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ABSTRACT

Aim: Recent studies have shown that flour of mango kernel is a rich natural source of 
biologically active phytochemicals with important health benefits, such as phenolic com-
pounds. Hence, this study evaluated antioxidant and modulatory properties of methanol 
extracts of kernel flours of three Nigerian local mango varieties (Sherri, Ogbomoso, and 
Elemi) on some enzymes relevant to the development of metabolic syndrome (MS).
Methods: Enzymes [pancreatic lipase (PL), α-amylase, α-glucosidase, angiotensin 
I-converting enzyme (ACE), and xanthine oxidase (XO)] inhibitory assays, antioxidant 
activities, and antioxidant phytochemicals contents of extracts were carried out using 
spectrophotometer.
Results: All the three mango varieties strongly inhibited PL, α-amylase, α-glucosidase, 
ACE, and XO. Generally, Elemi had the strongest inhibitory effect on the enzymes, fol-
lowed by Sherri and Ogbomoso. It also had the highest total phenols, total flavonoids, 
tannins, and total saponins contents, and displayed the strongest [2,2-azinobis (3-eth-
yl-benzothiazoline-6-sulfonic acid) radical cation] ABTS*+ and (2,2-diphenyl-2-picrylhy-
drazyl radical) DPPH* scavenging activities and reducing power, compared with Sherri 
and Ogbomoso.
Conclusions: By inhibiting PL, α-amylase, α-glucosidase, ACE, and XO, kernel flour 
extracts of the three Nigerian local mango varieties may be beneficial for retarding the 
production of fatty acids, glucose, angiotensin II, and uric acid, representing an import-
ant approach for managing obesity, T2D, hypertension, and hyperuricemia, respectively. 
The mango kernel flours, especially Elemi, may, therefore, be harnessed to develop 
low-cost nutraceuticals for managing MS.
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Introduction

Metabolic syndrome (MS), a group of related 
metabolic disorders that increases the risk of an 
individual to develop type 2 diabetes (T2D) and 
cardiovascular disease, is known to have dyslip-
idemia, abdominal obesity, hypertension, loss of 
β-cells, glucose intolerance, insulin resistance, and 
low-grade chronic inflammation as some of its 
components [1,2]. Recently, hyperuricemia, a diag-
nostic biomarker of gout caused by over-activity 
of xanthine oxidase [3], has been identified as a 
component of MS [4]. It also serves as a key predic-
tor of the development of the other components of 
MS including obesity, T2D, and hypertension [4,5]. 

Furthermore, oxidative stress is a well-known 
denominator of MS and its various components [6].

The involvement of enzyme catalysis in the 
production of the metabolites whose excessive 
accumulation predisposes to the various com-
ponents of MS (fatty acids for obesity, sugars for 
T2D, angiotensin II for hypertension, and uric acid 
for hyperuricemia/gout), makes the inhibition of 
the relevant enzymes a therapeutic strategy for 
treating MS. Some of such enzymes include pan-
creatic lipase (PL) that catalyzes the digestion of 
dietary fats to release fatty acids [7]; α-amylase 
and α-glucosidase that breakdown starch to sug-
ars [8]; angiotensin I-converting enzyme (ACE) 
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that cleave angiotensin I to angiotensin II [9], and 
xanthine oxidase (XO) that oxidizes hypoxanthine 
to xanthine and eventually to uric acid [10]. Thus, 
synthetic inhibitors of these enzymes, such as orl-
istat for PL, acarbose for α-amylase and α-gluco-
sidase, captopril for ACE, and allopurinol for XO 
have been developed. These synthetic inhibitors 
have some adverse effects such as gastrointesti-
nal tract disturbances hepatic dysfunction due to 
orlistat [11]; abdominal distention and flatulence 
due to acarbose [12]; proteinuria and hypotension 
due to captopril [13]; and kidneys impairment and 
liver dysfunction due to allopurinol [14], which 
undermine their therapeutic efficacy. However, it 
is heart-warming to know that some bioactive sec-
ondary metabolites found in functional foods and 
nutraceuticals are efficacious in inhibiting these 
enzymes without adverse effects [15,16], and 
therefore, may be beneficial for managing MS.

Mango (Mangifera indica L.), belonging to the 
Anacardiaceae family, is one of the major fruits 
in the tropical regions of the world, with global 
annual production of about 42 million tons, being 
next to annual production of banana globally [17]. 
Approximately, there are 1,000 varieties of mango 
worldwide [18]. In the western part of Nigeria, 
three common varieties are locally known as Sherri, 
Ogbomoso, and Elemi. Mango is prominent for its 
food and medicinal uses. Some studies have focused 
on its kernel flour as a natural source of biologically 
active compounds with important health bene-
fits. For instance, extract of the kernel flour was 
reported to contain various phenolic compounds 
including phenolic acids and flavonoids, and to 
inhibit carbohydrate-metabolizing enzymes [19]. 
Also, diet supplemented with mango kernel flour 
was reported to display anti-diabetic effects in type 
2 diabetic Wistar rats [20].

Despite the reported pharmacological benefits 
of mango kernel, its potential as a functional food 
and nutraceutical source has not been unleashed, 
as over 1 million tons of mango seeds are turned 
out yearly as waste product [21]. Therefore, to fur-
ther explore the potential of mango kernel flour 
as a source of functional foods and nutraceuticals, 
this study evaluated the antioxidant and modu-
latory properties of kernel flour extracts of three 
Nigerian local mango varieties (Sherri, Ogbomoso, 
and Elemi) on some enzymes (PL, α-amylase, 
α-glucosidase, ACE, and XO) relevant to the devel-
opment of metabolic syndrome.

Materials and Methods

Chemicals and reagents

Acarbose, xanthine, allopurinol, orlistat, captopril, 
hippuryl-histidyl-leucine, Trolox, diosgenin, quer-
cetin, tannic acid, L-ascorbic acid, gallic acid, ABTS 
(2,2′-azino-bis-3-ethylbenzthiazoline-6-sulphonic), 
DPPH (2,2-diphenylpicrylhydrazyl), porcine pan-
creatic lipase, α-amylase, rabbit lung ACE, α-glu-
cosidase, and xanthine oxidase were purchased 
from Sigma (St. Louis). Analytical grade of all other 
chemicals and solvents was used.

Collection and preparation of sample

Fresh ripe mango fruit samples of three different local 
varieties (Sherri, Ogbomoso, and Elemi) were bought 
from a local market in Ilorin (Oja-oba), Kwara State, 
Nigeria. The samples were taxonomically identified 
at the Plant Biology Department, University of Ilorin, 
Nigeria. Afterward, the mesocarp of the fruits was 
sliced off and the kernels were manually removed 
from the endocarp. The kernels were diced into small 
irregular sizes with kitchen knife, and air-dried to a 
constant weight at ambient room temperature for 7 
days. Thereafter, the dried samples were milled into 
flour (0.5 mm) using a Marlex kitchen blender, and 
hermetically packed in amber plastic containers and 
stored at 4oC for further analysis.

Preparation of flour extract

Two gram of the flour of each variety was extracted 
by soaking in 20 ml of methanol overnight. 
Afterward, the mixture was centrifuged at 4,000 
rpm for 5 minutes, and filtered through Whatman 
(No. 2) filter paper. The filtrate, subsequently 
referred to as extract, was concentrated using a 
rotary evaporator at 45°C, and later diluted to 6 ml 
with methanol [22].

Pancreatic lipase (PL) inhibition assay, in vitro

PL inhibition assay was performed by the method 
earlier described by Eom et al. [23], using p- 
nitrophenyl butyrate as substrate, and orlistat 
as a reference inhibitor. To prepare the enzyme 
solution, 30 μl (10 units) of porcine PL in 10 mM 
morpholinepropane sulphonic acid and 1 mM  
ethylenediaminetetraacetic acid (EDTA) (pH 6.8) 
was added to 850 μl Tris buffer (100 mM Tris-HC1 
containing 5 mM CaCl2, pH 7.0). Afterward, a reac-
tion mixture containing 100 μl of different dilu-
tions (5, 10, 15, and 20 μg/ml) of the extract (or 
orlistat) and the enzyme solution (880 μl) was 
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incubated at 37oC for 10 minutes. Next, 20 μl of 10 
mM p-nitrophenyl butyrate solution in dimethyl 
formamide was added to initiate hydrolysis at 37oC 
for 20 minutes. Subsequently, absorbance of the 
p-nitrophenol formed from p-nitrophenyl butyrate 
hydrolysis was measure in a UV-Visible spectropho-
tometer at 405 nm, and the percentage PL inhibi-
tory activity of the extract was calculated.

Alpha-amylase inhibition assay, in vitro

Alpha-amylase inhibition assay was conducted 
using the method described by Kwon et al. [24]. 
Porcine pancreas α-amylase (EC 3.2.1.1) and soluble 
starch (substrate) were used in this assay. Different 
dilutions of methanol extract totaling 500 µl, and 
500 µl of 0.02 M sodium phosphate buffer (pH 6.9 
with 0.006 M NaCl) containing 0.5 mg/ml α-amy-
lase solution were incubated at 37°C for 10 minutes. 
Afterward, 500 µl of 1% starch solution in 0.02 M 
sodium phosphate buffer was added. Next, the reac-
tion mixture was incubated at 37°C for 15 minutes, 
after which 1.0 ml of DNSA color reagent (1% 3, 
5-dinitrosalicylic acid and 12% sodium potassium 
tartrate in 0.4 M NaOH) was added to terminate the 
reaction. Afterward, the reaction mixture was incu-
bated for 5 minutes in a boiling water bath, cooled 
to room temperature, and diluted with 10 ml dis-
tilled water. The absorbance was measured at 540 
nm. The mean absorbance of triplicate tests was 
used to calculate percentage α-amylase inhibition 
as follows:

% Inhibition = [(A540R − A540S)/A540R] × 100;
where A540R is mean absorbance reading of the 

reference; A540S is mean absorbance reading of the 
sample.

Αlpha-glucosidase inhibition assay, in vitro

Alpha-glucosidase inhibitory activity was conducted 
following the method reported by Kim et al. [25], 
using Bacillus stearothermophillus α-glucosidase 
(EC 3.2.1.20) and para-nitrophenylglucopyrano-
side (PNPG) as the substrate. Briefly, five units ali-
quot of α-glucosidase was incubated with 20 μg/
ml of the different kernels methanol extracts for 
15 minutes. Next, 3 mM PNPG dissolved in 20 mM 
phosphate buffer, pH 6.9 was added as a substrate 
to initiate the hydrolytic reaction. The hydrolytic 
reaction was allowed to proceed for 20 minutes 
at 37°C, after which it was terminated by adding 2 
ml of 0.1 M Na2CO3. The absorbance of the yellow 

p-nitrophenol released from PNPG hydrolysis was 
measured at 400 nm. Each test was performed in 
triplicates and the mean absorbance was used to 
calculate percentage α-glucosidase as follows:

% Inhibition = [(A400R − A400S)/A400R] × 100;
where A400R is mean absorbance reading of the 

reference; A400S is mean absorbance reading of the 
sample.

Angiotensin I-converting enzyme (ACE) inhibition 
assay, in vitro

ACE inhibition assay was carried out following the 
method reported by Cushman and Cheung [26], 
using hippuryl-histidyl-leucine as substrate and 
captopril as positive control. In brief, a reaction 
mixture containing 50 μl of different dilutions (5, 
10, 15, and 20 μg/ml) of the extract (or captopril, 
64 nmol/l) and 50 μl of ACE solution (4 mU/ml) 
was incubated at 37oC for 15 minutes. Then, 150 
μl of 8.33 mM of hippuryl-histidyl-leucine in 125 
mM Tris–HCl buffer (pH 8.3) was added to the mix-
ture, and this was incubated for 30 minutes at 37oC. 
Subsequently, 250 μl of 1 M HCl was added to ter-
minate the reaction, and the hippuric acid produced 
was extracted with ethyl acetate (1.5 ml), and sep-
arated by centrifugation. Then, 1.0 ml of the ethyl 
acetate layer was dispensed into a clean test tube 
and evaporated to dryness in an oven. The hippuric 
acid residue was redissolved with 1.0 ml of deion-
ized water; following which its absorbance was 
measured in a UV-Visible spectrophotometer at 228 
nm, and the percentage ACE inhibitory activity of 
the extract was calculated.

Xanthine oxidase (XO) inhibition assay, in vitro

XO inhibition assay was conducted following the 
method reported by Osada et al. [27], with a minor 
modification. Fresh 15 mM xanthine (substrate) 
and 0.1 mU/µl XO solutions were prepared with 
Tris–HCl buffer (50 mM, pH 7.4). Afterward, 40 µl of 
xanthine, 10 µl of XO and 1,950 µl of serial concen-
trations (10, 20, 30, and 40 μg/ml) of each extract 
were mixed and incubated at 37oC for 10 minutes. 
To terminate the XO-catalyzed hydrolysis of xan-
thine, 50 µl of perchloric acid solution in the same 
Tris–HCl buffer (3.2% (v/v) was added. The absor-
bance of the uric acid produced was then measured 
at 292 nm in a UV-Visible spectrophotometer, and 
the percentage XO inhibitory activity of the extracts 
was calculated.
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2,2-Azinobis (3-ethyl-benzothiazoline-6-sulfonic 
acid) radical cation (ABTS*+) scavenging assay

The extracts’ ability to scavenge ABTS*+ was car-
ried out following the method reported by Re et al. 
[28], and expressed in Trolox equivalent antioxidant 
capacity (TEAC). ABTS*+ working reagent was pre-
pared by thoroughly mixing equal volume of aqueous 
solutions of ABTS*+ (7 millimoles/l) and K2S2O8 (2.45 
millimoles/l), and incubating it in the dark at room 
temperature for 16 hours. Afterward, the reagent’s 
absorbance was adjusted to 0.70 ± 0.02 with ethanol 
(95%) at 734 nm. Then, a reaction mixture consist-
ing of 2.0 ml of the ABTS*+ reagent and 0.2 ml of 
the extract was incubated at room temperature for 
15 minutes in the dark, after which the absorbance 
was measured in a UV-Visible spectrophotometer at 
734 nm. ABTS*+ scavenging ability of the extract was 
later calculated from Trolox standard curve.

2,2-Diphenyl-2-picrylhydrazyl radical (DPPH*)  
scavenging assay

The extracts’ ability to scavenge DPPH* was deter-
mined using the method reported by Cervato et al. 
[29], at different concentrations (4, 8, 12, and 16 
μg/ml), using ascorbic acid as a positive control. 
In brief, a reaction mixture containing 1.0 ml of the 
different concentrations of the extract (or ascorbic 
acid) and 3.0 ml of DPPH* solution (60 µM) was 
incubated at room temperature in the dark for 30 
minutes. Then, the absorbance was measured at 
517 nm in a UV-Visible spectrophotometer, and per-
centage DPPH* scavenging ability of the extract was 
calculated.

Determination of reducing power

The ability of the extracts to reduce FeCl3 solu-
tion was tested following the method described 

by Oyaizu [30]. In brief, a mixture of the extract 
(2.5 ml), 200 mM sodium phosphate buffer (pH 6.6) 
(2.5 ml), and 1% potassium ferricyanide (2.5 ml) 
was incubated at 50oC for 20 minutes, after which 
10% trichloroacetic acid (2.5 ml) was added. Next, 
the mixture was centrifuged at 650 × g for 10 min-
utes. A portion of 5 ml of the supernatant was 
mixed with an equal volume of water and 1 ml of 
0.1% ferric chloride, and the absorbance was read 
at 700 nm. Afterward, the reducing power of the 
extracts was calculated and expressed in mg gallic 
acid equivalent per gram.

Determination of antioxidant phytochemicals (total 
phenolics, total flavonoids, tannins and total sapo-
nins) contents

Total phenolics content was determined using the 
Folin–Ciocalteu method reported by Chan et al. 
[31], and the result was expressed in mg gallic acid 
equivalent/g (mg GAE/g) sample. Total flavonoids 
content was determined using aluminum chloride 
method as reported by Meda et al. [32], and the 
result was expressed in mg quercetin equivalent/g 
(mg QE/g) sample. Tannins content was estimated 
using the method reported by Amorim et al. [33] 
and the result was expressed in mg tannic acid 
equivalent/g (mg TAE/g) sample. Total saponins 
content was estimated using the method reported 
by Makkar et al. [34], and the result was expressed 
in mg diosgenin equivalent/g (mg DE/g) sample.

Statistical analysis

The means of independent triplicate determi-
nations were subjected to one-way analysis of 
variance, followed by least significant difference 
test, using SPSS statistical software (version 17), 
at p < 0.05. SC50 (concentration of the extracts that 

Table 1.  IC50 of kernel flour extracts of three Nigerian local mango varieties on PL, α-amylase, α-glucosidase, ACE, 
and XO activities.

Inhibitor
PL IC50  

(μg/ml)
α-amylase IC50  

(μg/ml)
α-glucosidase IC50 

(μg/ml)
ACE IC50  
(μg/ml)

XO IC50  
(μg/ml)

Sherri 15.68 ± 1.06b 13.34 ± 1.26b 8.59 ± 0.96c 18.01 ± 1.29a 26.52 ± 2.13a

Ogbomoso 16.26 ± 1.63a 14.06 ± 1.13a 9.42 ± 1.08b 18.98 ± 1.36a 25.50 ± 2.11b

Elemi 12.94 ± 1.01c 11.72 ± 1.83c 7.94 ± 1.06d 16.13 ± 1.14b 23.85 ± 2.07c

Orlistat 0.19 ± 0.01d - - - -

Acarbose - 8.50 ± 0.94d 15.47 ± 1.37a - -

Captopril - - - 5.72 ± 0.46c -

Allopurinol - - - - 6.86 ± 0.36d

Results are means ± standard deviation (SD) of independent triplicate determinations. Along the same column, values having 
different superscript letters vary significantly (p < 0.05).
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scavenged DPPH* by 50%) and IC50 (concentration 
of the extracts that inhibited enzymes activity by 
50%) were calculated using version 4.0 of Graphpad 
Prism® (Sandiego, CA).

Results

The concentrations of kernel flours extracts of the 
three Nigerian local mango varieties causing 50% 
inhibition (IC50 μg/ml) of PL, α-amylase, α-glu-
cosidase, ACE, and XO activities are presented in 
Table 1. The IC50 values of the various mango vari-
eties on PL were consistently in the order of Elemi 
< Sherri < Ogbomoso, indicating that Elemi had the 
strongest inhibitory effect on PL, followed by Sherri 
and Ogbomoso. Orlistat, a reference PL inhibitor 
with the least IC50 (0.19 ± 0.01 μg/ml), had a stron-
ger inhibitory effect on PL than the three mango 
varieties. Similarly, the IC50 values of the three 
mango varieties on α-amylase and α-glucosidase, 
were consistently in the order of Elemi < Sherri < 
Ogbomoso, implying that Elemi had the strongest 
inhibitory effect on these enzymes, followed by 
Sherri and Ogbomoso. The result further shows that 
the three mango varieties had stronger inhibitory 
effect on α-glucosidase than on α-amylase. In con-
trast, acarbose (reference α-amylase and α-gluco-
sidase inhibitor) had stronger inhibitory effect on 

α-amylase (IC50: 8.50 ± 0.94 μg/ml) than on α-glu-
cosidase (15.47 ± 1.37 μg/ml).

The three mango varieties also inhibited ACE, 
with IC50 (μg/ml) values in the order of Elemi < 
Sherri < Ogbomoso (Table 1); inversely indicating 
ACE inhibitory strengths in the order of Elemi > 
Sherri > Ogbomoso. However, captopril (reference 
ACE inhibitor) with the least IC50 (5.72 ± 0.46 μg/ml) 
had the strongest inhibitory effect. Similarly, the 
XO inhibitory potencies of the three mango variet-
ies were in the order of Elemi < Ogbomoso < Sherri 
(Table 1); indicating that Elemi displayed the most 
potent XO inhibitory activity, followed by Ogbomoso 
and Sherri. Allopurinol, a reference inhibitor of XO 
with IC50 of 6.86 ± 0.36 μg/ml, was more potent in 
inhibiting XO than the three mango varieties.

The antioxidant activities of extracts of the 
three mango varieties are presented in Table 2. 
The result shows that there was significant differ-
ence (p < 0.05) in the extracts’ ability to scavenge 
ABTS*+ and reduce ferric ion, such that Elemi > 
Sherri > Ogbomoso. Their ABTS*+ scavenging abil-
ity, expressed as TEAC, ranged from 5.93 ± 0.81 in 
Ogbomoso to 7.68 ± 0.63 mmol TE/g DW in Elemi. 
Their reducing powers were significantly (p < 0.05) 
different, with Elemi having the highest reducing 
power (101.89 ± 2.02 mg GAE/g), followed by Sherri 
(85.93 ± 1.61 mg GAE/g) and Ogbomoso (79.23 ± 
1.01 mg GAE/g). The result further shows that the 

Table 2.  DPPH* SC50, ABTS*+ scavenging ability and reducing power of kernel flour extracts 
of three local varieties of mango on dry weight basis.

Antioxidant
DPPH* SC50  

(μg/ml)
ABTS*+ scavenging ability  

(mmol TEAC/g)
Reducing power  

(mg GAE/g)

Sherri 10.31 ± 0.46a 6.74 ± 0.57b 85.93 ± 1.61b

Ogbomoso 10.98 ± 0.65a 5.93 ± 0.81c 79.23 ± 1.01c

Elemi 9.76 ± 0.74a 7.68 ± 0.63a 101.89 ± 2.02a

Ascorbic acid 6.83 ± 0.47b - -

Results are means ± standard deviation (SD) of independent triplicate determinations. Along the 
same column, values having different superscript letters vary significantly (p < 0.05). SC50: extract 
concentration that scavenged 50% of DPPH*; TEAC: Trolox equivalent antioxidant capacity; GAE: 
Gallic acid equivalent.

Table 3.  Antioxidant phytochemical composition of kernel flour extracts of three local varieties of 
mango on dry weight basis.

Mango variety
Total phenolics  

(mg GAE/g)
Total flavonoids  

(mg QE/g)
Tannins  

(mg TAE/g)
Total saponins  

(mg DE/g)

Sherri 121.21 ± 0.83b 18.96 ± 0.41b 87.48 ± 0.98b 83.61 ± 0.45b

Ogbomoso 113.39 ± 1.17c 15.21 ± 0.38c 70.86 ± 1.07c 76.79 ± 1.12c

Elemi 137.09 ± 0.50a 24.41 ± 0.35a 97.14 ± 0.99a 111.62 ± 1.89a

Results are mean ± standard deviation (SD) of independent triplicate determinations. Along the same column, 
values having different superscript letters vary significantly (p < 0.05).
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concentrations of Elemi (9.76 ± 0.74 μg/ml), Sherri 
(10.31 ± 0.46 μg/ml), and Ogbomoso (10.98 ± 0.65 
μg/ml) extracts that scavenged 50% of DPPH* (SC50) 
were comparable (p > 0.05). However, ascorbic 
acid, a standard antioxidant (SC50: 6.83 ± 0.47 μg/
ml), was more effective in scavenging DPPH* than 
the extracts of the three mango varieties.

The antioxidant phytochemicals composition 
(mg/g DW) of flours of the kernel mango variet-
ies is presented in Table 3. Consistently, Elemi sig-
nificantly (p < 0.05) had the highest levels of total 
phenols, total flavonoids, tannins, and total sapo-
nins, followed by Sherri and Ogbomoso. Their lev-
els of total phenolics ranged from 113.39 ± 1.17 to 
137.09 ± 0.50 mg GAE/g; total flavonoids ranged 
from 15.21 ± 0.38 to 24.41 ± 0.35 mg QE/g; tannins 
ranged from 70.86 ± 1.07 to 97.14 ± 0.99 mg TAE/g; 
while total saponins ranged from 76.79 ± 1.12 to 
111.62 ± 1.89 mg DE/g in Ogbomoso, and Elemi, 
respectively.

Discussion

Inhibition of enzymes that catalyze the production 
of metabolites whose accumulation predisposes to 
metabolic diseases is an important index for assess-
ing the therapeutic potential of natural products. 
In this study, extracts of the three Nigerian local 
mango varieties inhibited PL, α-amylase, α-gluco-
sidase, ACE, and XO activities. Comparing their PL 
inhibitory strengths (IC50 range: 12.94–16.26 μg/
ml) with a few other plants that have been recently 
reported to inhibit PL shows that the three mango 
varieties displayed stronger PL inhibitory effect 
than various parts of Ficus carica, with IC50 range 
of 230.475–276,085.1 μg/ml [35]; but weaker PL 
inhibitory strength than the leaf of tropical almond, 
with IC50 of 10.82 μg/ml [15]. As the most active 
enzyme involved in the digestion of dietary fats to 
produce fatty acids and stimulation of their uptake 
into the lumen of the small intestine [7], PL inhibi-
tion is one of the strategic regulatory targets in the 
treatment of obesity [35]. Thus, its inhibition by 
the three mango varieties may therefore decelerate 
the release of fatty acids from dietary fats and their 
assimilation into the intestinal lumen, thereby pre-
venting their subsequent accumulation in the cells.

When compared with the IC50 values of mango 
kernel flour extract on α-amylase (71 μg/ml) and 
α-glucosidase (34 μg/ml) earlier reported by Irondi 
et al. [19], the three mango varieties in this present 
study all exhibited more potent inhibitory effect on 
α-amylase (IC50 values: 13.34 ± 1.26, 14.06 ± 1.13, 

and 11.72 ± 1.83 μg/ml for Sherri, Ogbomoso, and 
Elemi, respectively) and α-glucosidase (IC50: 8.59 ± 
0.96, 9.42 ± 1.08, and 7.94 ± 1.06 μg/ml for Sherri, 
Ogbomoso, and Elemi, respectively). The stronger 
inhibitory effect of the three mango varieties on 
α-glucosidase than on α-amylase, relative to acar-
bose is of therapeutic importance, and agrees with 
some previous reports that showed similar trend 
[19,36].  Since the side effects, such as abdominal 
distention and flatulence, associated with acarbose 
are due to its stronger inhibition of α-amylase than 
α-glucosidase [12], this suggests that the extracts 
of the three mango varieties may not cause such 
side effects. Alpha-amylase and α-glucosidase are 
involved in the digestion of dietary carbohydrates. 
Whereas pancreatic α-amylase in the small intes-
tine hydrolyzes starch α-1,4 bonds, producing 
disaccharides and oligosaccharides such as malt-
ose and dextrins; α-glucosidase in the brush bor-
der of the small intestine completes the digestion 
by hydrolyzing the disaccharides and oligosaccha-
rides to produce absorbable simple monosaccha-
rides including glucose and fructose [8]. Thus, their 
inhibition is a well-established clinical strategy for 
controlling postprandial hyperglycemia in the man-
agement of T2D, and a key mechanism of action of 
many anti-diabetic agents [25], including drugs, 
natural products, and functional foods.

The catalytic role ACE plays in the rennin-an-
giotensin system (RAS), where it catalyzes the 
hydrolytic cleavage of angiotensin I to produce 
angiotensin II, a physiologically active vasocon-
strictor, makes its inhibition a therapeutic target 
for controlling the blood pressure [37]. When pro-
duced in excess, angiotensin II is known to induce 
a rise in the blood pressure by stimulating the inac-
tivation of a vasodilator and hypotensive peptide, 
bradykinin, while activating the secretion of aldo-
sterone [9]. Relative to some plants that have been 
recently reported to inhibit ACE, the three mango 
varieties had stronger ACE inhibitory effect than 
Ocimum gratissimum (IC50: 56.63 μg/ml) [38] and 
raw Brachystegia eurycoma seed (IC50: 29.08 ± 1.74 
μg/ml) [39]; but weaker effect than tropical almond 
leaf (IC50: 14.98 μg/ml) [15].

A comparison of the XO inhibition result obtained 
in this study with a recent finding by Esatbeyoglu 
et al. [40] shows that the three mango varieties 
exhibited stronger XO inhibitory effect than differ-
ent fractions of purple sweet potato, with IC50 range 
of 0.2 to 0.3 g/l [40]. XO catalyzes the two termi-
nal reactions of purine nucleotides degradation, in 
which hypoxanthine is first oxidized to xanthine, 
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which is ultimately oxidized to uric acid; with con-
comitant generation of reactive oxygen species [10]. 
The uric acid so-produced, when in excess (hyper-
uricemia), can stimulate acute constriction of blood 
vessels by activating the RAS, and plummeting cir-
culating nitric oxide level; thereby promoting the 
onset of hypertension [41]. In addition to this direct 
association with hypertension, hyperuricemia 
is as an important predictor of obesity, T2D, and 
hypertension [4,5]. Thus, the ability of the three 
mango varieties to inhibit XO suggests it may have a 
far-reaching beneficial effect for the prevention and 
management of MS.

The ABTS*+ and DPPH* scavenging abilities of the 
three mango varieties observed in this study are 
greater than the ranges (TEAC: 0.80 ± 0.07–3.10 ± 
0.07 mmol trolox/g DW; DPPH* IC50: 2.45–9.31 μg/ml)  
Khammuang and Sarnthima [42] reported for the 
seed kernel extracts of four Thai mango varieties. 
Oxidative stress, resulting when the free radicals 
and reactive oxygen species (oxidants) burden of 
the cell overwhelms its antioxidant defence system, 
is a common feature of MS. Thus, through their anti-
oxidant activities, the three mango varieties may 
prevent the initiation and progression of oxidative 
stress in MS, thereby complementing their enzymes 
inhibitory activities. This is supported by a previous 
report that indicated that improving cellular antiox-
idant strength is vital for a successful management 
of the various components of MS [15].

The total phenolics contents observed in this 
study fall within the range of total phenolics 
(89.49–200.05 mg/g) Barreto et al. [43] reported 
for the kernel of various mango cultivars grown 
in Brazil. The total phenolics contents of the three 
mango varieties are, however, much higher than the 
23.90 mg GAE/g (DW) reported for mango kernel 
powder by Ashoush and Gadallah [44]. The range 
of total flavonoids contents of the three mango vari-
eties is lower than the 12.2% DW (i.e., 122 mg/g) 
Dakare et al. [45] reported for raw mango kernel 
flour. However, it is higher than the range (0.057–
1.3 g catechin equivalents/100 g DW, that is, 0.57–
13 mg/g) reported by Dorta et al. [46] for mango 
seed extracts obtained using different solvents and 
temperatures. The variations in the total phenolics, 
total flavonoids and antioxidant activities observed 
in this study relative to the values previously 
reported could be due to differences in sample col-
lection period and extraction method; as well as 
differences in abiotic and biotic factors that are all 
known to influence the levels of secondary metab-
olites in plants and their bioactivities [47,48]. The 

tannins contents of the three local mango varieties 
are within the range (14–130 mg tannic acid equiv-
alents/g DW) Dorta et al. [46] reported for mango 
seed extracts. The range of the saponins contents 
agrees with the value (105 mg/g DW) Dakare et al. 
[45] reported for raw mango kernel flour.

Phenolic compounds such as flavonoids and tan-
nins are prominent for their various health benefits 
including antioxidant, anti-diabetic [49], anti-obe-
sity, anti-hypertensive, and anti-hyperuricemia [15] 
activities. Saponins have also been shown to exhibit 
these health benefits, including anti-obesity [50], 
anti-diabetics [51], anti-hypertensive [52], anti-hy-
peruricemic [53], and antioxidant [54] activities. The 
phenolic compounds generally have been reported 
to inactivate digestive enzymes including PL, α-am-
ylase, and α-glucosidase via non-specific binding to 
the individual enzymes [55]. They are also known 
for their high affinity for proteins via hydrogen 
and hydrophobic bonding, enabling them to inhibit 
enzymes such as PL, α-amylase, α-glucosidase, ACE, 
and XO by denaturation of protein [16]. Thus, the 
bioactivities of the three mango varieties may be 
attributed to the combined effects of the polyphe-
nolics and the saponins present in them. This may 
also account for why Elemi with the highest levels 
of total phenols, total flavonoids, tannins, and total 
saponins, exhibited the strongest bioactivities.

In conclusion, the three Nigerian local mango 
varieties (Sherri, Ogbomoso, and Elemi) strongly 
inhibited pancreatic lipase, α-amylase, α-glucosi-
dase, angiotensin I-converting enzyme, and xan-
thine oxidase. They also effectively scavenged ABTS 
and DPPH radicals, reduced ferric ion and had 
high levels of total phenolics, total flavonoids, tan-
nins, and saponins (antioxidant phytochemicals). 
Generally, Elemi consistently had the strongest 
enzymes inhibitory effects and antioxidant activi-
ties, as well as highest levels of antioxidant phyto-
chemicals, followed by Sherri and Ogbomoso. The 
enzymes inhibitory and antioxidant effects of the 
three mango varieties, which could be due to their 
phytochemicals, suggest that they may be beneficial 
for lowering the levels of fatty acids, sugars, angio-
tensin II, uric acid, and oxidants, which are essential 
for the prevention and management of metabolic 
syndrome.
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