raw chickpeas continued for longer storage periods.

No effect of temperature on discoloration or lipid oxidation of patties containing
chickpeas was detected at any of the storage periods. Therefore, contrary to our hypothesis,
a higher temperature of the patty batter after mixing during the hours following mixing did
not promote the oxidative processes triggered by the raw chickpeas. The lack of response
of lipid oxidation to temperature suggests that lipoxygenase would have lost activity just
after mixing. Therefore, the oxidation in CP25P observed on day 1 must have developed
mainly during the mixing of chickpea paste and minced meat. In agreement, discoloration
of a sausage batter containing raw chickpea flour was observed to occur immediately after
mixing [14]. The probable loss of oxidative activity after mixing could have been the result
of an irreversible change of the iron contained in the enzyme from the ferric to the ferrous
form, as the active state corresponds to the high-spin oxidised Fe3+, or inhibition of enzyme
active sites by the secondary oxidation products formed [17,39].
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Table 4. Effects of the temperature abuse in patty batter and formulation (control and chickpea-
containing patties) on patty colour, pH, and lipid oxidation (TBARS) during refrigerated
aerobic storage.

CONP4◦C CONP15◦C CP25P4◦C CP25P15◦C p-Level

pH
Day 1 5.90 ± 0.01 5.86 ± 0.01 5.94 ± 0.04 5.94 ± 0.02 0.051
Day 5.87 ± 0.02 5.88 ± 0.05 5.95 ± 0.02 5.93 ± 0.02 0.149

Day 7 5.93 ± 0.03 ab 5.84 ± 0.04 b 6.00 ± 0.01 a 5.93 ± 0.01 ab 0.018
p-level 0.114 0.684 0.162 0.821
Color

L*
Day 1 53.76 ± 0.45 b 53.96 ± 0.74 b 57.98 ± 0.85 a 58.17 ± 0.22 a 0.003
Day 4 53.09 ± 0.35 b 52.74 ± 0.88 b 58.72 ± 1.02 a 58.99 ± 0.83 a 0.004
Day 7 55.47 ± 0.93 b 54.57 ± 0.40 b 59.64 ± 0.34 a 59.03 ± 0.58 a 0.003
p-level 0.071 0.163 0.256 0.387

a*

Day 1 7.72 ± 0.39
a,1 6.20 ± 0.26 b,1 6.30 ± 0.35 b,1 6.13 ± 0.12 b,1 0.050

Day 4 4.69 ± 0.31 2 5.78 ± 0.28 12 5.06 ± 0.21 2 4.97 ± 0.33 2 0.070
Day 7 5.35 ± 0.58 12 5.23 ± 0.18 2 4.34 ± 0.13 2 4.96 ± 0.54 2 0.153
p-level 0.043 0.048 0.009 0.050

b*
Day 1 16.80 ± 0.96 16.03 ± 0.10 18.02 ± 0.49 18.36 ± 0.91 0.089
Day 4 16.13 ± 0.21 b 16.07 ± 0.47 b 18.44 ± 0.45 a 17.57 ± 1.01 ab 0.043
Day 7 15.27 ± 1.06 15.22 ± 0.11 17.36 ± 0.26 16.71 ± 0.93 0.094
p-level 0.323 0.094 0.165 0.352
TBARS
Day 1 0.29 ± 0.39 b 0.48 ± 0.41 b 4.47 ± 0.60 a,2 3.82 ± 0.82 a,2 0.019
Day 4 0.56 ± 0.06 b 0.75 ± 0.10 b 5.15 ± 0.59 a,12 5.02 ± 0.12 a,12 <0.001
Day 7 0. 86 ± 0.29 b 1.10 ± 0.52 b 6.35 ± 0.30 a,1 6.84 ± 0.23 a,1 <0.001
p-level 0.275 0.396 0.048 0.040

TBARS: thiobarbituric reactive substances expressed as mg malondialdehyde equivalents/kg of patty. CONP:
control patty; CP25P: patty with 25% of chickpea paste; 4◦C and 15◦C: the patty batter was stored at 4 ± 1 ◦C
or 15 ± 1 ◦C (temperature abuse), respectively, for 18 h before patty formation. ab Means within the same row
showing any common letter superscript are significantly different (p ≤ 0.05; Tukey post-hoc test). 12 Means
within the same column showing any common number superscript are significantly different (p ≤ 0.05; Tukey
post-hoc test).

The subsequent increase in TBARS observed in the chickpea patties during storage
from day 1 to 7 was also unaffected by the above temperature conditions. The progressive
oxidation, not significant in the control patties, could have been the result of the gradual
decomposition of residual hydroperoxides together with peroxy and alkoxy radicals [37]
previously formed by the lipoxygenase enzyme during the mixing process, or by residual
enzymatic activity. In contrast, in a previous study, Kasaiyan et al. [16] did not find that the
use of raw chickpea increased lipid oxidation during aerobic storage of an emulsion-type
cooked sausage with olive oil. The reason for this discrepancy could be the denaturation of
the lipoxygenase enzyme during heating of the sausage together with the protective effect
of olive oil against oxidation.

3.4. Effect of the Use of Selected Natural Ingredients on the Quality of Reformulated Patties with
Raw Chickpea Paste

Lipid oxidation (and discoloration) in reformulated meat products promoted by the
use of raw chickpea can be avoided by sufficiently heating the chickpea or chickpea flour (at
least above 100 ◦C) before use [13,16]. If raw chickpeas are to be used, antioxidants capable
of controlling the oxidation produced by the chickpea should be used. Three natural
ingredients with proven antioxidant effect in meat systems were added to both control
patties and patties with 25% chickpea paste. Tables 5–7 show the effects of chitosan, garlic,
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and cumin, respectively, on pH, colour, and lipid oxidation of the control and chickpea
paste patties stored under refrigeration.

The most obvious effect of using chitosan in patties was an increase in pH of approxi-
mately 0.5 pH units per g of chitosan added to 100 g of patty batter (Table 5). This effect was
expected [22,40], as chitosan is a basic polysaccharide [23]. During storage, pH decreased
significantly in CONPCH1 and CONPCH2, while no significant changes in pH were observed
in the other patties. In contrast, a pH increase in patties containing chitosan (up to 2%)
during patty storage was observed in other studies [22,40], although the increase was lower
than that observed in patties without chitosan. The antimicrobial effect of chitosan [22]
could have slowed bacterial growth in the patties in this study. However, the efficacy of
chitosan as an antimicrobial agent would not have been equal in all patties, as its effect
depends on the components of the meat matrix and the type of bacteria considered [41].
The decrease in pH observed for CONPCH1 and CONPCH2 suggests that chitosan may have
selectively promoted the growth of acidifying microorganisms, such as lactic acid bacteria,
in these patties during storage, and that the use of chickpea would have interfered with
this effect.

Chitosan did not affect the L* values of the patties, irrespective of treatment and day
of storage. However, it did affect a* and b* values. In the control patties, the use of chitosan
reduced the a* and b* values on day 1 of storage, while no effect was observed on days 4
and 7. In patties with chickpea paste, chitosan did not affect a* and b* values. In patties with
chickpea paste, chitosan did not cause any colour change during storage. Previous studies
on the effect of chitosan on the colour of fresh patties have been inconclusive, as this effect
was dependent on the molecular weight of the chitosan. An increase in L*, a*, and b* was
observed in fresh patties added with a low molecular weight chitosan [22,40]. However,
when a high molecular weight chitosan was used, as in this study, no effect on colour was
observed [22]. The discrepancies between the studies could be at least partially explained
by light scattering. Chitosan, and eventually other polysaccharides such as starch, could
affect the light scattering properties of the patty surface in a variable and complex way,
thus affecting colour values along with myoglobin concentration and chemical state [42].

During storage, redness decreased significantly in all control patties and in the patty
containing chickpeas without chitosan (CP25P), but not in those containing chickpeas and
chitosan. Previous studies have shown that the use of chitosan in patties at levels of 1–2%
can exert a positive effect on red colour retention during frozen storage [22,43]. In this
study, however, a protective effect of chitosan on colour was observed in patties containing
chickpea paste, but not in patties without chickpea paste. In the three patties without chick-
pea and CP25P, the a* value on day 7 reached values indicating that most of the myoglobin
had been oxidised to metmyoglobin [14], while in CP25PCH1 and CP25PCH2, the a* values
on day 7 were higher, suggesting that some of the myoglobin remained unoxidised.

A lipid antioxidant effect of chitosan has been described in reformulated fresh meat
preparations stored under refrigeration [21,40]. However, in this study, chitosan prevented
neither lipid oxidation by raw chickpea on day 1 nor lipid oxidation during storage in
all patties, although there was a statistical trend (p < 0.1) towards lower TBARS levels
on days 4 and 7 in the patties with chickpeas. Overall, as an antioxidant agent, chitosan
could be considered weak [44]. The antioxidant effect is based on chelating and radical
scavenging activity, which depends on the molecular weight of chitosan [22,23,45]. In
muscle products, chelating activity is more effective in cooked meat than in fresh meat. As
for radical scavenging activity, it is lower for high molecular weight chitosan, the one used
in this study, than for low molecular weight chitosan (<100 kDa) [21,40].
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Table 5. Effect of the use of chitosan at two levels in control and chickpea-containing patties on their
colour, pH, and lipid oxidation (TBARS) during refrigerated aerobic storage.

Control Patties Chickpea Paste Patties

CONP CONPCH1 CONPCH2 p-Level CP25P CP25PCH1 CP25PCH2 p-Level

pH
Day 1 6.04 ± 0.03 c 6.63 ± 0.02 b,1 6.97 ± 0.20 a,1 <0.001 6.03 ± 0.03 b 6.68 ± 0.17 a 6.83 ± 0.28 a 0.049
Day 4 6.02 ± 0.03 c 6.52 ± 0.01 b,2 6.86 ± 0.04 a,2 <0.001 6.05 ± 0.08 c 6.65 ± 0.01 b 6.85 ± 0.07 a 0.002
Day 7 5.92 ± 0.07 c 6.45 ± 0.02 b,3 6.74 ± 0.01 a,3 <0.001 5.96 ± 0.08 c 6.52 ± 0.01 b 6.77 ± 0.02 a <0.001
p-level 0.056 0.003 0.007 0.47 0.34 0.49
Colour

L*
Day 1 57.46 ± 2.49 57.67 ± 0.70 57.42 ± 0.59 0.99 56.62 ± 2.33 60.19 ± 1.26 60.58 ± 0.22 0.142
Day 4 58.13 ± 0.23 56.13 ± 1.95 56.91 ± 0.71 0.130 56.89 ± 0.90 60.02 ± 1.27 58.91 ± 0.71 0.69
Day 7 56.04 ± 2.59 56.34 ± 0.27 58.52 ± 1.16 0.65 58.73 ± 1.72 59.44 ± 0.84 59.52 ± 2.16 0.072
p-level 0.64 0.134 0.088 0.17 0.81 0.70

a*
Day 1 8.01 ± 0.11 a,1 5.82 ± 0.25 b,1 6.09 ± 0.56 b,1 <0.001 7.80 ± 0.36 1 7.29 ± 0.3 6.70 ± 0.82 0.25
Day 4 5.79 ± 0.09 2 5.48 ± 0.24 1 5.77 ± 0.06 1 0.22 5.56 ± 0.35 2 6.34 ± 0.75 5.94 ± 0.47 0.46
Day 7 4.34 ± 0.37 2 3.87 ± 0.33 2 3.94 ± 0.37 2 0.056 4.42 ± 0.16 b,2 5.69 ± 0.07 a 5.37 ± 0.32 a 0.019
p-level <0.001 0.047 <0.001 0.004 0.077 0.21

b*
Day 1 17.66 ± 0.09 a 14.97 ± 0.52 b 15.15 ± 0.21 b 0.006 17.24 ± 0.1.69 18.22 ± 0.64 18.92 ± 1.86 0.59
Day 4 15.94 ± 0.36 15.25 ± 0.63 16.32 ± 1.08 0.43 18.02 ± 0.07 17.32 ± 1.67 18.71 ± 0.49 0.48
Day 7 15.65 ± 0.79 16.12 ± 0.65 15.67 ± 0.32 0.72 16.77 ± 0.63 17.77 ± 0.23 18.22 ± 0.07 0.071
p-level 0.052 0.16 0.66 0.55 0.30 0.59
TBARS
Day 1 0.42 ± 0.11 0.44 ± 0.10 2 0.31 ± 0.15 3 0.23 3.42 ± 0.22 2 3.45 ± 0.16 2 3.31 ± 0.08 2 0.70
Day 4 0.56 ± 0.17 0.46 ± 0.04 2 0.39 ± 0.05 2 0.37 4.60 ± 0.31 12 4.08 ± 0.07 12 3.81 ± 0.24 2 0.089
Day 7 0.59 ± 0.29 0.68 ± 0.11 1 0.47 ± 0.02 1 0.78 5.72 ± 0.67 2 4.94 ± 0.37 1 4.58 ± 0.45 1 0.079
p-level 0.150 0.047 0.002 0.039 0.018 0.049

TBARS: thiobarbituric reactive substances expressed as mg malondialdehyde equivalents/kg of patty. CONP:
control patty; CP25P: patties with 25% of chickpea paste patty; CH1 and CH2: patties containing, respectively, 1 and
2 g chitosan/100 g of patty batter. abc Means within the same row showing any common letter superscript are
significantly different (p ≤ 0.05; Tukey post-hoc test). 123 Means within the same column showing any common
number superscript are significantly different (p ≤ 0.05; Tukey post-hoc test).

Table 6. Effect of the use of garlic at two levels in control and chickpea-containing patties on their
colour, pH, and lipid oxidation (TBARS) during refrigerated aerobic storage.

Control Patties Chickpea Paste Patties

CONP CONPFG1 CONPFG2 p-Level CP25P CP25PFG1 CP25PFG2 p-Level

pH
Day 1 6.04 ± 0.03 1 6.06 ± 0.04 1 6.04 ± 0.01 1 0.70 6.03 ± 0.03 6.04 ± 0.06 6.04 ± 0.04 0.97
Day 4 6.02 ± 0.03 12 6.03 ± 0.01 12 6.00 ± 0.01 1 0.38 6.05 ± 0.08 6.02 ± 0.03 6.03 ± 0.04 0.80
Day 7 5.92 ± 0.07 2 5.91 ± 0.04 2 5.94 ± 0.01 2 0.38 5.96 ± 0.08 5.97 ± 0.08 5.94 ± 0.06 0.47
p-level 0.046 0.036 0.004 0.47 0.119 0.146
Colour

L*
Day 1 57.46 ± 2.49 60.55 ± 0.01 57.11 ± 2.44 0.31 56.62 ± 2.33 60.57 ± 1.26 61.16 ± 0.28 0.108
Day 4 58.13 ± 0.23 57.33 ± 2.14 59.02 ± 3.51 0.79 56.89 ± 0.90 59.63 ± 0.99 59.70 ± 1.79 0.85
Day 7 56.04 ± 2.59 59.93 ± 0.31 58.68 ± 0.04 0.17 58.73 ± 1.72 61.80 ± 2.20 60.92 ± 2.80 0.89
p-level 0.64 0.154 0.74 0.17 0.48 0.74

a*
Day 1 8.01 ± 0.11 a,1 5.42 ± 0.25 b,1 3.96 ± 0.56 c,1 0.006 7.80 ± 0.36 a,1 5.20 ± 0.56 ab,1 3.58 ± 0.64 c 0.024
Day 4 5.79 ± 0.09 a,2 1.98 ± 0.66 b,2 2.44 ± 0.56 b,12 0.048 5.56 ± 0.35 a,2 4.48 ± 0.12 b,12 3.18 ± 0.37 b 0.010
Day 7 4.54 ± 0.07 a,2 1.73 ± 0.06 b,2 1.28 ± 0.04 c,2 <0.001 4.42 ± 0.16 a,2 2.98 ± 0.01 b,2 2.89 ± 0.71 b 0.049
p-level <0.001 0.049 0.044 0.004 0.048 0.57

b*
Day 1 17.66 ± 0.09 14.42 ± 1.51 16.69 ± 0.29 0.44 17.24 ± 0.1.69 17.57 ± 0.40 17.59 ± 0.93 0.94
Day 4 15.94 ± 0.36 17.32 ± 1.86 16.67 ± 1.05 0.53 18.02 ± 0.07 18.17 ± 0.16 18.08 ± 0.93 0.96
Day 7 15.65 ± 0.79 17.53 ± 0.72 17.75 ± 1.14 0.079 16.77 ± 0.63 18.68 ± 0.68 18.82 ± 1.26 0.18
p-level 0.052 0.56 0.66 0.55 0.19 0.57
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Table 6. Cont.

Control Patties Chickpea Paste Patties

CONP CONPFG1 CONPFG2 p-Level CP25P CP25PFG1 CP25PFG2 p-Level

TBARS
Day 1 0.42 ± 0.11 0.59 ± 0.01 3 0.90 ± 0.02 3 0.23 3.42 ± 0.22 2 3.45 ± 0.82 2 3.45 ± 0.62 2 1.00
Day 4 0.56 ± 0.17 a 2.86 ± 0.06 b,2 4.24 ± 0.06 c,2 <0.001 4.60 ± 0.31 12 5.19 ± 0.05 12 5.72 ± 0.35 12 0.060
Day 7 0.59 ± 0.29 c 3.17 ± 0.11 b,1 4.75 ± 0.13 a,1 0.002 5.72 ± 0.67 2 6.97 ± 0.47 1 7.19 ± 0.47 1 0.085
p-level 0.150 <0.001 <0.001 0.039 0.018 0.031

TBARS: thiobarbituric reactive substances expressed as mg malondialdehyde equivalents/kg of patty. CONP:
control patty; CP25P: patties with 25% of chickpea paste; FG1 and FG2: patties containing, respectively, 1 and 2 g
fresh garlic/100 g of patty batter. abc Means within the same row showing any common letter superscript are
significantly different (p ≤ 0.05; Tukey post-hoc test). 123 Means within the same column showing any common
number superscript are significantly different (p ≤ 0.05; Tukey post-hoc test).

Table 7. Effect of the use cumin at two levels in control and chickpea-containing patties on their
colour, pH, and lipid oxidation (TBARS) during refrigerated aerobic storage.

Control Patties Chickpea Paste Patties

CONP CONPCU0.5 CONPCU1 p-Level CP25P CP25PCU0.5 CP25PCU1 p-Level

pH
Day 1 6.04 ± 0.03 6.03 ± 0.01 1 6.04 ± 0.32 1 0.92 6.03 ± 0.03 6.06 ± 0.05 6.06 ± 0.04 0.65
Day 4 6.02 ± 0.03 5.96 ± 0.01 2 6.02 ± 0.01 1 0.051 6.05 ± 0.08 6.03 ± 0.04 6.02 ± 0.03 0.90
Day 7 5.92 ± 0.07 5.88 ± 0.01 3 5.88 ± 0.08 2 0.60 5.96 ± 0.08 5.98 ± 0.07 5.99 ± 0.02 0.88
p-level 0.056 <0.001 0.042 0.47 0.40 0.17
Colour

L*
Day 1 57.46 ± 2.49 56.19 ± 1.08 53.90 ± 0.61 0.23 56.62 ± 2.33 58.03 ± 0.76 57.05 ± 0.45 0.57
Day 4 58.13 ± 0.29 54.12 ± 1.70 53.97 ± 0.29 0.060 60.30 ± 0.82 58.36 ± 1.33 56.59 ± 0.07 0.059
Day 7 56.04 ± 2.59 56.65 ± 0.42 54.84 ± 0.14 0.55 58.73 ± 1.72 58.52 ± 0.91 56.79 ± 0.03 0.087
p-level 0.64 0.22 0.16 0.17 0.89 0.22

a*
Day 1 8.01 ± 0.11 1 7.55 ± 0.61 1 7.90 ± 0.47 1 0.61 7.80 ± 0.36 1 6.52 ± 0.53 1 5.53 ± 0.36 12 0.051
Day 4 5.79 ± 0.09 2 4.80 ± 1.05 12 4.32 ± 0.01 2 0.70 5.56 ± 0.35 2 5.98 ± 0.36 12 6.23 ± 0.08 1 0.22
Day 7 4.54 ± 0.07 2 4.32 ± 0.14 2 4.35 ± 0.14 2 0.40 4.42 ± 0.16 2 4.55 ± 0.14 2 4.59 ± 0.35 2 0.77
p-level <0.001 0.021 0.002 0.004 0.045 0.026

b*
Day 1 17.66 ± 0.09 b 17.27 ± 0.20 b 18.90 ± 0.01 a 0.002 17.24 ± 0.69 18.51 ± 0.28 19.17 ± 0.76 0.33
Day 4 15.94 ± 0.36 b 18.06 ± 1.45 ab 18.30 ± 0.29 a 0.030 18.02 ± 0.07 b 18.07 ± 0.05 b 19.38 ± 0.34 a 0.011
Day 7 15.65 ± 0.79 15.91 ± 0.42 17.53 ± 0.70 0.117 16.77 ± 0.63 18.26 ± 1.08 19.17 ± 0.07 0.098
p-level 0.052 0.24 0.17 0.55 0.81 0.89
TBARS
Day 1 0.42 ± 0.11 0.27 ± 0.02 3 0.22 ± 0.01 2 0.113 3.42 ± 0.22 2 3.84 ± 0.94 3.74 ± 0.87 0.80
Day 4 0.56 ± 0.17 0.41 ± 0.02 2 0.47 ± 0.43 1 0.091 4.60 ± 0.31 a,12 3.55 ± 0.07 b 3.03 ± 0.04 b 0.008
Day 7 0.59 ± 0.29 0.65 ± 0.03 1 0.55 ± 0.01 1 0.59 5.72 ± 0.67 a,1 3.87 ± 0.46 ab 3.19 ± 0.68 b 0.048
p-level 0.150 0.002 <0.001 0.039 0.84 0.59

TBARS: thiobarbituric reactive substances expressed as mg malondialdehyde equivalents/kg of patty. CONP:
control patty; CP25P: patties containing 25% of chickpea paste; CU0.5 and CU1: patties containing, respectively, 0.5
and 1 g cumin/100 g of patty batter. ab Means within the same row showing any common letter superscript are
significantly different (p ≤ 0.05; Tukey post-hoc test). 123 Means within the same column showing any common
number superscript are significantly different (p ≤ 0.05; Tukey post-hoc test).

The addition of fresh garlic to the patties did not affect the pH on the first day (Table 6).
The pH of the patties tended to decrease during storage, suggesting, as already mentioned,
a growth of lactic acid bacteria. However, this effect was only significant in control patties
with and without garlic. Neither L* nor b* were significantly affected by the addition
of fresh garlic or storage time in any of the patties. In contrast, the use of fresh garlic
proportionally and significantly reduced the redness (a* values) of the patties on the three
days of storage. Discoloration due to garlic was also observed in in pork patties added with
aqueous and methanolic garlic extracts and minced beef with 1 or 2% crushed garlic [27,46].
In this study, garlic produced a discoloration on day 1 of similar magnitude in patties with
and without chickpeas. On days 4 and 7, however, the discoloration was greater in the
patties without chickpeas. Specific compounds in garlic that interact with myoglobin and
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accelerate iron oxidation, e.g., compounds that promote the generation of hydroxyl radicals,
could be responsible for the negative effect of garlic on meat colour [47]. These results
warrant further research to understand the reaction mechanism.

As for TBARS results, garlic promoted lipid oxidation of the patties during storage.
Patties with garlic showed higher TBARS levels than patties without garlic on days 4
and 7, and TBARS levels tended to be higher in patties with higher levels of fresh garlic.
Consistent with our results, Cózar et al. [48] found that 0.1% garlic powder increased
discoloration and lipid oxidation in lamb patties during refrigerated aerobic storage, and
Mariutti et al. [49] reported prooxidation of garlic, also 0.1% garlic powder, in chicken
patties during frozen storage. In contrast, other studies showed how the use of garlic in
fresh sausages or patties, at levels similar to those used in this study, acted as an antioxidant
by reducing lipid oxidation [26,27]. The mechanisms and conditions by which garlic may
act as a pro-oxidant or antioxidant agent do not seem to be clear [49].

Cumin did not change the pH of the patties on day 1 (Table 7). However, during
storage, cumin promoted a significant decrease in pH in patties without chickpeas, but not
in patties containing chickpeas. The effect of cumin on colour was limited to a significant
increase in b* in patties without chickpeas on days 1 and 4 and in patties containing
chickpeas on day 4. This change could be explained by the effect of the pigments provided
by the spice. The addition of cumin did not prevent the discoloration of the patties caused
by the use of chickpeas on day 1 of storage, i.e., TBARS values in CP25C were similar than
those in CP25PCU0.5 and CP25PCU1. The Fe3+ reducing effect of cumin as a reducing agent
and inhibitory activity of cumin on lipoxygenase described in in vitro studies [30,50] were
not effective under the conditions used in this study. However, cumin prevented, at the
two levels used, the lipid oxidation (TBARS formation) that occurred during patty storage
from day 1 to day 7 in patties containing chickpeas.

In summary, none of the tree natural ingredients used in this study were able to reduce
the oxidation produced by the mixing raw meat and raw chickpea. However, chitosan, and
more clearly cumin, could be useful in partially controlling the oxidation developed during
storage of the chickpea patties. In contrast, garlic did not retard the oxidative processes of
the chickpea patties during storage.

4. Conclusions

The use of raw chickpea as a meat extender in pork patties causes sudden oxidative
discoloration and lipid oxidation in the patties, which might negatively affect the sensory
quality. In addition, raw chickpea causes an increase in the lipid oxidation rate during
subsequent aerobic storage of the patties. The degree of discoloration and lipid oxidation
are interrelated and depend on the amount of chickpea used in patty formulation. The
degree of oxidation caused by the use of raw chickpeas is not affected by temperature
abuse (up to 15 ◦C) of the patty batter (up to 18 h) between mixing the ingredients and
forming the patties. This suggests that strict temperature control is not necessary during
the patty production process, as long as hygiene and sanitary standards are met. High
molecular weight chitosan, garlic, and cumin, at the levels used, are not useful in inhibiting
discoloration and lipid oxidation in patties containing raw chickpeas within 24 h of patty
preparation. However, chitosan and cumin could be useful to partially control oxidation
developed during subsequent storage of the patties. Garlic, in contrast, does not promote
or retard oxidative processes in the patties containing chickpeas. In order to reduce
the negative consequences of oxidation associated with the use of raw chickpeas as an
ingredient in patties or similar meat products, further research is needed to find more
effective antioxidant ingredients than those used in this study.

Author Contributions: Conceptualisation, J.M., S.K. and L.H.V.-D.; methodology, S.K., J.M., I.C., I.F.,
S.R. and R.B.; software, S.K. and J.M.; validation, S.K., J.M. and I.C.; formal analysis, S.K., J.M., L.H.V.-
D. and I.F; investigation, S.K., S.R. and J.M.; resources, J.M.; data curation, J.M.; writing—original
draft preparation, J.M., S.K. and I.C.; writing—review and editing, J.M., L.H.V.-D., I.C. and I.F.;



Processes 2023, 11, 2062 16 of 18

visualisation, J.M., S.K. and I.F.; supervision, J.M.; project administration, J.M.; funding acquisition,
J.M. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: The data that support the findings of this study, and that are not avail-
able within the article, are available from the corresponding author, J.M., upon reasonable request.

Acknowledgments: We would like to acknowledge José Manuel Lorenzo, from the Centro Tec-
nológico de La Carne de Galicia, San Cibrao Das Viñas, Ourense, Spain, for his technical support in the
conceptualisation of the experiment and guidance in the analysis of the chickpea paste composition.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Owusu-Ansah, P.; Besiwah, E.K.; Bonah, E.; Amagloh, F.K. Non-meat ingredients in meat products: A scoping review. Appl. Food

Res. 2022, 2, 100044. [CrossRef]
2. Hoek, A.C.; Luning, P.A.; Weijzen, P.; Engels, W.; Kok, F.J.; de Graaf, C. Replacement of meat by meat substitutes. A survey on

person- and product-related factors in consumer acceptance. Appetite 2011, 56, 662–673. [CrossRef] [PubMed]
3. Asgar, M.A.; Fazilah, A.; Huda, N.; Bhat, R.; Karim, A.A. Nonmeat protein alternatives as meat extenders and meat analogs.

Compr. Rev. Food Sci. Food Saf. 2010, 9, 513–529. [CrossRef] [PubMed]
4. Farooq, Z.; Boye, J.I. Novel food and industrial applications of pulse flours and fractions. In Pulse Foods Processing, Quality

and Nutraceutical Applications; Tiwari, B.K., Gowen, A., McKenna, B., Eds.; Academic Press: Oxford, UK, 2011; pp. 283–324.
ISBN 9780123820198. [CrossRef]

5. Jacobs, D.R.; Gallaher, D.D. Whole grain intake and cardiovascular disease: A review. Curr. Atheroscler. Rep. 2004, 6, 415–423.
[CrossRef] [PubMed]

6. Tharanathan, R.N.; Mahadevamma, S. Grain legumes—A boon to human nutrition. Trends Food Sci. Technol. 2003, 14, 507–518.
[CrossRef]

7. Ghribi, A.M.; Amira, A.B.; Gafsi, I.M.; Lahiani, M.; Bejar, M.; Triki, M.; Zouari, A.; Attia, H.; Besves, S. Toward the enhancement
of sensory profile of sausage “Merguez” with chickpea protein concentrate. Meat Sci. 2018, 143, 74–80. [CrossRef]

8. Argel, N.S.; Ranalli, N.; Califiano, A.N.; Andrés, S.C. Influence of partial pork meat replacement by pulse flour on physicochemical
and sensory characteristics of low-fat burgers. J. Sci. Food Agric. 2020, 100, 3932–3941. [CrossRef]

9. Pintado, T.; Delgado-Pando, G. Towards more sustainable meat products: Extenders as a way of reducing meat content. Foods
2020, 9, 1044. [CrossRef]

10. Mateo, J.; Caro, I.; Kasiayan, S.; Salvá, B.K.; Carhuallanqui, A.; Ramos, D.D. Potential of pulses flours as partial meat replacers in
heat-treated emulsion-type meat sausages. Front. Anim. Sci. 2021, 2, 693086. [CrossRef]

11. Chandler, S.L.; McSweeney, M.B. Characterizing the properties of hybrid meat burgers made with pulses and chicken. Int. J.
Gastron. Food Sci. 2022, 27, 100492. [CrossRef]

12. Holliday, D.L.; Sandlin, C.; Schott, A.; Malekian, F.; Finley, J.W. Characteristics of meat or sausage patties using pulses as extenders.
J. Culin. Sci. Technol. 2011, 9, 158–176. [CrossRef]

13. Shariati-Ievari, S.; Ryland, D.; Edel, A.; Nicholson, T.; Suh, M.; Aliani, M. Sensory and physicochemical studies of thermally
micronized chickpea (Cicer arietinum) and green lentil (Lens culinaris) flours as binders in low-fat beef burgers. J. Food Sci. 2016,
81, S1230–S1242. [CrossRef] [PubMed]

14. Verma, M.M.; Ledward, D.A.; Lawrie, R.A. Lipid oxidation and metmyoglobin formation in sausages containing chickpea flour.
Meat Sci. 1984, 11, 171–189. [CrossRef] [PubMed]

15. Chigwedere, C.M.; Wanasundara, J.P.D.; Shand, P. Sensory descriptors for pulses and pulse-derived ingredients: Toward a
standardized lexicon and sensory wheel. Compr. Rev. Food Sci. Food Saf. 2021, 21, 999–1023. [CrossRef]

16. Kasaiyan, S.A.; Caro, I.; Ramos, D.D.; Salvá, B.K.; Carhuallanqui, A.; Dehnavi, M.; Mateo, J. Effects of the use of raw or
cooked chickpeas and the sausage cooking time on the quality of a lamb-meat, olive-oil emulsion-type sausage. Meat Sci. 2023,
202, 109217. [CrossRef]

17. Shi, Y.; Mandal, R.; Singh, A.; Pratap-Singh, A.P. Legume lipoxygenase: Strategies for application in food industry. Legume Sci.
2020, 2, e44. [CrossRef]

18. Singh, P.; Arif, Y.; Miszczuk, E.; Bajguz, A.; Hayat, S. Specific roles of lipoxygenases in development and responses to stress in
plants. Plants 2022, 11, 979. [CrossRef]

19. Karolkowski, A.; Guichard, E.; Briand, L.; Salles, C. Volatile compounds in pulses: A review. Foods 2021, 10, 3140. [CrossRef]
20. Villalobos-Delgado, L.H.; Mateo, J.; Caro, I.; Martha-Yarely Leal, M.Y.; Gutiérrez, N.; Rocío Gómez Cansino, R.; González, E.G.

Natural antioxidants in fresh and processed meat. In Sustainable Meat Production and Processing, 1st ed.; Galanakis, C.M., Ed.;
Academic Press: Oxford, UK, 2019; pp. 207–236. ISBN 9780128148747. [CrossRef]

21. Soultos, N.; Tzikas, A.; Abrahim, A.; Georgantelis, D.; Ambrosiadis, I. Chitosan effects on quality properties of Greek style fresh
pork sausages. Meat Sci. 2008, 80, 1150–1156. [CrossRef]

https://doi.org/10.1016/j.afres.2022.100044
https://doi.org/10.1016/j.appet.2011.02.001
https://www.ncbi.nlm.nih.gov/pubmed/21315123
https://doi.org/10.1111/j.1541-4337.2010.00124.x
https://www.ncbi.nlm.nih.gov/pubmed/33467834
https://doi.org/10.1016/B978-0-1238-2018-1.00007-0
https://doi.org/10.1007/s11883-004-0081-y
https://www.ncbi.nlm.nih.gov/pubmed/15485586
https://doi.org/10.1016/j.tifs.2003.07.002
https://doi.org/10.1016/j.meatsci.2018.04.025
https://doi.org/10.1002/jsfa.10436
https://doi.org/10.3390/foods9081044
https://doi.org/10.3389/fanim.2021.693086
https://doi.org/10.1016/j.ijgfs.2022.100492
https://doi.org/10.1080/15428052.2011.594731
https://doi.org/10.1111/1750-3841.13273
https://www.ncbi.nlm.nih.gov/pubmed/26990186
https://doi.org/10.1016/0309-1740(84)90036-6
https://www.ncbi.nlm.nih.gov/pubmed/22054856
https://doi.org/10.1111/1541-4337.12893
https://doi.org/10.1016/j.meatsci.2023.109217
https://doi.org/10.1002/leg3.44
https://doi.org/10.3390/plants11070979
https://doi.org/10.3390/foods10123140
https://doi.org/10.1016/B978-0-12-814874-7.00011-0
https://doi.org/10.1016/j.meatsci.2008.05.008


Processes 2023, 11, 2062 17 of 18

22. Sayas-Barberá, E.; Quesada, J.; Sánchez-Zapata, E.; Viuda-Martos, M.; Fernández-López, E.; Pérez-Alvarez, J.A.; Sendra, E. Effect
of the molecular weight and concentration of chitosan in pork model burgers. Meat Sci. 2011, 88, 740–749. [CrossRef]

23. Shahidi, F.; Arachchi, K.J.V.; Jeon, Y.L. Food applications of chitin and chitosans. Trends Food Sci. Technol. 1999, 10, 37–51.
[CrossRef]

24. Park, P.J.; Je, J.Y.; Kim, S.W. Free radical scavenging activities of different deacetylated chitosans using an ESR spectrometer.
Carbohydr. Polym. 2004, 55, 17–22. [CrossRef]

25. Martins, N.; Petropoulos, S.; Ferreira, I.C.F.R. Chemical composition and bioactive compounds of garlic (Allium sativum L.) as
affected by pre-and post- harvest conditions: A review. Food Chem. 2016, 211, 41–50. [CrossRef] [PubMed]

26. Sallam, K.L.; Ishioroshi, M.; Samejima, K. Antioxidant and antimicrobial effects of garlic in chicken sausage. Leb. Wiss. Technol.
2004, 37, 849–855. [CrossRef]

27. Park, S.Y.; Chin, K.B. Evaluation of pre-heating and extraction solvents in antioxidant and antimicrobial activities of garlic, and
their application in fresh pork patties. Int. J. Food Sci. Technol. 2010, 45, 365–373. [CrossRef]

28. Thippeswamy, N.B.; Naidu, K.A. Antioxidant potency of cumin varieties—Cumin, black cumin and bitter cumin—On antioxidant
systems. Eur. Food Res. Technol. 2005, 220, 472–476. [CrossRef]

29. El-Ghorab, A.H.; Nauman, M.; Anjum, F.M.; Hussain, S.; Nadeem, M. Comparative Study on Chemical Composition and
Antioxidant Activity of Ginger (Zingiber officinale) and Cumin (Cuminum cyminum). J. Agric. Food Chem. 2010, 58, 8231–8237.
[CrossRef]

30. Tomy, M.J.; Dileep, K.V.; Prasanth, S.; Preethidan, D.S.; Sabu, A.; Sadasivan, C.; Haridas, M. Cuminaldehyde as a lipoxygenase
inhibitor: In vitro and in silico validation. Appl. Biochem. Biotechnol. 2014, 174, 388–397. [CrossRef]

31. Martínez-Preciado, A.H.; Ponce-Simental, J.A.; Schorno, A.L.; Contreras-Pacheco, M.L.; Michel, C.R.; Rivera-Ortiz, K.G.; Soltero,
J.F.A. Characterization of nutritional and functional properties of “Blanco Sinaloa” chickpea (Cicer arietinum L.) variety, and study
of the rheological behavior of hummus pastes. J. Food Sci. Technol. 2020, 57, 1856–1865. [CrossRef]

32. AOAC. Meat and meat products. In Official Methods of Analysis of the AOAC International, 16th ed.; Cunniff, P., Ed.; AOAC
International: Gaithersburg, MD, USA, 1999; Volume II, pp. 1–15.

33. Nam, K.C.; Ahn, D.U. Effects of ascorbic acid and antioxidants on the color of irradiated ground beef. J. Food Sci. 2006,
68, 1686–1690. [CrossRef]

34. Costa, G.E.A.; Queiroz-Monici, K.S.; Reis, S.M.P.M.; Oliveira, A.C. Chemical composition, dietary fibre and resistant starch
contents of raw and cooked pea, common bean, chickpea and lentil legumes. Food Chem. 2006, 94, 327–330. [CrossRef]

35. Zhao, F.; Wei, Z.; Zhou, G.; Kristiansen, K.; Wang, C. Effects of different storage temperatures on bacterial communities and
functional potential in pork meat. Foods 2022, 11, 2307. [CrossRef] [PubMed]

36. Fernández, J.; Pérez-Álvarez, J.A.; Fernández-López, J.A. Thiobarbituric acid test for monitoring lipid oxidation in meat. Food
Chem. 1997, 59, 345–353. [CrossRef]

37. Domínguez, R.; Pateiro, M.; Gagaoua, M.; Barba, F.J.; Zhang, W.; Lorenzo, J.M. A comprehensive review on lipid oxidation in
meat and meat products. Antioxidants 2019, 8, 429. [CrossRef]

38. Liburdi, K.; Esti, M.; Petroselli, V.; Mendler-Drienyovszki, N.; Radicetti, E.; Mancinelli, R. Catalytic properties of lipoxygenase
extracted from different varieties of Pisum sativum and Lens culinaris. J. Food Biochem. 2021, 45, e13617202145. [CrossRef]

39. Ghnimi, S.; Budilarto, E.; Kamal-Eldin, A. The new paradigm for lipid oxidation and insights to microencapsulation of omega-3
fatty acids. Compr. Rev. Food Sci. Food Saf. 2017, 16, 1206–1218. [CrossRef]

40. Amoli, P.I.; Hadidi, M.; Hasiri, Z.; Rouhafza, A.; Jelyani, A.Z.; Hadian, Z.; Khaneghah, A.M.; Lorenzo, J.M. Incorporation of
low molecular weight chitosan in a low-fat beef burger: Assessment of technological quality and oxidative stability. Foods 2021,
10, 1959. [CrossRef]

41. Hosseinnejad, M.; Jafari, S.E. Evaluation of different factors affecting antimicrobial properties of chitosan. Int. J. Biol. Macromol.
2016, 85, 467–475. [CrossRef]

42. Purslow, P.P.; Warner, R.D.; Clarkec, F.M.; Hughes, J.M. Variations in meat colour due to factors other than myoglobin chemistry;
a synthesis of recent findings (invited review). Meat Sci. 2020, 159, 107941. [CrossRef]

43. Georgantelis, D.; Blekas, G.; Katikou, P.; Ambrosiadis, I.; Fletouris, D.J. Effect of rosemary extract, chitosan and a-tocopherol on
lipid oxidation and colour stability during frozen storage of beef burgers. Meat Sci. 2007, 75, 256–264. [CrossRef]

44. Abd El-Hack, M.E.; El-Saadony, M.T.; Shafi, M.E.; Zabermawi, N.M.; Arif, M.; Batiha, G.E.; Khafaga, A.F.; Abd El-Hakim, Y.M.;
Al-Sagheer, A.A. Antimicrobial and antioxidant properties of chitosan and its derivatives and their applications: A review. Int. J.
Biol. Macromol. 2020, 1, 2726–2744. [CrossRef] [PubMed]

45. Kim, K.W.; Thomas, R.L. Antioxidative activity of chitosans with varying molecular weights. Food Chem. 2007, 101, 308–313.
[CrossRef]

46. Dursun, A.; Güler, Z. Colour and pigment in raw ground meat incorporated crushed garlic during the refrigerated storage: Their
relationship to lipolytic and volatilomic changes. Food Chem. 2023, 419, 136042. [CrossRef] [PubMed]

47. Aruoma, O.I.; Spencer, J.P.E.; Warren, D.; Jenner, P.; Butler, J.; Halliwell, B. Characterization of food antioxidants, illustrated using
commercial garlic and ginger preparations. Food Chem. 1997, 60, 149–156. [CrossRef]

48. Cózar, A.; Rubio, N.; Vergara, H. Combined effect of the spice and the packaging method on lamb burgers shelf-life made with
high value cuts. CyTA J. Food 2018, 16, 544–552. [CrossRef]

https://doi.org/10.1016/j.meatsci.2011.03.007
https://doi.org/10.1016/S0924-2244(99)00017-5
https://doi.org/10.1016/j.carbpol.2003.05.002
https://doi.org/10.1016/j.foodchem.2016.05.029
https://www.ncbi.nlm.nih.gov/pubmed/27283605
https://doi.org/10.1016/j.lwt.2004.04.001
https://doi.org/10.1111/j.1365-2621.2009.02153.x
https://doi.org/10.1007/s00217-004-1087-y
https://doi.org/10.1021/jf101202x
https://doi.org/10.1007/s12010-014-1066-0
https://doi.org/10.1007/s13197-019-04220-8
https://doi.org/10.1111/j.1365-2621.2003.tb12314.x
https://doi.org/10.1016/j.foodchem.2004.11.020
https://doi.org/10.3390/foods11152307
https://www.ncbi.nlm.nih.gov/pubmed/35954075
https://doi.org/10.1016/S0308-8146(96)00114-8
https://doi.org/10.3390/antiox8100429
https://doi.org/10.1111/jfbc.13617
https://doi.org/10.1111/1541-4337.12300
https://doi.org/10.3390/foods10081959
https://doi.org/10.1016/j.ijbiomac.2016.01.022
https://doi.org/10.1016/j.meatsci.2019.107941
https://doi.org/10.1016/j.meatsci.2006.07.018
https://doi.org/10.1016/j.ijbiomac.2020.08.153
https://www.ncbi.nlm.nih.gov/pubmed/32841671
https://doi.org/10.1016/j.foodchem.2006.01.038
https://doi.org/10.1016/j.foodchem.2023.136042
https://www.ncbi.nlm.nih.gov/pubmed/37030214
https://doi.org/10.1016/S0308-8146(95)00254-5
https://doi.org/10.1080/19476337.2018.1431310


Processes 2023, 11, 2062 18 of 18

49. Mariutti, L.R.B.; Nogueira, G.C.; Bragagnolo, N. Lipid and cholesterol oxidation in chicken meat are inhibited by sage but not by
garlic. J. Food Sci. 2011, 76, 909–915. [CrossRef]

50. Aziz, M.; Karboune, S. Natural antimicrobial/antioxidant agents in meat and poultry products as well as fruits and vegetables: A
review. Crit. Rev. Food Sci. Nutr. 2018, 58, 486–511. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1111/j.1750-3841.2011.02274.x
https://doi.org/10.1080/10408398.2016.1194256

	Introduction 
	Materials and Methods 
	Experiment Plan 
	Ingredients Used in Patty Formulations 
	Preparation of Patties and Sampling 
	Effects of the Amount of Raw Chickpea Paste on the Quality of Reformulated Patties 
	Effects of Temperature on the Quality of Reformulated Patties with Raw Chickpea Paste 
	Effect of the Use of Selected Natural Ingredients on the Quality of Reformulated Patties with Raw Chickpea Paste 

	Quality Analysis in Patties 
	Statistical Analysis 

	Results and Discussion 
	Chickpea Paste and Patty Chemical Characteristics 
	Effects of the Level of Raw Chickpea Paste on the Quality of Reformulated Patties 
	Effects of Temperature of the Patty Batter on the Quality of Reformulated Patties with Raw Chickpea Paste 
	Effect of the Use of Selected Natural Ingredients on the Quality of Reformulated Patties with Raw Chickpea Paste 

	Conclusions 
	References

