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Abstract

Cold storage has been implicated in the alteration of several biochemical parameters and other cellular compo-
nents in meat, despite its beneficial attributes. Thus, this research seeks to mitigate the breakdown process in meat,
during cold storage (-18 °C) using plant extracts for 28 days. Fresh beef samples were aseptically collected, evalu-
ated, and treated using 5, 10, and 15% Xylopia aethiopica, Rhaphiostylis beninensis, Piper guineense, and butylated
hydroxytoluene, respectively, alongside the control setup for this experiment. The endogenous enzyme activities,
haem iron content and lipolytic parameters were estimated at the beginning and end of the experiment. The results
showed that the beef samples immersed in the spice formulations had increased activities in their endogenous
antioxidant enzymes i.e,, Peroxidase (11.21x 10~* units/mg tissue), Catalase (8.89 x 10~ units/mg tissue), Superoxide
Dismutase (13.60 x 10~ units/mg tissue) at 5, 5, and 10% X. aethiopica, respectively, compared to the control (Per-
oxidase=2.57x10"* units/mg tissue, Catalase =2.86 x 10~* units/mg tissue, and Superoxide Dismutase=4.04x107*
units/mg tissue). It also improved the level of haem iron content (3.02 mg/kg at 5% combined spice formula-

tion), while decreasing the rate of lipolysis (free fatty acid=0.06 g Oleic acid/100 g fat at 5% P. guineense and acid
value=0.08 at 10% P, guineense). Therefore, the outcome of this investigation further affirms that the spices are prom-
ising replacements for synthetic chemical antioxidants for sustaining the oxidative quality of frozen beef.
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ing. Meat preserved through freezing lasts the longest
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with the least degree of quality impairment. However, the
meat’s structure can be torn apart by big ice crystals, lib-
erating several cellular components, including enzymes,
free fatty acids, amino acid residues, and haem iron dur-
ing frozen storage [2]. This causes the degradation of the
sensory qualities of the meat and the depletion of meat
nutrients. Moreover, phospholipids present in cell mem-
branes are susceptible to oxidation owing to the double
bonds found in their structures [3].

Given the foregoing, the necessity for an additional
technique of meat preservation has become more appar-
ent. One supplementary approach is the incorporation of
antioxidants. The synthetically made antioxidant, butyl-
ated hydroxytoluene (BHT) has been widely employed
in the delay or suppression of oxidation and elongation
of the shelf life of meat products consequent upon its
free radical scavenging potency. However, there is rising
market demand for natural antioxidants because of some
reported toxicological impacts of synthetic antioxidants
on the biological system [4]. Accordingly, the counter-
intuitive effects of synthetic antioxidants, have made
plant-based natural antioxidants such as spices more
prominent than ever. In this regard, numerous research-
ers around the globe have investigated spices. For exam-
ple, Hes et al. [5] reported that the incorporation of
extracts of thyme and rosemary in ground fried meat-
balls subjected to frozen storage, inhibited lipid oxidation
and preserved the meat’s nutritional value. Similarly, the
reports of Nikousaleh and Prakas [6] on the preserva-
tive properties of clove, cinnamon and sumac spices on
meat sausages stored under refrigeration for 30 days
revealed that the addition of the spices to the meat sau-
sages resulted in a lower free fatty acid level in the sau-
sages after the storage period. Moreover, Draszanowska
et al. [7] have shown ginger rhizome is a promising sub-
stitute for synthetic antioxidants in preserving pasteur-
ised canned meat products. Additionally, Lopez et al
[8] demonstrated that essential oils from Hop (Humu-
lus lupulus) and Oregano (Origanum vulgare) are viable
alternatives for synthetic antioxidants as peanut oils rich
in oleic acid and fortified with the essential oils, showed
less susceptibility to oxidation compared with sunflower
oils and other high oleic acid peanut oils enriched with
BHT. In another study, Lopez et al. [9] reported that the
essential oils also protected the high oleic peanut oils
from oxidation occasioned by deep frying of the oils.
Moreover, various investigations on Xylopia aethiopica,
Rhaphiostylis beninensis, and Piper guineense spices have
revealed their food preservative potentials, renowned
antioxidant and other biological attributes [10-13].

Xylopia aethiopica, sometimes known as "African pep-
per" (Family: Annonaceae), is said to thrive in forest
areas, frequently beside rivers and areas lacking sufficient
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rainfall. The fruits of Xylopia aethiopica are tiny, swirled
pods containing beans and are cylindrical, dark brown,
about 2.5-5 cm long, and 4-6 mm thick. Five to eight
kidney-like seeds, each measuring around five millime-
tres in length, are contained in each pod. After drying,
the ripe fruit’s colour (green) normally turns brownish-
black [14, 15]. The plant’s bioactive components, vital
nutrients and antimicrobial attributes [16—18] made it
increasingly common among several indigenous Africans
for the management of various disease conditions and
meal preparation.

In the Western and Southern parts of Africa, the woody
climbing Rhaphiotylis beninensis (Icacinaceae), thrives.
Locally, the plant’s root is utilized as a soup relishing
agent. There have been reports of the plant’s antibacterial,
growth inhibition, anti-inflammatory, cytotoxic, anal-
gesic, aphrodisiac, hepatoprotective, anti-sickling, and
anti-oxidant effects [19-21]. Piper guineense, a member
of the Piperaceae family commonly referred to as Ashanti
pepper, West African Black pepper, Guinea pepper, Benin
pepper, and false cubeb in the English language; is a per-
ennial climber that uses its adventitious rootlets to scale
trees up to 12 m high. It is indigenous to Africa’s tropi-
cal rain forests, mostly in the wild. Piper guineense has
exhibited a range of pharmacological effects that have
been confirmed [22, 23].

Previous investigations on R. beninensis, X. aethiopica
and P guineene spices [10-14, 18-26] have established
their antioxidant properties, their plethoric bioactive
chemical components, proximate composition, and min-
eral constituents, their ability to attenuate the formation
of toxic lipid-protein peroxidation products and maintain
an optimum pH and peroxide values in beef samples dur-
ing frozen storage. Findings from these studies invariably
show that the spices are more than just ingredients for
relishing foods and components in therapeutic formula-
tions for a variety of illnesses; they also hold great prom-
ise for the food Industry.

Therefore, the current study aims to provide fresh per-
spectives and insights on using these biologically active
spices as promising strategies to minimise the detrimen-
tal impacts of lipid oxidation in foods, building on and
corroborating the findings of previous research. This will
be accomplished by assessing their modulatory efficacies
on a few biochemical indices in frozen beef, including the
free fatty acid content, haem iron content, acid value, and
the activities of endogenous antioxidant enzymes.

Methodology

Plant samples

The roots of Raphiostylis beninensis, fruits of Xylopia
aethiopica, and seeds of Piper guineense, spices, were
obtained from Koko market located at Oghara, Delta



Evuen et al. BMC Agriculture (2025) 1:1

state, Nigeria. Afterwards, a plant taxonomist from the
Department of Plant Biology and Biotechnology, Uni-
versity of Benin, Nigeria, verified them. To acquire dried,
pulverised plant materials, a waring mechanical blender
(Fisher Inc. USA) was used to homogenise a considerable
quantity of fresh spices that had been subjected to drying
at 27.0 £ 2.0 °C (room temperature) for two weeks. Equiv-
alent amounts of the three ground spices (1:1:1) were
weighed into a big bowl for the combined extract formu-
lation. Every ground component was then subjected to an
extraction process using a maceration method at a ratio
of 500 g ground spice to 2.5 L of methanol. The mixture
was then agitated, allowed to stand for 72 h, and then fil-
tered through muslin cloth. Additionally, using a RotoVap
RE-501, USA rotary evaporator set at 40 °C, the differ-
ent extracts were concentrated in a vacuum into a slurry.
Subsequently, the concentrated extracts were kept at 4 °C
in airtight containers until they were needed.

Collection and evaluation of fresh beef samples

A portion of beef tenderloins from a freshly slaughtered
White Fulani cattle was bought at an abattoir in Oghara,
Delta State (Latitude: 5.5908°N, Longitude: 6.1001°E) and
delivered right away in an ice pack to the laboratory sec-
tion of the Department of Biochemistry at Western Delta
University Oghara, Nigeria. Subsequently, all fatty parts
of the beef samples were meticulously excised with the
aid of a sterilized knife before being submerged in vari-
ous spice extracts.

Experimental design

The experimental design included a control group (beef
samples immersed in distilled water only) and experi-
mental groups comprising beef samples (1.5 g) immersed
in 5, 10, and 15% formulations of pulverized X. aethi-
opica, R. beninensis, and P. guineense spices, their com-
bined (1:1:1) extract formulations and butylated hydroxyl
toluene (standard antioxidant) respectively. Following
that, beef samples were subjected to 28 days of freezing
at —18 °C. At the beginning of storage and on days 4, 8,
12, 16, 20, 24, and 28, the beef samples were routinely
examined for free fatty acid content, acid value content,
haem iron content, catalase, superoxide dismutase, and
peroxidase activities after being defrosted in a biosafety
compartment.

Assessment of the indices of lipolysis in frozen beef
samples

Determination of free fatty acid

Percentage Free Fatty Acids (FFA) level was evaluated
according to the methods described by Rukunudin et al.
[27] and Cunniff [28] with slight modifications. In a dried
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mortal crucible, 1.5 g of each of the samples was homog-
enized using 15 mL of neutralized hexane/ethanol mix-
ture (1:1). The filtration procedure employed a Whatman
filter paper to exclude meat fragments from the filtrate.
Following that, the filtrate was mixed after receiving
2-3 drops of 1% ethanolic phenolphthalein indicator.
Subsequently, the sample was titrated with NaOH solu-
tion (0.01N) until an unchanging pale pink colour was
achieved.

T xN x2824 100
%of FFA as equivalent to oleic acid = —w T (1)
Where: T =the titre value
N =the normality of NaOH
W =Weight of sample
28.24 is the molecular weight of oleic acid divided by a
conversion factor of 10

Determination of acid value

The acid values of frozen beef samples were determined
by the technique of the American Oil Chemists’ Soci-
ety [29]. 1.5 g of each sample was homogenized with
15 mL of chloroform. To separate meat particles from
the filtrate, the homogenized sample was run through
the Whatman #1 filter paper. To the filtrate, 1.5 mL of
neutralized ethanol and 0.5 mL of a 1% phenolphtha-
lein solution were then added. Subsequently, the mix-
ture was thoroughly stirred before being titrated with
a 0.01N NaOH solution to an endpoint of a stable faint
pink colour. Using the following formula, the acid value
was determined:

Sx N x56.1
Acid value = 22— =20 2)
\\4
Where: S=Titer value
N =Number of ml of 0.01 sodium hydroxide required
W =Weight of sample

Determination of Haem iron content

Utilizing acidified acetone extraction and spectro-
photometry, the method of Hornsey [30] was used to
measure the amount of haem iron in the meat samples.
In summary, A 50 mL centrifuge tube containing two
grammes (2 g) of each sample was filled with 9 mL of an
acid acetone mixture made up of 90% acetone, 8% deion-
ized water, and 2% HCL. A glass rod was used to thor-
oughly stir the mixture, which was then allowed to stand
at room temperature for an hour. After that, the extract
underwent a 10-min centrifugation at 2200 g (1186 rpm).
The supernatant was additionally filtered using Whatman
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filter paper, and the absorbance was measured at 640 nm
in comparison to an acid-acetone blank. The following
formula was used to compute the total pigments as hae-
matin [31]:

Total pigment (mg/kg) =Ag,, %X 680 and haem iron will
be calculated thus:

Haem iron (mg/kg) = total pigment (mg/kg) x 8.82/100 (3)

Determination of Enzymatic Antioxidant Activities

The beef samples were processed into 10% tissue
homogenates in 0.86% physiological saline and centri-
fuged at 2000 rpm (444 g) for 10 min. Following that,
the activity of the catalase (CAT), superoxide dismutase
(SOD), and peroxidase (POD) enzymes in the superna-
tant were all measured [32].

Catalase activity

Catalase activity was assessed using the Aebi [33] and
Luck [34] protocols. The reaction mixture (3 mL) con-
tained 100 pL of the tissue homogenate, 400 puL of 60 mM
H,0,, and 2500 puL of 50 mM potassium phosphate
buffer (pH 7) to begin the reaction. For three minutes,
the reaction was monitored at 240 nm. Using a molar
extinction value of 43.6 mM™! cm-!, the CAT activity
was calculated.

Superoxide Dismutase Activity

The method described by Misra and Fridovich [35] was
used to evaluate SOD activity spectrophotometrically. In
brief, a test tube with a total reaction volume of 3000 mL
received 200 pl (uL) of the tissue homogenate, 2500 pL
of a 50 mM carbonate buffer (pH 10.4), and 300 pL of a
0.03 mM adrenaline solution. After the test tube had
equilibrated at room temperature, the absorbance was
measured at 480 nm every 30 s for three minutes against
a reagent blank. Then, SOD activity was calculated using
a molar extinction coefficient of 4.02 mM-1 cm-1 to yield
units/mg protein.

Peroxidase Activity

With modest modifications, the pyrogallol oxida-
tion method [36] was used to investigate POD activity.
Briefly, a 100 pL of 0.05 M pyrogallol, 100 pL of the tissue
homogenate, 2500 pL of 50 mM potassium phosphate
buffer (pH 7), and 300 pL of 1% or 40 mM H,0, were
all included in the 3 mL reaction mixture. The 300 pL of
H,0, served as the reaction’s initiator. For a total of three
(3) minutes, the variations in absorbance were measured
at 470 nm every 30 s, and POD activity was calculated
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using 12 mM ™! cm™%. The activities of CAT, SOD, and
POD in frozen beef tissues incorporated with extracts
of the spices were computed following the mathematical
model below:

AA/min x V7 x D
M, x Vg

Enzyme activity (units/mL) =

(4)

Where; AA/min=Change in absorbance at a given
wavelength per unit time

V= Total volume of assay mixture (mL)

D =Dilution factor

Vs=Volume of the test sample in the assay mixture
(mL)

Ma=DMolar absorption coefficient at a given wave-
length for a specific enzyme (M~! cm™)

. . . . E,
Specific enzyme activity (units/mg protein) = 7
c

(5)
Where; E, =Enzyme activity expressed in units/mL
P.=DProtein concentration expressed in mg/mL

Data Analysis

Data collected from the analyses carried out were pre-
sented as Mean+SEM (standard error of mean) for
three distinct observations. Randomized complete block
design (RCBD), two-way analysis of variance (ANOVA),
was employed in the evaluation of raw data while the
homogeneity of means was determined using Dunnett’s
multiple comparison test (DMCT) at P<0.05. The soft-
ware used for the statistical analysis was Minitab 16.0,
CoStat 6.451, SPSS v.20 and GraphPad Prism (v.8.0.2).

Results

Effects of spice extracts on some indices of lipolysis

of frozen beef samples

Free fatty acid levels

It was observed that 10% spice extract of Piper guineense
gave the best reduction in the amount of free fatty acid
in stored beef sample at day 28 i.e., 0.06 g Oleic acid per
100 g fat (Table 1), compared to that of the standard anti-
oxidant “butylated hydroxytoulene” (BHT =0.08 g Oleic
acid/100 g fat) and control setup for the experiment
(2.14 g Oleic acid/100 g fat), as shown in Fig. 1. Inferably,
5 and 15% spice formulation of Xylopia aethiopica (0.10
and 0.15 g Oleic acid/100 g fat, respectively) also effec-
tively reduced the level of free fatty acid in the pretreated
beef.
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Table 1 Biochemical markers associated with oxidation in pretreated frozen beef samples

Concentration

Parameter Day Treatment 5% 10% 15%
Peroxidase (x107%) Units/mg tissue 0 Fresh beef 643 6.43 6.43
Control 257 2.57 2.57
BHT 13.10 12.50 1217
28 Spice A 11.21 11.30% 9.19
28 Spice B 9.52 9.81 8.26
28 Spice C 9.21 9.62 8.60
28 Combination 10.50 1048 10.00
Catalase (x10™) Units/mg tissue 0 Fresh beef 444 444 444
Control 2.86 2.86 2.86
BHT 10.28 932 8.77
28 Spice A 8.85 8.90%* 7.81
28 Spice B 5.96 6.30 6.33
28 Spice C 6.12 6.08 532
28 Combination 8.89 7.60 7.25
Superoxide Dismutase (x107) Units/mg tissue 0 Fresh beef 9.39 9.39 9.39
Control 4.04 4.04 4.04
BHT 1517 16.17 12.06
28 Spice A 13.60 14.90%* 12.06
28 Spice B 13.00 11.38 13.10
28 Spice C 11.00 11.50 13.00
28 Combination 13.31 14.05 12.94
Free Fatty Acid 0 Fresh beef 0.90 0.90 0.90
g Oleic acid/100g fat 0 Control 2.14° 214 2.14
BHT 0.08 0.08 0.11
28 Spice A 0.10 0.09* 0.15
28 Spice B 0.16 0.24 0.30
28 Spice C 0.19 0.06 0.34
28 Combination 0.11 0.11 0.17
Acid Value 0 Fresh beef 1.28 1.28 128
Control 3.04° 3.04 3.04
BHT 0.11 0.11 0.16
28 Spice A 0.15% 0.13 0.21
28 Spice B 0.23 035 043
28 Spice C 0.27 0.08 048
28 Combination 0.16 0.16 0.24
Haem iron content (mg/Kg) 0 Fresh beef 138 1.38 138
Control 0.46 046 046
BHT 3.10 3.20 312
28 Spice A 298 3.04 2.70
28 Spice B 1.78 240 1.98
28 Spice C 1.96 260 240
28 Combination 3.02 3.06™ 3.02

uqny

The superscript “a” indicates the highest value while * shows the best spice extract
Spice A = Xylopia aethiopica; Spice B = Rhaphiostylis beninensis; Spice C = Piper guineense; BHT = Butylated hydroxytoluene (Standard Antioxidant)

Acid value content Piper guineense had the highest reduction in the acid
The experiment carried out on the pretreated stored value content of the frozen meat samples at day 28 i.e.,
beef samples showed that 10% spice formulation of 0.08, compared to that of the standard treatment used
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commercially (BHT =0.11) and the control setup for the  decreasing the acid value of the stored beefi.e., 5 and 15%
experiment (3.04), as illustrated in Fig. 2. Other spice for-  X. aethiopica (0.15 and 0.21, respectively), as shown in
mulations were also observed to have positive effects in  Table 1.
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Effect of Spice extracts on Haem iron contents of frozen
beef

At the end of the storage period (day 28), it was noted
that 10% combined formulation of the spices effec-
tively increased the haem iron content of the pre-
treated beef samples i.e., 3.06 mg/Kg, compared to that
of the standard antioxidant “butylated hydroxytoulene”
(BHT =3.20 mg/Kg) and the control setup for the experi-
ment (0.46 mg/Kg), as shown in Fig. 3. Furthermore, 5
and 15% combined formulations of the spices respec-
tively increased the haem iron content of the stored beef
samples (3.02 and 3.02 mg/Kg), as shown in Table 1.

Effects of spice extracts on endogenous enzyme activities
of frozen beef

Peroxidase (POD) activity

The peroxidase activity of frozen beef samples incor-
porated with 10% X. aethiopica spice extracts had the
highest increase at day 28 i.e., 11.30x 10~* units/mg tis-
sue (Table 1), compared to that of the standard, BHT
(12.50x 10~* units/mg tissue) and control setup for the
experiment (2.57x107* units/mg tissue), as shown in
Fig. 4. Beef samples pretreated with 5% X. aethiopica
and 15% combined spice formulation (11.21x10~* and
10.00x 10~* units/mg tissue) respectively, also recorded
increased peroxidase activities.
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Superoxide dismutase (SOD) activity

The outcome of the experiment on day 28 (Fig. 5),
showed that 10% Xylopia aethiopica spice-treated
samples gave the best superoxide dismutase activ-
ity (14.90x 10™* units/mg tissue), compared to that of
the standard antioxidant “butylated hydroxytoluene”
(BHT =16.17 x 10~* units/mg tissue), the control setup
for the experiment (4.04x107* units/mg tissue), 5%
Xylopia aethiopica (13.60x10™* units/mg tissue), and
15% Rhaphiostylis beninensis spice-treated beef sam-
ples (13.10x 10~* units/mg tissue), as shown in Table 1.

Catalase (CAT) activity

The 10% spice extract of Xylopia aethiopica gave an
outstanding increment in the catalase activity of stored
beef samples among other spice formulations at day 28
i.e., 8.90x107* units/mg tissue (Table 1), compared to
that of the standard antioxidant “butylated hydroxytou-
lene” (BHT =9.32x10™* units/mg tissue) and control
setup for the experiment (2.86x107* units/mg tis-
sue). Notwithstanding, the 5 and 15% spice formula-
tions of the combined extract and Xylopia aethiopica
(8.89x 107" units/mg tissue and 7.81x10~* units/mg
tissue, respectively) also increased the catalase activity
in the pretreated beef samples (Fig. 6).
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Discussion direct correlation between FFA and AV indicates that
Effect of the spices on indices of lipolysis of frozen beef both values are indicators of the level of lipolysis occur-
The significance of free fatty acids (FFA) is to provide ring during the storage of lipids. The outstanding reduc-
insight into the stability of lipids during storage [37]. tions in the FFA and AV values in the beef samples
As a further indicator of hydrolytic rancidity, the acid  brought about by 10% Piper guineense spice at the end
value (AV) test examines free fatty acids [38]. Thus, the  of the storage period, may be associated with the growth
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inhibition of lipolytic microbes, total myofibrillar protein
solubility, and inhibition of lipolytic enzymes respec-
tively. This observation was corroborated by the reports
of Cilla [39] who stated that, microbial lipases, phospho-
lipases, acid lipases, neutral lipases, phospholipase A,
and lysophospholipase are among the potential lipolytic
enzymes found in beef. Thus, the presence of bioactive
substances with antioxidant capabilities in the spice may
have impeded the action of lipolytic enzymes and lipid
auto-oxidation in the beef during frozen storage, lead-
ing to lower FFA and AV values. This result is consistent
with the studies of Jummai et al. [40] who reported that
application of local spices on fish chubs during frozen
storage(—18°C) yielded lower free fatty acid content in
the fish chubs compared to that of the control (without
spices). Thus, the inability of the control sample to inhibit
the activities of lipolytic enzymes and auto-oxidation
of lipids culminating in increased FFA and AV values
with increasing storage time, could be attributed to the
absence of potent bioactive compounds; indicating that
meat’s natural lipolytic activities could not be prevented/
impeded by freezing alone [2]. Moreover, a stunning out-
come was noted in this research as the spice formulation
of Piper guineense performed better than the standard
synthetic antioxidant, BHT conventionally employed in
the preservation of meat and meat products. This obser-
vation is similar with the findings of Amera et al. [41],
who reported that Rosemary spice extract-treated ground
beef samples during frozen storage exhibited a higher
reductive ability on the FFA content of the beef when

compared with those treated with an equivalent mixture
of butylated hydroxytoluene and butylated hydroxyani-
sole antioxidants. This outcome is a mark of promise that
P, guineense could be explored as a natural preservative to
prevent oxidative rancidity in beef during cold storage, in
place of the synthetic antioxidant.

Effects of graded concentrations of the spices on the haem
iron content of frozen beef

The colour of meats is partially attributed to haem iron,
which is an essential component of myoglobin in meat.
Hence, the dissociation of haem from myoglobin may
result in loss of meat colour [42, 43]. The reductions in
values of haem iron for all beef samples treated with vari-
ous concentrations (5 —15%) of X. aethiopica, R. benin-
ensis, P. guineense spices, and BHT extracts respectively
from day 4 to day 12 may be due to the inability of the
beef samples to absorb the extracts sufficiently during
the aforementioned days, culminating in their inability to
prevent the disruption of haem and release of free iron
from haem [44]. Thus, the visual appearance of the beef
samples during the early days of storage may have been
compromised. However, increasing frozen storage times
and the absence of antioxidants to prevent the eventual
oxidation of myoglobin during frozen storage of the
beef could have led to the resultant reduction in haem
iron content observed in the control sample. Moreover,
the destruction of certain porphyrin rings via oxidative
cleavage and the subsequent dissolution of the haem iron
complex may have contributed to their low haem iron
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content [45]. Additionally, the noticeable increments
observed in post-mortem haem iron content of the fro-
zen beef for all samples containing various formulations
of the extracts and BHT relative to the control on day
28, suggests that the spices which at this time may have
permeated the beef tissues, could have prevented the
release of more free iron from haem iron and plausibly,
the elevated level of soluble haem pigments in the spice
treated samples is attendant to a greater extractability
of haem pigments [44]. Furthermore, the greatest incli-
nation to forestall the liberation of free iron from haem
iron exhibited by the 10% combined extract formulation
may be due to the synergistic actions among the vari-
ous antioxidant spices [46]. This finding concur with the
report of Nishad, et al. [46], who revealed that the syner-
gistic effects of a combined formulation of extracts from
Citrus paradisi peels and Myristica fragrans (0.5 and 1%)
gave better protection of frozen meatballs against oxida-
tion compared to similar concentrations of the individual
extracts.

Time-dependent effect of graded concentrations

of the spices on the activities of endogenous enzymes

of frozen beef

Endogenous antioxidant enzymes such as Peroxi-
dase (POD), Superoxide dismutase (SOD), and Cata-
lase (CAT) have been reported to act as inhibitors of
oxidative processes by facilitating the conversion of
hydrogen peroxides, superoxide anions, and hydrop-
eroxides into non-toxic molecules. As a result, the
build-up of secondary peroxidation products is fore-
stalled [47]. The outstanding increment in the POD,
SOD and CAT activities that were detected on day 28
for beef samples treated with 10% X. aethiopica, sug-
gests an improvement in the functional role of the
endogenous antioxidant enzyme system in the beef to
decompose hydrogen peroxide and superoxide radi-
cals formed during lipid peroxidation. Furthermore,
the trend in CAT and SOD values is consistent with
previous research by Kim and Lee [48]. According to
the authors, proven antioxidant compounds, catechin
and pcynogenol enhanced the CAT and SOD activi-
ties of ground beef samples subjected to refrigerated
storage for 10 days. Interestingly, catechin has been
reported to be the most prevalent antioxidant com-
pound in X. aethiopica [25] and X. aethiopica pos-
sessed higher concentrations of phenolic compounds
than P. guineense and R. beninensis spices [24]. Plausi-
bly, the reported phenolic components present in the
spice is a contributor to the sustained CAT and SOD
activities observed in the X. aethiopica-treated beef
samples. However, the gradual reductions in the POD,
SOD and CAT activities seen for beef samples without
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antioxidant treatment (control) is in line with previous
studies [32, 49] where muscle tissues devoid of antioxi-
dants and kept under frozen storage, showed reduc-
ing SOD and CAT activities in the tissues as storage
progresses. Zheng et al. [32] reported that the activi-
ties of SOD in muscle tissues of three Duck breeds
subjected to freezing for 5 days recorded a downward
trend in values. Correspondingly, El-Zeftawy et al
[50] reported that the activities of the said antioxi-
dant enzymes in the muscle tissues of farmed fish at
the end of a two-day frozen storage was considerably
reduced. The findings of these studies further confirms
the deleterious outcomes of freezing meat and meat
products in the absence of antioxidants. Moreover,
this study reveals that among the antioxidant enzymes,
CAT recorded the lowest activity in beef at the end of
the storage period. Thus, it is reasonable to state that;
Catalase being a heme-containing enzyme, may have
undergone oxidative degradation into carbonyls conse-
quent upon its utilization during the protection of cells
from post-slaughter autooxidation [51, 52].

Conclusion

The present study investigated the practicability of
employing R. beninensis, X. aethiopica and P. guineense
spices as viable replacements for synthetic antioxidants
in the protection of meat against toxicity occasioned by
frozen storage. Furthermore, it also affirms that frozen
storage alone does not prevent the oxidative deteriora-
tion of beef. The spice-treated beef samples exhibited
robust antioxidant features that were comparable to
those of the reference antioxidant. Therefore, the spices
are sustainable alternatives to the synthetic antioxidant,
butylated hydroxytoluene. These findings have validated
the pharmaceutical and preservative efficacies of these
spices presented in our previous studies and those of
other scientific reports. It would also aid meat industries
in the provision of supplementary preservative strategies
that are capable of averting the detrimental impacts of
cold storage on meat and meat products devoid of anti-
oxidants while improving consumer safety. Further inves-
tigation is necessary, nevertheless, to better understand
the influence of the spices on the water-holding capacity
of meats in the course of frozen storage and to determine
the relationship between various chemical compositions
that may represent distinct locations of plants employed
in food systems.

Abbreviations

BHT  Butylated Hydroxytoluene
FFA Free Fatty Acids

SOD  Superoxide Dismutase
POD  Peroxidase

CAT  Catalase

AV Acid Value



Evuen et al. BMC Agriculture (2025) 1:1

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/544399-024-00001-7.

[ Supplementary Material 1. }

Acknowledgements
We greatly appreciate the technical assistance provided by Mr. Festus Oguni
during the experimental analysis phase of this study.

Authors’ contributions

All authors contributed to the study’s conception and design. UFE: Conceptu-
alization, Investigation, Resources, Writing — original draft. NPO: Conceptualiza-
tion, Methodology, Supervision. AA: Investigation, Formal analysis, Validation,
Writing — review & editing. PME: Formal analysis & Validation. EDK: Validation,
Writing — review & editing.

Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Data availability
The authors are willing to supply the datasets utilized and/or analyzed in the
current work upon reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 31 July 2024 Accepted: 5 November 2024
Published online: 05 March 2025

References

1. RenQ-S, Fang K, Yang X-T, Han J-W. Ensuring the quality of meat in cold chain
logistics: A comprehensive review. Trends Food Sci Technol. 2022;119:133-51.

2. Vlahova-Vangelova D, Balev D, Kolev N, Dragoev S. Lipolytic and oxidative
changes in acoustically assisted frozen fattened duck liver. BIO Web of
Conferences. 2023;58:01010.

3. Nakazawa N, Okazaki E. Recent research on factors influencing the quality
of frozen seafood. Fish Science. 2020;86:231-44.

4. Carballo DE, Caro |, Andres S, Giraldez FJ, Mateo J. Assessment of thean-
tioxidant effect of astaxanthin in fresh, frozen and cooked lamb patties.
Food Res Int. 2018:111:342-50.

5. Hes$ M, Gramza-Michatowska A. Effect of plant extracts on lipid oxidation
and changes in nutritive value of protein in frozen-stored meat products.
J Food Process Preserv. 2017;41:12989.

6. Nikousaleh A, Prakash J. Antioxidant Properties of Selected Spices Used in
Iranian Cuisine and Their Efficacy in Preventing Lipid Peroxidation in Meat
Sausages. J Agric Sci Technol. 2016;18(1):67-78.

7. Draszanowska A, Karpifiska-Tymoszczyk M, Olszewska MA. The Effect of
Ginger Rhizome and Refrigerated Storage Time on the Quality of Pasteur-
ized Canned Meat. Food Science Technology International. 2020;26:300—
10. https://doi.org/10.1177/1082013219889439.

8. LdpezP. L, Kay, G, Enemark, G, Grosso, N. R, Olmedo, R.H. Antioxidant
effectiveness between mechanisms of “Chain breaking antioxidant”and
“Termination enhancing antioxidant”in a lipid model with essential oils,
Food Bioscience. 2024:57, 103498 ISSN 2212-4292, https://doi.org/10.
1016/j.fbi0.2023.103498.

9.

20.

21

22.

23.

24.

25.

26.

27.

Page 11 of 12

Lopez PL, Juncos NS, Grosso NR, Olmedo RH. Determination in theef-
ficiency of the use of essential oils of oregano and hop as antioxidants
in deep frying processes. Eur J Lipid Sci Technol. 2024;126(1):2300145.
https://doi.org/10.1002/€jlt.202300145.

Ohemu TL, Bello HO, Datok T, Dafam DG. Piper guineense Schum &
Thonn (Piperaceae) - a review of its pharmacognostic, phytochemical,
ethnomedicinal and pharmacological properties. J Pharm Bioresour.
2024,21(2):42-50.

. Ogueke CC, Nnadi NB, Owuamanam Cl, Ojukwu M, Nwachukwu IN,

Ibeabuchi CJ, Bede EN. Preservative potentials of essential oils of three
Nigerian spices in mixed fruit juice and their antioxidant capacity. Afr J
Biotech. 2018;17(35):1099-110.

Tenyang N, Haman BZ, Tawai AJ, Tabanty ZG, Douka G, Ponka R, Womeni
HM. Leaves of Allium cepa and Xylopia aethiopica fruits as potent sources
of natural antioxidant for stabilization of viscera FISH oil during acceler-
ated storage. Heliyon. 2024;10(10): €31225. https://doi.org/10.1016/j.heliy
on.2024.e31225.

Animashaun TQ, Isijola MOA, Naidoo KK, Coopoosamy RM, Olajuyigbe
0O0. Gas chromatography-mass spectrometry analysis, phytochemical
screening, antioxidant and antibacterial activity of methanol root extract
of Rhaphiostylis beninensis (Hook.f.) planch. [family ICACINACEAE]
against Uropathogens. Biomed Pharmacol J. 2023;16(2):1055-79.
Aguoru CU, Pilla C, Olasan JO. Phytochemical screening of Xylopia
aethiopica with emphasis on its medicinally active principles. Journal of
Medicinal Plants Research. 2016;10(22):306-9.

Imo C, Yakubu OE, Imo NG, Udegbunam IS, Onukwugha OJ. Chemical
composition of Xylopia aethiopica fruits. American Journal of Physiology
Biochemistry and Pharmacology. 2018;7(2):48-53.

Fategbe MA, Avwioroko OJ, Ibukun EO. Comparative biochemical
evaluation of the proximate, mineral, and phytochemial constituents of
Xylopia aethiopica Whole fruits, seed, and pericarp. Prev Nutr Food Sci.
2021,26(2):219-29.

Larayetan R. Antimalarial, antitrypanosomal, antimicrobial activities and
volatile oil profile of Xylopia aethiopica (Dunal) Rich (Annonaceae). Let-
ters in Applied NanoBioScience. 2021;11(3):3897-908.

Ibe C, Irondi EA, Ugbogu EA, Anyamele T. A review of the nutritional and
antimicrobial properties of Xylopia aethiopica A.Rich. Food and Human-
ity. 2023;1:1099-116.

Adeyemi A, Gromek K, Malmir M, Serrano R, Moody J, Silva O. Chemical
profile, phenol content and antioxidant activity of Massularia acuminata,
Rhaphiostylis beninensis, Telfairia occidentalis and Platostoma africanum.
Planta Medica. 2014;80(16):P2B34.

Evuen UF, Apiamu A, Okolie NP, Orji BO. Protective activity of root extract
of Rhaphiostylis beninensis against carbon tetrachloride-induced hepato-
toxicity in wistar rats. Biokemistri. 2020;32(2):93-100.

Ofeimum JO, Ayinde AB, Eze Gl. Methanol Root Extract of Rhaphiostylis
beninensis Planch Ex Benth (Icacinaceae) Reverses Alcohol-induced
Changes in Sex Hormones and Semen Quality in Male Rats. East and
Central African Journal of Pharmaceutical Sciences. 2021;24:50-6.
Alagbe OA, Alagbe GO, Adekunle EA, Ayodele OO, Olorode EM, Oyediran
RI, Oloyede EO, Oluwaloni FO, Oyeleye AO. Ethnomedicinal Uses and
Therapeutic Activities of Piper Guineense: A Review. J Appl Sci Environ
Manag. 2021;25(6):891-901.

Martins, M.L., Jerénimo, G.T, Figueredo, A. B, Tancredo, K. R, Bertaglia, E.
A, Furtado, W. E,, Lehmann, N.B,, Azevedo, PF, & Mourifio, J.L. Chapter 4

- Antiparasitic agents, Editor(s): Frederick S.B. Kibenge, Bernardo Baldis-
serotto, Roger Sie- Maen Chong, Aquaculture Pharmacology, Academic
Press. 2021. Pp 169-217.

Evuen UF, Okolie NP. Antioxidant Prospects of Three African Ethnome-
dicinal Spices. Western Delta University Journal of Natural and Applied
Sciences. 2022,2(1):49-64.

Evuen UF, Okolie NP, Apiamu A. Evaluation of the mineral composition,
phytochemical and proximate constituents of three culinary spices in
Nigeria: A Comparative Study. Sci Rep. 2022;12:20705.

Evuen UF, Okolie NP, Apiamu A, Kpomah ED. Attenuation of frozen
storage-induced toxicity in Beef via incorporation of Culinary Spices.
Food and Humanity. 2023;1:489-99.

Rukunudin IH, White PJ, Bern CJ, Barley TB. A modified method for deter-
mining free fatty acids from small soybeans sample size. Journal of the
American Oil chemists’ Society. 1998;75:563-8.


https://doi.org/10.1186/s44399-024-00001-7
https://doi.org/10.1186/s44399-024-00001-7
https://doi.org/10.1177/1082013219889439
https://doi.org/10.1016/j.fbio.2023.103498
https://doi.org/10.1016/j.fbio.2023.103498
https://doi.org/10.1002/ejlt.202300145
https://doi.org/10.1016/j.heliyon.2024.e31225
https://doi.org/10.1016/j.heliyon.2024.e31225

Evuen et al. BMC Agriculture (2025) 1:1

28.

29.

30.

31

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Cunniff, . AOAC international official methods of analysis. (167 ed.).
Gaithersburg, MD, USA. Association of Official Analytical Chemists (AOAC)
(1975). 11" ed. Official methods of Analysis. Washington, DC, USA. 1999.
American Oil Chemists’ Society (AOCS). Commercial fats and oils. Official
methods and recommended practices. 5th ed. Washington, DC. 1997.
Hornsey HC. The colour of cooked cured pork - Estimation of the nitric
oxide haem pigments. J Sci Food Agric. 1956;7:534-40.

Lee BJ, Hendricks DG, Cornforth DP. A comparison of carnosine and
ascorbic acid on colour and lipid stability in a ground beef patties model
system. Meat Sci. 1999;51:245-53.

Zheng N, Zhang L, Xin Q, Miao Z, Zhu Z, Li L, Huang Y. Changes in
antioxidant enzymes in postmortem muscle and effects on meat
quality from three duck breeds during cold storage. Can J Anim Sci.
2018;100(2):234-43.

Aebi, H. Catalase, In: Packer L (Eds.). Methods in enzymology. Academic
press, Orlando. 1984. pp. 121-126.

Luck H. Methods in enzymatic analysis. New York: Academic Press; 1974.
p. 885.

Misra HP, Fridovich |. The role of superoxide anion in the auto-oxidation
of epinephrine and Simple assay for superoxide dismutase. J Biol Chem.
1972,247:3170.

Reddy KP, Subhani SM, Khan PA, Kumar KB. Effect of light and benzy-
ladenine on Dark treated graving rice (Oryza sativa) leaves - changes in
peroxidase activity. Plant Cell Physiology. 1995,26:987-94.

Das AK, Nanda PK, Madane P, Biswas S, Das A, Zhang W, Lorenzo JM. A
comprehensive review on antioxidant dietary fibre enriched meat-based
functional foods. Trends Food Sci Technol. 2020;99:323-36.

Gheisari HR. Correlation between acid, TBA, peroxide and iodine

values, catalase and glutathione peroxidase activities of chicken,

cattle and camel meat during refrigerated storage. Veterinary World.
2011;4(4):153-7.

Cilla A, Altarriba J, Guerrero L, Gispert M, Martinez L, Moreno C, Beltran JA,
Guardia MD, Diestre A, Arnau J, Roncales P. Effect of different Duroc line
sires on carcass composition, meat quality and dry-cured ham accept-
ability. Meat Sci. 2006;72:252-60.

Jummai AT, Negbenebor CA, Ayo RG, Okoli BJ. Effect of temperature on
pH and free fatty acid content of Clarias gariepinus chubs persevered
with local spices. International Journal of Advanced Research and Devel-
opment. 2016;1(9):1-5.

Amera MS, Al-Rubeii A-K, Khadom MJ. Effect of Some Natural and
Synthetic Antioxidantson Ground Beef Meat during Cold Storage. Alexan-
drian Journal of Food Science and Technology. 2009;6(1):1-16.

Buzala M, Slomka A, Janicki B. Heme iron in meat as the main source of
iron in the human diet. Journal of Elementology. 2016;21:303-14.

XingY, Gao S, Zhang X, Zang J. Dietary Heme-Containing Proteins: Struc-
tures, Applications, and Challenges. Foods. 2022;11(22):3594. https://doi.
0rg/10.3390/foods11223594.

Ozer O, Saricoban C. The effects of butylated hydroxyanisole, ascorbic
acid, and a-tocopherol on some quality characteristics of mechanically
deboned chicken patty during freeze storage. Czech Journal of Food
Science. 2010;28:150-60.

Kunyaboon S, Thumanu K, Park JW, Khongla C, Yongsawatdigul J. Evalu-
ation of Lipid Oxidation, Volatile Compounds and Vibrational Spectros-
copy of Silver Carp (Hypophthalmichthys molitrix) during Ice Storage as
Related to the Quality of Its Washed Mince. Foods. 2021;10:495.

Alamed J, Chaiyasit W, McClements DJ, Decker EA. Relationships between
free radical scavenging and antioxidant activity in foods. J Agric Food
Chem. 2009;57(7):2969-76.

Nishad J, Koley TK, Varghese E, Kaur C. Synergistic effects of nutmeg and
citrus peel extracts in imparting oxidative stability in meat balls. Food Res
Int. 2018;106:1026-36.

Ighodaro O, Akinloye O. First-line defence antioxidants-superoxide
dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPX): Their
fundamental role in the entire antioxidant defence grid. Alexander Jour-
nal of Medicine. 2018;54:287-93.

Kim, B. & Lee, Y. Effect of Antioxidant on Quality of Ground Beef during
the Refrigeration Storage. The Korean Journal of Food and Nutrition. 24.
2011. https://doi.org/10.9799/ksfan.2011.24.3.422.

El-Zeftawy HM, Mousa MM, Arafa MM, Eid HM. Effect of Freezing on
Antioxidant Enzymes Content in Muscle Tissue of Farmed Fish. Alexandria
Journal of Veterinary Sciences. 2021;70(1):89-95.

Page 12 of 12

51. Utama DT, Lee SG, Baek KH, Kim H, Cho C, Lee C, Lee SK. Correlation
between antioxidant enzyme activity, free iron content and lipid oxida-
tion in four lines of korean native chicken meat. Korean J Food Sci Animal
Resource 3.2016;6(1):44-60.

52. Yuzugullu KY. Typical Catalases: Function and Structure. Glutathione
System and Oxidative Stress in Health and Disease. 2020. https://doi.org/
10.5772/intechopen.90048.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.3390/foods11223594
https://doi.org/10.3390/foods11223594
https://doi.org/10.9799/ksfan.2011.24.3.422
https://doi.org/10.5772/intechopen.90048
https://doi.org/10.5772/intechopen.90048

	Bio-modulation of specific biochemical markers linked with oxidative stability in frozen beef
	Abstract 
	Introduction
	Methodology
	Plant samples
	Collection and evaluation of fresh beef samples
	Experimental design
	Assessment of the indices of lipolysis in frozen beef samples
	Determination of free fatty acid
	Determination of acid value
	Determination of Haem iron content

	Determination of Enzymatic Antioxidant Activities
	Catalase activity
	Superoxide Dismutase Activity
	Peroxidase Activity

	Data Analysis

	Results
	Effects of spice extracts on some indices of lipolysis of frozen beef samples
	Free fatty acid levels
	Acid value content

	Effect of Spice extracts on Haem iron contents of frozen beef
	Effects of spice extracts on endogenous enzyme activities of frozen beef
	Peroxidase (POD) activity
	Superoxide dismutase (SOD) activity
	Catalase (CAT) activity


	Discussion
	Effect of the spices on indices of lipolysis of frozen beef
	Effects of graded concentrations of the spices on the haem iron content of frozen beef
	Time-dependent effect of graded concentrations of the spices on the activities of endogenous enzymes of frozen beef

	Conclusion
	Acknowledgements
	References


