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In this study, a rowanberry pomace defatted with supercritical CO3 (2%-AC), its ethanolic extract (1%-E) and
extraction residue (2%-R), were tested in meatball preparation. The meatballs with 1%-E demonstrated the
highest in vitro radical scavenging capacity. In the case of 1%-E the pH of meatballs was significantly lower
compared to the control sample (P = 0.0132) on the 5-day. The lowest cooking loss was achieved when the
meatballs contained mainly fibre-rich 2%-R. The UHPLC method detected 184 metabolites, including strong
antioxidants, such as chlorogenic acids, 3',4-methylenedioxy-5,7-dimethylepicatechin, hyperin, isoquercitrin.
The 1%-E was particularly effective against the development of unpleasant off-flavours caused by carbonyl
compounds. Consistently, the decrease in lipid oxidation, indicated by reduced 7-dodecenal and 2,4-heptadienal
contents, has been observed following the addition of rowanberry extract to meatballs. Metabolomics coupled
with conventional quality evaluations provided a deeper understanding of the potential utilization and valor-
isation of different rowanberry pomace extracts as meat ingredients.

1. Introduction

Meat products are significantly susceptible to the decline of quality
caused by oxidative processes, especially considering processing and
shelf life. The loss of quality in meat, usually supported by lipid oxida-
tion and the formation of undesired compounds, affects meat composi-
tion and processing characteristics (Munekata et al., 2020). The hydro-
peroxides formed while cooking meat may decompose and form volatile
organic compounds such as aldehydes, alkanes, alkenes, ketones, alco-
hols, esters and acids (Dominguez et al., 2019). These compounds are
responsible for the deterioration of the colour, texture and flavour of

meat-derived products and the loss of pigments and vitamins in meat
products (Dominguez et al., 2019; Aminzare et al., 2019). Grinding and
heating disarrange the muscle cell configuration, deactivating anti-
oxidative enzymes and initiating non-heme iron, increasing lipid
oxidation (Gallego et al., 2015). Therefore, it is challenging food sci-
entists to find ways to inhibit or delay these reactions by utilizing
various antioxidant compounds. Whereas synthetic preservatives were
mainly used in previous years, recently the emphasis has shifted to safer
natural antioxidants (Dominguez et al., 2019).

Recently, food metabolomics or food omics, which aims to analyse
small molecules (metabolites), such as pathogens in food systems, has
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gained attention (Fiehn, 2002). Novel analytical instruments, as well as
metabolite databases, enable analysing thousands of metabolites in a
single analysis and identifying novel metabolites present in food (Beale
et al., 2016). The non-targeted approaches allow identifying unknown
compounds relevant to food systems and identifying the biomarkers of
spoilage (Rocchetti, Bernardo, et al., 2020).

In order to avoid the deteriorative impact of reactive oxygen species
(ROS) on meat products, different plant-based ingredients possessing
antioxidant capacity, such as the extracts obtained from fruits, vegeta-
bles, herbs, and spices, have been tested as meat ingredients (Aminzare
et al., 2019). Various berries, such as blueberries, blackberries, cran-
berries, and grapes, have demonstrated their effectiveness as ingredients
possessing antioxidant capacity for stabilizing meat products due to
their high contents of antioxidant polyphenols (Lorenzo et al., 2018).
Moreover, berry pomace, the solid residue of juice production (Tamkute
et al., 2021) has shown good antioxidant potential. Comparing the
antioxidant capacities of different berry pomace extracts, Babaoglu et al.
(Babaoglu et al., 2022) found that the red currant pomace extract
showed the highest value in the DPPH® assay, while the water extract of
chokeberry pomace exhibited the highest flavonoid and total phenolic
content (TPC). In the case of incorporating the water extract of choke-
berry pomace into meat products, beef patties’ oxidative stability and
microbiological acceptability increased during storage in the refriger-
ator (Babaoglu et al., 2022). Kahkonen et al. found that 0.05 %
rowanberry extract inhibited over 90% of the formation of methyl
linoleate-conjugated diene hydroperoxides (Kahkonen et al., 1999).
Moreover, rowanberry jam has been considered a suitable ingredient for
meat dishes (Hallmann et al., 2011). Compared to the rowanberry juice
or fruit samples, pomace samples have demonstrated even higher
average TPCs (Sarv et al., 2021). The rowanberry pomace samples,
especially originated from the hybrid cultivars (cvs), but also from some
other selected rowanberry varieties possessed significant antioxidant
capacity values (Sarv et al., 2021). To the best of our knowledge, only
one article is available on the use of rowanberry extract in meat prod-
ucts; wherein methanol and ethanol extracts of the whole berries were
tested in the emulsified raw pork burger patties, while pomace in-
gredients have not been tested in meat previously (Ganhao et al., 2010).
Considering the tendency of upcycling agro-food processing by-products
into higher benefit products it was of interest to test such ingredients in
meat, In general, the reports on the use of processed by consecutive
extractions berry pomace products in foods are rather scarce.

In terms of their antioxidant properties, it was hypothesized that the
rowanberry pomace based ingredients inhibit lipid oxidation in meat-
balls during meat processing and/or storage. The untargeted metab-
olomic approach was used for evaluating the changes of metabolites in
meatballs with the addition of rowanberry pomace-based ingredients
possessing antioxidant capacity during their storage time period.

2. Materials and methods
2.1. Plant material and extracts preparation

Sweet rowanberry cvs Likernaja (the hybrid of S. aucuparia x Aronia
melanocarpa), Solnechnaja (the seedling of S.aucuparia) and wild
rowanberry were harvested in autumn 2021 from Polli Experimental
Station, (South Estonia, 58°0744.5N, 25°3216.8E). All fruits were
immediately frozen and stored at —20 °C. The fruit was defrosted before
extracting the juice by a low-speed juicer Smeg SJFO1CREU (Smeg S.p.
A, Guastalla, Italy). The pomace parts, which accounted for approxi-
mately 15-20% of the weight of the fresh rowanberries (Sarv et al.,
2021), were freeze-dried in a VirTis Advantage Plus Benchtop Freeze
Dryer Model XL-70 (SP Industries, Warminster, PA, USA) for 72 h at 30
ubar. Subsequently, three pomace samples were mixed and ground in
Retsch cutting mill Retsch SM 300, (Retsch GmbH, Haan, Germany) with
sieve holes diameter of 5 mm to obtain a homogenous batch. This
sample was defatted by extracting with supercritical CO2 in SCF
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extraction equipment Separex 5 (Champigneulles, France) for removing
lipophilic substances at 40 MPa pressure, 400C temperature and 150
min extraction time (Tamkute et al., 2021) to obtain the 1st ingredient
(AC) for meatballs. The lipophilic CO; extract was not used in the meat
tests due to the remarkable content of polyunsaturated fatty acids in
berry seeds, which may accelerate the formation of oxidation products
in meatballs during storage (Venskutonis, 2020).

AC was further extracted with 1:1 (v/v) ethanol/water at solid/
liquid ratio of 1:10 (w/v) using microwave-assisted extraction (MAE) for
15 min at power 300 W. After the extraction, the extract was filtered.
The EtOH part of the supernatant was dried in a rotary evaporator, and
the remaining water was freeze-dried in a VirTis Advantage Plus
Benchtop Freeze Dryer Model XL-70 (SP Industries, Warminster, PA,
USA). The dried extract was stored in a sealed package in a freezer
(-20 °C) as the 2nd ingredient (E) for meatballs. The extraction residue
was freeze-dried and stored as the 3rd ingredient (R) in the grip seal
polythene bag at room temperature.

2.2. Preparation of meatballs

The meatballs were prepared according to the protocol of Kerner
et al. (Kerner et al., 2021) with modifications. Briefly, the minced pork
and salt were purchased from the local (Tartu, Estonia) butcher‘s shop
and the food store, respectively. The components were mixed according
to the recipe and the raw mixture was divided into the following por-
tions: the control sample (88% of minced pork, 11% water, 1% salt), and
the samples with ingredients AC, R and E, each with the concentrations
of 1%, 2%, 3% and 5%. Six voids (@ 4.5 cm, depth 2 cm) in the self-made
moulds were filled with the raw meatball mixture. After weighing, the
meatballs were cooked at 145 °C in the oven Inoxtrend E1CUA-107E
(Santa Lucia di Piave, Italy) for 15 min. The cooked meatballs were
cooled down to room temperature and weighed and packed into a Vision
Pack Srl VPOl (Packaging Factory Holding, Lallio, Italy) under a
modified atmosphere consisting of 70 % N3 and 30% CO-, provided by
Linde GAS Limited Company (Tallinn, Estonia). To understand the effect
of rowan ingredients on the physicochemical parameters of pork meat-
balls during cold storage, the time points 0 and 5 were chosen according
to USDA Food Safety and Inspection Service https://www.fsis.usda.gov/
. Accordingly, the ideal shelf-life period of properly stored, cooked
meatballs without artificial preservatives is 3-4 days in the refrigerator.
Therefore, packed meatballs were stored at + 4 °C and analyzed at 0 and
5 days of storage.

2.3. Sensory evaluation

The sensory assessment of cooked meatballs was conducted by nine
randomly selected trained assessors from the Estonian University of Life
Sciences, Chair of Food Science and Technology, in a specially designed
room with individual booths. The fresh meatballs were warmed to
55-70 °C in a microwave oven (Moulinex Micro-Chef V98, Ecully,
France) and cut in half before sensory assessment. The sensory attributes
for the valuation of cooked meatballs were the odour, appearance,
colour, taste, juiciness, and texture. The widely used hedonic 9-point
scale (Wichchukit & O’Mahony, 2015), where the points 9; 5 and 1
indicate very good, satisfying, and not satisfying assessment, respec-
tively, was applied for sensory evaluation.

2.4. Determination of quality characteristics

The cooking loss of meatballs was calculated as the weight difference
between raw and cooked but cooled to the room temperature samples in
percentages. Prior to the chemical analyses, such as fat (EVS-ISO
2446:2001, Gerber method), moisture (EVS-ISO 1442:1999), protein
(EVS-ISO 937:1978, Kjeldahl method), and ash content (ISO 936:1999),
the meatball samples were homogenised using the Retsch GM200 lab-
oratory homogeniser (Retsch Gmbh & Co, Haan, Germany). Seven
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2Go™ pH-meter (Mettler-Toledo AG Analytical, Schwerzenbach,
Switzerland) was used to determine the pH of meatball samples (5 g)
homogenised with 50 mL of 0.1 M potassium chloride solution. The
water activity analyser (Aqua Lab, Model Series 3 TE, Decagon Devices,
Inc., Washington, DC, USA) was used to determine the water activity
(aw) by achieving the equilibrium humidity of air in a tightly closed
chamber. The X-Rite 964 spectrophotometer (X-Rite, Grand Rapids, MI,
USA) was used for taking three replicate colour measurements of each
freshly cut meatball sample from different places. The measurements
were expressed numerically by CIE (International Commission on Ilu-
mination) Lab system values, where L* a* b* mark the lightness,
redness, yellowness, respectively (Mokrzycki & Tatol, 2012).

2.5. Determination of total phenolic content and in vitro radical
scavenging activity

Two in vitro spectrophotometric analyses, the total phenolic content
(TPC) and 2.2-diphenyl-picrylhydrazyl (DPPHe) scavenging assay, were
used for preliminary screening of meat ingredients AC, R and E. The
(TPC) was measured according to the method of Folin—Ciocalteu (FC)
(Folin & Ciocalteu, 1927) with modifications using the gallic acid (GA)
standards. The free radical scavenging capacity assay (DPPHe) with
slight modifications was, according to Brand-Williams et al. (Brand-
Williams et al., 1995) using Trolox as a positive control. The absorbance
values of the samples during the TPC and DPPHe assays were measured
at 760 nm and 515 nm, using a spectrophotometer (UV-1800, Shimadzu,
Kyoto, Japan). Both spectrophotometric assays were performed in four
replicates using laboratory grade chemicals purchased from Sigma-
Aldrich (Steinheim, Germany).

2.6. Untargeted profiling by UHPLC-HRMS of the different meatballs

The untargeted metabolomics was used to evaluate storage time ef-
fects on prepared meatballs and the phytochemical profile of the 3
different rowanberry extracts. The time points for observation of the
changes in metabolomics were selected as the day of preparation- day 0,
the longest ideal period for storing homemade meatballs — day 4, and to
study the possible oxidation process of packed meatballs-day 14.

Therefore, the lyophilized pork meatballs were extracted following
the protocol previously reported by Pateiro et al. (Pateiro et al., 2018),
with minor modifications. Briefly, one gram of each sample was
extracted with 10 mL of an 80% aqueous methanol (v/v) solution (both
LC-MS grade, VWR, Milan, Italy) added with 0.1% (v/v) formic acid.
This mixture was subjected to an extraction system through Ultra-turrax
(Ika T10, Staufen, Germany) for 5 min at room temperature. The cor-
responding extracts were centrifuged (Eppendorf 5810R, Hamburg,
Germany) at 7800 x g for 15 min at 4 °C and then filtered using 0.22 pm
cellulose syringe filters. Finally, the filtered samples were transferred to
amber vials until instrumental analysis.

In this work, the untargeted profiling analysis was done using high-
resolution mass spectrometry (HRMS) based on a Q-ExactiveTM Focus
Hybrid Quadrupole-Orbitrap Mass Spectrometer (Thermo Scientific,
Waltham, MA, USA) coupled to a Vanquish ultra-high-pressure liquid
chromatography (UHPLC) pump and equipped with heated electrospray
ionization (HESI)-II probe (Thermo Scientific, USA). Shortly, the chro-
matographic separation was carried out under a gradient of acetonitrile
in water (from 6% to 94% in 35 min) as mobile phase, with 0.1% formic
acid as a phase modifier, using BEH C18 (2.1x100 mm, 1.7 pm)
analytical column maintained at 35 °C. The injection volume was 6 pL
and elution was operated with a flow rate of 200 pL/min. Full scan MS
analysis was performed under the positive ionization mode and with a
nominal mass resolution of 70,000 FWHM at m/z 200. The injection
sequence was randomized, with three replicates for each sample.
Quality control (QC) samples (prepared by pooling same aliquots of each
sample) were acquired in a data-dependent (TOP N = 3) MS/MS mode,
and the Top N ions were selected for fragmentation under stepped (10,
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20, 40 eV) Normalized Collisional Energy. The HESI parameters were
previously optimized by Rocchetti et al. (Rocchetti et al., 2021).

The raw spectral data were processed using MS-DIAL software
(version 4.80) (Tsugawa et al., 2015) for post-acquisition and data
filtering procedures. The MS-DIAL parameters were adapted from pre-
viously published works on LC-MS untargeted metabolomics-based
analysis (Rocchetti et al., 2021). The mass features were searched in
the mass range of 80-1200 m/z, having a minimum peak height of
10,000 cps. Accurate mass tolerance for peak centroiding was 0.05 Da
for MS and 0.1 Da for MS/MS analysis. Retention time information was
excluded from the calculation of the total identification score. The MS
and MS/MS tolerance for identification was set to 0.05 Da and 0.1 Da,
respectively. The identification step was based on mass accuracy, iso-
topic pattern (i.e., isotopic distribution, space, and abundance) and
spectral matching. The total identification cut-off score was set to 50%,
retaining the most common HESI + adducts. Annotation of meat me-
tabolites was achieved against the comprehensive database known as
FooDB (https://foodb.ca/). Furthermore, the software MS-Finder (Tsu-
gawa et al., 2016) was used for in-silico fragmentation of the not an-
notated mass compounds, using the FooDB and Lipid Maps libraries,
thus working according to a level 2 of confidence in annotation (i.e.,
putatively annotated compounds and structural confirmation according
to spectral matching) (Salek et al., 2013). Only the compounds having
an in-silico prediction score higher than 5 were retained.

2.7. Statistical and multivariate data analysis

The mean values and standard deviations (SD) of total phenolic
contents (TPC) and DPPHe radical scavenging capacity (RSC) results
were calculated using MS Excel 2016 and one-way analysis of the
variance (ANOVA) at p value < 0.05. The statistical package R 4.2.0 was
applied for statistical analysis (Minato Nakazawa, 2022) of assessors
panel sensory scores and sensory score results visualization. The Linear
Mixed-Effects Model (GLMM) was used to study the effects of variants,
the effect of three replications and the storage period on the pH, aw and
colour characteristics of the samples as well as the measurements of
cooking loss, moisture, and protein and ash contents on the day 0. The
Emmeans (Searle et al., 1980) package was applied for the pairwise
comparison of groups and the model-assessed results were presented as
least-square means.

The multivariate statistical analyses dealing with metabolomics were
done using two different softwares, Mass Profiler Professional (version
B.12.06; from Agilent Technologies) and SIMCA (version 16; from
Umetrics, Malmo, Sweden) for data processing and normalization and
supervised modelling, respectively. In this regard, both unsupervised
and supervised multivariate statistics were used based on hierarchical
cluster analysis (HCA), Principal Component Analysis (PCA), and
orthogonal projections to latent structures discriminant analysis (OPLS-
DA). The OPLS-DA models were built considering the storage time
period (i.e., 0, 4, and 14 days) under investigation, also recording the
model validation parameters (goodness-of-fit R%Y) and goodness-of-
prediction Q2Y). The VIP (i.e., variables importance in projection) se-
lection method was then used to list the most relevant meat metabolites
in prediction, considering only VIP markers characterized by values
higher than 1. Finally, a Fold-Change (FC) analysis was done to check
the direction and the intensity of variation of the marker compounds
highlighted by the VIP selection method.

3. Results and discussion

3.1. Sensory evaluation and in vitro antioxidant capacity of meatballs
Due to the harmfulness of synthetic ingredients, various natural

preservatives have recently been tested to inhibit lipid oxidation and

extend the shelf-life of foods (Aziz & Karboune, 2018). However,
applying plant-based ingredients to food products as preservatives may
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be limited due to the flavour characteristics (Dussault et al., 2014). The
astringent taste of rowanberry is a major obstacle to its consumption.
Therefore, it is essential to know the acceptable dose of this ingredient to
achieve the sensory quality of meatballs. In our research, three rowan-
berry pomace powders of cvs Likernaja, Solnechnaja and wild rowan-
berry were pre-selected as the ones with the highest antioxidant capacity
(Sarv et al., 2021). These powders were defatted and mixed to obtain the
1st ingredient (AC). The 2nd ingredient was EtOH/water microwave
extract of defatted pomace (E) and the 3rd was the extraction residue
(R). The TPC of these three ingredients were analyzed and the TPC value
of E was almost fivefold compared to AC and 17 times higher than R
(Fig. 1a).

The minced pork (moisture 67.43%, protein 18.49%, fat 13.85%,
and ash 0.96%) was mixed with 11% water and 1% salt as well as the
rowanberry pomace-based ingredient. The concentrations from 1% to
5% of ingredients were sensory evaluated and the best of each group
were selected for further tests. The meatballs without any ingredients
were evaluated in every test as a reference.

The panellists gave the highest average score for the colour (7.8) of
the samples with 3%-AC, followed by the juiciness of the samples with
1%-R and the control, both with an average score of 7.5. In addition, the
samples with 1%-R achieved the best score of 7.5 for the taste. The odour
was most acceptable in the case of 1%-R. The samples with more than
1%-E scored<5 for taste and were not acceptable for further use. Both
AC and R with concentrations 1-3% got the average scores of sensory
attributes more than 5; therefore, 2%-AC and 2%-R as well as 1%-E were
chosen for further experiments.

The in vitro antioxidant capacity of lyophilized meatballs was tested,
using their ability to scavenge stable diphenyl-picrylhydrazyl radical
DPPHe assay. Compared to the meatballs without any ingredients
(control), the meatballs with ingredients had remarkably higher DPPHe
assay values: with the addition of 1%-E, 2%-AC, and 2%-R, the antiox-
idant potential of meatballs was more than 15-, 10- and 5- fold higher,
respectively (Fig. 1b). These results can be crucial in slowing oxidation
and deleterious processes occurring during meat processing and/or
storage.

3.2. Proximate composition and cooking losses of meatballs

Adding plant-based fibres to meat products allows producers to
supply the food with better texture or moisture holding capacity and
reduce the content of animal-based proteins and saturated fatty acids
(Paglarini et al., 2022). In the current study, the plant-based ingredients
accounted just for 1-2%; therefore, the moisture, ash and protein con-
tents were not affected remarkably.

However, the fat content in meatballs decreased by adding the plant-
based ingredients, especially the fibre-rich AC and R. In addition, as
indicated by ANOVA (Table 1), the ingredient R affected the juiciness of
meatballs by keeping more than 2% higher moisture content compared

125 |
2 103+1.10 10
oo 4 = —_—
E 100 e
G 75 - X
o0 = 6
S 50 + s 4
& 2140.69 =
25 1 - 6+0.31 I
0 = g,
AC R E
a) Variants of additives b)
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Table 1
Proximate composition of cooked pork meatballs and cooking losses.
Sample Moisture (g/ Protein (g/ Fat (g/ Ash (g/ Cooking
100 g) 100 g) 100 g) 100 g) loss (%)
Control 57.90 + 20.74 £ 21.05 £ 2.04 £ 23.33 £
2.33" 0.35° 0.86" 0.276" 2.05%
AC 58.48 + 20.59 + 15.20 + 2.00 + 24.27 +
(2%) 4.03" 0.24" 4.54" 0.045" 2.422b
E (1%) 57.62 + 20.64 + 19.33 + 1.85 + 26.23 +
2.13" 1.22° 1.38% 0.027° 4.97°
R (2%) 59.31 + 19.40 + 17.00 + 1.94 + 20.17 £
1.83" 1.25° 0.30 0.109" 3.66°

b ¢ Different letters in columns indicate significant differences between least
square means (p < 0.05) by Tukey’s multiple comparison’s post hoc test. Control
—meatballs without ingredients, AC (2%) —meatballs with 2% of defatted with
supercritical CO, rowanberry pomace, E—meatballs with 1% of EtOH/water
extract of AC, R—meatballs with 2% of extraction residue.

to the control sample and by reducing the cooking loss more than 13%.
These results agree with the previous study, where a remarkable
decrease in cooking loss was achieved with 3% sugarcane fibre addition
to meatballs (Mena et al., 2020). In contrast to fibre-rich ingredients, the
lyophilized extract E increased the cooking losses significantly.

3.3. Determination of physicochemical parameters

The main quality characteristics, which play an important role in
defining consumers* preferences, are the juiciness, colour, freshness and
tenderness of meat products. These quality characteristics are affected
by the physicochemical parameters, such as pH, water activity (aw) and
colour (Tamkute et al., 2021). The decrease in pH can lead to an un-
acceptable taste in food but also provide an inhibitory effect against
spoilage or pathogenic microorganisms (Barcenilla et al., 2022).

In current study, after 5 days of storage at 4 °C, the pH was signifi-
cantly lower in the meatballs with 1%-E compared to the control sample
(P =0.0132) (Fig. 2 a). The pH reduction in meatballs can be explained
by the higher concentration of chlorogenic acids present in E, compared
to the fibre-rich ingredients AC and R (Sarv et al., 2021). However, in the
case of the samples with AC and R, the pH remained stable during the 5-
days of storage, due to some content of chlorogenic acid, while the pH of
the control sample increased. Tamkute et al. found that the pH of cooked
ham samples with chokeberry extract remained constant during a pro-
longed (36 days) storage period at 4 °C, while the pH of control sample
increased (Tamkute et al., 2021). The “easily perishable” meat products
aw greater than 0.95 and pH greater than 5.2 must be stored at or < 5 °C
(Halagarda & Wojciak, 2022). The measured aw values of the meatballs
in this study ranged within 0.974-0.987 (Fig. 2 b), while the highest
reduction (1.3%) in aw values were achieved when the fibre-rich 2%-R
was added to meatball pastry. Such a small decrease in aw doesn‘t have
any significant influence on the self-life and storage conditions of

6.49+1.97
4.45%0.76
1 2.24+1.39
0.42+0.03 I
Control M+2%AC M+2%R M+1%E

Variants of meatballs

Fig. 1. The total phenolic content (TPC) of rowanberry pomace-based ingredients for meat a): Control—without ingredients, AC— defatted with supercritical CO,
rowanberry pomace, E— EtOH/water extract of AC, R—extraction residue; and b) antioxidant capacity (DPPH) of meatballs with and without ingredients: Con-
trol—without ingredients, M + 2 %AC— meatballs with 2% of defatted with supercritical CO, rowanberry pomace, M + 1 %E— meatballs with 1% of EtOH/water

extract of AC, M + 2 %R— meatballs with 2% of extraction residue.
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Fig. 2. Physicochemical parameters of meatballs (pH and aw) on the day of preparation and after five days of storage Actual values are presented with grey dots;
outliers are denoted with a red asterisk; mean values are presented as least-square means + standard deviations; different lowercase letters indicate the statistical
difference (p < 0.05) between the variants within the same day; different capital letters indicate the statistical difference (p < 0.05) between the days within the same
variant). Control—without ingredients, M + 2 %AC— meatballs with 2% of defatted with supercritical CO, rowanberry pomace, M + 1 %E— meatballs with 1% of
EtOH/water extract of AC, M + 2 %R— meatballs with 2% of extraction residue. (For interpretation of the references to colour in this figure legend, the reader is

referred to the web version of this article.)

meatballs. The other ingredients (2%-AC and 1%-E) caused an even
lower reduction of aw, 0.7 and 0.3%, respectively. Similarly, in the
previous study (Tamkute et al., 2021) there was only a marginal effect
on aw of pork products in the case of the cranberry pomace ethanol
extract addition.

The state and content of myoglobin, storage temperature, pH, and
packaging affect the colour of raw and cooked meatballs (Tamkute et al.,
2021). The colour is also the first parameter that indicates the possible
microbial or oxidative spoilage of meat products. The discolouration of
red meat could occur due to the oxidation of the iron atoms in red oxy-
haemoglobin (Peiretti et al., 2020). In the current study, all the
rowanberry pomace-based ingredients decreased the lightness (L*) of
meatballs, likely due to the high content of anthocyanins in rowan-
berries (Sarv et al., 2021) (Fig. 3a). This kind of darkening of meat

products has been previously mentioned for chokeberries, blueberries,
grapes and blackcurrants (Peiretti et al., 2020; Tamkute et al., 2021). In
the current case, the ingredients increased the redness (a*) up to 48%
(Fig. 3 b). The ingredients with higher amounts of bioactive compo-
nents, such as 1%-E and 2%-AC, decreased the yellowness (b*) of
meatballs by 1.87% and 0.42%, respectively, but 2%-R increased b*
value by 0.51%, compared to the control, during 5 days of storage (Fig. 3
o).

3.4. Untargeted chemical profiling of meatballs added with rowanberry
ingredients during storage

The untargeted UHPLC-Orbitrap analysis on the different meatballs
allowed the putative annotation of 402 compounds according to their
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Fig. 3. Colour characteristics of meatballs (L*, a*, b*) on the day of preparation and after five days of storage Actual values are presented with grey dots; outliers are
denoted with a red asterisk; mean values are presented as least-square means =+ standard deviations; different lowercase letters indicate the statistical difference (p <
0.05) between the variants within the same day; different capital letters indicate the statistical difference (p < 0.05) between the days within the same variant.
Control—without ingredients, M + 2 %AC— meatballs with 2% of defatted with supercritical CO, rowanberry pomace, M + 1 %E— meatballs with 1% of EtOH/
water extract of AC, M + 2 %R— meatballs with 2% of extraction residue. (For interpretation of the references to colour in this figure legend, the reader is referred to

the web version of this article.)
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individual abundance values and composite mass spectra (MSMS). The
number of chemical features annotated by untargeted metabolomics
reflects the overall complexity of the meat matrix under investigation. A
detailed list of all compounds annotated, with the corresponding mass
spectra, isotopic profile, and identification-related information, is pro-
vided as supplementary material.

Afterwards, a multivariate statistical approach based on both unsu-
pervised and supervised methods was used to group samples according
to their similarity in the measured mass features. Firstly, the unsuper-
vised hierarchical cluster analysis (HCA) was used to naively group
samples according to intrinsic similarities in their chemical profile, and
the corresponding heat-map (based on the Fold-Change, FC, and varia-
tions of each annotated compound) is reported in Fig. 4. The HCA
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consisted of two main groups: the first cluster hierarchically included
the control samples at the different time-points of storage time (i.e., 0, 4,
and 14 days), whilst the second cluster showed all the meatballs pre-
pared with the different pomace ingredients (i.e., 2%-AC, 1%-E, and 2%-
R). The heat-map highlighted the potential effect of rowanberry pomace
on modifying the meat metabolomic profile. Similar separation trends
were obtained by inspecting the unsupervised PCA score plot (supple-
mentary material), highlighting a clear separation between the control
samples and the meatballs with added ingredients along the first prin-
cipal component (PC1). Looking at the unsupervised statistical findings,
the impact of storage time was particularly evident when considering
2%-AC and 1%-E added samples. Therefore, to confirm the results
highlighted by unsupervised multivariate methods, a supervised
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Fig. 4. Unsupervised hierarchical cluster analysis (HCA) considering the chemical profile of the different meatballs prepared with rowanberry functional ingredients
(AC, E, and R) vs the control (C), at the different storage time-points (i.e., 0, 4, and 14 days).
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orthogonal projection to latent structures discriminant analysis (OPLS-
DA) was used to investigate the impact of storage time on the chemical
profile of meatball samples. As shown from the OPLS-DA score plots
reported in (supplementary material), each prediction model showed
a clear separation trend between the different time points of storage
time, recording more than acceptable goodness of fitting (R%Y > 0.9)
and prediction ability (Q? greater than 0.5) values. These prediction
models confirmed the effectiveness of the OPLS-DA in predicting the
major changes in the chemical composition of meatballs during storage
at 4 °C. As the next step, we evaluated the changes in meat metabolites
considering the last time point (i.e., 14 days), being more informative
about the potential impact of oxidative processes on meat components
and considering the protective role exerted by rowanberry pomace in-
gredients. Therefore, a new OPLS-DA model was built using only the
meatball samples at 14 days of storage. As highlighted from the OPLS-
DA score plot (Fig. 5), the control sample (C14) was separated from
the added-samples (R14, E14, and AC14) along the orthogonal latent
vector. Instead, meatballs with added rowanberry ingredients showed
some differences in their chemical profile, with 2%-R and 1%-E samples
found very close to each other. In contrast, a more characteristic
chemical profile characterized the 2%-AC sample. Overall, the OPLS-DA
model built consisted in excellent cross-validation and goodness pa-
rameters, with R%X (cum) = 0.719, R%Y (cum) = 0.993, and Q2Y (pre-
diction ability) = 0.919. Afterwards, the variable importance in
projection (VIP) approach was used to select the most discriminant
metabolites of the OPLS-DA model built. This approach revealed 184
discriminant metabolites having a VIP score higher than 1 (i.e., high
prediction ability). These marker compounds are reported in Table S1
(supplementary material), grouped in chemical classes provided by
the comprehensive database FooDB. Additionally, we evaluated the Log
Fold- Change (FC) variations between the three different treatments
with the control. Looking at the discriminant markers reported in
Table S1 (supplementary material), we found mainly terpenoids (52
compounds), amino acids (26 compounds), fatty acid derivatives
(including esters, acids, and alcohols), polyphenols (16 compounds) and
other compounds (e.g., aldehydes and ketones). Interestingly, fatty acid
derivatives, aldehydes, and ketones were found to be up accumulated in
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(supplementary material). Overall, 1%-E was the most active rowan-
berry ingredient against the accumulation of aldehydes and ketones,
recording cumulative LogFC values of 7.16 and 7.27, respectively,
compared with the control (C) at 14 days of storage time. Regarding
lipid oxidation phenomena, carbonyl compounds are described as a
major by-product potentially affecting meat quality because of the off-
flavours development due to the volatile fraction. Looking at our find-
ings (supplementary material), the five discriminant aldehydic com-
pounds were characterized by high LogFC values, such as 7-Dodecenal
and 2,4-Heptadienal. This latter has already been detected as a marker
associated with oxidative processes on meat components and its overall
up-accumulation outlined a possible protective effect of the rowanberry
pomace on lipid oxidation (Rocchetti, Lorenzo, et al., 2020). In this
scenario, unsaturated lipids are chemically unstable and easily affected
by degradation (Falowo et al., 2014). Our results revealed that linoleic
acid derivatives showed an overall down-accumulation in the control
sample (C), thus indicating a potentially higher lipidic peroxidation that
was preserved by the addition of rowanberry pomace ingredients.
However, looking at single marker compound, alpha-linolenic acid (i.e.,
one of the most involved in lipid peroxidation) was up-accumulated
after 14 days only in meatballs added with 2%-R and 1%-E, while it
showed a slight decrease when compared with the control (supple-
mentary material). Another interesting result was related to the overall
changes of glycerophospholipids in the three different pairwise com-
parisons under investigation Table S1 (supplementary material). In
our experimental conditions, these compounds were characterized by an
overall up-accumulation in the control sample, and the markers showing
the higher values were phosphatidylethanolamine (PE) derivatives, such
as PE (14:1(9Z)/14:1(9Z7)), PE (14:0/14:0), PE (14:0/14:1(9Z)). Addi-
tionally, an up-accumulation of 25-Hydroxycholesterol was registered
Table S1 (supplementary material); it is a steroid derivative showing
high LogFC score values for each comparison under investigation (on
average: 3.05). Its presence has been previously detected in two typical
Italian pork products and is likely correlated to lipid and cholesterol
oxidative processes (Novelli et al., 1997).

Regarding those discriminant terpenoids (including mono-
terpenoids, diterpenoids, triterpenoids, tetraterpenoids, and sesqui-

the control sample compared to added-meatballs Table S1 terpenoids) and phenolic compounds (mainly flavonoids and phenolic
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Fig. 5. Supervised orthogonal projection to latent structures discriminant analysis (OPLS-DA) considering the chemical profile of the different meatballs prepared
with rowanberry functional ingredients (AC, E, and R) vs the control (C), at 14 days of the storage time period.
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acids), most of the compounds were down accumulated in the control
sample (C) and then clearly associated with the addition of rowanberry
pomace ingredients in meatballs. Also, these secondary metabolites
were characterized by similar LogFC values for each comparison against
the control, thus showing a similar impact of the pomace ingredients
during the storage time period (14 days). Several triterpenoid com-
pounds of interest, such as 3-trans-p-coumaroylrotundic acid (previously
detected as a biomarker of blueberry) (Das et al., 2022) and glycyr-
rhetinic acid (widely studied for its inflammatory properties) (Ming
et al., 2013), have been identified following the addition of rowanberry
ingredients. However, the main important phenolic compounds associ-
ated with adding rowanberry ingredients in meatballs were chlorogenic
acid (average LogFC vs C = 13.98) and isoquercitrin (average LogFC vs C
= 12.30).The distribution of these compounds in rowanberries is not
novel, as well as their antioxidant activities against free radicals have
been previously reported (Sarv et al., 2021). Therefore, the strong up-
accumulation of these compounds at the end of storage time in meat-
balls added with pomace ingredients proved our hypothesis on greater
protection against lipid oxidation phenomena.

4. Conclusions

In this work, natural ingredients possessing antioxidant capacity
obtained by rowanberry pomace valorisation have been used as poten-
tial ingredients for meat products for preventing oxidation processes. By
the day 5th, the meatballs with ingredients 2%-AC and 1%-E containing
a higher amount of bioactives had decreased the yellowness (b*) of
meatballs. In the case of 1%-E, the pH of meatballs decreased, pre-
sumably due to the high concentration of chlorogenic acids, while in the
case of 2%-R and 2%-AC, the pH remained stable, and the pH of the
control sample increased. The increase in pH may indicate microbio-
logical spoilage via the release of NH3,

The PCA and OPLS-DA models were used to evaluate the chemical
profiling of meatballs on days 0, 4 and 14. The results demonstrated the
impact of storage time on changes in meatballs’ chemical composition,
especially in the case of 2%-AC and 1%-E added-samples with higher
amounts of polyphenols.

In total, 184 discriminant metabolites were detected, consisting of 52
terpenoids, 26 amino acids, 16 polyphenols, aldehydes, and ketones, in
addition to fatty acid derivatives. The most effective rowanberry
ingredient against the development of unpleasant flavours caused by
carbonyl compounds was 1%-E, at day-14 in the storage-time test. In
addition, by the day-14 the concentration of linoleic acid derivatives had
decreased only in the control sample (C).

Overall, these findings suggest the suitability of rowanberry pomace
extract as a potential ingredient possessing antioxidant capacity for food
products. In addition, the untargeted metabolomics can be used for
assessing meat quality as well as evaluating the impact of antioxidants
from rowanberry on the modifications of pork meatballs composition
during their longer storage time. This approach allows finding possible
correlations between natural by-products added to meat and its deteri-
oration (mainly considering lipid peroxidation phenomena). Therefore,
the approach gave the ideas for future studies, where the heating-
induced effects on antioxidants must be considered. Moreover, for
establishing the overall effects of various plant-based ingredients on the
shelf-life of meat products, the microbiological characteristics should be
determined in the future.

CRediT authorship contribution statement

Viive Sarv: Conceptualization, Formal analysis, Investigation,
Methodology, Writing — original draft. Kristi Kerner: Formal analysis,
Methodology. Petras Rimantas Venskutonis: Methodology, Supervi-
sion. Gabriele Rocchetti: Formal analysis, Methodology, Writing —
original draft. Pier Paolo Becchi: Formal analysis, Methodology. Luigi
Lucini: Methodology, Supervision. Alo Tanavots: Visualization.

Food Chemistry: X 19 (2023) 100761

Rajeev Bhat: Resources, Supervision.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability

Data will be made available on request.

Acknowledgments

This work is supported by Plantvalor Project “PlantValor—full-scale
product development service in synergy with the traditional activities of
Polli Horticultural Research Centre 2020-2023, which has received
funding from the European Regional Development Fund; and by ERA
Chair in VALORTECH project, which has received funding from the
European Union’s Horizon 2020 Research and Innovation Program
under grant agreement No. 810630. In addition, funding was received
from Mobilitas Pluss ERA-Chair support (Grant No. MOBEC006 ERA
Chair for Food (By-) Products Valorisation Technologies of the Estonian
University of Life Sciences). The authors also acknowledge Estonian
Ministry of Rural Affairs for the programmes “Collection, Conservation
and Utilization of Plant Genetic Resources in 2021-2027”. Gabriele
Rocchetti acknowledges the project PON REACT EU DM 1062/21 (57-G-
999-13) funded by the Ministero dell’Universita e della Ricerca (MUR).

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.fochx.2023.100761.

References

Aminzare, M., Hashemi, M., Ansarian, E., Bimkar, M., Azar, H. H., Mehrasbi, M. R.,
Daneshamooz, S., Raeisi, M., Jannat, B., & Afshari, A. (2019). Using natural
antioxidants in meat and meat products as preservatives: A review. In Advances in
Animal and Veterinary Sciences (Vol. 7, Issue 5, pp. 417-426). Nexus Academic
Publishers. https://doi.org/10.17582/journal.aavs/2019/7.5.417.426.

Aziz, M., & Karboune, S. (2018). Natural antimicrobial/antioxidant agents in meat and
poultry products as well as fruits and vegetables: A review. Critical Reviews in Food
Science and Nutrition, 58(3), 486-511. https://doi.org/10.1080/
10408398.2016.1194256

Babaoglu, A. S., Unal, K., Dilek, N. M., Pocan, H. B., & Karakaya, M. (2022). Antioxidant
and antimicrobial effects of blackberry, black chokeberry, blueberry, and red currant
pomace extracts on beef patties subject to refrigerated storage. Meat Science, 187.
https://doi.org/10.1016/j.meatsci.2022.108765

Barcenilla, C., Ducic, M., Lépez, M., Prieto, M., & Alvarez-Ordéfiez, A. (2022).
Application of lactic acid bacteria for the biopreservation of meat products: A
systematic review. Meat Science, 183. https://doi.org/10.1016/J.
MEATSCIL.2021.108661

Beale, D. J., Kouremenos, K. A., & Palombo, E. A. (2016). Microbial metabolomics:
Applications in clinical, environmental, and industrial microbiology. In Microbial
Metabolomics: Applications in Clinical, Environmental, and Industrial Microbiology.
Springer International Publishing. 10.1007/978-3-319-46326-1.

Brand-Williams, W., Cuvelier, M. E., & Berset, C. (1995). Use of a free radical method to
evaluate antioxidant activity. LWT - Food Science and Technology, 28, 25-30.

Das, P. R., Darwish, A. G., Ismail, A., Haikal, A. M., Gajjar, P., Balasubramani, S. P, ... El-
Sharkawy, I. (2022). Diversity in blueberry genotypes and developmental stages
enables discrepancy in the bioactive compounds, metabolites, and cytotoxicity. Food
Chemistry, 374. https://doi.org/10.1016/j.foodchem.2021.131632

Dominguez, R., Pateiro, M., Gagaoua, M., Barba, F. J., Zhang, W., & Lorenzo, J. M.
(2019). A comprehensive review on lipid oxidation in meat and meat products. In
Antioxidants (Vol. 8, Issue 10). MDPI. 10.3390/antiox8100429.

Dussault, D., Vu, K. D., & Lacroix, M. (2014). In vitro evaluation of antimicrobial
activities of various commercial essential oils, oleoresin and pure compounds against
food pathogens and application in ham. Meat Science, 96(1), 514-520. https://doi.
org/10.1016/j.meatsci.2013.08.015

Falowo, A. B., Fayemi, P. O., & Muchenje, V. (2014). Natural antioxidants against lipid-
protein oxidative deterioration in meat and meat products: A review. In Food
Research International (Vol. 64, pp. 171-181). Elsevier Ltd.. https://doi.org/
10.1016/j.foodres.2014.06.022


https://doi.org/10.1016/j.fochx.2023.100761
https://doi.org/10.1016/j.fochx.2023.100761
https://doi.org/10.17582/journal.aavs/2019/7.5.417.426
https://doi.org/10.1080/10408398.2016.1194256
https://doi.org/10.1080/10408398.2016.1194256
https://doi.org/10.1016/j.meatsci.2022.108765
https://doi.org/10.1016/J.MEATSCI.2021.108661
https://doi.org/10.1016/J.MEATSCI.2021.108661
http://refhub.elsevier.com/S2590-1575(23)00204-3/h0030
http://refhub.elsevier.com/S2590-1575(23)00204-3/h0030
https://doi.org/10.1016/j.foodchem.2021.131632
https://doi.org/10.1016/j.meatsci.2013.08.015
https://doi.org/10.1016/j.meatsci.2013.08.015
https://doi.org/10.1016/j.foodres.2014.06.022
https://doi.org/10.1016/j.foodres.2014.06.022

V. Sarv et al.

Fiehn, O. (2002). Metabolomics-the link between genotypes and phenotypes. In Plant
Molecular Biology (Vol. 48).

Folin, O., & Ciocalteu, V. (1927). On tyrosine and tryptophane determinations in
proteins. The Journal of Biological Chemistry, 2, 627-650.

Gallego, M. G., Gordon, M. H., Segovia, F. J., & Almajano, M. P. (2015). Caesalpinia
decapetala Extracts as Inhibitors of Lipid Oxidation in Beef Patties. Molecules, 20(8),
13913-13926. https://doi.org/10.3390/molecules200813913

Ganhao, R., Estévez, M., Kylli, P., Heinonen, M., & Morcuende, D. (2010).
Characterization of selected wild mediterranean fruits and comparative efficacy as
inhibitors of oxidative reactions in emulsified raw pork burger patties. Journal of
Agricultural and Food Chemistry, 58(15), 8854-8861. https://doi.org/10.1021/
jf101646y

Halagarda, M., & Wdjciak, K. M. (2022). Health and safety aspects of traditional
European meat products. A review. Meat Science, 184. https://doi.org/10.1016/j.
meatsci.2021.108623

Hallmann, E., Orpel, E., & Rembiatkowska, E. (2011). The content of biologically active
compounds in some fruits from natural state. Vegetable Crops Research Bulletin, 75(1),
81-90. https://doi.org/10.2478/v10032-011-0020-8

Kahkonen, M. P., Hopia, A. L., Vuorela, H. J., Rauha, J. P., Pihlaja, K., Kujala, T. S., &
Heinonen, M. (1999). Antioxidant activity of plant extracts containing phenolic
compounds. Journal of Agricultural and Food Chemistry. https://doi.org/10.1021/
jf9901461

Kerner, K., Joudu, L, Téanavots, A., & Venskutonis, P. R. (2021). Application of raw and
defatted by supercritical co2 hemp seed press-cake and sweet grass antioxidant
extract in pork burger patties. Foods, 10(8). https://doi.org/10.3390/
foods10081904

Lorenzo, J. M., Pateiro, M., Dominguez, R., Barba, F. J., Putnik, P., Kovacevi¢, D. B, ...
Franco, D. (2018). Berries extracts as natural antioxidants in meat products: A
review. Food Research International, 106, 1095-1104. https://doi.org/10.1016/j.
foodres.2017.12.005

Mena, B., Fang, Z., Ashman, H., Hutchings, S., Ha, M., Shand, P. J., & Warner, R. D.
(2020). Influence of cooking method, fat content and food additives on
physicochemical and nutritional properties of beef meatballs fortified with
sugarcane fibre. International Journal of Food Science and Technology, 55(6),
2381-2390. https://doi.org/10.1111/ijfs.14482

Minato Nakazawa, M. (2022). Package “fmsb” Title Functions for Medical Statistics Book
with some Demographic Data Depends R (>= 2.2.0) (pp. 1-66). https://minato.sip21c.
org/msb/.

Ming, J., Yoke, C., & Yin, A. (2013). Therapeutic Effects of Glycyrrhizic Acid. Natural
Product Communications, 8(3), 415-418.

Mokrzycki, W. S., & Tatol, M. (2012). Color difference Delta E-A survey Colour difference
AE-A survey. Machine Graphics and Vision, 1-28. https://www.researchgate.net/pu
blication/236023905.

Munekata, P. E. S., Rocchetti, G., Pateiro, M., Lucini, L., Dominguez, R., & Lorenzo, J. M.
(2020). Addition of plant extracts to meat and meat products to extend shelf-life and
health-promoting attributes: An overview. In Current Opinion in Food Science (Vol.
31, pp. 81-87). Elsevier Ltd.. https://doi.org/10.1016/j.cofs.2020.03.003

Novelli, E., Zanardi, E., Ghiretti, G. P., Campanini, G., Dazzi, G., Madarena, G., &
Chizzolini, R. (1997). Lipid and Cholesterol Oxidation in Frozen Stored Pork, Salame
Milano and Mortadella. Meat Science, 48(112), 29-40.

Paglarini, C. de S., Vidal, V. A. S., Martini, S., Cunha, R. L., & Pollonio, M. A. R. (2022).
Protein-based hydrogelled emulsions and their application as fat replacers in meat

Food Chemistry: X 19 (2023) 100761

products: A review. In Critical Reviews in Food Science and Nutrition (Vol. 62, Issue 3,
pp. 640-655). Taylor and Francis Ltd. 10.1080/10408398.2020.1825322.

Pateiro, M., Vargas, F. C.,, Chincha, A. A. I. A,, Santana, A. S., Strozzi, I., Rocchetti, G.,
Barba, F. J., Dominguez, R., Lucini, L., do Amaral Sobral, P. J., & Lorenzo, J. M.
(2018). Guarana seed extracts as a useful strategy to extend the shelf life of pork
patties: UHPLC-ESI/QTOF phenolic profile and impact on microbial inactivation,
lipid and protein oxidation and antioxidant capacity. Food Research International,
114, 55-63. https://doi.org/10.1016/j.foodres.2018.07.047

Peiretti, P. G., Gai, F., Zorzi, M., Aigotti, R., & Medana, C. (2020). The effect of blueberry
pomace on the oxidative stability and cooking properties of pork patties during
chilled storage. Journal of Food Processing and Preservation, 44(7). https://doi.org/
10.1111/jfpp.14520

Rocchetti, G., Bernardo, L., Pateiro, M., Barba, F. J., Munekata, P. E. S., Trevisan, M., ...
Lucini, L. (2020). Impact of a pitanga leaf extract to prevent lipid oxidation processes
during shelf life of packaged pork burgers: An untargeted metabolomic approach.
Foods, 9(11). https://doi.org/10.3390/foods9111668

Rocchetti, G., Lorenzo, J., Barba, F., Munekata, P., Bernardo, L., Tomasevic, L, ...
Lucini, L. (2020). Untargeted metabolomics to explore the oxidation processes
during shelf life of pork patties treated with guarana seed extracts. International
Journal of Food Science and Technology, 55(3), 1002-1009. https://doi.org/10.1111/
ijfs. 14329

Rocchetti, G., Michelini, S., Pizzamiglio, V., Masoero, F., & Lucini, L. (2021). A combined
metabolomics and peptidomics approach to discriminate anomalous rind inclusion
levels in Parmigiano Reggiano PDO grated hard cheese from different ripening
stages. Food Research International, 149. https://doi.org/10.1016/j.
foodres.2021.110654

Salek, R. M., Steinbeck, C., Viant, M. R., Goodacre, R., & Dunn, W. B. (2013). The role of
reporting standards for metabolite annotation and identification in metabolomic
studies. GigaScience, 2(1). https://doi.org/10.1186,/2047-217X-2-13

Sarv, V., Venskutonis, P. R., Rétsep, R., Aluvee, A., Kazernaviciuté, R., & Bhat, R. (2021).
Antioxidants Characterization of the Fruit, Juice, and Pomace of Sweet Rowanberry
(Sorbus aucuparia L.) Cultivated in Estonia. Antioxidants, 10(11), 1779. https://doi.
org/10.3390/antiox10111779

Searle, S. R., Speed, F. M., & Milliken, G. A. (1980). Population Marginal Means in the
Linear Model: An Alternative to Least Squares Means. The American Statistician, 34
(4), 216-221. https://doi.org/10.1080,/00031305.1980.10483031

TamkKute, L., Vaicekauskaité, R., Melero, B., Jaime, L., Rovira, J., & Venskutonis, P. R.
(2021). Effects of chokeberry extract isolated with pressurized ethanol from defatted
pomace on oxidative stability, quality and sensory characteristics of pork meat
products. LWT, 150. https://doi.org/10.1016/j.1wt.2021.111943

Tsugawa, H., Cajka, T., Kind, T., Ma, Y., Higgins, B., Ikeda, K., ... Arita, M. (2015). MS-
DIAL: Data-independent MS/MS deconvolution for comprehensive metabolome
analysis. Nature Methods, 12(6), 523-526. https://doi.org/10.1038/nmeth.3393

Tsugawa, H., Kind, T., Nakabayashi, R., Yukihira, D., Tanaka, W., Cajka, T., ... Arita, M.
(2016). Hydrogen Rearrangement Rules: Computational MS/MS Fragmentation and
Structure Elucidation Using MS-FINDER Software. Analytical Chemistry, 88(16),
7946-7958. https://doi.org/10.1021/acs.analchem.6b00770

Venskutonis, P. R. (2020). Berries. In Valorization of Fruit Processing By-products (pp.
95-125). Elsevier. https://doi.org/10.1016,/b978-0-12-817106-6.00005-8.

Wichchukit, S., & O’Mahony, M. (2015). The 9-point hedonic scale and hedonic ranking
in food science: Some reappraisals and alternatives. Journal of the Science of Food and
Agriculture, 95(11), 2167-2178. https://doi.org/10.1002/jsfa.6993


http://refhub.elsevier.com/S2590-1575(23)00204-3/h0060
http://refhub.elsevier.com/S2590-1575(23)00204-3/h0060
https://doi.org/10.3390/molecules200813913
https://doi.org/10.1021/jf101646y
https://doi.org/10.1021/jf101646y
https://doi.org/10.1016/j.meatsci.2021.108623
https://doi.org/10.1016/j.meatsci.2021.108623
https://doi.org/10.2478/v10032-011-0020-8
https://doi.org/10.1021/jf990146l
https://doi.org/10.1021/jf990146l
https://doi.org/10.3390/foods10081904
https://doi.org/10.3390/foods10081904
https://doi.org/10.1016/j.foodres.2017.12.005
https://doi.org/10.1016/j.foodres.2017.12.005
https://doi.org/10.1111/ijfs.14482
http://refhub.elsevier.com/S2590-1575(23)00204-3/h0110
http://refhub.elsevier.com/S2590-1575(23)00204-3/h0110
https://www.researchgate.net/publication/236023905
https://www.researchgate.net/publication/236023905
https://doi.org/10.1016/j.cofs.2020.03.003
http://refhub.elsevier.com/S2590-1575(23)00204-3/h0125
http://refhub.elsevier.com/S2590-1575(23)00204-3/h0125
http://refhub.elsevier.com/S2590-1575(23)00204-3/h0125
https://doi.org/10.1016/j.foodres.2018.07.047
https://doi.org/10.1111/jfpp.14520
https://doi.org/10.1111/jfpp.14520
https://doi.org/10.3390/foods9111668
https://doi.org/10.1111/ijfs.14329
https://doi.org/10.1111/ijfs.14329
https://doi.org/10.1016/j.foodres.2021.110654
https://doi.org/10.1016/j.foodres.2021.110654
https://doi.org/10.1186/2047-217X-2-13
https://doi.org/10.3390/antiox10111779
https://doi.org/10.3390/antiox10111779
https://doi.org/10.1080/00031305.1980.10483031
https://doi.org/10.1016/j.lwt.2021.111943
https://doi.org/10.1038/nmeth.3393
https://doi.org/10.1021/acs.analchem.6b00770
https://doi.org/10.1016/b978-0-12-817106-6.00005-8
https://doi.org/10.1002/jsfa.6993

	Untargeted metabolomics and conventional quality characterization of rowanberry pomace ingredients in meatballs
	1 Introduction
	2 Materials and methods
	2.1 Plant material and extracts preparation
	2.2 Preparation of meatballs
	2.3 Sensory evaluation
	2.4 Determination of quality characteristics
	2.5 Determination of total phenolic content and in vitro radical scavenging activity
	2.6 Untargeted profiling by UHPLC-HRMS of the different meatballs
	2.7 Statistical and multivariate data analysis

	3 Results and discussion
	3.1 Sensory evaluation and in vitro antioxidant capacity of meatballs
	3.2 Proximate composition and cooking losses of meatballs
	3.3 Determination of physicochemical parameters
	3.4 Untargeted chemical profiling of meatballs added with rowanberry ingredients during storage

	4 Conclusions
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Data availability
	Acknowledgments
	Appendix A Supplementary data
	References


