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ABSTRACT This study investigated the influence of
an organic mineral-supplemented broiler diet on the
quality of nuggets. The resulting chicken nuggets were
enriched with inorganic and organic forms of Zn and Se.
The nuggets were processed by incorporating extracts
from food industry by-products (rosemary [Ryg and Ry,
hydroxytyrosol [HYT|, pomegranate [P|, grape [GS]|,
and Harpagophytum [H]). The physiochemical, micro-
biological, and sensory characteristics of the chicken
nuggets were evaluated over a 12-month period of frozen
storage. The addition of natural extracts did not affect
the pH, proximate composition, or color (CIELab) of the
nuggets among samples. However, significative differ-
ences were found between month of analysis (range from
pH 6.16 to 6.63; luminosity from 62.51 to 84.74; redness
from 0.16 to 7.14; and yellowness from 10.80 to 33.77). In

addition, the combination of phenolic compounds with
Zn and Se retarded microbial growth and reduced pro-
tein and lipid oxidation, thus maintaining the sensory
quality and extending the shelf life of this product. For
instance, the combination of Ry, + GS reduced in 75%
the microbiological growth regarding the control sample
(C), while samples that incorporated Ry + P or
HYT + P + H presented 50% less than C. In addition,
upon only incorporating organic minerals Zn and Se,
microbiological deterioration is reduced in 15%. This
mix was significantly effective at reducing the oxidative
reactions of lipids and proteins by 40% and 50%, as
measured after 9 and 12 mo of frozen storage, respec-
tively. The addition of the natural extracts and Zn and
Se did not adversely affect the acceptability of the meat
product.
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INTRODUCTION

Chicken meat has positive nutritional characteristics,
including a low lipid content, proteins of high biological
value, essential amino acids, such as Trp, and a natural
source of vitamins B2, B3, and B6 and minerals such as
Fe, P, K, Zn, and Se (BEDCA /AESAN, 2019). Based on
Spanish Food Consumption Statistics (AESAN/
MARM, 2019), a high percentage is consumed in the
form of “fast food” or “ready-to-eat” products, such as
chicken nuggets, because of the reduced preparation
time necessary, their low cost, and long shelf life under
frozen storage.
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Below —18°C, lipases can produce lipolysis and lipid
oxidation due to their hydrolytic action on phospho-
lipids and triglycerides, with the resulting compounds
causing a rancid odor and taste. In addition, hemoglobin
acts as a catalyst of oxidation reactions, so meat must be
properly bled before freezing. On the other hand, frozen
storage increases protein oxidation because of the cata-
lytic iron released by alteration of the cell membranes
and the possible cryoconcentration of pro-oxidant sol-
utes around the protein molecules in water (Estévez
et al., 2012).

To preserve the shelf life under frozen storage and pre-
vent lipid peroxidation, antioxidants are widely used,
especially synthetic antioxidants such as butyl-
hydroxytoluene, butyl-hydroxyanisole, propyl gallate,
and tert-butylhydroquinone (Biswas et al., 2004;
Martinez et al., 2014; Nieto et al., 2012; Nieto et al.,
2012; Nieto et al., 2013). However, increasing concerns
about nutrition and health have resulted in a trend to-
ward “natural products” free of synthetic food additives.
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This is the origin of “Clean label” meat products that are
increasingly demanded by consumers in some European
countries and the United States (Naveena et al., 2008).

Another important aspect is that waste management
and the reduction of food waste have a high economic
cost for the Food Industry (Gustavsson et al., 2011).
However, from such wastes, by-products (BPs) rich
sources of fiber, minerals, and phytochemicals could be
obtained (Pradal et al., 2018). These can be used as func-
tional ingredients and have a great impact on the tech-
nological, nutritional, and health-promoting properties
of meat products (Mora et al., 2014).

Natural antioxidants obtained in the form of food indus-
trial BP may contribute to avoid the perceived adverse
health disorders. Among these natural antioxidants, Ros-
marinus officinalis, grape ( Vitis vinifera) seed, and Punica
granatum are rich in phenolic compounds with known
anti-inflammatory, antioxidant, antiaging, antibacterial,
and anticancer properties (Nowshehri et al., 2015;
Alwdatt et al., 2018; Khwairakpam et al., 2018). For its
part, hydroxytyrosol, which is obtained from olive leaves
and olive oil production, is one of the most antioxidant
compounds known, which has shown many beneficial
effects such as immune system protector, anti-
inflammatory, anticancer, and antimicrobial (Martinez
et al., 2018a,b). Finally, Harpagophytum procumbens is
an herb grown in southern Africa with great anti-
inflammatory property because of its high content of iri-
doid and phenylpropanoid glycosides that can contribute
with an added value to the meat products made with it
(McWangi et al., 2012).

All these natural extracts, except H. procumbens,
have been tested in meat products. For example, R. offi-
cinalis is authorized by the European Union (Directives
95/2/EC, 2010/67/EU and 2010/69/EU) to be added to
meat products with the number E-392. At the same
time, Stojanovic-Radic et al. (2018) and Smeti et al.
(2018) used it endogenously in chicken and lamb meat,
respectively. Lytou et al. (2018) tested pomegranate
(P. granatum) extract in marinated chicken meat prod-
ucts also with good results. Nieto et al. (2017) obtained
excellent results in sausages made with chicken meat us-
ing hydroxytyrosol as a natural antioxidant, while Ragni
et al. (2018) and Cosansu and Juneja (2018) endoge-
nously tested grape (Vitis vinifera) extract in lamb
meat and exogenously in cooked ground beef.

Moreover, essential minerals such as Zn and Se have
been reported as having beneficial effects such as antiox-
idant compounds and regulators of the immune system
and the body function (Oropeza et al., 2015). In chicken,
Delles et al. (2014) showed that feeding broilers with Zn
and Se combined with vitamin E decreased the lipid and
protein oxidation of the meat, a practice that can be
considered a good strategy for reducing synthetic addi-
tive concentrations. Furthermore, our recent study
(Martinez et al. 2018a.b) showed increases in mineral
bioavailability using organic forms of the minerals
instead of their inorganic forms.

The aim of the present study was to evaluate the effect
of adding natural extracts from food industrial BPs,

MARTINEZ ET AL.

including rosemary essential oil, which contains rosmar-
inic acid (Rg) and diterpenes (Ry), pomegranate extract
(P), grape seed (GS) extract, hydroxytyrosol from olive
leaf (HYT), H. procumbens (H), and the effects of broiler
feed addition of Zn and Se (both organic and inorganic
forms) on the nutritional, physiochemical, microbiolog-
ical, and sensory qualities of frozen chicken nuggets un-
der frozen storage for 12 mo.

MATERIAL AND METHODS

Animal Diet

During the experiments, the corresponding
regulations were taken into account: EU regulation
(852/2004; 853/2004; 854/2004) and Spanish law RD
32/2007 regarding the care, transport, and slaughter of
animals used for experimentation. The procedures used
in the study were approved by the Bioethics Committee
of the University of Murcia (authorization number:
CEEA-92/2014)

Five hundred broilers, since 1 until 40 days old, were
randomly placed into 2 different floor pens with 12 repli-
cate pens for each group. Each pen was assigned 2 die-
tary treatments: (C) basal diet, supplemented with
inorganic mineral (0.3 ppm of Na2SeO3 and 80 ppm of
ZnO); (SZ) basal diet, supplemented with organic min-
eral (0.2 ppm and 50 ppm of Se and Zn proteinate).
Feed and water were provided at libitum. A starter
diet containing 22% soybean meal and 3,025 kcal/kg
was provided up to 21 days of age, and a grower diet
from 21 to 42 days of age containing 21% soybean
meal and 3,105 kcal/kg. Both diets consisted of corn,
soybeans, wheat, whole soybeans, sunflower meal
(28%), soybean oil, amino acids (methionine, threonine,
and lysine), and minerals (CaHPO,, NaHCO3, and
CaCO03). After 40 D of feeding, 2 broilers from each
pen were slaughtered. Both sides of the thighs were
removed and skinned and then kept frozen for 1 wk until
chicken nuggets were prepared.

Samples

Eight different chicken nugget batches of samples were
prepared, before they were separated into 2 groups: one of
them was made with chicken meat enriched endogenously
with inorganic Zn and Se (C), and the second group was
made with chicken meat enriched endogenously with
organic Zn and Se (SZ). Chicken nugget samples were
also enriched exogenously by incorporation of natural
extracts obtained from plants (rosemary [Rg and Ry,
pomegranate [P], grape seed [GS], hydroxytyrosol
[HYT], and Harpagophytum [H]), according to Table 1.

After mixing all the ingredients, including natural ex-
tracts, trimmed chicken meat was placed in a cutter and
homogenized for 1 min or until reaching a temperature of
15°C in a room at 4°C (knife and bowl speeds 3,000 and
10 rpm, respectively). Chicken nuggets were prepared in
characteristic shapes of 5 X 3 X 1 cm, each weighing
20 g, and frozen at —18°C. Subsequently, all the nugget
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Table 1. Ingredients (g) of samples of frozen chicken nuggets.
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Chicken nuggets

Enriched with inorganic forms of Zn and Se

Enriched with organic forms of Zn and Se

Ingredients (g) C Crir+p Crr+as Chyr+p+u SZ SZru+p SZrr+cs SZiyT+p+m
Chicken meat (g) 675 672.5 672.5 672.25 675 672.5 672.5 672.25
Plant extract (ppm)

Ru 1000 1000

p 1500 1500 1500 1500

Ry 1000 1000

GS 1500 1500

HYT 750 750

H 500 500
Water (ml) 150 150 150 150 150 150 150 150
Ice (g) 100 100 100 100 100 100 100 100
Commercial mix® (g/kg) 75 75 75 75 75 75 75 75
Total 1000 1000 1000 1000 1000 1000 1000 1000

Abbreviations: C, control; Cryr+p, 1000 ppm rosemary extract + 1500 ppm pomegranate extract; Cry,+as, 1000 ppm Nutrox OS + 1500 ppm grape seed
extract; Cyyr+p+n, 1500 ppm pomegranate extract + 750 ppm hydroxytyrosol + 500 ppm Harpagophytum; GS, grape seed; H, Harpagophytum; HYT,
hydroxytyrosol; P, pomegranate; Ry, rosemary extract; Ry, rosemary extract (Nutrox OS); SZ, control fortified with Zn and Se meat; SZgy+p, 1000 ppm
rosemary extract + 1500 ppm pomegranate extract; SZgry,+as, 1000 ppm Nutrox OS + 1500 ppm grape seed extract; SZgyT+p+m, 1500 ppm pomegranate

extract + 750 ppm hydroxytyrosol + 500 ppm Harpagophytum.

Commercial mix: mix of spices for the preparation of chicken nuggets, without preservatives or synthetic colors, supplied by Pimursa S.L. (Murcia,

Spain).

batches were prefried using a household fryer (Taurus
S.L., Lérida, Spain) for 30 s at 165°C in sunflower oil
(Koipesol Semillas S.A., Sevilla, Spain). Fifty prefried
nuggets per batch (10 per day of analysis) were packaged
in polyethylene bags (one per sample and day of anal-
ysis) and stored at —18°C until analysis at month 0, 3,
6, 9, and 12. All analyses were carried out at least in
triplicate.

Plant Extracts

The following plant extracts were used: rosemary
extract (Ry, rich in rosmarinic acid, and Ry, rich in
diterpenes), P. granatum (P), grape (V. vinifera) seed
(GS), hydroxytyrosol (HYT), from olive leaf, and H.
procumbens (H). All were supplied by the Nutrafur-
Frutarom group (Alcantarilla, Murcia, Spain).

Characterization of Plant Extracts

For the quantification of plant extracts, each one was
diluted and filtered through a 0.45-pm nylon membrane.
The high-performance liquid chromatography equip-
ment used was a Hewlett-Packard HP 1100 equipped
with a diode array detector. The stationary phase was
a (18 LiChrospher 100 analytical column
(250 X 4 mm i.d.) with a particle size of 5 pm (Merck,
Darmstadt, Germany). The injection volume was 20 pl
of each extract. The quantification of phenolic com-
pounds was carried out by comparing the chromato-
graphic areas of the corresponding standards. Table 2
summarizes the conditions applied for each analysis.

Chicken Nuggets

Proximate Composition
Macronutrients Chicken nuggets were analyzed for
their moisture, ash, lipid, and total protein contents

following to Association of Official Analytical Chemists
methods (AOAC, 2012).

Minerals The mineral concentrations of chicken nug-
gets were measured by plasma spectroscopy (inductively
coupled plasma, optical emission spectrometer) using an
ICAP THERMO DUO 6500 computer. Inductively
coupled plasma is an ionized gas, electrically neutral
and confined in a discharge tube, which, together with
an optical emission spectrometer, form the inductively
coupled plasma, optical emission spectrometer equip-
ment. The Zn and Se concentrations are expressed in
mg/100 g.

Measurement of pH, Color (CIELab), Lipid,
and Protein Oxidation

The pH of nugget samples was measured in triplicate
using Crison GLP21 equipment (Crison Instruments
S.A., Barcelona, Spain) (ISO 2917, 1999). For that, 5 g
of sample was mixed with 20 ml of MilliQQ water and
homogenized. The pH was assessed at 0, 3, 6, 9, and
12 mo in triplicate.

Color was measured using a Konika Minolta CR. 400
chromameter standardized using a white calibration
plate (Minolta Camera Co., Osaka, Japan) (8-mm-diam-
eter aperture, d/0 illumination system, D65 illuminant,
and a 2-standard observer angle) in sextuplicate. Light-
ness (L*), green-red chromaticity (a*), and blue-yellow
chromaticity (b*) were measured according to the
CIELab system. For that, samples were cut into pieces
of 5 X 3 X 0.5 cm. The color coordinates were analyzed
at 0, 3, 6, 9, and 12 mo in triplicate.

Thiobarbituric acid reactive substances (TBARS)
were measured according to the method described by
Wang and Xiong (2005). The analysis was repeated in
triplicate at 0, 3, 6, 9, and 12 mo to measure lipid
oxidation.
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Table 3. Characterization (%) of natural extracts obtained as food industry by-products measured by HPLC.

Extracts ~ Rosmarinic acid  Diterpenes Catechin

Epicatechin

OPCs  Punicalagin  Hydroxytyrosol = Harpagoside

Ry 8.10
Ry, 5.76

GS 2.2 2.2

p
HYT
H

95.6
41.38
7.16
3.05

Abbreviations: GS, grape seed; H, Harpagophytum procumbens; HPLC, high-performance liquid chromatography; HYT, hydrox-
ytyrosol from olive leaf; OPCs, oligomers of proanthocyanidins; P, pomegranate; Ry, rosmarinic extract; Ry, Nutrox OS.

“Acceptability”. For that, an intensity scale, from 1 to 5,
was used to measure the intensity of the several attri-
butes, where 1 = no attribute perception and 5 = very
intense attribute perception. Otherwise, “Acceptability”
was measured with a hedonic scale, where 1 = “I do not
like the product” and 5 = “I like it a lot. I will buy the
product”.

Statistical Analysis

Data were analyzed with the statistical package SPSS
23.0 (Statistical Package for the Social Science for Win-
dow [IBM, Armonk, NY]). The effect of the different
types of extract on chicken nugget quality was analyzed
using ANOVA and Scheffe test. A value of P < 0.05 was
considered statistically significant. Pearson’s correlation
was applied to test differences between groups.

RESULTS AND DISCUSSION

Characterization of Natural Extracts From
Food Industry BPs

The concentrations of bioactive compounds in the
natural extracts obtained as food industry BPs are rep-
resented in Table 3. The antioxidant and antimicrobial
capacities of these extracts depend on the concentra-
tions of the phenolic compounds contained in them.
The extracts obtained from R. officinalis L. had
8.10% of rosmarinic acid (Rg) and 5.76% of diterpenes
(Ry), such as, carnosol, isorosmanol, rosmadial, ros-
maridiphenol, picrosalvin, and rosmariquinone. The

H. procumbens extract (H) had 3.05% of harpagoside,
as the bioactive compound. Grape ( Vitis vinifera) seed
extract (GS) contained 95.6% of oligomeric proantho-
cyanidins, 2.2% catechin, and also 2.2% epicatechin.
Pomegranate (P) had 41.38% punicalagin as the prin-
cipal bioactive compound. Finally, the hydroxytyrosol
extract (HYT) obtained from olive leaf during the
manufacture of olive oil contained 7.26% of
hydroxytyrosol.

Proximate Composition

The proximate composition of the frozen chicken nug-
gets enriched with natural extracts from fruits, seeds,
and herbs is shown in Table 4. The moisture, ash, pro-
tein, and lipid contents (%) represented in this table
point to no significant differences between samples.
The moisture percentage ranged from 63%, in Cry+p
to 67% in Crr+qg, while the ash content ranged from
1.17% in SZp1,+qs to 1.61% in SZpp4p. Similar results
were obtained for the protein and lipid contents. The
protein content ranged from 10.65% in SZyyr+p+n to
12.24% in Cyyr+p+n, while the lipid percentage ranged
from 3.90% in sample C to 5.36% in sample Crgp.
Thomas et al. (2014 and 2016) showed comparable re-
sults in pork nuggets enriched with kordoi (Averrhoa
carambola) fruit and bamboo (Bambusa polymorpha)
shoot, the moisture content being 60-70%, and ash rep-
resenting 1% of the proximate composition. Recently,
Carvalho et al. (2018) published similar results in
chicken nuggets enriched with omega-3 and fiber by
chia (Salvia hispanica L.) flour, although they obtained

Table 4. Results of nutritional analysis and mineral content in frozen chicken nuggets enriched with inorganic and organic Zn and Se.

Proximate composition (M * SD)

Treatment Samples Moisture (%) Ash (%) Protein (%) Lipid (%) Se (mg/100g) Zn (mg/100g)
Enriched with inorganic ¢ 66.56 + 0.12 1.44 + 0.04 10.84 + 0.01 3.90 = 0.05 3.10 X 107% 0.44"
forms of Zn and Se Crusp 63.00 = 0.25 1.36 = 0.02 11.26 # 0.02 536 +0.03  4.20 X 107%¢ 0.53"
Crrsas 66.97 * 0.97 1.33 + 0.11 10.95 = 0.04  4.83 +0.02 4.00 X 1073< 0.51"
HYT+P+H 66.82 = 0.18 1.18 + 0.05 12.24 + 0.05 5.08 = 0.01 3.50 X 107% 0.49"

Enriched with organic S7 64.43 + 0.49 1.57 = 0.07 11.26 = 0.02 4.46 * 0.04 6.70 X 107** 0.58"

forms of Zn and Se SZpusp 64.39 * 0.21 1.61 = 0.10 11.23 *+ 0.06 5.35 + 0.02 5.70 X 107%P 0.74*
SZri+as 64.83 = 0.88 1.17 + 0.08 11.19 + 0.03 457 £ 0.03 420 X 1073>¢ 0.77"
SZiyTipin 65.61 * 0.67 1.39 * 0.06 10.67 + 0.02 5.09 + 0.02 4.60 X 107" 0.72*

Different letters among data in the same column indicate significant differences between samples (P < 0.05).

Abbreviations: C, control; Cry+p, 1000 ppm rosemary extract + 1500 ppm pomegranate extract; Cgry,+qs, 1000 ppm Nutrox OS + 1500 ppm grape seed
extract; Cgy+p+m, 1900 ppm pomegranate extract + 750 ppm hydroxytyrosol + 500 ppm Harpagophytum; M, mean; SD, standard deviation; SZ, control
fortified with Zn and Se meat; SZrp+p, 1000 ppm rosemary extract + 1500 ppm pomegranate extract; SZgry,+gs, 1000 ppm Nutrox OS + 1500 ppm grape
seed extract; SZyyr+p+u, 1500 ppm pomegranate extract + 750 ppm hydroxytyrosol + 500 ppm Harpagophytum.
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higher values for the lipid (25-28 g/100 g) and ash
(4 g/100 g) content because of the incorporation of flour
and omega-3 in the formula.

By contrast, there were significant differences
(P < 0.05) between samples in terms of the Se and Zn
contents (mg/100 g). Samples prepared with meat
from chicken broilers fed with organic forms of Zn and
Se showed higher concentrations of Zn and Se than the
samples made from meat enriched with inorganic Zn
and Se. This fact may be related to the findings of our
previous research (Martinez et al., 2018a,b), in which a
meat emulsion prepared with chicken meat enriched
with Zn and Se was evaluated in a Caco-2 cell model,
when it was found that the organic forms of these
minerals are more bioavailable than the inorganic
forms. The highest content of Se was found in SZ with
no natural extracts, while the highest concentrations of
7n were found in SZRLJer, SZRHJrPa and SZHYT+P+H'
Although no mention has been found in the literature,
it seems that phenolic compounds from R. officinalis,
grape (V. vinifera) seed, P. granatum, hydroxytyrosol,
and H. procumbens are rich in Zn, but not in Se,
because their incorporation increases the Zn content
but decreases the Se concentration.

The daily consumption of 100 g of chicken nuggets
enriched in organic forms of Zn and Se (SZgrmg+p,
SZrr+as, SZuyr+p+n) would represent 6.4-9.6% of
the recommended daily allowance for Zn for a healthy
adult (8-12 mg/day) and 9-10% of the recommended
daily allowance of Se (55-70 pg/day). It can therefore
be stated that consumption of this kind of product con-
tributes to the recommended levels of these essential
minerals, as would a diet containing other products
rich in Se and Zn, such as oat, mussels, mushrooms,
beer yeast, or cockles.

Shelf Life Study

PH Variations in pH are associated with food deteriora-
tion because pH values are an indicator of food stability
associated with microbial growth and chemical reac-
tions. Table 5 shows the changes in pH during the
12 mo of frozen storage. As it can be seen, there were no
significant differences among samples at the same anal-
ysis times, but there were differences between months
(P < 0.05). The pH values of deep-fried chicken nuggets
formulated with combinations of natural extracts ranged
from 6.10 to 6.64 because natural sources of phenolic
compounds prevent meat oxidation and a decrease in
pH, while frozen storage reduces water activity and
prevents microbiological growth.

Teruel et al. (2015) obtained different results in
chicken nuggets. During 9 mo of frozen storage, they
observed no significant differences (P < 0.05) in pH
values, although the initial pH values were similar. In
their research, rosemary extracts were incorporated in
the chicken nuggets formula, but they did not combine
different sources of phenolic compound, such as
Ry + P, Ry, + GS, or HYT + P + H, as the present
study does. Verma et al. (2010) and Hwang et al
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(2013) also obtained different results after incorporating
apple pulp and Artemisia princeps Pamp., respectively.
However, Verma et al. (2010) did not carry out a shelf
life study, while Hwang et al. (2013) did so for 15 days
of refrigerated storage.

Color Table 5 shows the results obtained for CIELab
measurements in all the samples during the 12 mo of
frozen storage. L* (lightness), a* (redness), and b*
(yellowness) showed significant differences (P < 0.05)
between the months of storage (0, 3, 6, 9, and 12), but
there were no differences between samples at these times.

As it can be observed, L* increased from time 0 to the
third month, then remained constant, but it fell again by
the 12th mo. All the values ranged from 84.74 to 62.51.
On the other hand, both a* and b* decreased from
month 0 to month 12. Values for a* ranged from 6.85
to 0.41, while for b*, they ranged from 33.90 to 10.80.

An analysis of these results points to no significant dif-
ferences between samples (P < 0.05), although it can be
observed that the samples with the lowest variations in
CIELab color were the nuggets enriched in organic forms
of Zn and Se, especially the sample that incorporated
rosemary and pomegranate, SZrpy+p, followed by
SZp1,+cs and SZpgyr+p+n. The least stable samples in
this respect were C and SZ. Thus, although incorpo-
rating organic forms of Zn and Se helps to maintain
the color, it is also necessary to incorporate sources of
phenolic compounds, such as rosemary, pomegranate,
or hydroxytyrosol.

Other studies with chicken nuggets showed similar re-
sults regarding color (Hwang et al., 2013; Teruel et al.,
2014, 2015; Carvalho et al., 2018) by incorporating
chia, rosemary, and even ascorbic acid with
ganghwayakssuk. However, these studies were shorter
than the present research, while no studies that
combine feed sources of organic minerals and the
addition of extracts rich in phenolic compounds have
been found.

Lipid Oxidation

The malondialdehyde (MDA) content of the frozen
nuggets is shown in Figure 1A. The TBAR values repre-
sent the aldehydes and carbonyls as secondary lipid
oxidation products that alter the flavor of meat. As it
can be noticed, lipid oxidation increased significantly
(P < 0.05) up to 1.5 mg MDA /kg at month 9 of frozen
storage in the C, SZ, and Cgp,+qs samples. However,
when organic forms of Zn and Se were combined with
rosemary and pomegranate in SZgpyip, this sample
resisted lipid oxidation and showed 47% lower TBARs
values than C or SZ after 12 mo of storage (P < 0.05).
The decrease in lipid oxidation recorded at this time
might be caused by losses in the oxidation products
formed or the reaction of MDA with proteins
(Magsood and Benjakul, 2010).

This antioxidant effect shown in samples enriched
exogenously with natural extracts obtained as food in-
dustrial BPs would be due to their high phenolic content,
as can be seen in Table 3. For example, the sample with
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Table 5. Results of pH values and color CIELab (M % SD) in frozen chicken nuggets for 12 mo of storage.

CIELab Storage time (months)

Samples 0 3 6 9 12

pH
C 6.46 * 0.03" 6.55 = 0.08" 6.26 = 0.05° 6.14 = 0.08¢ 6.45 = 0.09"
Cru+p 6.48 *+ 0.05" 6.54 = 0.04* 6.36 = 0.01° 6.15 = 0.02¢ 6.42 + 0.07°
CrL+cs 6.50 * 0.10" 6.64 = 0.02* 6.55 * 0.05° 6.17 = 0.03¢ 6.40 = 0.20°
ChyT+psn 6.49 + 0.08" 6.62 = 0.05" 6.43 + 0.08° 6.20 =+ 0.051 6.46 + 0.16°

6.41 + 0.06” 6.56 = 0.07* 6.39 * 0.05° 6.10 = 0.10¢ 6.42 = 0.04°

SZru+p 6.38 * 0.04" 6.61 = 0.05 6.33 = 0.11° 6.11 = 0.06 6.41 = 0.02°
SZri+cs 6.54 * 0.05" 6.63 = 0.09* 6.48 * 0.18° 6.24 = 0.10¢ 6.45 = 0.15°
SZyyTipin 6.44 * 0.02" 6.62 = 0.11* 6.40 = 0.04° 6.19 = 0.15¢ 6.38 = 0.06°

L* (lightness)
C 75.64 + 2.06° 83.62 * 2.01% 81.93 * 1.98% 84.23 * 1.25% 74.22 * 1.14"
Crip 66.83 = 1.88° 80.59 * 2.15 82.77 * 1.85" 85.27 + 1.36° 69.84 = 0.87"
Crr+cs 62.51 + 1.25° 80.10 * 1.84* 79.86 + 3.01° 81.36 * 2.05* 65.57 + 1.54"
ChyTipin 64.64 * 1.54° 81.19 * 1.91% 78.94 + 2.54° 80.65 * 2.47* 69.86 + 1.99"
SZ 78.50 + 1.78¢ 82.24 * 1.35 83.92 + 1.25% 84.74 + 1.88° 75.68 + 2.30"
SZri+rp 66.23 + 2.31° 77.47 + 1.88° 80.08 * 1.86% 80.05 * 1.79* 75.18 + 3.14"
SZr1+as 64.49 * 3.01° 77.70 + 2.29° 82.47 * 1.88% 82.07 * 0.98% 73.23 + 2.11"
SZiyT+p+11 65.56 =+ 2.89° 76.03 = 2.54° 79.78 + 1.96 79.12 * 1.30° 70.50 + 1.85"

a* (redness
C ) 1.64 + 0.03* 0.41 * 0.01>¢ 0.55 * 0.05"¢ 0.47 + 0.03"¢ 1.13 + 0.47°
Crig+p 6.31 = 1.04* 1.77 = 0.17> 2.02 * 0.85"¢ 0.86 = 0.11° 2.82 * 1.15"
Crr+cs 74 % 1.07 1.69 = 0.94> 1.44 * 0.34>¢ 0.16 * 0.02° 4.41 + 1.99°
ChyTpin 6.85 = 1.17" 1.59 + 0.69"¢ 2.63 * 1.02°¢ 1.91 + 0.91° 2.43 + 0.87°
SZ 2.98 * 0.05 0.30 * 0.01%¢ 0.73 = 0.08"¢ 0.04 = 0.00° 1.03 + 0.55"
SZru+p 6.29 = 0.01* 3.23 * 1.25"¢ 2.96 * 1.15"¢ 2.17 * 0.88° 3.03 = 1.02°
SZri+cs 6.35 = 0.15 1.12 + 0.05"¢ 0.71 * 0.22"¢ 0.93 = 0.15° 2.27 * 0.77°
S/ N 5.27 * 1.24° 2.11 % 0.24%¢ 2.69 * 0.88"° 1.75 + 0.79° 2.64 * 0.97°

b* (yellowness)
C 28.80 + 1.15" 21.01 + 3.00° 22.03 + 1.42>¢ 20.12 + 1.25" 10.80 = 0.54¢
Cri+p 33.90 + 1.26* 21.92 + 1.87° 21.60 + 1.87>¢ 24.78 + 0.86" 15.51 + 0.324
Crr+Gs 28.89 + 1.98" 20.82 + 2.03° 22.01 * 1.24¢ 22.48 + 2.74" 14.61 = 0.01¢
CHYT+P+H 33.45 + 2.41* 21.93 + 1.96° 21.88 + 2.56"¢ 24.15 + 2.81° 14.12 * 2.14¢
SZ 33.77 + 1.47* 20.09 + 2.01° 23.22 + 3.05”¢ 22.44 + 3.05° 13.63 = 1.24¢
SZru+p 32.83 + 1.88" 19.25 * 1.44° 22.46 + 2.87"° 25.91 + 1.78" 15.78 = 1.01¢
SZri+cs 23.49 + 1.99* 17.50 * 1.87¢ 20.45 + 1.85"¢ 17.48 = 1.45" 12.64 * 0.83¢
SZiryT 4P+t 29.88 + 2.54* 19.15 * 1.25° 19.48 * 0.76"° 20.92 + 1.58" 13.45 * 1.02¢

Different letters among data in the same row indicate significant differences between month of analysis (P < 0.05).

Abbreviations: C, control; Cri+p, 1000 ppm rosemary extract + 1500 ppm pomegranate extract; Crr,+gs, 1000 ppm
Nutrox OS + 1500 ppm grape seed extract; Cgyr+p+n, 1500 ppm pomegranate extract + 750 ppm
hydroxytyrosol + 500 ppm Harpagophytum; M, mean; SD, standard deviation; SZ, control fortified with Zn and Se meat;
SZgru+p, 1000 ppm rosemary extract + 1500 ppm pomegranate extract; SZrr,+qs, 1000 ppm Nutrox OS + 1500 ppm
grape seed extract; SZyyr+p+n, 1500 ppm pomegranate extract + 750 ppm hydroxytyrosol + 500 ppm Harpagophytum.

the lowest MDA level combined Ry with 8.10% rosmar-
inic acid and P with 41.38% punicalagin. In addition, the
incorporation of HYT (7.16%), diterpenes from Ry,
(5.8%), and catechins from GS (4.4%) also reduced the
TBAR levels by a 25-35% compared with the values
recorded in C and SZ.

Similar trends in TBAR values were observed by
Hwang et al. (2013) in chicken nuggets that incorpo-
rated ganghwayakssuk (Artemisia princeps Pamp.) in
combination with ascorbic acid to increase the shelf life
(15 days refrigerated storage at 4°C). While no similar
results have been found in this kind of product, Nieto
et al. (2017) observed the same trend in chicken sau-
sages, which were enriched with hydroxytyrosol ex-
tracts, walnuts, and extra virgin olive oil and analyzed
during 21 D of refrigerated storage.

Protein Oxidation

Protein oxidation was determined by reference to the
thiol groups (see Figure 1B in which it can be seen that

their concentration slightly decreases during frozen
storage). Nevertheless, samples that incorporated Ry,
and grape seed extract (Crr+qs and SZgr,+qs) showed
much higher concentrations of thiol groups than C and
SZ. In the same way, the incorporation of organic forms
of Zn and Se in SZ decreases protein oxidation
compared with C because of the antioxidant capacity
of the minerals. In this sense, it can be said that the
combination of phenolic compound sources with Zn
and Se protects against the loss of thiol groups for up
to 1 y of frozen storage. All treatments with plant ex-
tracts had a higher concentration of thiol groups than
the control, indicating less protein oxidation during
storage. Even though no similar studies have been
found, our group, Nieto et al. (2013) observed a similar
protective effect against the loss of thiol groups during
9 D of chilled storage in pork patties containing sources
of phenolic compounds (in this case, the essential oils of
oregano, rosemary, or garlic). Jongberg et al. (2018)
observed a reduction in protein oxidation in brine-
injected pork loins containing ascorbate and green tea
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Figure 1. Results of lipid oxidation, TBARs (mg MDA /kg) (A); protein oxidation, thiol groups (nmol thiol/mg protein) (B); and sensory evalu-
ation (C: at time 0 and D: at month 12) of chicken frozen nuggets for 12 mo of storage. Mean values (n=8) for each sensory descriptor by chicken
nuggets. The relevant significance is reported for each descriptor (*P < 0.05). C, control; Cry+p, 1000 ppm rosemary extract + 1500 ppm pome-
granate extract; Crr,+qs, 1000 ppm Nutrox OS + 1500 ppm grape seed extract; Cyyr+p+n, 1500 ppm pomegranate extract + 750 ppm hydroxytyr-
osol + 500 ppm Harpagophytum; GS, grape seed; H, Harpagophytum; HY'T, hydroxytyrosol; MDA, malondialdehyde; P, pomegranate; Ry, rosemary
extract; Ry, rosemary extract (Nutrox OS); SZ, control fortified with Zn and Se meat; SZgp+p, 1000 ppm rosemary extract + 1500 ppm pomegranate
extract; SZgy+as, 1000 ppm Nutrox OS + 1500 ppm grape seed extract; SZyyr+p+1, 1500 ppm pomegranate extract + 750 ppm hydroxytyrosol +

500 ppm Harpagophytum; TBAR, thiobarbituric acid reactive substance.

or mate extracts during chilled storage. Antioxidant
compounds maintain higher levels of thiol groups, indi-
cating less protein oxidation during storage than con-
trol nuggets without the addition of plant extracts. In
fact, this might explain why Cgru+p, SZgru+p, and
SZr1+as had lower levels of thiol loss at month 9 and
12 than the rest of the samples, which were also rich
in phenolic compounds but had a higher molecular
weight, preventing crosslinking with the protein chain.

Microbial Growth

The results of the microbiological analyses (cfu/g)
made in frozen chicken nuggets over the 12 mo are
shown in Table 6. As it can be seen, all the results
comply with the legal limits (EC 2073,/2005 for Europe;
RD 474/2014 for Spain). All the samples showed
<10 cfu/g of E. coliand S. aureus and no L. monocyto-
genes and Salmonella in 25 g at all sampling times.
However, significant differences were obtained for the

total viable counts (cfu/g) among different samples
and months of frozen storage.

It can be detected how the control samples, C and
SZ, with inorganic and organic forms of Zn and Se,
respectively, had higher TVC values than the rest of
the samples that included natural extracts. Moreover,
samples that incorporated R; and GS extract
(CrL+as, SZrr+qgs) obtained the best results for
microbiological growth (75% and 70%, respectively,
less than C and SZ), followed by samples containing
RH and P (CRH+P7 SZR/H+P)7 with 55% and 47%
less, respectively. Finally, samples that combined
HYT, P, and H (CHYT+P+H, SZHYT+P+H) showed a
53% and 41% lower TVC than the controls (C and
SZ). This demonstrates that although the final counts
were lower in samples incorporating organic Zn and
Se, the results could be improved if phenolic com-
pound sources were added.

Similar TVC results were obtained by Hwang et al.
(2013) in chicken nuggets enriched with ganghwayakssuk
and by Thomas et al. (2014 and 2016) in pork nuggets
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Table 6. Results of microbiological analysis (M = SD cfu/g) in frozen chicken nuggets for 12 mo of storage.

Storage time (months)

Microorganism Samples 0 6 9 12

TVC ¢ 550 = 40™* 2400 = 120*¥* 6500 = 250° 8950 + 425 ¥* 10,000 *+ 500*™
Crit+p 725 + 50" 975 + 45> Y7 1000 *+ 60°° *¥ 2350 * 115° ™ 4500 = 425°°%
Crr+as 665 + 46°7 780 * 50° Y7 1200 *+ 50° 1500 + 80° ** 2500 * 180%™
ChyT+pin 615 = 34~ 900 =+ 70> ¥* 1450 + 25°° Y 1850 *+ 95P¢ WX 4700 = 200"
SZ 1100 + 90°P%% 1200 + 80°°¥* 3150 = 210°"° 4500 = 120°*° ™ 8500 =+ 350°P°™
SZri+p 725 + 6707 1200 + 90 ¥ 1500 * 200" 3200 * 320° ™ 4500 + 495"
SZr1+as 220 + 40%* 400 + 50° ¥ 700 = 80° 1000 = 60° > 2500 * 120%™
SZiyrap+n 1020 = 987 1475 + 115°¢¥2 2300 =+ 90> 3350 = 250 ™ 5000 * 290"

FEscherichia coli <10

Staphylococcus aureus <10

Lysteria monocytogenes Absence in 25 g

Salmonella Absence in 25 g

Different letters among data in the same column indicate significant differences between samples (P < 0.05).

Different letters among data in the same row indicate significant differences between month of analysis (P < 0.05).

Abbreviations: C, control; Cry+p, 1000 ppm rosemary extract + 1500 ppm pomegranate extract; Crr+as, 1000 ppm Nutrox OS +
1500 ppm grape seed extract; Cyyt+p+1, 1500 ppm pomegranate extract + 750 ppm hydroxytyrosol + 500 ppm Harpagophytum; M, mean;
SD, standard deviation; SZ, control fortified with Zn and Se meat; SZrp+p, 1000 ppm rosemary extract + 1500 ppm pomegranate extract;
SZRL+GS 1000 ppm Nutrox OS + 1500 ppm grape seed extract; SZHYT+p+H, 1500 ppm pomegranate extract + 750 ppm hydroxytyrosol +

500 ppm Harpagophytum; TVC, total viable count.

with kordoi fruit juice and bamboo shoot extract on
day 0.

Sensory Analysis

Sensory analysis of chicken nuggets was carried out at
0 and 12 mo of frozen storage. The results are shown in
Figure 1C and 1D.

With regard to the color values, there were significant
differences (P < 0.05) between the “Own Colour”,
“Brown Colour”, and “Extract Colour” results, all related
with the CIELab results. The C and SZ samples ob-
tained the highest score for “Own Colour”, at 0 and
12 mo, while the rest of samples were valued as browner
(“Brown Colour”). On the other hand, rancid odor and
flavor were not detected at either time, which may be
related with the TBAR values that did not exceed
2 mg MDA /kg (Gray and Pearson, 1987). Therefore,
“Own Odour” and “Own Flavour” were valued positively,
while “Extract Flavour” was highly scored in samples
with natural extracts at month 0 of analysis, although
this attribute has disappeared by month 12. However,
no previous research results have been found to compare
this effect. It is possible that the compounds responsible
for strong flavors, HY'T, Ry, or GS, are degraded during
lengthy frozen storage because phenolic compounds
react with the molecules produced by lipid and protein
oxidation. This effect needs further investigation. The
data regarding textural attributes are not presented
because there were no significant differences between
the samples and controls (C and SZ). Finally, “Accept-
ability” was positively valued in all the samples at month
0 as 12, so the incorporation of phenolic compounds
exogenously and the minerals Zn and Se endogenously
had little effect on the sensory quality compared with
control samples (C and SZ).

These results can be compared with those of previous
research. For example, Banerjee et al. (2012) showed

that the incorporation of broccoli extract did not affect
goat meat nuggets stored refrigerated for 16 days. How-
ever, chicken with its mild flavor, compared with goat
meat, allows strong spice flavors to be more noticeable,
with negative effects on chicken nugget flavor. Radha
et al. (2014) found that Syzygium aromaticum, Cinna-
momum cassia, Origanum vulgare, and Brassica nigra
extracts negatively affected the sensory quality. Simi-
larly, the addition of rosemary extracts at 300 —
900 ppm to chicken nuggets had the same effect,
decreasing the sensory quality of the product (Teruel
et al. 2015). In contrast, Carvalho et al. (2018) obtained
chicken nuggets with good sensory quality after incorpo-
rating chia (Salvia hispanica L.) flour, although no herbs
or spices with strong flavor were added.

CONCLUSIONS

The present study showed that the addition of
phenolic compounds in the form of natural extracts
from seeds, herbs, and fruits, together with organic forms
of Zn and Se, can retard microbial growth, reduce pro-
tein and lipid oxidation, maintain the sensory quality,
and extend the shelf life of chicken nuggets during 1 y
of frozen storage. In particular, the SZgry+p and
SZRrr+qgs samples were significantly more resistant to
oxidative reactions and microbial growth than control
samples. The chicken nugget samples enriched with min-
erals did not show significant differences in pH, color
(CIELab), or proximate composition. Therefore, the
incorporation of minerals in animal feed combined with
the use of natural antioxidant sources may be considered
a good way to replace synthetic additives in meat prod-
ucts and a further step toward obtaining “C. label’ meat
products. Owing to the health benefits of these extracts
as a source of antioxidants, their application in the meat
industry is to be recommended to substitute or reduce
the concentration of synthetic additives currently used.
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