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Abstract Coffee husks, a by-product of dry coffee pro-
cessing, present a disposal problem in coffee-producing
countries. Valorization of this residue is necessary to reduce
its environmental impact and improve benefits to the pro-
ducer. This study evaluated the antioxidant effect of cof-
fee husks on physicochemical properties and sensory liking
of fresh sausages packaged in aerobic (AEP) or modified
atmosphere packaging (MAP) (20% CO, + 80%N,). Fresh
sausages were prepared with different antioxidants: no addi-
tion (control C), sodium nitrite (T2), sodium nitrite + sodium
erythorbate + BHA/BHT blend (T3), sodium nitrite + coffee
husk 1% (T4), sodium nitrite + coffee husk 2% (T5). Phys-
icochemical properties (TBARs, carbonyl content, pH and
instrumental color) were analyzed to evaluate the effect of
added synthetic and natural antioxidants on fresh sausages.
A sensory test (n=100) was conducted to assess consumer
liking of fresh sausages stored in AEP and MAP. The addi-
tion of coffee husks reduced lipid oxidation in fresh sau-
sages, especially under MAP packaging, but did not affect
carbonyl content. Consumers reported lower liking scores
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for products packed in MAP. The addition of coffee husks
did not affect the degree of liking. Valorization of coffee
husks as an antioxidant in fresh meat products is a viable
natural option for the meat industry.
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Introduction

Coffee is an agricultural commodity of international impor-
tance. The major suppliers are located in developing coun-
tries where coffee is grown and produced for domestic sup-
ply and export to other countries (Vegro and de Almeida
2020). From June 2020 to May 2021, coffee production was
estimated at over 10 million tons of coffee, and total exports
worldwide accounted for 7.7 million tones (International
Coffee Organization 2021).

Coffee production generates over 20 million tons of liquid
and solid waste each year, causing environmental pollution
in rural areas with limited possibilities for sustainable treat-
ment of this waste (Arya et al. 2022). The coffee husk is a
by-product of dry coffee processing, where the coffee cher-
ries are sun-dried before dehulling. The husk comprises the
skin, pulp, mucilage, parchment, and parts of the silverskin
(Rebollo-Hernanz et al. 2021). It contains caffeine and tan-
nins and has a low pH, which makes it toxic in nature and
poses a problem for disposal (Esquivel et al. 2020). Options
for the valorization of this residue are necessary to reduce
its environmental impact and improve benefits to the coffee
producer.

Coffee husks also contain 1.7-3.9 mg/g of chlorogenic
acids, 7-8.47 mgQE/100 g of total flavonoids, and a total
phenolic content of 384-455 mg GAE/100 g (Gemechu
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2020), including isomeric caffeolyquinic acids, dicaffe-
olyquinic acids, feruloylquinic acids, and epicatechin,
which are potent antioxidants (Esquivel et al. 2020).
Thus, the coffee husk is a great source of bioactive com-
pounds with antioxidant activity, making it an attractive
sustainable ingredient in nutraceuticals and foods.

Fresh pork sausages are traditional meat products con-
sumed in many countries in Latin America where cof-
fee is produced, such as Mexico, Brazil, Colombia, and
Costa Rica (Becerril Sanchez et al. 2019). Due to their
neutral pH, high water activity, high fat content and lack
of thermal treatment, fresh pork sausages are susceptible
to chemical, enzymatic and microbiological activities that
produce a very short shelf life (Becerril Sanchez et al.
2019).

Deterioration of the quality of fresh pork sausages
is commonly caused by lipid and protein oxidation (de
Florio-Almeida et al. 2017). Lipid oxidation occurs when
free-radical chain reactions generate byproducts, such as
aldehydes, ketones, and alkanes. This compounds are
associated with the spoilage of meat sensory characteris-
tics and the loss of muscle protein stability and function-
ality (Falowo et al. 2014).

Protein oxidation produces covalent modifications of
proteins by reactions with reactive oxygen species (ROS)
or indirect reactions with secondary by-products of oxida-
tive stress (Zhang et al. 2013b). ROS can cause protein
fragmentation or protein—protein cross-linkages by oxida-
tion of amino acid side chains (cysteine and methionine
are the most susceptible). Changes in protein physical
and chemical properties, including conformation, struc-
ture, solubility, susceptibility to proteolysis, and enzyme
activities, may affect the quality of fresh meat and the
properties of meat products, and are related to human
health implications (Zhang et al. 2013b).

Synthetic antioxidants such as butylated hydroxyani-
sole (BHA) and butylated hydroxytoluene (BHT) are
added to meat products to inhibit oxidation. However,
growing consumer demand for more natural and healthier
products has stimulated the food industry to search for
natural options to replace synthetic ingredients in pro-
cessed foods (Shahidi and Zhong 2010).

Antioxidant compounds in coffee husks, such as phe-
nolic compounds, have been analyzed (Rebollo-Hernanz
et al. 2021), but few studies have explored the use of cof-
fee husks as a natural antioxidant in food products. The
aim of this study was to evaluate the antioxidant effect
of coffee husks on the physicochemical properties and
sensory liking of fresh pork sausages stored in aerobic
and modified atmosphere packaging.
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Materials and methods
Coffee husk preparation

Dehydrated coffee husks from Coffea Arabica variety
Caturra and Catuai were harvested on January—Febru-
ary 2020 and transported from Beneficio Helsar, Zarcero,
Alajuela, Costa Rica to the laboratory. Coffee husks were
milled into flour (particle size of 1 pm) using an ultra-
centrifugal mill (ZM 300, Retsch, Germany). The flour
was vacuum-packaged and stored at — 60 °C until used as
an ingredient.

Sausage production

Formulations for fresh sausages are presented in Table 1.
Lean meat and back fat were purchased from a local
butcher, cut into approximately 2 cm cubes, and minced
using a mincer with a 10 mm plate (Alfa-Laval, Kramer
Grebe, Germany). Ingredients for each formulation
(Table 1) were weighed and mixed by hand for 6 min to
ensure a complete mixture. A manual stuffer was used
to stuff the mixtures into 3.2 cm diameter collagen cas-
ings (Viscofan, Spain). The sausages were packed in
low-density polyethylene (LDPE) sealed bags for aerobic
packaging (AEP) or multilayer bags for modified atmos-
phere packaging (MAP) (80% N,, 20% CO,) and stored at
4+ 1 °C until analysis.

Three replications of each treatment were made using
different production batches.

Table 1 Formulations of fresh sausages

Ingredient (%) cC T2 T3 T4 T5
Lean pork meat 499 49.62 4942 48.62 47.62
Lean beef meat 25 25 25 25 25
Pork fat 14 14 14 14 14
Texturized soy 3 3 3 3 3
Water 65 65 65 65 65
Salt 05 05 05 05 05
Spices 1 1 1 1 1
Curing salt* - 0.28 028 028 0.28
Sodium trypholiphosphate 0.1 0.1 0.1 0.1 0.1
(TPP)
BHA - - 0.0015 - -
BHT - - 0.0015 - -
Sodium erythorbate - - 0.2 - -
Dehydrated coffee husk - - - 1 2

Antioxidant treatments were C, Control; T2, curing salt; T3, curing
salt+BHA/BHT blend; T4, curing salt+1% coffee husks; T5, curing
salt+2% coffee husks

*6.5% NaNO,. Dosage complies with RTCA 67.04.54:10
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Experimental design

A 5 x4 factorial block design was used with batch as the
block (three batches). The two factors were antioxidant
(AOx) and time of storage (TS). The first factor had five
levels: no antioxidant added (C), curing salt 0.28% (T2),
curing salt 0.28% + sodium erythorbate 0.2% + BHA/BHT
blend (T3), curing salt 0.28% + coffee husk 1% (T4), and
curing salt 0.28% + coffee husk 2%(T5) as described in
Table 1. The four levels for the second factor, time of stor-
age, were 1, 5, 8 and 12 days for aerobic packaging and 1,
8, 15, and 23 days for modified atmosphere packaging. This
design was used for each type of packaging (AEP and MAP).
Times of storage were selected beyond the shelf life of the
product to assess if the addition of coffee husk extends the
product stability.

One-factor complete randomized design was used to
evaluate overall liking on day 3 of storage to assure food
safety of the product. The five antioxidant treatments and
two packaging types resulted in ten treatments that were
evaluated by 100 consumers.

Physicochemical analysis

Samples from each packaging type were removed from stor-
age for physicochemical analysis at the intervals indicated
above. The following analyses were performed:

Thiobarbituric acid reactive substances (TBARs)

Thiobarbituric acid reactive substances in fresh sausages
were determined according to the method described by Tar-
ladgis et al. (1960) to detect lipid oxidation. Absorbance was
measured at 532 nm against a blank, and the results were
expressed as mg of malonaldehyde (MDA) per kilogram of
meat product. Duplicates were made for each batch.

Carbonyl content

Protein oxidation was measured by estimating carbonyl
groups using the method of Oliver et al. (1987) with slight
modifications. Carbonyl groups were detected by reactivity
with 2,4-dinitrophenylhydrazine (DNPH) to form protein
hydrazones. The absorbance of the solution was measured
at 370 nm. Protein carbonyl content was determined by a
molar extinction coefficient of 21 mM~! cm™!. Results were
expressed as nanomoles of DNPH fixed per milligram of
protein.

pH

The pH was measured directly in the meat products in dupli-
cate using a pH-meter electrode (Metrohm, 827pH lab,

Switzerland) with automatic temperature compensation to
26°C. The meter was calibrated at room temperature using
pH buffers 4.00 and 7.00 (Metrohm, Herisau, Switzerland).

Instrumental color

Instrumental color was measured in duplicate using a Hun-
terlab colorimeter (ColourFlex, USA). An aperture angle of
10° and illuminant D65 were used for the measurements. The
colorimeter was calibrated using a standardized white prior
to measurements. Color was expressed as L* (lightness), C*
(chroma/saturation), and h® (hue) according to the CIELab
system. Chroma (C*), which indicates color intensity or
saturation, was calculated as C* = (a*?+b*?)"2. The hue
angle (h°) was calculated by h°=tan™! (b*/a*). The color
measurement was performed on the interior of the sausage.

Sensory overall liking test

A total of 100 consumers (70% women, 18-59 years old)
were recruited based on their meat products consumption
frequency and willingness to participate in the study. Par-
ticipants signed an informed consent form and received a
small gift for their participation.

Samples from the five treatments in AEP and MAP pack-
aging were storage for 3 days of storage before sensory anal-
ysis. Preliminary microbiological analyses (psychrotrophic
and molds and yeast total counts) showed safe microbial
quality on day 3-5 of storage on AEP packaging. Using a
safe margin, the consumption of raw sausages to consumers
was standardized on the day 3 of storage for both types of
packaging.

Sausages were cooked at 72 °C at the cold spot. Cooking
procedure was standardized to avoid the effect of the cook-
ing method.

Consumers took the sensory overall liking test in indi-
vidual cubicles. Samples were coded with random three-
digit numbers and presented to the judges in a balanced
and randomized order. Each panelist assessed the five treat-
ments for each packaging type in two sets, for a total of
ten samples, during the same session. A structured 10-point
hedonic scale was used, where 0 meant “dislike extremely”
and 10 “extremely like”. Participants were asked to rinse
their mouths between samples to avoid adaptation and carry-
over effects.

Statistical analysis

Statistical analysis was performed using the software
XLSTAT (2022.3.2, Adinsoft, USA). The effects of the
antioxidant treatments (C, T2, T3, T4 and T5) and time
of storage on physicochemical properties (pH, TBARs,
protein oxidation and instrumental color), were analyzed
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by one-way ANOVA for each packaging type separately.
Differences between treatments were tested by the Tukey
test at 5% level.

For the overall liking test, cluster analysis was used to
identify similarities among the rankings assigned by the
panelists. An ANOVA test was applied for each cluster.
Differences between samples were tested by the LSD test
at 5% level (O"Mabhony et al. 1980).

Fig. 1 Effect of antioxidants 25

on lipid oxidation TBARs =e
(mg MDA/kg) in fresh pork T2
sausage during storage in a =73
aerobic packaging (AEP) and b 20 muTa
modified atmosphere packaging aTs

(MAP). Antioxidant treatments:
C, Control; T2, curing salt; T3,
curing salt+BHA/BHT blend;
T4, curing salt+ 1% coffee
husks; T5, curing salt+2% cof-
fee husks. Different letters (a—c)
within the same day of storage
indicate significant differences 10
between treatments (P <0.05).

Different letters (A-B) indicate

significant differences within a
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MDA (mg/kg)

Results
Physicochemical analysis

AOx and TS (P <0.05) had significant effects on lipid oxida-
tion in sausages in both types of packaging, but the interac-
tion was not significant. For sausages in aerobic packaging
(Fig. 1a), significant differences (P <0.003) were observed
between the treatments with added antioxidants and the con-
trol (C) on day 1 of storage. At this time only T5, with 2% of
coffee husk added, presented a value below 2,5 mg MDA/
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kg. On day 5 of storage, MDA was greater than 5 mg/kg in
all treatments, with no significant differences (P =0.183)
among treatments. In treatments with added antioxidants,
MDA reached a maximum level on day 8 of storage and
decreased on day 12. Oxidation continued to increase in the
control for the duration of the storage period. Lipid oxidation
values for sausages with added coffee husks (T4 and T5) did
not differ significantly from those of sausages with synthetic
antioxidants (T3).

In sausages packed under MAP, lipid oxidation was
not significantly different among AOx treatments on day
1. MDA was not detectable in T4 and TS5 at the beginning
of the storage (Fig. 1b). On day 8, C presented the highest
value. It is noticeable that only T4 and TS5 had significantly
lower lipid oxidation values than C and T2, and the values
did not increase significantly during the storage period. T5
did not surpass the 2.5 MDA mg/kg limit in the 23 days of
storage.

Carbonyl content is shown in Table 2. The antioxidant
treatments did not affect protein oxidation significantly, but
the effect of time of storage was significant in both AEP
(P<0.0001) and MAP (P=0.019). The interaction was not
significant (P> 0.05). Relatively high protein oxidation val-
ues were observed in the two types of packaging. In AEP
packaging, carbonyl content was highest on day 1 of stor-
age and decreased over time. Average carbonyl values for
AEP were between 27.7 and 1.5 nmol DNPH/mg protein.
Carbonyl content in the MAP samples was highest on days
8 (x = 8.7 nmol DNPH/mg protein) and 15 (x = 14.1 nmol
DNPH/mg protein) but was not detectable on day 1.

The pH values are shown in Table 2. The pH did not
differ significantly among the AOx treatments (P > 0.05),
and the AOx x TS interaction was not significant. TS had
a significant effect on pH in both AEP (P=0.01) and MAP
(P<0.0001) samples. The average pH value was 5.6 in
both types of packaging at the beginning of the storage and
decreased during storage.

Luminosity (L*) of the AEP samples (Table 2) differed
significantly among AOx treatments and storage times (TS)
(P<0.0001), but the interaction was not significant. The L*
value (P =0.006) was significantly lower for T5 than for the
control on days 1 and 5 of storage. L* values increased dur-
ing storage in all treatments but were lower for T5 than for
the other treatments throughout the storage period. A similar
trend in L* values was observed for MAP samples; differ-
ences were significant (P <0.0001) among AOx and TS and
non-significant for the interaction. On days 1 and 23, L*
values were significantly lower for TS than for C. Treatments
T2, T3, and T4 did not differ significantly from the control
or TS5 during storage in either type of packaging.

Chroma (C*) was not significantly different among treat-
ments (AOXx) or time of storage for AEP and MAP samples,
and the interaction was not significant (P <0.05). Values

were slightly lower in the control than in the other treatments
although non-significant.

Hue (h*) of the AEP samples differed significantly among
AOx (P<0.0001) within days of storage. The hue was sig-
nificantly higher in the control than in the other treatments
but was not significantly different from T5 on days 1 and 5
of storage. The hue of sausages in MAP packaging did not
differ significantly among treatments (P <0.05) until days
15 and 23 of storage. On day 23, the h°® values were higher
for C than for the other treatments except T5.

Sensory overall liking test

Three clusters of sensory liking were obtained from the pan-
elists’ overall liking responses using the hedonic scale. In
the first cluster, representing 43% of the sampled popula-
tion, liking scores were significantly (P =0.04) higher for
the samples packed in aerobic conditions (AEP) (Fig. 2a).
Liking values were higher for T4 and T5 than for T2. Liking
rankings for the MAP samples were around 5 (“do not like
or dislike”). T4 was the least liked, but the difference was
non-significant compared to C and T5.

Cluster 2 represented 31% of the consumers (Fig. 2b).
In this cluster, all the panelists ranked the samples with a
liking score higher than 6.5, which means they liked all the
samples. The control had a slightly lower liking score than
the other treatments (P =0.0007).

Cluster 3 consisted of 26% of the panelists (Fig. 2c).
These participants ranked all samples around the middle
point of liking (5), except for TS5 packaged in MAP con-
ditions, which was ranked significantly (P < 0.0001) lower
than the other treatments.

Discussion
Physicochemical analysis

Aldehydes, ketones and other carbonyl compounds are sec-
ondary products of lipid oxidation of meat and are associ-
ated with rancid, pungent and other off-flavors during meat
storage (Falowo et al. 2014). Studies have established a limit
of 2-2.5 mg MDA/kg, at which there is no rancidity in meat
products (Zhang et al. 2013a). Fresh pork sausages are made
from by-products of meat cuts that are minced and mixed
with pork fat favoring the oxidation processes.

The two sausages with added coffee husks presented the
lowest TBARSs values compared to the control in both types
of packaging used in this study. Coffee husks contain phe-
nolic compounds responsible for the high ORAC values of
coffee husks (~ 60,000 umol TE/100 g). These antioxidant
compounds include flavonoids, such as anthocyanins (cya-
nidin-3-glucoside, cyanidin 3-o-ruthinoside) and phenolic
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Table 2 Physicochemical

Type of packaging AEP MAP

parameters of fresh sausages

during storage in aerobic (AEP) Time of storage (days) 1 5 8 12 1 8 15 23

or modified atmosphere (MAP)

packaging pH
C 5.6 55 55 5.4 55 55 53 5.3
T2 5.6 5.4 52 5.2 5.8 5.1 5.1 5.1
T3 5.7 5.4 52 5.2 5.6 5.2 5.1 52
T4 5.6 5.1 5.0 5.0 5.5 5.0 5.0 5.0
T5 5.8 53 5.0 5.2 5.84 4978 488 4,948
SEM 0.1 0.1 0.07 0.1 0.1 0.09 0.06 0.06
Carbonyl content (nmol

DNPH/mg protein)

C 20.4 12.1 0.0 6.8 0.0¢ 8.84B 1294 0.78¢
T2 4334 7.6 12748 0.0P 0.0 21.1 11.1 3.7
T3 2064 2114 3.78 0.08 0.0 6.1 9.4 13.8
T4 4034 13248 21.0%B 078 0.08 7748 2544 4478
T5 14.0 10.5 14.0 0.0 0.0 0.0 11.8 0.4
SEM 4.0 1.7 43 1.4 33 2.0 29 2.6
Luminosity (L*)
C 50.3°B  51.84B 5334 515®AB 5063 516°B 5098  54.0%
T2 48.6®  49.0% 52.0 50.8%° 48.0%B  50.6AB 50.3AB 5 5%A
T3 49.4%c  50.0% 51.6 52.32 48.9% 508 51.2 52.3%
T4 44,98 479®AB 5047 508%A 45308 5] 6A 50588 5] 4%A
T5 44.1F  455PAB 4858 474PAB 440 473 49.0 49 .4°
SEM 0.9 0.7 0.7 0.5 1.0 0.8 0.5 0.6
Chroma (C*)
C 19.1 18.5 17.2 17.7 18.6 18.8 16.8 17.6
T2 21.7 21.1 18.3 19.5 21.7 19.4 19.8 18.7
T3 21.7 20.2 19.5 19.5 21.8 204 19.9 18.8
T4 20.1 20.5 19.3 19.3 20.1 19.9 19.0 19.3
T5 19.8 19.5 19.9 18.5 19.7 20.1 20.0 19.3
SEM 0.5 0.6 0.4 0.3 0.5 0.3 0.5 0.4
Hue (h°)
C 67.7°  71.1° 7500 75.5% 63.9 64.3 69.4*  69.0°
T2 56.0°  54.4° 58.1°  54.8° 55.1 56.0 51.4°  534°
T3 545°  553° 582  60.7° 5628 54748 50.3B 5 .4bAB
T4 57.7°  54.4° 582>  59.4° 58.3 58.4 56.2%  55.4°
T5 60.8%*  60.7% 622>  62.1° 61.1 63.4 60.5>  60.8%
SEM 1.4 1.9 1.9 2.0 1.2 1.3 22 1.9

Different letters (a—c) in the same column indicates significant differences between treatments (P <0.05)
within the day of storage. Different letters (A—B) in the same row indicates significant differences between
days of starge (P <0.05) within treatments

acids, such as chlorogenic acid (Esquivel et al. 2020). Sev-
eral studies have shown the effectiveness of plant-derived
antioxidants for delaying lipid oxidation in meat products. de
Florio-Almeida et al. (2017) found that lyophilized bee pol-
len extract (ORAC ~ 12,000 umol TE/100 g) controlled lipid
oxidation of fresh sausages during storage. The TBARs val-
ues (1.29—4.22 mg malonaldehyde/kg) were similar to those
obtained in this study in treatments with added coffee husks
(T4 and T5). Comparable results were seen for Chinese fresh
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sausages with added sage (ORAC ~32,000 umol TE/100 g),
with TBARs values between 1.5 and 3.4 MDA/kg for sau-
sages with the natural antioxidant (Zhang et al. 2013a).

In MAP packaging, the conditions of low oxygen and
limited light exposure during storage were not favorable for
lipid oxidation, as reported in several studies (Redondo-
Solano et al. 2021). In contrast, the level of MDA in AEP
samples exceeded the 2.5 mg/kg limit after 5 days of storage,
which indicates an important degree of lipid oxidation that
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was probably due to the high oxygen permeability of the
LDPE used. Similar results were reported for beef patties
(Lund et al. 2007) and fresh sausages (de Florio-Almeida
et al. 2017) packed for aerobic storage conditions, but the
TBARsS values in those studies were lower. These differences
may be due to the lipogenesis process in the meat, which is
affected by the animal diet, the muscles used to prepare the
samples, and the handling and processing steps (Dominguez
et al. 2019).

In sausages in MAP packaging, lipid oxidation was inhib-
ited in T5 (2% coffee husks) throughout the entire storage
period, and MDA did not exceed the 2.5 mg/kg limit. These
results demonstrate the efficacy of coffee husks as an anti-
oxidant in fresh sausages. Although ORAC values have
been used as a measure of antioxidant activity, they can be
reduced significantly during heat treatment (Esquivel et al.
2020). Thus, the addition of coffee husks to cooked meat
products should be further analyzed to evaluate whether
there is a significant reduction in total polyphenol content,
and consequently, the antioxidant properties.

Interest in quantifying protein oxidation in meat products
has grown as a novel research field because of the impact of
oxidized protein on meat quality. In this study, added antiox-
idants did not affect protein oxidation in either type of pack-
aging (P> 0.05) (Table 2). This finding is not consistent with
the solid inhibitory effect on lipid oxidation (Fig. 1). While
many studies have shown antioxidant effects of phenolic-rich
plant extracts in meat applications (Jia et al. 2012), others
have reported no effect or even prooxidative effects on the
formation of protein carbonyls in meat products (Lund et al.
2007; Estévez 2011).

Protein oxidation values reported in this study showed
high levels of carbonyl content. In general, the carbonyl con-
tent in non-oxidized muscle tissue is 1 nmol/mg protein,
whereas in oxidized tissue, it can vary from 2 to 14 nmol/
mg protein depending on the initiator of oxidation, the level
of oxidation, the muscle type, the protein solubility (Estévez
et al. 2008) and the type of packaging (Lund et al. 2007).
With MAP packaging, the carbonyl content was below a
detectable level in all treatments on day 1 of storage but
was higher on days 8 and 15 (Table 2). Other studies have
shown no sign of protein oxidation at the beginning of stor-
age, even when lipid oxidation was quantified (Lund et al.
2007). These results indicate that the reaction rate of lipid
oxidation was faster than protein oxidation on the quality of
fresh pork sausage packed in MAP.

Fresh pork sausage in AEP packaging was oxidized on
day 1 of storage (Table 2), as seen by the high TBARSs val-
ues. However, the total amount of protein carbonyls may
have been overestimated by accounting lipid-derived carbon-
yls from lipid oxidation (Estévez et al. 2008). Although the
DNPH method is used routinely to quantify carbonyls due to
protein oxidation, meat researchers often find it difficult to
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obtain consistent and reliable results (Estévez 2011). With
a complex sample such as fresh pork sausage, in which the
state of oxidation is presumably high, the method could pro-
duce many artifacts that affect the results (Cao and Cutler
1995).

Some phenolic compounds with antioxidant activity, such
as cyanidin-3-glucoside, also found in coffee husks, are more
protective against lipid oxidation than protein oxidation
(Viljanen et al. 2004). The protective effect is dependent
on the composition and chemical structure of the phenolic
compounds and the nature and conformation of the meat
proteins, the antioxidant concentration, and production tech-
nologies (Estévez et al. 2008). It is also important to mention
that the antioxidant compounds content might change within
different coffee varieties.

Antioxidants added to fresh sausages had no effect on pH;
however, in MAP packaging, pH values were lower after one
day of storage. The modified atmosphere used (80% N,, 20%
CO,) has been associated with a lower pH in food products
due to the dissolution of CO, into H,COj in the product and
the activity of Gram+bacteria, such as lactic acid bacteria
(LAB) (Kandeepan and Tahseen 2022).

The addition of coffee husks did not modify the pH of
the product. It has been shown that the effect of additives of
natural origin on pH is very low due to the buffering effect of
muscle tissues (Riel et al. 2017). Studies on pork-based meat
products with added natural antioxidants such as cranberry
pomace extract (Tamkuté et al. 2019) and grape seed extract
(Garrido et al. 2011) showed no significant variation in pH
during prolonged refrigerated storage (4 °C).

Luminosity is associated with the physical state of the
meat, pH, and water holding capacity (WHC) and is used as
a measure of brightness (Limbo et al. 2010). The decrease
in pH during storage may be associated with lower WHC,
which results in higher light reflectance on the surface of
the product. This effect generates a bright, wet surface that
gives higher L* values, as observed during storage of fresh
sausages in both types of packaging (Limbo et al. 2010).
Accordingly, lower L* values were lower for the treatment
with 2% coffee husks (T5) than for the control. This could
be due to high water retention by the coffee husks and, thus,
a drier surface of the meat product. Similarly, Tamkuté et al.
(2019) showed that adding cranberry pomace extract to pork
products significantly reduced the L* value due to the added
fiber in the product.

Chroma C* describes the vividness or dullness of a color.
The antioxidants added to fresh sausages did not affect this
parameter during storage. The h°® values showed that the hue
angles for C and TS5 in the spectrum shifted from red to
yellow in both types of packaging. This was expected for
the control since it had no added sodium nitrite, an ingre-
dient related to the pink color in meat products, but the
color change in T5 was likely due to the coffee husks. The
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synthetic antioxidants seemed to improve the redness of the
sausage during storage in MAP packaging for T3, but not
for T4 and T3, probably due to the brown color provided by
the coffee husks.

Sensory overall liking test

The sensory overall liking test was conducted on day 3
of storage for both types of packaging to ensure the qual-
ity and safety of the fresh sausages. Packaging conditions
affected the liking of the product for 42% of the consum-
ers, indicating that changes occurred in the sausage in a
20%C0O,/80%N, atmosphere. Sausages in oxygen-free modi-
fied packaging have been shown to have increased sour odors
and flavors during storage (Santos et al. 2005). This effect
could be due to dissolution of CO, in the product and the
growth of LAB (Kandeepan and Tahseen 2022). Typical
spoilage microorganisms, predominantly pseudomonads, are
replaced by LAB when meat products are packaged under
vacuum or in modified atmospheres. LAB decrease the pH
and cause sensory spoilage of meat products (Santos et al.
2005). These results appeared to be in close agreement with
the lower pH values obtained for MAP fresh sausages dur-
ing storage.

Studies have shown that the use of high CO, concentra-
tions (50-80%) or high O, (80%) in packaging delays the
growth of LAB and improves the shelf life of the product
(Santos et al. 2005). However, microbiological quality can
also be affected by the composition of the spoilage popula-
tion in the product. For instance, Lactobacillus and Leucon-
ostoc are more resistant to CO, concentrations (Pexara et al.
2002). In this study, although oxidation of lipids and proteins
was lower in MAP, this type of packaging could affect the
overall consumer liking of the product. Further studies are
needed to find the best gas mixture for modified packaging
of this type of product.

For 74% of consumers, sensory acceptance of the fresh
sausage was not affected by the added coffee husks (T4 and
T5). Previous studies have shown that coffee husk has a low
taste profile (Neves et al. 2019). Results in this study con-
firms these statements. Several reports have shown the sen-
sory acceptance of fresh meat products with plant-derived
antioxidants at concentrations from 0.02 to 2%. These
natural antioxidants include turmeric extract (de Carvalho
et al. 2020), rosemary and green tea extracts (Schilling et al.
2018), and green coffee extract (Valencia et al. 2008).

Conclusion
The addition of coffee husks from Coffea Arabica varie-

ties Caturra and Catuai to fresh pork sausages reduced lipid
oxidation. Although the use of coffee husks as a natural

antioxidant affected color parameters of the sausage, sensory
overall liking remained unaffected for most of the consum-
ers. Thus, valorization of coffee husks as a food ingredient
is an approach for reducing the environmental impact of this
industrial waste.

Packaging fresh pork sausages in an oxygen-free modi-
fied atmosphere extended the shelf-life in terms of lower
oxidation rates, but sensory acceptance of the product was
affected. Further research is necessary to ensure oxidative
stability and consumer acceptance of fresh sausages with
added coffee husks packaged in a modified atmosphere.
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