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Abstract

Spent coffee grounds (SCG) contain value-added compounds explored for industrial applications. Natural 
sustainable biopreservatives need to replace synthetic antioxidants. This study aimed to evaluate lyo-
philized aqueous SCG extract (SCGE) for extending the shelf life of minced beef. The objective was to 
assess its antioxidant capacity, antibacterial activity, and preservation efficacy. Liquid chromatography-tan-
dem mass spectrometry analysis illustrates the primacy of caffeoylquinic acid and its derivatives. SCGE was 
applied to minced beef across three concentrations (0.125%, 0.25%, and 0.5% [SCGE3]), compared to 0.01% 
butylated hydroxytoluene (BHT) and an untreated control over a 14–day refrigeration period (4°C). SCGE 
demonstrated a potent preservative effect. The SCGE3 treatment exhibited the strongest reducing power 
for lipid oxidation, achieving a significant 52.76% inhibition by day 14. This was quantified by a reduction 
in the value of thiobarbituric acid reactive substances to 1.80 mg MDA/kg, compared to the control value of 
3.81 mg MDA/kg. SCGE effectively delayed the growth of microbial population and maintained beneficial 
instrumental color and sensory properties (P < 0.05). SCGE3 provided an early and sustained preservation 
until the end of storage. Chemometric analysis validated robust correlations among all spoilage parameters. 
These results established SCGE as a promising, naturally sourced compound to maintain and improve meat 
quality.
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of SCG is a promising avenue for attaining greater val-
ue-added products while simultaneously reducing issues 
of environmental pollution (Angeloni et al., 2019; Asrofi 
et  al. 2024; Silvera-Pablo et  al., 2024). Given its signifi-
cant biological activity and high antioxidant levels, SCG 
holds substantial potential for functional applications, 
particularly in food preservation. 

While certain compounds in coffee can induce DNA 
damage under specific conditions, the overall evidence 
does not indicate a significant genotoxic risk to consum-
ers (Monazzah and Lachenmeier, 2025). Therefore, SCG 
and its extracts are proposed for inclusion in the meat 
industry to reduce lipid oxidation (Murillo Hernández 
et  al., 2024; Vargas-Sánchez et  al., 2024). For instance, 
Murillo Hernández et  al. (2024) reported that aqueous 
SCGE could prolong the shelf life of raw pork patties. 
Nonetheless, despite these initial findings, the compre-
hensive evaluation of SCG and its extracts as an antiox-
idant additive for developing innovative meat products 
aimed at prolonging shelf life requires additional scrutiny 
and a multidisciplinary analytical approach. Therefore, 
the primary purpose of this investigation was to evaluate 
the inclusion of aqueous SCGE as a functional ingredi-
ent to enhance antioxidant status and the overall qual-
ity of raw minced beef meat during refrigerated storage. 
Specifically, this research aims to investigate: (i) the 
ultra-performance liquid chromatography-tandem mass 
spectrometry (UPLC-MS/MS) identification and quan-
tification of specific bioactive compounds present in 
the SCGE, and (ii) the comprehensive study of microbi-
ological and oxidative stability, instrumental color, and 
sensory properties of chilled minced beef meat treated 
with SCGE. Finally, to address the challenge that data 
from different quality tests are often poorly integrated, 
chemometric analysis is conducted. This statistical 
approach connects all relevant data points, allowing for 
the analysis of multiple variables simultaneously and 
clarifying the complex relationships between all quality 
indicators (Gonçalves et al., 2021; Kharbach et al., 2023; 
Permatasari et al. 2025).

Materials and Methods

Processing and extraction of coffee residues

The SCG (blend of Arabica and Robusta coffee beans) 
was provided by a local coffee bar in Sfax, Tunisia (N: 
34.4426, E: 10.4537). The SCG was generated exclu-
sively from a medium roast, prepared using a standard 
professional espresso machine at a brewing temperature 
of 92°C. After being dried to a constant mass at 40°C, 
the leftover coffee grounds were kept in a dark place at 
4°C for no more than 12 weeks. Using a 1:40 sample-to-
solvent ratio, SCG was extracted via a 1-h maceration 

Introduction

The preservation of meat and meat products is a critical 
challenge for the food industry, primarily because of the 
rapid degradation of their quality during storage. This 
degradation is often initiated by the coupled processes 
of lipid and protein oxidation, which lead to the for-
mation of undesirable compounds that diminish both 
nutrient composition and sensory characteristics of 
the product. Specifically, these oxidative changes result 
in off-flavors, color fading, and textural deterioration, 
significantly reducing consumer purchase intentions 
and acceptability (Murillo Hernández et  al., 2024). 
Furthermore, common processing steps, such as grind-
ing of meat, exacerbate this problem by increasing the 
surface area exposed to oxygen and microorganisms, 
thereby accelerating spoilage and the development of 
off-flavors. Historically, to mitigate spoilage and sup-
press oxidative process in meat and meat derivatives, 
artificial preservatives, such as butylated hydroxytol-
uene (BHT) and butylated hydroxyanisole (BHA) are 
applied extensively. However, a significant problem 
has emerged, these synthetic antioxidants are claimed 
to have potential carcinogenic adverse effects (Mafe 
and Büsselberg, 2025), leading to increased consumer 
apprehension about meals that include chemical pre-
servatives. Consequently, escalating public health con-
cerns have necessitated the substitution of synthetic 
additives with natural antioxidant molecules (Gul et al., 
2024; Tavares et al., 2022). This shift reflects a growing 
consumer demand for natural, safe, and eco-friendly 
food preservation methods. Antioxidants derived from 
nature, typically sourced from various plant parts, such 
as flowers, fruits, and leaves, are widely recognized as 
a safe and eco-friendly alternative for enhancing flavor 
integrity and shelf stability of foods (Hlima et al., 2021; 
Mohamadi et  al., 2023; Smaoui et  al., 2019). Of par-
ticular interest are by-products derived from the pro-
cessed fruit and beverage industries, which represent 
an important, sustainable, and underutilized source 
of powerful polyphenols (Chaari et  al., 2023; Elhadef 
et al., 2020).

Spent coffee grounds (SCG), the leftover byproduct of 
instant coffee production, are increasingly acknowledged 
as a valuable source of bioactive compounds. The char-
acteristics of SCG include a rich chemical composition 
encompassing antioxidants, such as caffeine, melanoi-
dins, and chlorogenic acids (Bettaieb et  al., 2025; Jung 
et  al., 2025). These compounds are known for their 
anti-inflammatory, anticancer, and potent antioxidant 
qualities. Instead of treating SCG as a waste product, 
its upcycling into valuable ingredients, such as a sub-
strate for fungal growth or a food additive for bakeries, 
has become a sustainable strategy (Martinez-Saez et al., 
2017; Setotaw et al., 2020). Therefore, the effective usage 
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process at 50°C (Zouari Ayadi et al., 2025) with constant 
agitation at 200 rpm. After centrifugation, the obtained 
supernatant was concentrated in a rotary evaporator 
(Laborota 4000; Heidolph, Milan, Italy) at 40°C under 
reduced pressure with constant stirring rate (150 rpm). 
Finally, the water residue was frozen in liquid nitrogen 
and dried in a lyophilizer (Alpha 1–2 LD plus; Martin 
Christ, Germany) with an ice condenser set at –55°C and 
a vacuum of 0.31 mbar (–32°C).

Phytochemical analysis, antioxidants, and 
anti-foodborne activities 

SCGE was utilized as a natural preservative in minced 
beef because of its high content of phenolic com-
pounds. Total phenolic content (TPC) and total fla-
vonoid content (TFC) were measured by methods 
described by López-Froilán et  al. (2018) and Saharan 
et  al. (2020), respectively. For antioxidant activity, 
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scaveng-
ing activity was assessed according to Brand-Williams 
et al. (1995), and IC50, demonstrating the concentration 
of extract required to inhibit 50% of antioxidant activity, 
was determined. For evaluation of antimicrobial activ-
ity, the potential of SCGE was assessed against Listeria 
monocytogenes ATCC 19117 and Escherichia coli ATCC 
8739 by using the microdilution method (Fourati et al., 
2019), and the lowest dose that prevented each tested 
bacterium from growing visibly was determined by cal-
culating minimum inhibitory concentration (MIC) val-
ues (Chaari et al., 2022). 

Polyphenolic profiling of SCGE determined by UPLC-MS/MS

To identify polyphenols profile of SCGE, UPLC-MS/
MS was executed using SYNAPT XS (Waters™, Milford, 
MA, US) high-definition mass spectrometry, integrated 
with an Acquity UPLC BEH C18 column (2.1 × 50 mm, 
1.7-μm particle size; Waters Corp., Milford, MA, USA) 
using an electrospray ionization source (source tem-
perature 100°C, capillary voltage 3 kV, and cone voltage 
20 V). Acetonitrile (solvent B) and 0.1% (v) formic acid 
aqueous solution (solvent A) were combined to create 
mobile phase for this analysis. The initial separation 
began with a 99% concentration of solvent A, which was 
then gradually reduced to 40% solvent B over 12 min. 
After 2 min, a second gradient was applied to reach 
100% solvent B. Finally, the system was reset to its initial 
conditions with a 3 min gradient, shifting from 100% 
solvent B back to 100% solvent A. The separation was 
carried out with a volume of 20 μL and a flow rate of 
0.5 mL/min. Flow injection was achieved in negative ion 
mode with a scan range of 50–1,200 m/z, and a mass 
accuracy of 10 ppm.

Preparation of raw minced beef meat 

Fresh beef was sourced from a local butchery in Sfax 
(Tunisia). The meat was minced using a sterile grinder 
(Kitchen Aid, Classic Model, US). Following separation 
of raw minced beef into five lots, SCGE was added at 
three levels equal to MIC determined in vitro: 0.125% 
v/w (SCGE1), 2× MIC 0.25% (v/w) (SCGE2), and 4× MIC 
0.5% (v/w) (SCGE3) against L. monocytogenes (Elhadef 
et al., 2021). Lot 1 was the primary control, while lot 2 
differed from the main control (Lot 1) by the addition 
of 0.01% BHT. We followed the protocol described by 
Chaari et  al. (2022), Elhadef et  al. (2020), and Smaoui 
et  al. (2019) to make a homogeneous mixture of each 
treatment and kept them under vacuum using plastic 
bags to contribute three replicates. Finally, all aliquots 
were saved for 14 days at 4±1°C, and quality charac-
teristics were analyzed on days 0, 3, 7, 10, and 14. The 
total number of analyzed samples was 225 (75×3). For 
microbiological, physicochemical, and sensory tests, 75 
trials (5×3×5) were used, obtained as follows: five treat-
ments (C, BHT, SCGE1, SCGE 2, and SCGE3) for three 
sub-samples and for each ageing period (five storage 
periods: 0, 3, 7, 10, and 14 days). To ensure the trace-
ability and consistency of the material, a large quantity 
of extract was prepared and homogenized at the out-
set to guarantee identical extraction conditions for all 
experiments. 

Microbiological analysis

In all, 25 g of each sample were combined for 10 min 
with NaCl sterile solution at 0.9% (225 mL). Plate count 
agar was grown for 48 h/30°C to perform aerobic plate 
counts (APC) on selected colonies (ISO, 2013). Plate 
count agar left to stand at 7°C for 10 days (ISO, 2001) 
was used to determine psychrotrophic total count 
(PTC). Violet red bile glucose medium (VRBG; Oxoid, 
UK) was used to count Enterobacteriaceae after incu-
bation at 37°C for 24 h (ISO, 2004). Microbial enumera-
tion was conducted following the horizontal method for 
colony count (ISO, 2013). Samples were prepared using 
a 10-fold serial dilution scheme, and each dilution was 
plated in triplicate. Appropriate positive and negative 
controls were included to ensure the quality and validity 
of counting method.

Chemical oxidation analysis 

Protein oxidation
Metmyoglobin (MetMb), sulphydryl, and carbonyl 
contents were used to assess protein oxidation. 
Accumulation of MetMb and carbonyl groups, and 
decrease of sulphydryl group contents were assessed 



Quality Assurance and Safety of  Crops & Foods 18 (1)� 19

Spent coffee grounds extract for prolonging shelf  life of  minced beef

according to Krzywicki (1982), Ariga (1971), and Ellman 
(1959), respectively.

Lipid oxidation
Primary lipid oxidation compound, which includes con-
jugated dienes (CD) and peroxide value (PV), were used 
to evaluate lipid oxidation, whereas malondialdehyde 
was one of the products of secondary lipid oxidation. PV 
measurement was performed according to Chaari et al. 
(2023). CD was measured according to Juntachote et al. 
(2006), and the method described by Eymard et al. (2005) 
was used to determine thiobarbituric acid reactive sub-
stances (TBARS). 

Sensorial assessment 

Color, appearance, odor, and the overall acceptability 
were assessed by a panel of 20 members. To ensure unbi-
ased results, testing occurred in individual controlled 
booths under standard lighting, with samples presented 
at room temperature in blinded and randomized order 
(Stone and Sidel, 1993). A 9-point Hedonic scale (1 being 
very bad, and 9 being very good) was used to determine 
sensory attributes on different days (0, 3, 7, 10, and 14) of 
storage. The sample was deemed unacceptable if its score 
was <5 (Fourati et al., 2020).

Color parameter values

A spectrophotocolorimeter, MiniScan XE™ (Hunter 
Associates Laboratory Inc., Reston, VA, US), equipped 
with a 22-mm aperture and a 10° observer, and calibrated 
with a white tile, was used. The results were calculated 
based on a 10° standard observer and D65 illuminant. 
Brightness level, ranging from 0 (black) to 100 (white) 
was represented by L* (lightness) component. The 
green–red axis showed a* (redness) component, where 
positive values signified redder hues and negative val-
ues represented greener shades. The blue–yellow axis 
depicted b* (yellowness) component, with positive values 
indicating yellower shades and negative values indicating 
bluer tones.

Statistical analyses

All analyses were performed periodically on 0, 3, 7, 
10, and 14 days. Three separate replicates were car-
ried on each day. For every measured variable, one-way 
ANOVA was used and Tukey’s post hoc test was applied 
to statistically assess mean value differences using tripli-
cate data processed with SPSS version 27. Chemometric 
analyses were used to classify meat samples throughout 
cold storage using a combination of chemical oxidation, 

microbial, colorimetric, and sensory data. The XLSTAT 
software (v.2025.27.1.2; Addinsoft, New York, NY, US) 
was also used to conduct principal component analysis 
(PCA), the agglomerative hierarchical cluster analysis 
(HCA), and heatmap visualization. Clusters were gen-
erated using Ward’s linkage method with a squared 
Euclidean distance matrix, producing a dendrogram. 
PCA was conducted based on Pearson’s correlation 
coefficient, and the results were displayed on a correla-
tion biplot.

Results and discussion

Phytochemical content and biological activities of SCGE 

Total phenolic content and TFC in SCGE were 48.450 mg 
GAE/g and 0.911 mg QE/g, respectively. The achieved 
TPC value was in good agreement with the SCG data 
that were recorded previously (Beaudor et al., 2023), with 
a TPC of 48.45 mg GAE/g. Additionally, the findings of 
this study surpassed those of Panusa et  al. (2013), who 
reported a TPC of 17.43 mg GAE/g in aqueous SCGE. 
Maiyah et al. (2025) reported a TPC of 31.31 mg GAE/g 
extract with variations because of time and temperature 
of extraction. 

Regarding TFC concentration, the data recorded in this 
study were higher than 0.35 mg QE/g reported by Tan 
et al. (2023), but still below the data reported by Panusa 
et  al. (2013) and Maiyah et  al. (2025), who stated TFC 
values of 3.31 mg QE/g and 7.4 mg QE/g in aqueous 
SCGE, respectively. 

The DPPH scavenging assay for SCGE showed an anti-
oxidant activity of 0.675 mg/mL. Our study’s findings 
exceeded the results reported Andrade et  al. (2012), 
who found that SCGE obtained by supercritical fluid 
extraction had a DPPH value of 2.36 mg/mL.

Thus, variations in the concentrations of phyto-
chemical compounds and antioxidant activity could 
be attributed to the variety of coffee beans, time, 
temperature of extraction, and extraction process 
(Díaz-Hernández et  al., 2022). In addition, roasting 
and coffee preparation techniques have a significant 
impact on antioxidant activity (Esquivel and Jiménez, 
2012). Numerous investigations have established a 
bond between SCG’s antioxidant activity and its con-
centration of flavonoids, total phenolics, and phenolic 
acids, which are recognized for their several biofunc-
tional qualities and antioxidant capacity (Rodrigues 
et  al., 2023). Coffee extracts are shown to have anti-
bacterial properties against pathogens such as L. 
monocytogenes and E. coli (Torres-Valenzuela et  al., 
2019; Zouari Ayadi et al., 2025). 
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in Table 1. A manual profiling of phytochemicals was 
performed by comparing precursor mass, fragment 
mass spectra, and molecular weight to data found in 
PubChem and scientific sources. Two peaks (4 and  5) 
were described as unknown because they were not 
identified completely. A total of 10 discovered phe-
nolic compounds comprise the following: five deriva-
tives of chlorogenic acid, named: 3-caffeoylquinic acid 
dimer, 3-protocatechuoylaldehyde-feruloylquinic acid, 
2-acetaldehyde-3-caffeoylquinic acid, 3-caffeoylqui-
nic acid-COO-Na, and dimethyl-caffeoylquinic acid; 
two derivatives of phenolic acids, named: coumaroyl 
tryptophan and caffeoyl-N-phenylalanine; two deriv-
atives of diterpenoid: carboxyatractyligenin-Hexoside 
and 2-O-glucoside-(3-O-glucoside-2-O-isovaleryl)-
atractyligenin; and finally, one derivative of flavonoid: 
quercetin glucoside.

Chlorogenic acids (CGAs), a group of powerful anti-
oxidant polyphenols, are created when specific trans-
cinnamic acids, especially caffeic acid, ferulic acid, and 
coumaric acid, are esterified with quinic acid. Coffee is 
remarkably rich in chlorogenic acids. Zouari Ayadi et al. 
(2025) previously identified 15 compounds, containing 
10 derivatives of chlorogenic acid in SCGE with a blend 
extraction solvent comprising acetonitrile, ethanol, and 
water. 

Chlorogenic acids and derivatives 
The present study reports large numbers of chloro-
genic acid derivatives in aqueous SCGE (Table 1). 

Results demonstrate that the aqueous extract displayed 
MICs of 0.312 mg/mL and 0.625 mg/mL against E. coli 
ATCC 8739 and L. monocytogenes ATCC 19117, respec-
tively. The findings of this investigation showed better 
antibacterial activity than those of Sousa et  al. (2015), 
who used an aqueous extract to report an MIC value of 
1 mg/mL against E. coli. However, Monente et al. (2015) 
reported that the aqueous extracts of Coffea arabica and 
Coffea robusta showed a minor antimicrobial effect on 
L. monocytogenes, as noted by its high MIC of 20 mg/
mL. Additionally, remarkable antibacterial properties 
of SCG against both Gram-positive and Gram-negative 
bacteria were revealed by Torres-Valenzuela et al. (2019). 
This antibacterial effect has been linked to the pres-
ence of phenolic acids and their concentration in SCG, 
including derivatives of caffeic acid and chlorogenic acid 
(Getachew et al., 2018). Our results thus supported the 
promising, intriguing, and affordable potential of SCG 
producing extracts rich in phenolic compounds for use in 
food and pharmaceutical preparations.

LC-MS/MS analysis

Polyphenol compounds from SCG were extracted by 
LC-MS/MS. The chemical characterization of all iden-
tified polyphenols was accomplished based on peak 
elution order and retention time. Figure 1 displays the 
LC/MS profile of an aqueous SCGE. The tentatively 
identified compounds were represented by prominent 
peaks, which are sequentially numbered from 1 to 12 

Figure 1.  Analytical profile of spent coffee grounds extract (SCGE) by UPLC-MS/MS. 
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spectrum matched to caffeic acid (CA: m/z 179.034), 
quinic acid (QA: m/z 191.050), and caffeoylquinic 
acid (CQA: m/z 353.095).

Peak 6 eluted at 8.672 min, and the parent ion at m/z 
of 397.187 was assigned as acetaldehyde-CQA. Peak 
10 was tentatively labelled as CQA-COO-Na at m/z 
421.069 with MS2 spectra of 375.042, 201.061, and 
191.050. Chromatographic peak 12 exhibited a qua-
si-molecular ion at m/z \ 381.119 [M-H]-. The MS2 
fragment ions at m/z \ 173.045 and 161.042 were char-
acteristic of caffeoylquinic acid derivatives, leading to 
the assignment of peak 12 as dimethyl-caffeoylquinic 
acid (dimethyl-CQA). Nearly all these derivatives have at 
least one quinic acid fragment (m/z 173.045 loss of H2O] 
and 191.050) and one caffeic acid-specific MS2 fragment 

As anticipated, the abundant group of compounds 
is caffeoylquinic acid (CQA), and its derivatives in 
Figure  1 are labelled as peak numbers 2 (3-caffeoylqui-
nic acid dimer), 6 (2-acetaldehyde-3-caffeoylquinic 
acid), 10 (3-caffeoylquinic acid-COO-Na), and 12 
(dimethyl-caffeoylquinic acid). Furthermore, as the 
extracts’ temperature, pH, and storage conditions change, 
further isomerization and/or epimerization processes 
occur, leading to the formation of more chlorogenic acid 
derivatives (Xie et al., 2011).

The CQA derivatives were identified in four isoforms 
based on previous studies and spectrum of mass spec-
trometry (MS2). Peak 2 was identified as CQA dimer 
at mass-to-charge ratio (m/z) 707.171 and retention 
time (Rt) of 4.297 min. Fragment peaks shown in MS2 

Table 1.  Compounds identified in SCGE by UPLC-MS/MS.

Detected 
peak

Analytes [M-H]- 
(m/z)

MS/MS Mass error 
(ppm)

Retention 
time (min)

Chemical 
formula

References

1 Carboxyatractyligenin-Hexoside 609.290 565.023 6.32 0.465 C31H45O12 El-Hawary et al. (2022)

2 3-Caffeoylquinic acid dimer 707.171 353.095, 
191.050, 
179.034

-9.21 4.297 C25​H24​O12 Nemzer et al. (2021)

3 3-Protocatechualaldehyde-
feruloyquinic acid

487.128 173.045, 
137.143

5.69 5.566 C24​H26​O11 Nemzer et al. (2021)

4 Unknown 723.508 348.781, 
285.025, 
193.241

_ 7.677 _ _

5 Unknown 836.593 732.025, 
654.142, 
603.025

_ 8.168 _ _

6 2-Acetaldehyde-3-
caffeoylquinic acid

397.187 205.215, 
191.050, 
173.045, 
161.042

5.41 8.672 C18​H20​O9​ Nemzer et al. (2021)

7 2-O-glucoside-(3-O-glucoside-
2-O-isovaleryl)-atractyligenin

727.359 643.025, 
625.014, 
463.152

3.47 9.192 C32H38O19 Nemzer et al. (2021)

8 Coumaroyl tryptophan 349.122 349.025, 
305.132, 
186.102, 
119.130

10.61 9.508 C16H14O9 Nemzer et al. (2021)

9 Quercetin glucoside 463.229 301.035, 
300.027, 
151.004

2.45 11.749 C21H20O12 Nemzer et al. (2021)

10 3-Caffeoylquinic acid-COO-Na 421.069 375.042, 
201.061, 
191.050

4.25 12.870 C16​H17​O9​Na Nemzer et al. (2021)

11 Caffeoyl-N-phenylalanine 327.162 190.102, 
147.012, 
103.053

-3.14 13.740 C18H17NO5 Zouari Ayadi et al. 
(2025)

12 Dimethyl-caffeoylquinic acid 381.119 173.045, 
161.042

4.53 17.529 C26​H26​O12 Nemzer et al. (2021)
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Application of SCGE on minced beef meat preservation 

Microbial analysis
Changes in the microbial composition of raw beef meat 
during refrigeration are shown in Table 2.

During storage, we found that total viable load signifi-
cantly (P < 0.05) increased, primarily in control and BHT 
samples. As reported by Afnor Editions (2010), the high-
est APC was 6.7 log CFU/g of meat. Over the course of 
storage, the APC level of untreated samples increased (P < 
0.05) to 8.63 log CFU/g. The addition of SCGE significantly 
(P < 0.05) decreased APC (Table 2). Conversely, the APC 
of BHT and SCGE treatments increased during storage 
but did not exceed the counts of the untreated samples.

Treated samples at 0.25% and 0.5% reached only 6.20 log 
CFU/g and 6.06 log CFU/g, respectively, on the 14th day 
of storage, maintaining the APC load under the recom-
mended limit (Afnor Editions, 2010). Thus, the results 
demonstrated that antimicrobial effects increased with 
increasing SCGE concentration. Similarly, Monente et al. 
(2015) proposed that SCGE could inhibit APC as well as 
other food-borne pathogens. Comparatively, Chaari et al. 
(2024) mentioned that raw minced beef meat treated 
with Opuntia stricta peel extract depicted an APC of 4.05 
log CFU/g after 7 days of storage at 4°C. 

The main reason of meat deterioration throughout 
refrigerated storage is PTC (Hussain et  al., 2019). As 
shown in Table 2, PTC decreased significantly (P < 0.05) 
on addition of SCGE. On 10th day, PTC in untreated 
samples increased to 6.79 log CFU/g, exceeding the 
recommended threshold for fresh meat (6.7 log CFU/g) 
(ISO, 2004). However, at the end of storage, the PTC of 
SCGE1, SCGE2, and SCGE3 samples reached only 6.24, 
6.14, and 4.9 log CFU/g, respectively. As a result, these 
extracts demonstrated a prolonged meat shelf life of 
14 days at 4°C. 

During storage, SCGE1, SCGE2, and SCGE3 samples 
had significantly (P < 0.05) lower Enterobacteriaceae 
counts (EC), compared to those of control and BHT 
ones (Table  2). On the 14th day, SCGE2 and SCGE3 
samples showed a lower EC of 1.91 log CFU/g and 1.72 
log CFU/g, respectively. Consequently, these treated 
samples maintained Enterobacteriaceae levels below 
the recommended limit (2 log CFU/g) (Afnor Editions, 
2010). Our results aligned with the study conducted by 
Angeloni et al. (2021), which found that aqueous and eth-
anolic spent coffee extracts were effective against micro-
bial growth. Therefore, incorporating SCGE improved 
the microbiological quality of meat and stability over 
time. This was due to its high concentration of chloro-
genic acids and derivatives, as demonstrated previously 
(Atondo-Echeagaray et  al., 2025). Accordingly, some 

(161.042 [loss of H2O] and 179.034). Chromatographic 
peak 3 (Rt: 5.566 min) with a parent ion at m/z 487.128 
matched 3-protocatechualdehyde-feruloyquinic acid. 
The MS2 spectrum indicated that fragment peaks 
matched protocatechualdehyde (m/z 137.0231) and qui-
nic acid (QA-H2O, m/z 173.045). Derivatives of benzoic 
acid were widely recognized for their antibacterial, anti-
oxidant, and anticancer properties (Xie et al., 2015). 

Flavonoids
In these findings, one flavonoid was detected at 11.749 
min, with a noticed [M-H]- ion at 463.229. Peak 9 was 
identified as quercetin glucoside based on the litera-
ture (Nemzer et  al., 2021; Zouari Ayadi et  al., 2025) 
and MS2 spectra (m/z 300.027, 301.035, and 151.004). 
Quercetin derivatives exhibited increased hydro-
philicity upon glycosylation of at least one hydroxyl 
group. Thus, quercetin is a powerful antioxidant poly-
phenol and a flavanol with proven health benefits 
(Materska, 2008).

Phenolic acids and derivatives
Using mass spectrometry analysis, peak 8 was identified 
as coumaroyl tryptophan. This was confirmed by a quasi-
molecular precursor ion at m/z 349.122, a mass consistent 
with the conjugation of coumaric acid and its tryptophan 
conjugates. A single MS2 fragment ion was produced by 
coumaric acid (m/z 163.0389) at m/z 119.130, indicating 
the loss of CO2 and the generation of additional MS2 frag-
ments at m/z 186.102, 305.132, and 349.025 of its trypto-
phan conjugates (Nemzer et al., 2021). Furthermore, peak 
11 with m/z 327.162 and MS2 spectra at m/z 190.102, 
147.012, and 103.053 was attributed to caffeoyl-N-phenyl-
alanine. This peak comprised caffeic acid bound to phenyl-
alanine (Zouari Ayadi et al., 2025).

Atractyligenin derivatives
High amounts of glucopyranosyl-carboxyatractyli-
genin were found in both Arabica and Robusta raw 
coffee extracts, with Arabica showing the highest con-
centration (Martins et  al., 2025). Most commercial 
coffee products contain less of this molecule because it 
degrades during coffee roasting (Lang et al., 2013). Two 
atractyligenin derivatives found in the current study—
carboxylated and non-carboxylated—were never doc-
umented in SCG (Table 1). A chromatographic peak 
1 containing a precursor ion at m/z 609.290 was rec-
ognized as carboxyatractyligenin-hexoside based on 
prior research (Martins et  al., 2025; Nemzer et  al., 
2021) and MS2 spectra. Peak 7 that eluted at 9.192 
min, matched to 2-O-glucoside-(3-O-glucoside-2-O-
isovaleryl)-atractyligenin with a precursor ion at m/z 
727.359 (Nemzer et  al., 2021). This compound, and 
other atractyligenin glucosides, is the result of the 
thermal degradation of carboxyatractyligenin deriva-
tives during roasting.
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Throughout all storage periods, control samples dis-
played a higher level of protein carbonylation; while 
BHT, SCGE1, SCGE2, and SCGE3 samples significantly 
(P  <  0.05) reduced the total amount of carbonyl pro-
duced. The perceived amount of protein carbonylation 
decreased with increasing SCGE concentration. Natural 
additives demonstrated efficacy in preserving pro-
tein integrity in processed meat samples. For instance, 
Manzoor et al. (2021) reported that bioactive compounds 
from mango peel extracts significantly diminished car-
bonyl levels in chicken sausages (P < 0.05). Similarly, 
aqueous extract of Ephedra alata effectively limited the 
accumulation of protein carbonyls in raw ground meat 
(Elhadef et al.  , 2020). By functioning as metal chelators 
to inactivate non-heme iron and as antiradical agents, 
phenolics, viz. gallic acid, catechin, and cyanidin-3-glu-
coside can end the production of protein carbonyls in 
meat (Estévez and Heinonen, 2010).

All meat samples exhibited that sulphydryl group sig-
nificantly decreased during storage, indicating protein 
oxidation (Table 3). This decrease could be attributed 
to formation of disulfide bonds (Lund et  al., 2011). 
Our starting point for sulphydryl content was roughly 
48 nmol/mg of protein. After 14 days, the control group 

research demonstrated that the phenolic compounds 
present in SCGE, particularly phenolic acids and flavo-
noids, disrupted the membranes of treated meat samples, 
thereby inhibiting bacterial growth (Inácio et  al., 2023; 
Zamuz et  al., 2021). Consumers demand natural food 
preservation techniques; hence, SCGE could serve as a 
helpful mode to improve shelf life and guarantee food 
safety of beef.

Protein oxidation
Initially, the MetMb percentage for all samples was com-
parable (P > 0.05), then increased significantly for 14 days, 
attaining 38.59%, 31.63%, 28.81%, and 24.54% for meat 
samples treated with BHT, SCGE1, SCGE2, and SCGE3, 
respectively (Table 3). Red color of beef meat remained 
up to the 14th day of storage, as shown by <40% MetMb, 
and MetMb oxidation was effectively inhibited (P < 0.05) 
(Sarıçoban and Yilmaz, 2014). The oxidation-induced 
conversion of oxymyoglobin (OxyMb) to MetMb was led 
to reduction in redness, while the antioxidant qualities of 
SCGE postponed this process to prolong the redness of 
meat (Lahmar et al., 2018).

Table 3 explains the effect of SCGE on the protein car-
bonylation level of beef meat during refrigerated storage. 

Table 2.  Impact of SCGE on APC, PTC, and Enterobacteriaceae levels of raw minced beef at 4°C.

Storage days 0 3 7 10 14

APC

Control 2.45 ± 0.04A,a 4.76 ± 0.17C,b 5.91 ± 0.06B,c 7.55 ± 0.11C,d 8.63 ± 0.19B,e

BHT 2.44 ± 0.03A,a 4.67 ± 0.36B,C,b 5.39 ± 0.29A,B,c 5.85 ± 0.05A,B,c 6.19 ± 0.29A,c

SCGE1 2.46 ± 0.06A,a 4.71 ± 0.16B,C,b 5.42 ± 0.20A,B,c 6.46 ± 0.06B,d 6.93 ± 0.09A,e

SCGE2 2.45 ± 0.05A,a 4.38 ± 0.08B,b 5.06 ± 0.10A,B,b 6.03 ± 0.12A,B,c 6.20 ± 0.17A,c

SCGE3 2.45 ± 0.03A,a 4.02 ± 0.06A,b 4.80 ± 0.14A,c 5.6 ± 0.07A,d 6.06 ± 0.03A,d

PTC count

Control 2.19 ± 0.08A,a 4.57 ± 0.08E,b 5.83 ± 0.12D,c 6.79 ± 0.21D,d 6.94 ± 0.19C,d

BHT 2.18 ± 0.07A,a 4.11 ± 0.18D,b 5.17 ± 0.19C,c 5.98 ± 0.05C,d 6.15 ± 0.21B,d

SCGE1 2.21 ± 0.09A,a 3.91 ± 0.06C,b 5.26 ± 0.24C,c 6.04 ± 0.26C,d 6.24 ± 0.03B,e

SCGE2 2.20 ± 0.06A,a 3.7 ± 0.1B,b 4.4 ± 0.2B,c 5.1 ± 0.1B,d 6.14 ± 0.1B,e

SCGE3 2.17 ± 0.08A,a 3.5 ± 0.14A,b 3.95 ± 0.26A,c 4.7 ± 0.11A,d 4.9 ± 0.19A,e

Enterobacteriaceae count

Control <1 2.54 ± 0.08D,b 2.92 ±0.12D,c 3.42 ±0.13C,d 3.91 ± 0.11E,e

BHT <1 1.76 ± 0.14B,C,b 1.95 ± 0.13B,c 2.43 ± 0.15B,d 2.65 ± 0.15D,e

SCGE1 <1 1.94 ± 0.15C,b 2.29 ± 0.09C,c 2.42 ± 0.19B,c 2.46 ± 0.08C,c

SCGE2 <1 1.68 ± 0.13B,b 1.74 ± 0.11A,B,b,c 1.81 ± 0.17A,b,c 1.91 ± 0.15B,c

SCGE3 <1 1.45 ± 0.12A,b 1.54 ± 0.12A,b,c 1.64 ± 0.02A,b,c 1.72 ± 0.14A,c

Notes: SD: Standard deviation of  three replicates. 
On the same storage day, values with different superscript upper-case alphabets (A–E) are significantly different; on the same concentration, values 
with a different superscript lower-case alphabets (a–e) are significantly different.
BHT: butylated hydroxytoluene; SCGE: spent coffee grounds extract; APC: aerobic plate counts; PTC: psychrotrophic total count.
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et al. (2019), who demonstrated that tested coffee sam-
ples were potent antioxidants and did not exacerbate 
thiol oxidation in ground pork, suggesting that sensory 
attributes associated with protein oxidation were pre-
served. Likewise, Lund et  al. (2007) found that thiol 

showed the most dramatic decrease, settling at 26.79 
nmol/mg protein. However, SCGE3 (0.5%) really sur-
passed, experiencing only a minimal drop and main-
taining a final concentration of 36.98 nmol/mg protein. 
Our findings were consistent with those of Hashimoto 

Table 3.  Impact of SCGE on protein and lipid oxidation parameters of raw minced beef at 4°C.

Storage days 0 3 7 10 14

MetMb

Control 13.71 ± 0.20A,a 20.23 ± 0.30B,b 27.49 ± 0.25D,c 41.96 ± 0.28D,d 45.76 ± 0.19E,e

BHT 13.71 ± 0.18A,a 15.85 ± 0.20A,b 23.00 ± 0.20C,c 28.73 ± 0.30C,d 38.59 ± 0.25D,e

SCGE1 13.71 ± 0.12A,a 15.21 ± 0.15A,a 21.44 ± 0.04C,b 25.04 ± 0.04B,c 31.63 ± 0.17C,d

SCGE2 13.71 ± 0.12A,a 14.7 ± 0.21A,b 20.27 ± 0.51A,b 23.66 ± 0.24A,B,c 28.81 ± 0.13B,d

SCGE3 13.71 ± 0.12A,a 14.2 ± 0.14A,a 18.74 ± 0.60B,b 22.51 ± 0.20A,c 24.54 ± 0.50A,d

Carbonyls

Control 0.40 ± 0.07A,a 0.6 ± 0.03A,a 0.85 ± 0.03B,a,b 1.20 ± 0.02B,b,c 1.40 ± 0.02B,c

BHT 0.41 ± 0.03A,a 0.53 ± 0.03A,a 0.60 ± 0.05A,a 0.72 ± 0.03A,a 0.80 ± 0.03A,a

SCGE1 0.40 ± 0.03A,a 0.48 ± 0.025A,a 0.58 ± 0.01A,a 0.65 ± 0.017A,a 0.81 ± 0.059A,a

SCGE2 0.41 ± 0.03A,a 0.45 ± 0.001A,a 0.54 ± 0.01A,a 0.60 ± 0.02A,a 0.71 ± 0.059A,a

SCGE3 0.40 ± 0.02A,a 0.42 ± 0.02A,a 0.47 ± 0.03A,a 0.57 ± 0.025A,a 0.65 ± 0.018A,a

Sulphydryl

Control 48.22 ± 1.273A,a 33.52 ± 1.182A,a 28.90 ± 0.99A,b 27.78 ± 1.46A,c 26.79 ± 0.63A,a

BHT 48.23 ± 1.273A,a 36.78 ± 1.414B,b 34.87 ±0.778B,c 33.5 ± 1.182B,b 30.21 ± 0.99B,b

SCGE1 48.24 ± 1.273A,a 38.75 ± 1.026C,b 35.91 ± 1.04BC,c 34.98 ± 1.35B,C,c 31.23 ± 1.53B,d

SCGE2 48.21 ± 1.271A,a 39.07 ± 1.273C,c 37.7 ± 1.20C,D,d 35.65 ± 1.48C,D,d 33.32 ± 0.56C,d

SCGE3 48.22 ± 1.272A,a 45.70 ± 1.485D,c 39.25 ± 1.60D,c,d 37.3 ± 0.707D,d 36.98 ± 1.47D,e

CD

Control 0.21 ± 0.003A,a 0.44 ± 0.017A,c 0.64 ± 0.03B,d 0.52 ± 0.029A,d 0.48 ± 0.02A,d

BHT 0.22 ± 0.08A,a 0.35 ± 0.035A,b 0.55 ± 0.035A,B,c 0.41 ± 0.057A,c 0.39 ± 0.007A,c

SCGE1 0.22 ± 0.08A,a 0.31 ± 0.05A,b 0.52 ± 0.034A,B,c 0.42 ± 0.045A,c 0.35 ± 0.023A,b

SCGE2 0.23 ± 0.08A,a 0.28 ± 0.026A,a 0.43 ± 0.02A,b 0.38 ± 0.05A,a,b 0.34 ± 0.06A,b

SCGE3 0.22 ± 0.05A,a 0.25 ± 0.02A,a 0.39 ± 0.03A,a 0.34 ± 0.01A,a 0.31 ± 0.02A,a

TBARS

Control 0.60 ± 0.007A,a 1.99 ± 0.091A,c 2.87 ± 0.1A,d 3.41 ± 0.10B,d 3.81 ± 0.12A,d

BHT 0.60 ± 0.007A,a 1.60 ± 0.002A,b 1.90 ± 0.07A,c,d 2.10 ± 0.08A,B,c 2.50 ± 0.08A,d

SCGE1 0.60 ± 0.007A,a 1.50 ± 0.002A,b 1.70 ± 0.06A,c 1.80 ± 0.06A,B,b 2.30 ± 0.05A,b,c

SCGE2 0.60 ± 0.006A,a 1.20 ± 0.002A,a 1.50 ± 0.04A,b 1.70 ± 0.05A,B,b 2.10 ± 0.06A,b

SCGE3 0.60 ± 0.005A,a 1.06 ± 0.001A,a 1.20 ± 0.001A,b 1.40 ± 0.02A,a 1.80 ± 0.04A,a

PV

Control 2.48 ± 0.09A,a 4.50 ± 0.18B,d 5.01 ± 0.07C,c 5.50 ± 0.15B,d 5.80 ± 0.07B,c

BHT 2.45 ± 0.12A,a 3.80 ± 0.07A,B,c 4.10 ± 0.15B,C,c 4.30 ± 0.07A,B,c 4.50 ± 0.14A,B,b

SCGE1 2.46 ± 0.08A,a 3.00 ± 0.14A,b 3.40 ± 0.07A,B,b 3.70 ± 0.14A,c 4.10 ± 0.07A,b

SCGE2 2.49 ± 0.12A,a 2.80 ± 0.21A,a 3.20 ± 0.14A,B,b 3.50 ± 0.21A,b 3.70 ± 0.14A,a

SCGE3 2.47 ± 0.13A,a 2.50 ± 0.07A,a 2.70 ± 0.07A,a 3.00 ± 0.14A,a 3.50 ± 0.04A,a

Notes: SD: Standard deviation of  three replicates; 
On the same storage day, values with different superscript upper-case alphabets (A–E) are significantly different; on the same concentration, values 
with a different superscript lower-case alphabets (a–e) are significantly different.
MetMb: metmyoglobin; CD: conjugated dienes; PV: peroxide value; TBARS: thiobarbituric acid reactive substances; BHT: butylated hydroxytoluene; 
SCGE: spent coffee grounds extract.
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and salted raw meats’ longer shelf life, operating in the 
same way or even better than rosemary oleoresin. This 
was assessed by looking at the coffee-treated meat’s 
lower levels of malonaldehyde in comparison to the 
control group. Additionally, in line with the results of 
this study, adding 0.05% and 0.1% of aqueous SCGE 
reduced lipid oxidation in raw pork patties stored at 4°C 
for 9 days (Murillo Hernández et al., 2024). Moreover, a 
lipid oxidation drop of ground beef added with 0.1% of 
ground roasted coffee through storage at 4°C for 6 days 
is demonstrated (Lin et al., 2015). Lipids are better pro-
tected by oxidation than proteins by certain phenolic 
compounds, such as cyanidin-3-glucoside, which is 
also present in coffee husks (Viljanen et al., 2004). The 
nature and conformation of meat proteins, the concen-
tration of antioxidants, and the chemical composition 
and structure of phenolic compounds are the factors 
that influence the protective effect (Estévez et al., 2008). 
It is crucial to note that different coffee varieties may 
have varying amounts of antioxidant compounds. This 
study’s findings indicate that adding SCGE, which is 
rich in phenolic compounds, helps to protect meat from 
lipid oxidation. As noted previously (Calderón-Oliver 
and López-Hernández, 2022), these compounds can 
stop formation and spread of free radicals by binding to 
metal ions such as iron and copper.

We acknowledge that high-fat and high-protein envi-
ronment may influence the final concentration of free 
caffeoylquinic acids. However, the observed efficacy 
(inhibition of MetMb formation and lipid oxidation) 
is consistent with recent literature, which confirms 
the capacity of coffee polyphenol derivatives to main-
tain antioxidant activity when interacting with meat 
components. Specifically, studies utilizing similar 
coffee-derived ingredients, such as those detailed by 
Dilek (2025) and Doğaner et  al. (2025), who demon-
strated, via molecular docking, that these compounds 
interact mechanistically with and inhibit pro-oxidant 
enzymes. This established mechanism justifies sus-
tained protection against oxidative damage recorded 
in our results.

Meat color analysis

According to the obtained results (Table 4), SCGE con-
centration and storage time had a significant effect on 
color values (P < 0.05). Initially, these parameters were 
not affected by antioxidant incorporation (P > 0.05). 
However, L*, a*, and b* values dropped throughout 
storage. Lipid oxidation causes decline in color indi-
ces. According to Estévez et  al. (2020), this produces 
hydroperoxides and other reactive oxygen species that 
oxidize Fe2+ in OxyMb to Fe3+ in MetMb. SCGE could 
be the cause of decreased lightness (L*) in raw beef.  

levels augmented on day 8 before falling once more by 
day 14, but they did not detect a general decline in free 
thiol groups. In fact, the antioxidant properties of SCGE 
contributed to delaying protein oxidation, thus extending 
the red color of meats. The exceptional efficacy of SCGE 
could be ascribed to its high phenolic content, exhibiting 
metal-chelating activity and thereby providing superior 
protection against protein oxidation.

Lipid oxidation
Initially, no significant (P > 0.05) difference in CD was 
noticed (Table 3). Then, a marked (P < 0.05) extend 
was observed for 7 days in all samples and subse-
quently reduced until the end of storage. The reason 
for this observation was that CD formed more quickly 
than breaking down of hydroperoxides. The emer-
gence of aldehydes and ketones as secondary lipid 
oxidation products may indicate a decline in CDs 
(Domínguez et  al., 2019). This demonstrated that by 
blocking the formation of conjugated dienes in meat 
products, SCGE can have a greater capacity to lower 
lipid oxidation.

Throughout storage, PV augmented (P < 0.05) in all sam-
ples (Table 3). Therefore, the control sample showed the 
highest peroxide value. Furthermore, the meat sample 
treated with SCGE3 had the lowest peroxide value (3.50 
meq O2/kg) on day 14. This was followed by SCGE2 (PV = 
3.7 meq O2/kg) and SCGE1 (PV = 4.1 meq O2/kg). These 
findings matched those stated by Chaari et  al. (2023), 
who applied ethanolic beetroot peel extract to beef meat. 
The detection limit, which was 25 meq O2/kg lipid, as 
reported by Sallam et al. (2004), was not exceeded by the 
average peroxide value of any meat sample on any storage 
day.

All treated meat samples showed a significant (P < 0.05) 
increase in TBARS values throughout storage (Table 3). 
In SCGE samples, TBARS was significantly (P < 0.05) 
lower than the control ones. After 7 days at 4°C, TBARS 
value of the control sample (2.87 mg MDA/kg) quickly 
surpassed the 2 mg MDA/kg limit defined by Campo 
et al. (2006). On the other hand, increasing SCGE levels 
resulted in marked decline in TBARS values. This inhibi-
tory effect was attributed to the radical-scavenging activ-
ity of the highly concentrated chlorogenic acids identified 
in SCGE, which interrupted the lipid peroxidation chain 
reaction.

In agreement with our study, Vargas-Sánchez et  al. 
(2024) showed that SCGE at 500 and 1,000 ppm could 
reduce TBRAS of raw pork meat. Similarly, Vargas-
Sánchez et al. (2023) reported that raw pork meat prod-
uct treated with 500 ppm of coffee silverskin aqueous 
extract decreased MDA formation. Lin et al. (2015) also 
noted the effect of roasted ground coffee on unsalted 



26� Quality Assurance and Safety of  Crops & Foods 18 (1)

Ayadi DZ et al.

with pine bark extract and ground beef patties. This was 
also demonstrated in the study done by Elhadef et  al. 
(2020), who found that adding Ephedra alata extract to 
minced beef meat produced the same trend in a* value. 
Numerous authors have linked oxidative reactions to the 
loss of redness in raw meats (Elhadef et al., 2020; Estévez 
et  al., 2020). Additionally, research has emphasized the 
importance of secondary lipid oxidation products, such 
as unsaturated aldehydes, in the synthesis of MetMb in 
fresh beef (Nair et al., 2017; Papuc et al., 2017). 

Regarding b* values, the untreated meat samples’ value 
dropped significantly reaching a minimum of 10.19 on 
day 14 of storage. In contrast, the treated meat samples 
showed a slight decrease in b*. Furthermore, meat sam-
ples treated with 0.125%, 0.25%, and 0.5% SCGE had 
greater b* values than those treated with 0.01% BHT. 
Therefore, over time, the addition of SCGE resulted in 
a slight increase in meat samples’ b* values, compared 
to untreated samples. This was also demonstrated in 
the findings of Murillo Hernández et  al. (2024), who 
described that addition of aqueous SCGE to uncooked 
pork patties showed a similar trend in b* values. 
Similarly, rising b* values may indicate that meat is 
becoming more yellow-brown (Fernandes et al., 2018). 
It is important to remember that oxidative activities, 
producing Schiff pigments from lipid and protein com-
plexes, may be the cause of yellowness (b*) (Chikwanha 
et al., 2018). 

It was observed that L* decreased with increased per-
centage of SCGE during storage and was lower than the 
values recorded for control samples. Fetsch et al. (2024) 
observed a similar pattern when they added roasted cof-
fee extract to fresh pork sausage. They claimed that the 
extract’s brown color, which was visually darkened, was 
the reason for lower L* values. Furthermore, Araya-
Morice et al. (2023) studied various levels of coffee husks 
and reported similar observations on packaged fresh 
pork sausage added with 2% coffee husks. The shifting L* 
values observed during storage were probably because of 
alterations in meat’s structure, particularly protein dena-
turation. This process led to increased light dispersion 
(Chikwanha et al., 2019). 

The inclusion of SCGE significantly (P < 0.05) enhanced 
the redness of meat beef, compared to other samples, as 
revealed by the color of the extract. Similarly, SCGE1, 
SCGE2, and SCGE3 enhanced the meat’s red color with 
respective a* values of 5.64, 5.53, and 5.84 even after 
14  days of storage. Thus, high concentrations of SCGE 
lead to an augmentation of redness. Comparable results 
were reported by Jung et al. (2025) when they explored 
the physicochemical properties of low-moisture meat 
analogs complemented with 5% and 10% SCG. These 
results showed that the existing SCG content was suc-
cessful in providing appropriate red color to meat. Similar 
results were reported by Prommachart et al. (2020), who 
showed variation in a* values in both cooked beef treated 

Table 4.  Impact of SCGE on color attributes of raw minced beef at 4°C.

Days of storage

Treatment 0 3 7 10 14

L* values Control 54.14A,B,c 54.01A,c 53.52E,b 52.57C,b 51.03B,a

SCGE1 54.20A,B,b 53.25C,b 52.87B,c 51.17D,b 50.77D,a

SCGE2 53.91A,c 53.61D,c 51.25A,b,c 50.71A,b 45.64C,a

SCGE3 54.52B,e 52.23B,d 50.80D,c 39.81B,b 39.01A,b

BHT 54.65B,b 53.02B,b 52.36C,b 51.09B,a 50.96B,a

a* values Control 11.94A,B,d 7.83A,c 6.11A,b 4.71A,a 4.14A,a

SCGE1 12.03A,B,d 8.34C,c 6.44C,b 5.59B,a 5.64D,b

SCGE2 12.32B,c 8.39C,c 6.69D,b 6.45C,a 5.53C,a

SCGE3 12.41B,c 8.79D,c 6.86E,b 7.51D,c 5.84E,a

BHT 11.96A,B,c 8.02B,c 6.31B,b 5.3B,a 4.81A,a

b* values Control 13.01A,c 12.19A,b 11.33A,b 11.96B,b 10.19A,a

SCGE1 14.24B,c 14.13B,c 12.03C,b 12.18C,b 12.12B,a

SCGE2 14.58B,d 14.2C,c 13.13D,a 13.39D,b 13.81C,b

SCGE3 14.94B,c 14.36C,c 13.21D,a 13.77D,b 13.92C,b

BHT 12.94A,d 12.17A,c 11.42B,b 11.14A,b 10.79A,a

Notes: SD: Standard deviation of  three replicates. 
On the same storage day, values with different superscript upper-case alphabets (A–E) are significantly different; on the same concentration, values 
with a different superscript lower-case alphabets (a–e) are significantly different. BHT: butylated hydroxytoluene; SCGE: spent coffee grounds extract.
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Chemometric analysis

This analysis examined the variations that fresh meat 
undergoes while being chilled, including microbial 
growth, lipid/protein oxidation, instrumental color, and 
sensorial property. Additionally, all collected data were 
exposed to PCA and HCA.

The PCA technique analyzed differences and similari-
ties in five samples and their impact on microbiological 
growth, chemical oxidation, colorimetric data, and sen-
sory traits of beef meat at five unique periods. A biplot 
of PCA loadings for principal components F1 and F2 
is exhibited in Figures 3(A and B). F1 explained 77.40% 
of the dataset’s total variation, while F2 provided an 
added 10.10% to the study’s variance. According to 
the loaded plot, the first (F1) and second (F2) princi-
pal components in combined form provided maximum 
data variation (87.50%). F1 was positively impacted by 
microbial counts, and lipid and protein oxidation indica-
tors (except sulfhydryls). Simultaneously, these variables 
showed an inverse relationship with both instrumental 
color measures and sensory evaluation (Figure 3B). This 
observation supported a direct correlation between myo-
globin oxidation and meat color stability, as reported by  

Sensory evaluation

Meat and meat products must comply with their sen-
sory profile when natural antioxidants are added, par-
ticularly when wasted coffee grounds are used. Color, 
odor, appearance, and the overall acceptability scores of 
beef meat incorporating SCGE were superior to those 
of untreated and BHT samples (Figure 2). Based on 
panellists’ observations, SCGE altered only the color of 
raw minced beef when used in higher concentrations. 
These results were consistent with those achieved by 
Bergamaschi et  al. (2023), who found that the overall 
acceptability of pork burgers incorporated with green 
coffee bean extract decreased when the meat’s red color 
intensity was lower and its brown color score was higher. 
Furthermore, this observation was in accordance with 
Soriano et al. (2018), reporting that only higher concen-
trations of plant extracts partially altered meat appear-
ance in burger patties. All sensory attributes decreased 
(P  <  0.05) significantly during storage, as illustrated in 
Figures  2(A–C). Microbial growth and increased oxi-
dation during storage could be the cause of decline in 
meat quality. However, these findings imply that adding 
SCGE to meat as a preservative can enhance its sensory 
qualities.

Figure 2.  Impact of spent coffee grounds extract (SCGE) on sensory attributes of raw minced beef at 4°C. Notes: On the same 
storage day, values with different superscript upper-case alphabets (A–E) are significantly different; on the same concentration, 
values with a different superscript lower-case alphabets (a–e) are significantly different. BHT: butylated hydroxytoluene.
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By day 3, small differences appeared: the tiles matched 
control (untreated) samples and the lowest SCG dose 
(SCGE1) shifted toward values associated with deterio-
ration, while SCGE2, SCGE3, and BHT remained closer 
to the baseline. Differences become more pronounced 
on day 7 and beyond, with the control showing the 
strongest deterioration by day 14. Overall, the heatmaps 
suggested a dose-dependent protective effect of SCGE 
against changes during storage and showed that SCGE 
at 0.5% (SCGE3) demonstrated similar trends as that 
of BHT sample across the 14-day refrigerated storage 
period.

Figures 4(C–E) illustrate the relationship between 
carbonyls, CD, and TBARS levels on days 7, 10, and 14. 
Sohaib et  al. (2017) also confirmed this trend, report-
ing a strong positive association between CD and 
TBARS. Their findings highlighted that elevated pro-
tein oxidation corresponded with increased TBARS 
values, suggesting a strong link between chemical oxi-
dation. Protein oxidation is intimately related to oxida-
tive processes in food, including lipid peroxidation and 
oxygen-dependent enzymatic reactions (Al-Dalali et al., 
2022; Hadidi et al., 2022). Moreover, elevated microbial 
counts, along with both primary and secondary lipid 
oxidation and protein oxidation markers, were linked 
to all sensory traits (Hashemi Gahruie et  al., 2017; 
Wang et  al., 2024). These factors were interconnected 
and collectively influenced the overall meat quality. 
Chemometric techniques have become well-established 
tools for assessing meat authenticity and quality, partic-
ularly through indicators of oxidative stability and color 
properties during storage.

Wang et al. (2021). Deterioration in meat color is mostly 
an oxidative process brought on by structural and chem-
ical alterations in myoglobin. Furthermore, our findings 
on the relationship between sulphydryl levels and meat 
color aligned with that of Estévez et al. (2020), emphasiz-
ing the protective role of sulphydryl compounds against 
oxidation and their critical functioning in maintaining 
quality of meat color.

In the score plot, the untreated control clustered with the 
highest F1 scores: this group depicted the highest TBARS 
and microbial counts, maximum loss of redness and 
minimum sensory scores consistent with uncontrolled 
lipid oxidation and spoilage. BHT and SCGE treatments 
formed distinct clusters: SCGE3 (0.5%) clustered closest 
to the BHT group, SCGE2 (0.25%) occupied an interme-
diate position, and SCGE1 (0.125%) was placed between 
SCGE2 and control. This pattern indicated a dose-de-
pendent protective effect of SCGE on both oxidation and 
microbial parameters, and at the highest concentration, 
SCGE performed comparable to 0.01% BHT in multivar-
iate space.

A heatmap is a two-dimensional (2D) tabular data illus-
tration showing a variety of data values using color. 
This visual illustration makes it easier to understand 
complex information and summarizes a large dataset. 
Figures  4(A–E) illustrate positive correlations between 
various samples and parameters. On day 0, heatmaps are 
broadly homogeneous across treatments, indicating sim-
ilar starting values for measured quality variables (base-
line lipid-oxidation, color indices, microbial indicators, 
and sensory proxies). 

Figure 3.  Score plots of PC1 and PC2 based on (A) all samples and (B) microbial, lipid/protein oxidation, colorimetric, and 
sensory attributes of meat. Note: SCGE: spent coffee grounds extract; BHT: butylated hydroxytoluene.
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Figure 4.  Hierarchical cluster analysis (HCA) and heatmap of physicochemical, microbial, colorimetric, and sensory traits 
of control (untreated, butylated hydroxytoluene [BHT]) and spent coffee grounds extract (SCGE1–SCGE3) samples through 
storage periods: (A) 0 day; (B) 3 days; (C) 7 days; (D) 10 days; and (E) 14 days. 
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