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ABSTRACT

The modern-day meat industry is facing increased customer demand to abandon synthetic additives and move towards healthier natural
options. Multiple fruits, vegetables, and spices were recently evaluated for their potential use in the meat industry. We also must consider
the economic side; therefore, food scientists have become interested in polyphenol-rich co-products. Our study was focused on enhancing
the antioxidant properties of a popular meat product — pork sausage with cascara extract at 5 mL/kg and powder at 5 g/kg. As cascara
polyphenols and antioxidant capacity are highly variable depending on multiple factors, we evaluated total polyphenolic content and total
antioxidant capacity at 21.26 +0.17 g GAE/kg and 37.65 + 1.84%, respectively. During our experiment, we observed that cascara powder
addition significantly reduced malondialdehyde production (by approx. 30%) compared to negative control. Even though cascara powder
caused the difference in the pH values of sausage samples, the sensory panel did not negatively reflect this fact during the sensory
evaluation. Based on our results, we believe cascara addition in powdered form presents a natural antioxidant option with high potential

to be used in the meat industry.

Keywords: cascara, lipid oxidation, antioxidant, meat product

INTRODUCTION

The coffee cherry comprises of skin, pulp, mucilage, parchment, silverskin, and
coffee bean. The skin, known as the pericarp, becomes crimson as it ripens. The
yellowish, fibrous, and delicious pulp, known as the outer mesocarp, lies under the
skin; underneath is a thin layer of mucilage known as the pectin layer. The
parchment or endocarp is the next component. Another layer, silverskin, covers the
endosperm, known as coffee bean (Esquivel & Jiménez, 2012). Cascara (coffee
husk) is typically used to describe the fruity bittersweet layers with unique flavors
covering the coffee bean. Coffee is widely consumed worldwide and ranks among
the most traded agricultural products (Arpi et al., 2021). Despite the traditional
use of cascara as a beverage prepared with hot water in some coffee processing
cultures such as Ethiopia (hashara) or Yemen (gishr) (Eckhardt et al., 2022), we
believe cascara presents various other utilization in the food industry. Coffee pulp
has been shown to include cellulose (13-27%), fat (2-17%), protein (9-11%),
tannin (4.5%), pectin matter (6.5%), reducing sugar (12.4%), non-nitrogen extract
(57-63%), and other polyphenolic chemicals (Pleissner et al., 2016). As a result,
the coffee pulp may be further processed to provide important bioproducts such as
flour, aromatic compounds (Bonilla-Hermosa et al., 2014), and cascara tea
(Heeger etal., 2017). The cascara has been shown to have high antioxidant activity
because of the presence of phenolic compounds, mainly chlorogenic acid
(Oktaviani et al., 2020).

Food lipids and proteins are frequently subjected to oxidation, compromising the
food's quality and safety. Food ingredients lose shelf life due to oxidation, which
also deteriorates their nutritional value and sensory appeal and releases toxins
(Aminzare etal., 2019). Double bonds found in polyunsaturated fatty acids in food
components act as the actual catalysts for oxidation. Hydroperoxide and free
radicals are produced when these double bonds react with ambient oxygen (De
Paula Paseto Fernandes et al., 2018). Because they contain acylated sugars,
organic acids, and aromatic rings containing hydroxyl groups, phenols have great
potential for antioxidant activity. These moieties' ability to suppress the production
of free radicals is what gives them their antioxidant capability (Suleria et al.,2020).
Lipid oxidation, which is frequently assessed using the thiobarbituric acid reactive
substances (TBARS) method, is more likely to occur in meat products. Although
synthetic antioxidants were first employed to stop lipids from oxidizing, natural
sources that may have the same effect on meat have been discovered (Martillanes
et al., 2017). Consequently, natural ingredients are now preferred over synthetic

ones in the food market. As a result, natural antioxidants devoid of artificial
additives that can reduce oxidation processes in high-fat meat and meat products
are in great demand in the food market (Kumar et al., 2015). Antioxidants respond
to oxidative stress by interacting with both radical and non-radical species to start
defense mechanisms that shield intracellular and extracellular components. The
most plentiful natural antioxidants come from plants and, in large quantities, can
be found in herbs, spices (seeds), and essential oils that are added to meat products
for flavoring. Antioxidants and other phytochemicals can be found in several fruits
and vegetables (Tomovi¢ et al., 2017).

In our study, we tried to utilize a co-product of coffee processing, the cascara, as a
natural addition to the pork sausage to reduce lipid oxidation during cold storage.
We assume this fortification positively impacts raw cooked meat products’
oxidative stability due to cascara’s confirmed high polyphenols content. Oxidative
stability is major, but only one factor in novelty food product development.
Addition of natural antioxidant cannot alter the sensory quality beyond customer
acceptance or technological properties of final product. Our study presents a
complex look at the current problem faced by the meat industry, and we believe it
could be insightful for science and industry alike.

MATERIAL AND METHODS
Plant material and extract preparation

Samples of coffee cascara was purchased at local shop with Panama stated as
county of origin, dried for 48 hours at 60 + 1°C and then grounded by GrindoMix
GM 200 (Retsch, Germany). For preparation of cascara extract 20g of dried
samples was macerated for 24h in 100 mL of 80% ethanol. The liquid fraction was
then evaporated until dry at 65 °C in a vacuum rotary evaporator. The weighed dry
residue was redissolved in 50 mL of water.

Sausage preparation

To prepare the meat product, we used the following ingredients: pork meat, water,
a salting mixture with 0.3% sodium nitrite concentration, black pepper, sweet and
spicy red pepper spice, and nutmeg. For the purpose of the experiment, four sample
groups were observed: Ctrl-0 — without any antioxidant addition, Ctrl-C — with
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ascorbic acid addition (0.5 g/kg), Cscr-E — cascara extract addition (5 mL/kg), and
Cscr-P — cascara powder addition (5 g/kg).

Total antioxidant capacity (TAC) and total polyphenolic content (TPC)

Total antioxidant capacity (TAC) of cascara extract was determined using slightly
modified DPPH radical method as suggested by Demianova et al. (2021) for
coffee samples. Total polyphenolic content (TPC) was determined by assay using
Folin-Ciocaleu reagent as previously published by Bobkova et al. (2020).

pH measurement

To measure pH values of the sausage samples pH meter with piercing probe was
used (Orion Star™ A211 Benchtop pH meter) calibrated with calibration solutions
(pH 4, 7 and 10) at a temperature of 20 °C.

TBARSs assay

TBARS assay was used to monitor the lipid oxidation changes in meat products,
as in our previous work Juréaga et al. (2021), during storage period of 21 days at
4 + 1°C. Results of TBARS assay is expressed as mg of malondialdehyde
equivalent in kg of meat product.

Color determination

Color measurement was conducted by spectrophotometer (Konica Minolta CM-
2600d, Osaka, Japan) with the setting Specular Component Included (SCI). We
used the D65 light source and a 10° observer, with a port 8 mm in diameter
(MesaroSova et al., 2024).

Sensory analysis

Sensory analysis was performed by 7 educated panelists of both genders. Sausage
samples were evaluated in five parameters (appearance, color, odor, consistency
and taste), on 5-point scale with detailed description for every point (5 — best, 1 —
worst).

Statistical analysis

In our study we performed analysis of variance (ANOVA) deploying Duncan's test
to determine the statistical differences among samples at significance level a =
0.05 using XLSTAT® software (version 2018.5.52280, Addinsoft, New York).

RESULTS AND DISCUSSION
Plant material examination results

Total polyphenol content (TPC) and total antioxidant capacity (TPC) were
determined to determine the plant material's quality and antioxidant properties. In
purchased cascara samples was, total polyphenolic content determined at 21.26 +
0.17 g GAE/kg with a total antioxidant capacity of 37.65 + 1.84%. Multiple authors
reported that both TPC and TAC of coffee co-product shows a significant variation
depending on multiple factors. Polikova et al., (2023) described those differences
among coffee co-products (silverskin and cascara) of different botanical varieties
(C. arabica and C. canephora). Other major factors are extraction agent and time

Table 2 TBARs assay results (x = S.D.)

(Abduh et al., 2023), pulp treatment (Arpi et al., 2021), and cherry fermentation
(Kristanti et al., 2022) were reported before.

pH measurement results

During our experiment, the pH values of the sausage groups were monitored
weekly for 21 days, as listed in Table 1. We observed a continuous and significant
decrease in pH values during the storage period in all groups, regardless of the
antioxidant addition or its absence. Mostafa and Azab (2022) experimented with
chicken nuggets enhanced with ground green coffee. The authors observed a
significant (p > 0.05) increase in pH values in selected meat products, which
conflicts with our findings. This difference could be explained by using vacuum-
sealed storage compared to the cold storage used in the mentioned publication.
Vacuum package is connected with lactic acid bacteria growth, which decreases
the pH values, whereas simple cold storage leads to the inactivation of lactic acid
bacteria and degradation of meat proteins and yields essential compounds such as
amines and ammonia (Ouerfelli et al., 2019). Within one measuring day, we
observed significant differences among groups only on Day 1 and Day 14 of
storage. On both days, the lowest pH values were observed in groups with ascorbic
acid (Ctrl-C), which is expected. On the other hand, the highest values were
observed in the group with cascara powder (Scsr-P), which is surprising due to the
acid properties of cascara itself (Murlida et al., 2021). However, it is essential to
notice that pH could be affected by various factors, not only the pH of addition.
Araya-Morice et al. (2023) observed limited pH variability in tested fresh pork
sausage with coffee husk addition.

Table 1 pH values of sausage sample groups during storage (X + S.D.)

Sample Day 1 Day 7 Day 14 Day 21

Ctrl-0 6.44 £0.01°* 6.35+0.01%8 6.19 £0.01°¢ 6.01 + 0.00%°
Ctrl-C 6.40 + 0.02¢4 6.29 + 0.04% 6.14 +0.00°¢ 5.99 + 0.013°
Cscr-E 6.47+0.024 6.34+0.02®%  6.13+0.00°  6.06 + 0.00®°
Cscr-P 6.49 +0.01% 6.36 +0.02%8 6.26 + 0.06% 6.08 +0.01%°

Note: Ctrl-0 — without any antioxidant addition, Ctrl-C — with ascorbic acid addition (0.5 g/kg), Cscr-E —
cascara extract addition (5 mL/kg) and Cscr-P — cascara powder addition (5 g/kg); a,b,c as upper index
represents statistically significant differences (p < 0.05) in a collum; A,B,C,D as upper index represents
statistically significant differences (p < 0.05) in a row.

TBARSs assay results

Similarly to the pH measurement, the TBAR assay was conducted on a weekly
basis during the whole 21-day storage period. We observed a continuous increment
of MDA concentration in all sausage groups during this period, as
expected. Differences among groups are significant only at the end of the storage
period (21st day). Furthermore, we observed that cascara in powder form (5 kg/kg)
was better at delaying lipid oxidation in pork sausages than cascara in the form of
extract (5 mL/kg). Similarly to our findings, various studies reported a positive
effect of coffee co-product on lipid oxidation in meat product matrices. Kim et al.
(2016) reported retarded lipid oxidation in both raw and cooked chicken meat
patties enhanced with coffee residue water and ethanol extract. Positive effect of
coffee co-product (silverskin) on chicken meat patties was reported by Martuscelli
et al. (2021). Studies regarding pork meat products also confirmed improvement
of lipid oxidation after coffee husk addition (Araya-Morice et al., 2023) and green
coffee itself (Bergamaschi et al., 2023).

Sample Day 1 Day 7 Day 14 Day 21

Ctrl-0 0.081 £ 0.005%° 0.104 + 0.008%¢ 0.128 + 0.002%8 0.165 +0.008**
Ctrl-C 0.086 + 0.009% 0.107 + 0.009%8 0.116 + 0.005% 0.130 + 0.009%A
Cscr-E 0.089 + 0.007% 0.104 +0.013%¢ 0.120 + 0.006%5A 0.156 = 0.009%A
Cscr-P 0.086 + 0.008% 0.103 + 0.005%¢ 0.115 + 0.008%® 0.150 + 0.006°A

Note: Ctrl-0 — without any antioxidant addition, Ctrl-C — with ascorbic acid addition (0.5 g/kg), Cscr-E — cascara extract addition (5 mL/kg) and Cscr-P — cascara powder addition
(5 g/kg); a,b,c as upper index represents statistically significant differences (p <0.05) in a collum; A,B,C,D as upper index represents statistically significant differences (p <0.05)

inarow.
Color determination results

The color measurement was carried out on the first and the last day of storage (the
21* day) to observe color differences and changes in meat product samples. During
the storage period, we observed significant (p < 0.05) darkening of all sausage
sample groups, which is observable by a decrease of the lightness (L*) parameter
in Table 3. Those changes are expected and are connected to the breakdown of
myoglobin and other changes in meat products (Ruedt et al., 2023). Regarding
changes in redness (a*) and yellowness (b*), we did not observe any significant
changes in any observed groups after the 21-day storage period. Among sausage
groups, Ctrl-0 group showed the highest values, while groups with cascara extract
(Cscr-E) and powder (Cscr-P) proved to be significantly (» <0.05) darker. Similar
results were observed with different additions, such as apple peel and silverskin

(Thangavelu et al., 2022) or kinnow and pomegranate co-product (Devatkal and
Naveena, 2010), to meat products. The redness parameter (a*) was stable and
without significant differences among all groups on the first and the 21% day. The
difference among groups in the yellowness (b*) parameter was observed at the end
of the storage period (21%day). The highest b* values were observed in the negative
control group (Ctrl-0) and group with cascara powder addition (Cscr-P), which is
unusual since multiple authors reported increased yellowness in meat products
after natural antioxidant addition compared to control samples (Gok et al., 2011;
Alirezalu et al., 2019).
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Table 3 Sausage samples color measurement results (x + S.D.)

L*(D65) a*(D65) b*(D65)
Sample
Day 1 Day 21 Day 1 Day 21 Day 1 Day 21
Ctrl-0 66.87 + 0.40%A 65.06 + 0.35% 13.35£0.41* 14.41 £0.21%4 18.43 £ 0.51* 19.25 +0.36*
Ctrl-C 66.66 + 0.33%A 63.25 + 0.39%8 13.72 £ 0.86* 13.23 £ 0.69* 19.54 +1.08* 18.31 +0.39**
Cscr-E 66.12 + 0.520A 61.76 + 0.58°® 13.64 £ 0.36° 14.47 £ 0.41%4 17.96 + 0.45% 18.83 + 0.23%A
Cscr-P 67.50 +0.21* 62.37 + 0.68°® 14.31 +1.03* 14.48 £ 0.47%A 18.69 + 0.36* 19.19 +£0.13

Note: Ctrl-0 — without any antioxidant addition, Ctrl-C — with ascorbic acid addition (0.5 g/kg), Cscr-E — cascara extract addition (5 mL/kg) and Cscr-P — cascara powder addition (5 g/kg);
a,b,c as upper index represents statistically significant differences (p < 0.05) in a collum; A,B,C.D as upper index represents statistically significant differences (p < 0.05) in a row.

Sensory analysis results

Sensory evaluation of sausage samples was conducted on the first and 21% days of
the experiment. On the first day, samples with cascara powder obtained
significantly the highest values in overall appearance compared to other groups.
No other significant differences among groups were observed at any parameters.
Based on our results, the selected cascara addition did not negatively affect the
sensory quality of pork sausage. This is a positive evaluation since multiple authors

Day 1
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Taste Color

Consistency Odor
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reported deterioration of multiple sensory parameters after natural antioxidant
addition. Ozhamame1 (2024) reported continuous deterioration of various
parameters (odor, color, taste, and texture) with increasing addition of silverskin
powder into chicken patties. The same pattern of sensory quality deterioration was
reported by Choi et al. (2019) after enhancing the pork sausage with cacao bean
husk.

Day 21
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Figure 1 Graphic display of sensory evaluation results on the 1% and 21 day

CONCLUSION

In our study, we enhanced a popular meat product — pork sausage, with a coffee
co-product — cascara, in the form of extract and fine-grounded powder. Cascara
powder proved to be a more potent natural antioxidant than liquid cascara extract
and could significantly lower the MDA creation of sausage samples compared to
the negative control. Grounded cascara powder, however, caused increased pH
values in raw, cooked meat products at the end of the storage period. It is essential
to highlight that the observed difference in pH did not negatively affect the sensory
quality of sausages as proved by our sensory evaluation. Based on our results, we
consider the powdered cascara as a suitable natural antioxidant for raw meat
products. We believe our findings may help focus the efforts of the meat industry
and food scientists alike in the right direction regarding the move from synthetic
antioxidants towards natural plant-based options.
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