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Abstract 

The bioactive compounds in a food matrix can exist either in their free form or bound to other endogenous com-
pounds, which may affect their bioactivities. This study investigated the impact of endogenous proteins and lipids 
on the phenolics profile, anti-nephrolithiasis, and antioxidant activities of Monodora myristica (African nutmeg) seed. 
Endogenous proteins and lipids in M. myristica seed flour were removed by deproteinization and defatting, to obtain 
the deproteinized, defatted, and deproteinized-defatted flours. The native flour served as a control. Phenolics com-
pounds in the flours were quantified using HPLC-DAD, while nephrolithiasis-associated enzymes (xanthine oxidase 
and urease) inhibitory and antioxidant activities were determined using a spectrophotometer. Nine phenolic com-
pounds (gallic, chlorogenic, caffeic, p-coumaric, ellagic acids, catechin, rutin, quercetin and luteolin) were detected 
in the native flour, with quercetin as the most abundant. The concentrations of the phenolic compounds, nephro-
lithiasis-associated enzymes inhibitory, and antioxidant activities of the flour decreased significantly due to depro-
teinization and defatting. Overall, the native flour had the highest concentrations of phenolics and the most potent 
enzymes inhibitory and antioxidant activities, followed by the defatted, deproteinized, and deproteinized-defatted 
flours. Hence, endogenous proteins and lipids may enhance the phenolics profile, anti-nephrolithiasis and antioxidant 
activities of M. myristica seed. This could have application in the development of functional food products and nutra-
ceuticals targeting nephrolithiasis.
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Graphical Abstract

Introduction
Matrix interaction is an important factor affecting the 
bioaccessibility, bioavailability, and bioactivity of bio-
active compounds in foods, including polyphenolic 
compounds (Pinarli et  al. 2020). Plant-derived bioac-
tive compounds usually exist either in their free form or 
bound with the macronutrients (proteins, carbohydrates, 
and lipids) in the food matrix (Jakobek  2015; Irondi 
et  al.  2022). Phenolic compounds, for example, occur 
in their free, soluble conjugated, and insoluble bound 
forms (Jimenez-Pulido et al. 2022). They exist mainly as 
glycosides bonded to different sugar moieties or as other 

complexes bonded to lipids, amines, carbohydrates, other 
phenols, and organic acids (Liu et  al. 2007). Further, 
some recent studies have demonstrated that food matrix 
affects its functionalities, including the functional prop-
erties, bioactive constituents, and biological activities. 
For instance, Pessato et al. (2018) reported that the inter-
action of whey proteins with phenolic compounds from 
tea and coffee reduced the whey protein’s allergenicity. 
Similarly, Sęczyk et  al. (2021) demonstrated that phe-
nolic–food matrix components interactions negatively 
impacted the antioxidant activity, in vitro bioaccessibility 
of phenolic compounds, and nutrient digestibility.



Page 3 of 10Irondi et al. Food Production, Processing and Nutrition            (2023) 5:52  

Phenolic compounds have attracted the most atten-
tion among the bioactive compounds in plant foods, 
due to their diverse biological activities and health 
benefits. They are notable for their antioxidant, anti-
diabetic, digestive enzymes inhibitory, and anti-hyper-
tensive activities (Servili et al. 2013; Irondi et al. 2019). 
They also impact some important functional qualities 
of food products, such as flavour, colour, and oxida-
tive stability (Sęczyk et al.  2021), thereby maintaining 
their nutritional quality (Avila-Roman et  al.  2021; 
Irondi et  al.  2022). In addition, phenolic compounds 
were reported to inhibit xanthine oxidase and ure-
ase (Nile et al. 2017), and possess anti-nephrolithiasis 
(Irondi 2020) activity.

Nephrolithiasis (also known as urolithiasis or kidney 
stone) is a heterogeneous disease that results from an 
imbalance between the rate of solubility and precipita-
tion of salts in the urinary tract and kidneys, leading to 
the presence of renal calculi (Han et  al.  2015; Mukasa 
& Sung  2020; Toole et  al.  2021). Among the urinary 
diseases, it ranks as the third most common disorder, 
with 10 to 12% of people in industrialized countries 
having it during their lifetime (Nirumand et  al.  2018). 
Depending on the aetiological factor, different types of 
nephrolithiasis, including uric acid, struvite, and cal-
cium nephrolithiasis, are known. Uric acid nephrolithi-
asis accounts for about 10% of all nephrolithiasis cases 
(Sakhaee  2014), and its development has been linked 
to the activities of xanthine oxidase (Irondi 2020). Xan-
thine oxidase catalyzes the last two reactions of purine 
nucleotides catabolism, leading to the formation of xan-
thine and, subsequently, uric acid (Berry & Hare 2004). 
The accumulation of the uric acid so-produced, pre-
cipitates the pathogenesis of uric acid nephrolithi-
asis (Leonardo et al. 2018). On the other hand, struvite 
nephrolithiasis accounts for 1–5% of all nephrolithi-
asis cases. It develops as a result of repeated infection 
with urease-producing gram-negative bacteria (Sorokin 
& Pearle  2018). The urease, produced by the gram-
negative bacteria in the urinary system of susceptible 
humans, is a nickel-containing metalloenzyme that cat-
alyzes the hydrolysis of urea, forming ammonium and 
carbon (IV) oxide (Khan et al. 2014).

The involvement of xanthine oxidase and urease in 
the development of uric acid and struvite nephrolithi-
asis underpins the clinical use of the inhibitors of these 
two enzymes for their treatment. Hence, allopurinol 
(xanthine oxidase inhibitor) and acetohydroxamic acid 
(urease inhibitor), are used for the treatment of uric 
acid and struvite nephrolithiasis, respectively (Sorokin 
& Pearle  2018). However, the clinical use of these two 
drugs is associated with some adverse effects that 
undermine their therapeutic effectiveness. Some of the 

side effects of allopurinol include hypertransamina-
semia and Stevense-Johnson syndrome, while those of 
acetohydroxamic acid include anaemia, thrombophle-
bitis, gastrointestinal discomfort, rash and headache 
(Sorokin & Pearle 2018). Against the backdrop of these 
side effects, recent studies have shown that bioactive 
constituents of plant origin, especially phenolic com-
pounds, are potent inhibitors of these enzymes, and 
may be a safer alternative for the treatment of nephro-
lithiasis (Irondi 2020).

Some plants reported to be beneficial for preventing 
and managing kidney stones include green tea (Camel-
lia sinensis), pomegranate (Punica granatum), black-
cumin (Nigella sativa), roselle (Hibiscus sabdariffa) 
(Nirumand et  al.  2018). Albeit, the concentration and 
biological activities of phenolic compounds in plant 
foods, such as Monodora myristica (African nutmeg), 
are affected by different factors. Some of those factors 
include food matrix interaction (Irondi et al. 2022) and 
processing method (Domínguez-Fernandez et al. 2021). 
Pertaining to food matrix interaction, the removal of 
endogenous lipids and proteins from sorghum flour led 
to a decrease in the bioactive constituents’ levels and 
antioxidant activity of the flour (Irondi et  al., 2022; Ye 
et  al., 2018) also demonstrated that endogenous pro-
teins and lipids removal in rice flour resulted in an 
increased in vitro starch digestibility of rice flour.

M. myristica, a member of the Anonaceae family, is 
an under-utilized spice in Africa and Asia that is rich in 
bioactive constituents (Afolabi et al. 2021; Ekeanyanwu 
et al. 2021). It is indigenous to West, East and Central 
Africa, and thrives in the West African evergreen for-
est. The seed of M. myristica is aromatic and its pow-
der serves as a condiment that adds flavour to soups, 
stews, desserts, and cakes (Moukette et  al.  2015). 
The seed’s powder also serves as a stimulant in pep-
per soup for alleviating post-parturition passive uter-
ine hemorrhage in women and relieving constipation 
(Ekeanyanwu 2013). Some bioactivities that have been 
reported for M. myristica include anti-depressant 
(Ekeanyanwu et al. 2021), anti-inflammatory, and anti-
nociceptive (Ishola et  al.  2016). With these reported 
bioactivities, the influence of matrix on the bioactive 
constituents and bioactivities of M. myristica may have 
important implications on its health benefits, as ear-
lier suggested in other staples (Kaur et al. 2016). Also, 
understanding food matrix interactions can provide 
vital information on their functionalities in real food 
systems (Zhang & Hamaker  2003). Therefore, this 
study investigated the impact of endogenous proteins 
and lipids on the phenolics profile, anti-nephrolithi-
asis, and antioxidant activities of M. myristica seed, 
in vitro.
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Methodology
Chemicals and reagents
Jack bean urease, thiourea, urea, allopurinol, xanthine 
oxidase, xanthine, Trolox, 2,2´-azino-bis-3-ethylben-
zthiazoline-6-sulphonic (ABTS), L-ascorbic acid, and 
2,2-diphenylpicrylhydrazyl (DPPH) were Sigma (St. 
Louis, USA) products. HPLC grade methanol, formic 
acid, acetic acid, gallic acid, chlorogenic acid, p-coumaric 
acid, ellagic acid, caffeic acid, catechin, rutin, luteolin 
and quercetin were products of Merck (Darmstadt, Ger-
many). All other reagents, chemicals and solvents used in 
the experiments were of analytical grade.

Sample collection and preparation
A sample (500  g) of M. myristica seeds (Fig.  1) was 
bought from Ipata market in Ilorin, Kwara State, Nigeria. 
Subsequently, the sample was sorted, pulverized into fine 
flour with a kitchen grinder, and kept air-tight in a refrig-
erator for further analysis.

Deproteinization and defatting of sample
Endogenous proteins and lipids were removed from three 
different portions (100 g each) of the M. myristica flour 
by deproteinization, defatting, and deproteinization fol-
lowed by defatting (deproteinization-defatting) as per the 
procedure reported by Annor et al. (2013), with a slight 
modification. The flour was deproteinized by alkaline 
protease hydrolysis. This process was carried out by mix-
ing 100  g of the flour with 800 mL of alkaline protease 
solution (120 U/mL), prepared in a carbonate buffer 
(0.02  M, pH 9.0) in a beaker. Next, the suspension was 
kept in a water bath (at  45oC) for 4  h, stirring continu-
ously to achieve hydrolysis. Afterwards, the suspension 

was subjected to centrifugation for 10 min at 4000 rpm, 
and the solid residue was collected. The alkaline pro-
tease hydrolysis was repeated on the residue, after it was 
washed with distilled water to a neutral pH (7.0) to yield 
the deproteinized flour.

The flour was defatted by blending 100  g with petro-
leum ether (500 mL), followed by continuous stirring for 
4  h at room temperature. The suspension was filtered 
through a Whatman filter paper (No. 2) and the resulting 
residue was collected. The defatting process was repeated 
twice on the residue, after which the defatted flour was 
obtained. Deproteinization-defatting process was per-
formed by deproteinizing and defatting 100  g of the 
flour sequentially, according to the procedures described 
above. Finally, the deproteinized, defatted, and depro-
teinized-defatted samples were oven-dried to a constant 
weight at  45oC, and stored in air-tight sample containers 
for further analysis.

Preparation of flour extracts
The procedure outlined by Engida et  al. (2013) was 
adopted to prepare the flours extracts for analyses. This 
was done by soaking 2  g of each of the flours (native, 
deproteinized, defatted, and deproteinized-defatted) with 
20 mL of methanol for 24  h. Subsequently, the suspen-
sion was spun in a centrifuge at 4000  rpm for a period 
of 5 min. The supernatant was collected, concentrated at 
45 °C in a rotary evaporator, and later reconstituted with 
methanol (6 mL).

Quantification of phenolics compounds by high‑performance 
liquid chromatography (HPLC)
A reverse-phase HPLC system (Shimadzu, Kyoto, 
Japan) was used for the quantification of phenolic com-
pounds (Irondi et al. 2018). The HPLC instrumentation 
consisted of an auto-sampler, a reciprocating pumps 
attached to a degasser with a CBM 20  A integrator, 
diode-array detector (DAD), and LC solution 1.22 SP1 
software. Flour extract (15  mg/mL) was injected into 
a reverse-phase Phenomenex  C18 column (4.6  mm x 
250 mm) packed with 5 μm diameter particles. The flow 
rate and injection volume were of 0.7 mL/min and 40 
µL, respectively. The mobile phase consisted of 0.5% 
(v/v) aqueous formic acid (solvent A) and 1% (v/v) ace-
tic acid in methanol (solvent B). The extract and mobile 
phase were filtered through a 0.45  μm membrane fil-
ter (Millipore) and then degassed by ultrasonic bath 
prior to injection. Stock solution (0.030–0.250  mg/
mL) of each phenolic compound’s standard reference 
was prepared in the HPLC mobile phase. The binary 
elution system used was as follows: 2% B at an initial 
5  min to wash the column, a linear gradient of 8% B 
(15 min), 12% B (30 min), 24% B (45 min). After 50 min, Fig. 1 Monodora myristica seeds



Page 5 of 10Irondi et al. Food Production, Processing and Nutrition            (2023) 5:52  

the organic phase concentration was brought back 
to 2% (B) and lasted 10  min for column equilibration. 
The wavelengths for detections were 254  nm (gallic 
and ellagic acids), 280  nm (catechin), 327  nm (caffeic, 
chlorogenic, and p-coumaric acids), and 366 nm (rutin, 
quercetin and luteolin). Confirmation of chromatog-
raphy peaks and quantification of their corresponding 
phenolic compounds were achieved by comparing their 
retention time with those of reference standards and 
by DAD spectra (200 to 500  nm). All chromatography 
operations were carried out at ambient temperature.

Enzymes inhibition assays
Assay for xanthine oxidase inhibition
The procedure outlined by Osada et  al. (1993) was 
adopted to assay for the xanthine oxidase inhibitory 
activity of the flour extract. In this assay, xanthine and 
allopurinol was used as substrate and reference inhibi-
tor, respectively. Solution of 15 mM xanthine and 0.1 
mU/µL xanthine oxidase were prepared fresh with 50 
mM Tris–HCl buffer (pH 7.4). Thereafter, xanthine 
oxidase (10 µL) was mixed with 1950 µL of varied con-
centrations (10, 20, 30, 40  µg/mL) of the extract and 
xanthine solutions (40 µL), and incubated for 10  min 
at  37oC. Afterwards, the hydrolytic reaction was stalled 
by adding 50 µL of 3.2% (v/v) perchloric acid solution 
in Tris–HCl buffer (50 mM, pH 7.4). The absorbance 
reading of the uric acid produced was taken at 292 nm. 
Subsequently, the inhibition of xanthine oxidase (%) 
and  IC50 (extract concentration that inhibited 50% of 
xanthine oxidase activity) were calculated.

Assay for urease inhibition
The protocol of Jaffary et  al. (2016) was followed to 
assay for the urease inhibitory activity of the flour 
extracts, with urea and thiourea as the substrate and 
reference inhibitor, respectively. In this assay, jack bean 
urease (500 µL) and 100 µL of different concentrations 
of the extract (10, 20, 30, 40 µg/mL) was incubated for 
30 min at 37  °C. Thereafter, urea (1100 µL) was added 
and the mixture was further incubated for 30  min at 
37  °C. Next, phenol reagent (1% phenol and 0.005% 
sodium nitroprusside, w/v) and alkali reagent (0.5% 
NaOH and 0.1% sodium hypochlorite, w/v), were added 
to the test mixture. Afterwards, the test mixture was 
subjected to incubation for 2 h at 37 °C, and the absorb-
ance reading of the ammonia resulting from urease-
catalyzed hydrolytic reaction was taken at 635 nm. The 
inhibition of urease (%) and  IC50 (extract concentration 
that inhibited 50% of urease activity) were calculated.

Antioxidant activity assays
Assay for  ABTS*+ scavenging capacity
The procedure outlined by Re et al. (1999) was adopted 
to assay for the  ABTS*+ scavenging capacity of the 
extracts.  ABTS•+ reagent was prepared by mixing aque-
ous solutions of  ABTS•+ (7 millimole/L) and  K2S2O8 (2.45 
millimole/L) in an equal volume and incubating the mix-
ture in the dark at room temperature for 16 h. After that, 
the reagent’s absorbance reading at 734 nm was adjusted 
to 0.70 ± 0.02 with ethanol (95%). Next, 2.0 mL of the 
 ABTS•+ reagent and 0.2 mL of the four extract were dis-
pensed in a test tube, vortexed and incubated for 15 min 
in the dark at room temperature. The absorbance was 
read at 734  nm and the  ABTS•+ scavenging capacity of 
the extract was calculated from a trolox (1–20 mM) cali-
bration curve and expressed as trolox equivalent antioxi-
dant capacity (TEAC) in millimole per gram.

Assay for  DPPH• scavenging capacity
Assay for  DPPH• scavenging capacity was performed as 
per the protocol of Cervato et al. (2000). A mixture con-
sisting of 1.0 mL of different dilutions of the flour extract 
(or ascorbic acid, a reference antioxidant) and 3.0 mL 
of  DPPH• solution (60 micromole/L) was incubated for 
30 min at room temperature. Afterward, the absorbance 
reading was taken at 517  nm and the  DPPH• scaveng-
ing capacity of the extract was expressed as  SC50 (extract 
concentration that scavenged 50% of  DPPH•).

Assay for reducing power
Assay for ferric reducing power of the extract was per-
formed as per the procedure of Oyaizu (1986). Flour extract 
(2.5 mL) was mixed with 200 mM sodium phosphate buffer, 
pH 6.6, (2.5 mL) and 1% potassium ferricyanide (2.5 mL). 
The mixture was incubated at  50oC for 20 min, after which 
10% trichloroacetic acid (2.5 mL) was added to it. Next, 2.5 
mL of the mixture was transferred into two different test 
tubes, followed by the addition of distilled  H2O (2.5 mL) 
and 0.1% ferric chloride (1 mL) to each tube. Thereafter, the 
absorbance reading was taken at 700 nm and the reducing 
power of the extract was calculated from a gallic acid (10–
100 mg gallic acid/mL) calibration curve, and expressed as 
GAE mg/g (gallic acid equivalent in mg per g).

Assay for Iron (II) chelation
Assay for iron (II) was performed by adopting the pro-
tocol outlined by Puntel et al. (2005). A mixture of 0.1 M 
Tris-HCl, pH 7.4, (168 µL), normal saline (218 µL) and 
different dilutions of the extract (or ascorbic acid, a refer-
ence antioxidant) and freshly prepared 500 micromole/L 
 FeSO4 (150 µL) was incubated for 5  min at room tem-
perature. Subsequently, 0.25% 1,10-phenanthroline (13 
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µL) was added and the absorbance reading was taken at 
510  nm. Iron (II) chelation by the extract was later cal-
culated and expressed as  SC50 (extract concentration that 
chelated 50% of  Fe2+) in µg/mL.

Data analysis
Results of triplicate determinations of the different treat-
ments were subjected to one-way analysis of variance 
(ANOVA). This was followed by Duncan’s multiple range 
test for mean values comparison at p < 0.05. The Statisti-
cal Package for Social Science (SPSS) software, 17th ver-
sion, was used for the data analysis.

Results and discussion
Phenolic compounds in native and treated M. myristica 
flour
The phenolic compounds, quantified using HPLC-DAD, 
in the native and treated (deproteinized, defatted, and 

deproteinized-defatted) M. myristica flours are presented 
in Table  1. Figure  2 also depicts a representative chro-
matogram of the phenolic compounds’ profile. The phe-
nolic compounds quantified in the flours belong to three 
major classes of polyphenols, including phenolic acids 
(gallic, chlorogenic, caffeic, p-coumaric and ellgic acids), 
flavonoids (rutin, quercetin and luteolin) and tannins (cat-
echin). Quantitatively, the flavonoids, quercetin followed 
by rutin, were the most abundant. These were followed 
by chlorogenic acid, a phenolic acid. The levels of phe-
nolics compounds, including gallic acid, catechin, chlo-
rogenic acid, caffeic acid, p-coumaric acid, ellagic acid, 
rutin, quercetin and luteolin quantified in the M. myristica 
native flour in this study differed from those reported by 
Feyisoyo and Oluokun (2014). The differences may be due 
to variations in biotic and abiotic factors, sample collection 
period and extraction method, which are known to affect 
the contents of bioactive compounds in plants, as well as 

Table 1 Phenolic compounds content of native and treated M. myristica flour

Results are mean ± standard deviations (SD) of triplicate determinations. Mean values followed by different superscript letters along the same row vary significantly at 
p < 0.05. ND not detected

Phenolic compound (mg/g) Native Deproteinized Defatted Deproteinized-
defatted

Chlorogenic acid 4.36 ± 0.09a 2.08 ± 0.07b 4.02 ± 0.06a 0.54 ± 0.01c

Caffeic acid 4.29 ± 0.03a 2.16 ± 0.04c 3.09 ± 0.02b 0.99 ± 0.01d

Gallic acid 1.99 ± 0.02a 1.27 ± 0.02c 1.81 ± 0.01b 0.4 ± 0.01d

p-Coumaric acid 1.85 ± 0.02a 0.88 ± 0.01c 1.66 ± 0.02b ND

Ellagic acid 4.19 ± 0.03a 2.94 ± 0.02c 3.66 ± 0.04b 1.06 ± 0.01d

Quercetin 8.01 ± 0.05a 2.28 ± 0.04c 5.33 ± 0.04b 1.34 ± 0.03d

Rutin 4.41 ± 0.06a 2.16 ± 0.02c 3.45 ± 0.05b 1.18 ± 0.02d

Luteolin 3.37 ± 0.04a 1.71 ± 0.01c 2.55 ± 0.02b 0.82 ± 0.01d

Catechin 0.85 ± 0.03a 0.41 ± 0.01c 0.72 ± 0.02b ND

Fig. 2 Chromatogram of M. myristica flour. Peaks 1, 2, 3, 4, 5, 6, 7, 8, and 9 represent gallic acid, catechin, chlorogenic acid, caffeic acid, p-coumaric 
acid, ellagic acid, rutin, quercetin, and luteolin, respectively
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their biological activities (Mpofu et al. 2006). In addition, 
variations in analytical techniques may have contributed to 
the differences: we used a reverse-phase HPLC-DAD for 
the phenolics quantification in this study, while Feyisoyo 
and Oluokun (2014) used gas chromatography coupled to 
flame ionization detector (GC-FID) in their study.

Since phenolic compounds exist in their free, soluble 
conjugated, and insoluble bound forms (Jimenez-Pulido 
et  al.  2022), we investigated the effect of endogenous 
proteins and lipids on the phenolic compounds’ levels of 
the M. myristica flour. Deproteinization, defatting, and 
deproteinization-defatting of the M. myristica gener-
ally led to significant losses (p < 0.05) in the levels of the 
individual phenolic compounds, with deproteinization-
defatting causing the highest loss, followed by depro-
teinization and then defatting. It was also observed that 
deproteinization-defatting led to absolute loss of catechin 
and p-coumaric acid, as these two compounds were not 
detected in the deproteinized-defatted flour. The observed 
losses of the phenolic compounds might be attributed to 
the leaching of the phenolic compounds during the treat-
ments. For the deproteinization process, the alkaline 
protease-catalyzed hydrolysis, subsequent decantation of 
the hydrolyzed protein, and washing the resulting resi-
due may have facilitated the leaching of the water-soluble 
free and protein-bound phenolic compounds, leading to 
the observed losses. Pertaining to the losses due to the 
defatting process, the fat-soluble free and lipid-bound 
phenolic compounds may have also been lost through 
leaching into the organic solvent (petroleum ether) used 
for the fats removal. The susceptibility of lipophilic phe-
nolic compounds to degradation (Zhou et  al.  2021) may 
have also contributed to the losses. Zhu (2015) had ear-
lier revealed that the de-compartmentalization and disin-
tegration of plant cells occurred during food processing 
under mechanical shearing forces, leading to the release 
of different chemical constituents from their respective 
cell compartments. These processes may have led to the 
loss of the phenolic compounds in the M. myristica flour.

Nephrolithiasis-associated enzymes (xanthine oxidase 
and urease) inhibitory activity of native and treated M. 
myristica flour
The nephrolithiasis-associated enzymes (xanthine oxi-
dase and urease) inhibitory activity of the M. myristica 

flour extract, expressed in terms of  IC50 (extract concen-
tration that inhibited the activity of the enzyme by 50%), 
is presented in Table 2. The  IC50 values for both enzymes 
were in a consistent order of native < defatted < deprotein-
ized < deproteinized-defatted. Since a lower  IC50 value 
is indicative of a more potent inhibitory activity (Irondi 
et  al.  2018), the native flour with the least  IC50 values 
against xanthine oxidase and urease (20.56 ± 1.72 and 
17.86 ± 1.13  µg/mL, respectively), had the most potent 
inhibitory activity, followed by the defatted, deprotein-
ized, and deproteinized-defatted flour. However, allopu-
rinol and thiourea, the reference inhibitors of xanthine 
oxidase and urease, respectively, displayed stronger 
inhibitory activities against their respective enzymes 
than the M. myristica flour.

The decreasing order in the xanthine oxidase and ure-
ase inhibitory activities of the extracts due to depro-
teinization, defatting, and deproteinization-defatting 
corresponded with that of their phenolics compounds 
contents (Table 1). This trend is instructive as it accen-
tuates the prominent role of phenolic compounds as 
antioxidant and anti-nephrolithiasis compounds in 
plants. Plant-derived polyphenolic compounds have an 
affinity for proteins, including enzymes, via hydrogen 
and hydrophobic bonding, and this enhances polyphe-
nolics-rich plant extract’s capacity to inhibit enzymes by 
denaturing them (Villiger et  al.  2015). Mechanistically, 
the  OH− groups at the fifth (C-5) and seventh (C-7) car-
bons of flavones and flavonols are capable of replacing 
the  OH− groups at the second (C-2) and sixth (C-6) car-
bons of xanthine in the active site of xanthine oxidase 
(Cos et al. 1998; Irondi et al. 2018), leading to xanthine 
oxidase inhibition. Pertaining to urease inhibition, it 
is possible that the dihydroxyl group at the C-ring of 
quercetin structure may have interacted with the amino 
acid residues around the nickel atoms in urease active 
to inhibit it, as does thiourea (urease standard inhibitor) 
(Nile et al. 2017).

Further, although the phenolic compounds in M. myris-
tica extract may have acted synergistically in the observed 
inhibition of the nephrolithiasis-associated enzymes 
tested in this study, it is possible that quercetin, the most 
abundant of them, contributed majorly. This is supported 
by the findings of some previous studies that demon-
strated the anti-nephrolithiasis activity of quercetin. 

Table 2 IC50 of native and treated M. myristica flour against xanthine oxidase and urease

Results are mean ± standard deviations (SD) of triplicate determinations. Mean values followed by different superscript letters along the same row vary significantly at 
p < 0.05

Enzyme Native Deproteinized Defatted Deproteinized-defatted Allopurinol Thiourea

Xanthine oxidase  IC50 (µg/mL) 20.06 ± 1.72d 23.32 ± 1.36b 21.38 ± 0.40c 25.92 ± 1.77a 8.12 ± 0.61e -

Urease  IC50 (µg/mL) 17.86 ± 1.13d 20.84 ± 1.22b 19.67 ± 0.95c 22.49 ± 1.09a - 5.72 ± 0.07e
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Structurally, quercetin  (C15H10O7) is a pentahydroxyfla-
vone (with five hydroxyl groups), a property that confers 
on it some unique bioactivities such as antioxidant and 
enzymes inhibitory activities. It is reputed as an effective 
phyto-therapeutics for managing kidney stones due to its 
inhibitory effect on calcium oxalate crystals deposition, 
anti-apoptotic effects and antioxidant activity against the 
injury of renal tubular cell (Park et  al.  2008; Nirumand 
et  al.  2018). Quercetin was also reported to be a very 
strong urease inhibitor (Nile et al. 2017). As observed in 
Table  1, quantitatively quercetin was followed by rutin 
(3, 3ʹ, 4ʹ, 5, 7-pentahydroxyflavone-3-Rhamnoglucoside), 
a derivative of quercetin with both antioxidant and anti-
nephrolithiasis activities (El oumari et al. 2021). The co-
administration of rutin and curcumin was reported to 
inhibit calcium oxalate formation, restore the normal 
levels of urinary calcium and oxalate, and inhibit calcium 
oxalate monohydrate crystals aggregation and growth 
(Ghodasara et al. 2011).

Antioxidant activity of native and treated M. myristica flour
Previous studies suggested that increasing the body’s 
antioxidant capacity could be beneficial for prevent-
ing stone development and/or recurrence (Irondi 2020; 
Guzel et  al.  2021). Hence, the antioxidant activity of 
the native and treated flours was tested and the results 
are presented in Table 3. The native flour had the high-
est reducing power and  ABTS•+ scavenging ability 
and the lowest  DPPH• and  Fe2+ chelation  IC50 values 
(9.39 ± 0.39 and 14.91 ± 0.82  µg/mL, respectively). As 
with the xanthine oxidase and urease inhibitory activi-
ties, the flour’s antioxidant activity decreased as the 
phenolic compound’s levels decreased due to depro-
teinization, defatting, and deproteinization-defatting. 
Thus, the antioxidant activity was also in the order 
of native > defatted > deproteinized > deproteinized-
defatted. This also buttresses the role of phenolics 
compounds, which exist either in their free form 
or bound with other endogenous chemicals, as the 
major determinants of the antioxidant activity (Beta & 
Hwang 2018) in the M. myristica flour. These phenolic 
compounds display their antioxidant activity by various 
mechanisms, including the inhibition of lipid radicals 

formation, suppression of singlet oxygen, disruption 
of chain auto-oxidation reactions the propagation, 
chelation of transition metal ions, reduction of hydro-
gen peroxides to form stable compounds, activation 
of endogenous antioxidant enzymes, and inhibition of 
endogenous prooxidative enzymes (Sęczyk et al. 2019). 
Hence, the loss in phenolic compounds due to depro-
teinization and/or defatting (Table  1) was accompa-
nied with a reduction in the antioxidant activity of the 
flour. Moreover, the deproteinization of the M. myris-
tica flour may have also contributed to the loss of anti-
oxidant activity, since plant-derived bioactive peptides 
exhibit antioxidant activity (Sánchez & Vázquez 2017).

Taken together, the reducing power, free radicals 
 (ABTS•+ and  DPPH•) scavenging ability, and  Fe2+ chela-
tion of the M. myristica flour suggest its potential to 
mitigate or prevent oxidative stress. It is well-known 
that oxidative stress results when the level of oxidants 
(free radicals and reactive species – reactive oxygen 
species and reactive nitrogen species) overwhelms the 
body’s antioxidant level. Further, since the activities of 
xanthine oxidase and urease result in the generation 
of reactive oxygen species, the antioxidant activity of 
M. myristica may complement its anti-nephrolithiasis 
activity. The  Fe2+ chelating capacity of the M. myristica 
flour also suggests that it may mitigate transition met-
als availability, thereby decelerating and/or inhibiting 
free radicals-mediated oxidative chain reactions in food 
and biological systems. As earlier reported by (Smer-
iglio et al. 2016), this can improve food quality, stability 
and safety, and human health.

Conclusions
Deproteinization, defatting, and deproteinization-
defatting resulted in a reduction in the levels of all the 
phenolic compounds in M. myristica seed. The nephro-
lithiasis-associated enzymes (xanthine oxidase and ure-
ase) inhibitory and antioxidant activities of the seed also 
decreased due to deproteinization, defatting, and depro-
teinization-defatting. Overall, the native flour (contain-
ing proteins and lipids) had the highest concentrations of 
the phenolics compounds and the most potent nephro-
lithiasis-associated enzymes inhibitory and antioxidant 

Table 3 Antioxidant activities of native and treated M. myristica flour

Results are mean ± standard deviations (SD) of triplicate determinations. Mean values followed by different superscript letters along the same row vary significantly at 
p < 0.05

Parameter Native Deproteinized Defatted Deproteinized-defatted Ascorbic acid

DPPH•  SC50 (µg/mL) 9.39 ± 0.39d 14.02 ± 0.81b 11.87 ± 0.64c 19.15 ± 1.03a 5.58 ± 0.32e

ABTS•+ scavenging ability (mmol TEAC/g) 11.06 ± 0.96a 8.36 ± 0.44c 9.16 ± 0.77b 6.07 ± 0.05d -

Reducing power (mg GAE/g) 71.02 ± 2.03a 67.84 ± 1.99b 68.99 ± 2.07b 59.46 ± 2.63c -

Fe2+ chelation  IC50 (µg/mL) 14.91 ± 0.82c 18.16 ± 0.92b 15.03 ± 0.67c 21.59 ± 1.01a 7.96 ± 0.51d
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activities, followed by the defatted, deproteinized, and 
deproteinized-defatted flours. These findings suggest that 
endogenous proteins and lipids may enhance the pheno-
lics profile, anti-nephrolithiasis, and antioxidant activities 
of M. myristica seed.
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