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ABSTRACT

Aims: This study aimed to quantify the bioactive compounds and the antioxidant activity of mango
peels and kernels from two main varieties (Kent, Keitt) cultivated in Cote d’lvoire.

Study Design: Processing of mango varieties, determination of bioactive compounds content of
mango peels and kernels, evaluation of antioxidant activity of mango peels and kernels.

Place and Duration of Study: Felix Houphouet-Boigny University, Biotechnology Laboratory
(March to September 2019).

Methodology: Ripe mango (Mangifera indica L) fruits from Kent and Keitt varieties were processed
to obtain peels and kernels powders. Methanolic extracts of peels and kernels were used to
determine the content of phenolics, flavonoids and tanins while hexanic extracts were used to
determine the content of carotenoids and phytosterols. DPPH scavenging and ferric reducing
power tests were used to evaluate antioxidant activity of peels and kernels.

Results: Total phenolics content of kernels of Kent (4371.22 £ 24.98 mg/100g dw) and Keitt
(4037.93 + 20.43 mg/100g dw) were higher (P < 0.05) than those of peels from the two varieties
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for ascorbic acid at a dose level of 0.03 mg/mL.

pharmaceutical industries.

(2564.37 — 3082.07 mg/100g dw). The values for carotenoids content of peels varied from 37.53 to
57.74 ug/g dw while those of kernels varied from 1.48 to 3.46 pg/g dw. Based on DPPH test The
IC50 values ranged from 0.2 to 0.7 mg/mL with the highest antioxidant activity reported for kernels
from Kent variety. The absorbance at 700 nm was found to be 0.4 for kernel of Keitt variety and 0.3

Conclusion: Peels and kernels from Kent and Keitt varieties are potential sources of bioactive
compounds especially phenolics, tanins, carotenoids and phytosterols. These valuable bioactive
compounds in mango by-products may have greater application in the food, cosmetic and

Keywords: Mango; peel; kernel; bioactive compounds; antioxidant activity.

1. INTRODUCTION

Mango (Mangifera indica L) which belongs to the
family of Anacardiaceae is one of the most
important fruit growing in tropical and subtropical
areas of Asia, South America and Africa [1]. The
world production of mango was estimated to 52
million tons in 2018 with India as the major
producing country (25 million ton) [2]. Mango
fruits play important economic role in tropical
Africa and particularly in Cote d’'lvoire ranked as
the number one African exporter country with
more than 30 000 tons shipped to European
market [3]. In Cbte d’lvoire, mango is cultivated
in the Northern with «Kent » as the dominant
variety followed by « Keitt » and « Amelie ».

Apart from economic importance, mango fruits
are valuable sources of bioactive compounds
(provitamin A carotenoids, vitamin C, phenolics,
dietary fiber) essential to human nutrition [4,5].
The main processed mango products are puree,
juice, nectar, concentrate and dried mangoes.
Besides these products, other commercially
products including pickles, mango leather, sweet
or sour chutney and dried mango powder have
been mentioned [6]. The processing of mango
into juice, nectar, puree, and jam generates large
amount of waste (30 — 60%) consisting of peels
and kernels [7,8]. This large amount of waste
(peels and kernels) may cause environmental
issues due to microbial spoilage [9,10].
Furthermore, improper disposal of waste from
mango processing may increase environmental
pollution and can become a source of insect
multiplication.

Despite their negative impact on environment,
fruits by-products are often considered as
sources of phytochemicals that acquired the
attention of scientists and researchers. Indeed,
fruit residues are known to contain vitamins,
minerals, fiber, and particularly natural
antioxidants that are important for numerous
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physiological functions [11,12]. These natural
antioxidants have considerable interest
compared to synthetic ones due to their
nutritional and therapeutic value. Indeed, the
extensive use of synthetic antioxidants such as
butylated hydroxytoluene (BHT) and butylated
hydroxyanisole (BHA) in food industries have
revealed some side effects on human health [13].
Thus, the use of mango peels and kernels to
produce new functional foods appears to be a
valuable way for their valorization as reported by
some authors [14].

Due to the growing consumption and
commercialization of mango, this study aimed to
quantify the bioactive compounds and the
antioxidant activity of mango peels and kernels
from two main varieties (Kent, Keitt) cultivated in
Cote d’lvoire. This approach will constitute the
starting point for the formulation of low-cost
valuable foods and non-foods ingredients from
mango by-products.

2. MATERIALS AND METHODS
2.1 Chemicals

DPPH (2,2-diphenyl-1-picrylhydrazyl), gallic acid,
butylated hydroxytoluene (BHT), B-sitostérol,
catechol and quercetin were obtained from
Sigma-Aldrich  (Germany). Folin  Ciocalteu
reagent was purchased from Fischer Scientific.

2.2 Fruits Sampling and Processing

Ripe mango (Mangifera indica L) fruits from Kent
and Keitt varieties (n = 60 each) were obtained
from local farmers of agricultural cooperative
located at Korhogo, a city in the North of Cobte
d’lvoire  (Latitude: 9°27'28" N; Longitude:
5°37'46" W). The samples were transported in
wood boxes to the laboratory and stored for two
days at 4°C in the refrigerator until processing.
After storage, mango fruits were washed with
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soapy water and rinsed. Then clean mango
samples were peeled with stainless steel knife,
the pulp and kernels were removed. Peels and
kernels were collected separately and were dried
in a circulating drying oven (Memmert, Germany)
at 50°C for 48 hours. Afterwards, dried peels and
kernels from selected mango varieties were
milled into powder by using a laboratory crusher

before further analysis.

2.3 Major Bioactive
Determination

Compounds

2.3.1 Determination of total phenolic content

Total phenolics were determined according to the
method described by Singleton et al. [15]. For
this, 100 pyL of methanol extract of mango peels
and kernels were mixed with 500 yL of Folin-
Ciocalteu reagent and 400 pL sodium carbonate
(7.5 % w/v). The whole mixture was agitated in
vortex and incubated at room temperature for 30
min. Afterwards, absorbance was measured at
745 nm and total phenolic content (mg/100g dw)
was obtained by using a standard curve of gallic
acid solution (0.1 mg/mL).

2.3.2 Determination of flavonoids content

Flavonoid content was  evaluated by
spectrophotometric method [16] with slight
modifications. Fifty (50 pL) of methanolic extract
of each sample were mixed with 100 uL distilled
water and 10 yL NaNO, (15 %, w/v) solution.
Then, the mixture was left to stand for 6 min at
room temperature and 15 pL of AICI; (10 %, w/v)
solution were added and left to settle again for 6
min. Next, 200 yL of NaOH (4 %, w/v) solution
were added, and absorbance was read at 510
nm. The standard curve was performed using
quercetin (0 to 1 mg/mL) for calculation of
flavonoids content (mg/100g dw).

2.3.3 Determination of tanins content

For the determination of tanins contents, the
method of Bainbridge et al. [17] was performed.
A quantity (1 mL) of methanol extract of peels
and kernels was mixed with 5 mL of vanillin
reagent. Then absorbance was read at 500 nm
using UV-Visible spectrophotometer (PG
Instruments, UK). Total tannin content (mg/100g
dw) was calculated based on standard curve of
catechol (0.1 mg/mL).
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2.3.4 Determination of carotenoids content

A method previously described [18] was used for
total carotenoids extraction. Powdered peels or
kernels (0.5 g) were mixed with 5 mL ethanol
containing butylated hydroxytoluene (0.1%, w/v)
and the mixture was heated in a water bath at
85°C/5 min. Then, saponification was performed
by adding 400 yL KOH solution (80% wi/v) and
the suspension was heated in a water bath at
85°C/5 min. Afterwards, 3 mL deionized water
was added in the tubes containing the reaction
mixture and carotenoids were extracted three
times with 4 mL hexane. Total carotenoids
content (ug/g dw) was calculated by using a
standard curve of B-carotene (0.1 mg/mL).

2.3.5 Determination of phytosterols content

The method based on Liebermann-Buchard
reaction [19] was used to quantify total
phytosterols. For this, 1 mL of hexane extract
from samples was mixed with 2 mL of
Liebermann-Buchard reagent. The whole mixture
was left to stand for 5 min at laboratory
temperature and absorbance was measured in
the UV/Vis spectrophotometer (PG Instruments,
UK). The phytosterols content (ug/g dw) was
determined by using a standard curve of (-
sitosterol (0.1 mg/mL).

2.4 Antioxidant Activity Determination

2.4.1 Evaluation of DPPH radical scavenging
activity

The scavenging activity of DPPH radical was
evaluated using the method described by Choi et
al. [20]. Briefly, 50 pyL of methanolic extracts from
mango peels and kernels (0 to 1 mg/mL) was
added to 200 pyL 0.1mM DPPH solution (in
methanol). The mixture was shaken for 1 min
and left to stand for 30 min in the dark at
laboratory temperature. After the time of reaction,
the absorbance was read at 517 nm with UV/Vis
spectrophotometer (PG  Instruments, UK).
Ascorbic acid (Vitamin C) was used as standard
in the same conditions. The radical-scavenging
activity was calculated in percentage (%) as
follow:

As
DPPHppipition (%) = [1 _E] x 100

As: Absorbance of sample
Ac: Absorbance of control
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2.4.2 Evaluation of ferric reducing power
activity

The reducing power of the mango peels and
kernels were determined according to the
potassium ferricyanide method [21]. An aliquot
(500 pL) of water extracts of peels and kernels (0
to 0.125 mg/mL) in 0.2 M phosphate buffer (pH
6.6) were mixed with 1 mL of potassium
ferricyanide (0.1%, w/v) and the mixture was
incubated at 50°C for 20 min. Then 500 pL of
trichloroacetic acid (10%, w/v) solution was
added to the reaction mixture and centrifuged at
3000 g for 10 min. The supernatant was mixed
with equal volume of distilled water and 300 pL
of ferric chloride (1%, w/v) was added.
Absorbance was recorded at 700 nm with UV/Vis

spectrophotometer (PG  Instruments, UK).
Ascorbic acid (Vitamin C) was used as
standard in the same conditions. Increased

reducing power was indicated by increased
absorbance.

2.5 Statistical Analysis

All analyses were carried out in triplicates and
data were expressed as means * standard
deviation. One-way analysis of variance
(ANOVA) and Duncan’s multiple range test were
carried out to assess significant differences
between means (p<0.05) using XLStat 2020
software.

3. RESULTS AND DISCUSSION

3.1 Bioactive Compounds Content

In our study, the content of bioactive compounds
namely phenolics, flavonoids, tanins, carotenoids
and phytosterols were determined. Figs. 1, 2 and
3 show the content of phenolics, flavonoids and
tanins in the peels and kernels of Kent and Keitt
varieties. It was observed that total phenolics
content of kernels from Kent (4371.22 + 24.98
mg/100g dw) and Keitt (4037.93 + 20.43
mg/100g dw) were higher (P < 0.05) than those
of peels from the two varieties (2564.37 —
3082.07 mg/100g dw). As for total phenolics,
kernels from Kent and Keitt varieties highlighted
higher values (105.64 — 223.44 and 605.36 —
790.39 mg/100g dw) of flavonoids and tanins,
respectively. The contents of total phenolics in
our study were different of those (285 — 49.16
mg/100g dw) reported for other mango cultivars
[1,22]. These differences might be due to many
factors such as geographical conditions and
extraction methods used. Overall, peels and
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kernels from Kent and Keitt varieties may be
used as functional ingredients in food
formulations due to the presence of phenolic
compounds which are known for their antioxidant
properties [13].

The contents of carotenoids and phytosterols of
peels and kernels from Kent and Keitt varieties
are depicted in Figs. 4 and 5. For carotenoids,
peels of Kent and Keitt showed higher contents
than those of kernels. Indeed, the values for
carotenoids content of peels varied from 37.53 to
57.74 pg/g dw while those of kernels varied from
148 to 3.46 ug/g dw. For phytosterols, the
contents ranged as follow: 25.68 — 45.90 ug/g dw
for kernels and 8.32 — 9.15 ug/g dw for peels.
The carotenoids content in our study was lower
than those (74 — 436 upg/g dw) reported for
Raspuri and Badami varieties in India [13].
Indeed, carotenoids content in peels are
dependent of fruit maturity stage and the type of
the cultivar. Carotenoids are lipid-soluble
compounds known as provitamin A and may also
act as free radical scavengers to prevent lipid
oxidation [23]. The distribution of phytosterols
indicated higher amount in kernels compared to
peels of Kent and Keitt varieties [24]. This result
may be due to fatty fraction of kernel. Indeed,
mango kernels are important sources of fat (7 —
15%) mainly composed of triglycerides,
phytosterols and tocopherols [25].

3.2 Antioxidant Activity

Fig. 6 shows the DPPH radical scavenging
activity of the mango peels and kernels extracts.
The IC50 values ranged from 0.2 to 0.7 mg/mL
with the highest antioxidant activity for kernels
from Kent variety. Furthermore, the DPPH
scavenging activity of kernels from Kent and Keitt
varieties were higher than that of ascorbic acid
(0.5 mg/mL) used as standard. The scavenging
activity of mango kernels extracts may due to the
hydrogen donating ability of phenolic compounds
found in kernels [13].

The ferric reducing power activity of peels and
kernels from mango samples is shown in Fig. 7.
The reducing power increased with the
concentration of peels and kernels extracts. The
ferric reducing power of kernel extracts from Kent
and Keitt varieties was higher than ascorbic acid
used as standard in this test. For example, the
absorbance at 700 nm was found to be 0.4 for
kernel of Keitt variety and 0.3 for ascorbic acid at
a dose level of 0.03 mg/mL. This result could be
explained by the fact that phenolics and
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carotenoids present in the peels and kernels are
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Fig.1. Total phenolic content of mango peels and kernels

Pkeitt: Peels from Keitt; Pkent: Peels from Kent

; Kkeitt: Kernel from Keitt; Kkent: Kernel from Kent

Values with diffrent letters are significantly different (P < 0.05)
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Fig.2. Total flavonoids content of mango peels and kernels

Pkeitt: Peels from Keitt; Pkent: Peels from Kent; Kkeitt: Kernel from Keitt; Kkent: Kernel from Kent
Values with diffrent letters are significantly different (P < 0.05)
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Fig.3. Total tanins content of mango peels and kernels

Pkeitt: Peels from Keitt; Pkent: Peels from Kent; Kkeitt: Kernel from Keitt; Kkent: Kernel from Kent
Values with diffrent letters are significantly different (P < 0.05)
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Fig.4. Total carotenoids content of mango peels and kernels

Pkeitt: Peels from Keitt; Pkent: Peels from Kent; Kkeitt: Kernel from Keitt; Kkent: Kernel from Kent
Values with diffrent letters are significantly different (P < 0.05)
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Fig.5. Total phytsterols content of mango peels and kernels

Pkeitt: Peels from Keitt; Pkent: Peels from Kent; Kkeitt: Kernel from Keitt; Kkent: Kernel from Kent
Values with diffrent letters are significantly different (P < 0.05)
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Fig.6. DPPH scavenging activity test of mango peels and kernels

Pkeitt: Peels from Keitt; Pkent: Peels from Kent; Kkeitt: Kernel from Keitt; Kkent: Kernel from Kent
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Fig.7. Ferric reducing antioxidant power (FRAP) test of mango peels and kernels

Pkeitt: Peels from Keitt; Pkent: Peels from Kent; Kkeitt: Kernel from Keitt; Kkent: Kernel from Kent

4. CONCLUSION

The aim of this investigation was to evaluate the
antioxidative potential of bioactive compounds of
mango peels and kernels from Kent and Keitt
varieties cultivated in Coéte d’lvoire. This study
showed that peels and kernels from Kent and
Keitt varieties are potential sources of bioactive
compounds especially phenolics, tannins,
carotenoids and phytosterols. In addition, kernels
from Kent and Keitt varieties highlighted
relatively high antioxidant activity. These
valuable bioactive compounds in mango by-
products may have greater application in the
food, cosmetic and pharmaceutical industries.
Further studies are needed to establish the
complete profile of bioactive compounds of peels
and kernels of the studied varieties. This may
help perform other studies based on food
formulation using peels and kernels of mango as
functional ingredients.
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