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Abstract. Studies suggest that extracts from plant materials could play protective roles against various disorders
associated with the interplay between oxidative response and inflammatory disorders. The aim of this study was to
investigate the potential antioxidant and anti-inflammatory properties, and phytochemical analyses of methanol extract
of ripe and unripe peels of Ananas comosus (L.) Merr. The antioxidant properties were investigated through the analyses
of ferric ion reducing antioxidant capacities, ascorbic acid equivalent antioxidant capacities, and nitric oxide scavenging
capacities of the extracts. The anti-inflammatory potentials of the extracts were assessed through albumin denaturation
inhibition and proteinase inhibition assays. Further investigation was carried out on the phytochemical composition of
the extracts. There was no significant difference in the antioxidant potentials of the extracts assessed through the reduction
of ferric ion. However, the ascorbic acid equivalent capacities and nitric oxide scavenging potential revealed that the
antioxidant potentials of the extract of the unripe peel of A. comosus were significantly higher (p < 0.05) than the
antioxidant potentials of the extract of ripe peel. Albumin denaturation inhibitory potential was significantly higher (p <
0.05), but there was no significant difference in the protease inhibitory potentials of both extracts. The estimated amounts
of total flavonoids present in the extract of ripe peel of A. comosus were significantly higher (p < 0.05) than the estimates
in the extract of unripe peels. This study gave a comprehensive insight into the antioxidant properties, anti-inflammatory
properties and phytochemical compositions of the methanol extracts of the peels of ripe and unripe A. comosus which
could be exploited as an alternative and complementary medicine in the treatment of different ailments associated with
inflammatory disorders.
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1. Introduction status and inflammatory response [8]. Pineapple

(Ananas comosus (L.) Merr.) is a common fruit crop that

Processing of food materials such as fruits and
vegetables and the lack of suitable handling procedures
could generate high levels of plant-derived food wastes
that could cause a nuisance to the environment as solid
waste. The negative environmental effect might lead to
emission of detrimental greenhouse gases, microbial
decomposition and leachate production [1-3]. Recently,
plant-derived food wastes have been explored as
possible sources of valuable nutrients and natural
products in food, pharmaceutical and biotechnological
development besides being used as animal feeds or
manures. This attempt is in accordance with the
advocate by the Food and Agriculture Organization
(FAO) suggesting wastes of fruits and vegetables as
probable sources of health-promoting ingredients [4].
The by-products of the plant-derived food wastes can be
used in the productions of dietary fibres, dietary
antioxidants, flavour compounds and functional
ingredients and to fortify some foods [5, 6].

As progress towards utilisation of plant-derived food
wastes, various food peels had been assessed for the
possible presence of health-promoting compounds [7].
The plant-derived food products could be suggested to
be beneficial for health promotion vis-a-vis alleviation
of disorders that are associated with dysfunctional redox

is commonly consumed as fresh fruits and processed
juices due to its savoury properties. The peel is usually
dumped into landfills after consuming the edible part
where it could result in solid-waste management
problems. The present investigation was carried out to
evaluate the comparative antioxidant and anti-
inflammatory activities of ripe and unripe peels of A.
COmosus.

2. Experimental

2.1. Materials and reagents

Ripe and unripe pineapple fruits (A. comosus) were
obtained from local suppliers in Ajebo, Ogun State,
Nigeria and authenticated at the Department of
Biological Sciences, McPherson University, Seriki
Sotayo, Nigeria. The entire chemicals used were of
analytical grade. Trypsin was purchased from
Molychem (India), 1, 1- diphenyl-2-picrylhydrazyl was
obtained from E-Labscience (China), Folin-Ciocalteu's
phenol reagent was a product of Loba Chemie (India).

2.2. Preparation of plant samples

The peels of fruits were removed and dried at room
temperature of 30+1 °C. 50 g of each dried sample were
mixed with 200 ml MeOH and the mixture was filtered
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after 24 h. The filtrates were used for the subsequent
analyses.

2.3. Assessment of in vitro antioxidant potentials

2.3.1. Ferric reducing antioxidant potential assay. The
estimation of the reducing potential of the extract was
carried out as described by Oyaizu [9]. Filtrate (0.25 ml)
was added into a test tube containing 0.5 ml of 0.5%
(w/v) potassium ferricyanide, Ks[Fe(CN)g], and 2.5 ml
of 0.1M phosphate buffer (pH 6.6) and allowed to stand
for 30 min at room temperature of 30 °C. Exactly 0.1 ml
of 5% trichloroacetic acid, CI;CCOOH, was added to the
mixture and centrifuged at 600xg for 5 min. The
supernatant (2.0 ml) was transferred into a separate test
tube containing 0.2 ml of 0.1% (w/v) ferric chloride,
FeCls, and absorbance was measured at 700 nm after 15
min. The reducing potential was computed from the
standard curve (y = 0.0108x + 0.0552) obtained from
varying concentrations of ascorbic acid, C¢HgOs, and
expressed in pg/g of dry weight of the sample.

2.3.2 Ascorbic acid equivalent antioxidant capacities.
The ascorbic acid equivalent antioxidant capacity of
each extract was estimated using DPPH (1,1-diphenyl-2
picrylhydrazile) radical (DPPHe*) discoloration assay.
The discoloration assay was carried out as described by
Oso and Ogidi [10]. Exactly 0.5 ml of each extract was
added into a test tube containing 2.0 ml1 0.1 mM DPPHe
freshly prepared in methanol. The absorbance was read
at 517 nm after 20 min of incubation in the dark at the
room temperature of 30 °C. The antioxidant activity of
each sample was calculated from the standard curve
(y = —0.004x + 0.209) obtained from varying
concentrations of ascorbic acid and expressed in pg/g of
dry weight.

2.3.3. Nitric oxide scavenging potential. Nitric oxide
scavenging potential of each extract was estimated in
accordance to the method of Garrat [11]. Precisely 2.0
ml of 1% sodium nitroprusside, Naz[Fe(CN)sNO],
prepared in 0.1 M phosphate buffer (pH 7.4) was added
into a test tube containing 0.1 ml of the reconstituted
extract and the mixture was incubated for 60 min at
room temperature of 30 °C. Afterwards, 0.5 ml of the
incubated mixture was pipetted into another test tube
containing 1.0 ml sulfanilic acid, reagent prepared by
adding 33% sulfanilic acid, CsH;NOsS, to 20% glacial
acetic acid, CHsCOOH, and incubated at room
temperature for 5 min. Successively, 1.0 ml of 0.1 %
naphthylethylenediamine dihydrochloride,
C12H16CI2N2, was pipetted into the reaction mixture and
allowed to develop for 30 min at room temperature of 30
°C. The absorbance was measured at 540 nm.
The percentage inhibition was calculated using:

Ao—-A1

% inhibition = x 100 1)

where A, = absorbance of the control and A=
absorbance of extract. The inhibition concentration at
50% (I1Cso) was calculated and expressed in mg/ml.

2.4. Determination of anti-inflammatory properties

2.4.1.  Inhibition of albumin  denaturation.
Determination of albumin denaturation inhibitory
potential of the extract was carried out as described by

95

Williams et al. [12]. The reaction mixture consisted of
the filtrates (1.0 ml) in separate test tubes containing 200
pl of 1% aqueous solution of bovine albumin solution
and 2.0 ml of 0.05 M phosphate buffer (pH 6.5). The
mixtures were incubated at 37 °C for 10 min and then
heated to 51°C for 20 min. The turbidity was measured
at 660 nm after cooling the test tube. The percentage
inhibition of albumin denaturation was calculated using
Eq. 1.

2.4.2. Proteinase inhibitory action
The test was performed according to Kunitz [13] with
slight modifications. The reaction mixture contained
0.06 mg trypsin, 1.0 mL of 0.1M phosphate buffer (pH
7.4) and 1.0 ml of the filtrate. The mixture was incubated
at 37 °C for 5 min. Subsequently, 1.0 ml of 0.8% (w/v)
casein was added. The mixture was allowed to incubate
for an additional 20 min at 37 °C. Finally, 0.1 ml of 5%
CI;CCOOH was pipetted into the reaction solution and
centrifuged at 600xg. The absorbance of the supernatant
was measured at 280 nm.

The percentage inhibition of proteinase inhibitory
activity was calculated from Eq. 1.

2.5. Estimation of phytochemical composition

2.5.1 Total phenolic content. The phenolic contents of
the extracts were estimated using the Folin-Ciocalteu
reagent (FCR) as described by Singleton et al. [14].
Exactly 0.1 ml of each extract was added into a test tube
containing 0.5 ml of FCR (prepared in ratio 1 to 10 with
distilled water). The reaction mixture was allowed to
stand for 30 min after which 1.5 ml of 7.5 % Na,COs
solution was added to the mixture. The absorbance was
measured at 765 nm after 20 min. The phenolic content
was computed from the standard curve (y = 0.0202x —
0.0382) obtained from varying concentrations of gallic
acid and expressed in pg/g of dry weight of the sample.

2.5.2. Total flavonoid content. Total flavonoid content
was estimated colorimetrically based on the method
earlier described by Zhishen et al. [15]. In a 10 ml test
tube containing 0.1 ml of the extract, 5.0 ml of 5%
NaNO- was added. 5 min later, precisely 3.0 ml of 10 %
AICl; was added to the mixture and allowed to incubate
at room temperature of 301 °C for 15 min after which
2.0 ml of 1.0 M NaOH solution was added and the
absorbance at 510 nm was measured.

The flavonoid content was computed from the
standard curve (y = 0.002x + 0.069) obtained from
varying concentrations of quercetin and expressed in
pg/g of dry weight of the sample.

2.6. Statistical analysis

The results obtained were subjected to statistical
analyses using a one-way analysis of variance with the
differences between means determined by Duncan’s
New Multiple post-hoc test using IBM SPSS Statistics
20 software. The values were expressed as the mean +
standard deviation of three determinations.

3. Results and discussion

3.1. In vitro antioxidant properties
The results of the in vitro antioxidant properties of the
methanol extracts of dried peels of ripe and unripe A.
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comosus, evaluated through ferric reduction antioxidant
potential (FRAP), ascorbic acid equivalent antioxidant
capacity (AEAC) and nitric oxide scavenging activity
(NO), are presented in Table 1. There was no statistical
difference (p < 0.05) between the reducing potentials of
the extracts. The ascorbic acid equivalent antioxidant
capacity of the extract of ripe peel of A. comosus was
significantly lower than that of the extract of the unripe
peel of A. comosus with the ICso values of 359.0+10.39
mg/ml and 416.0£12.49 mg/ml, respectively.
Correspondingly, the nitric oxide scavenging potential
of the extract of ripe peel had a lower activity with the
ICso value of 339.33+61.533 mg/ml compared to the
ICs value of the unripe peel (253.67+8.386 mg/ml).

Table 1. Antioxidant capacity of ripe and unripe peel of A.
comosus

AEAC NO

Extracts FRAP (ug/g) (ug/g) (1Cs0 mg/ml)

ERP 187.33+8.33  359.0+10.39* 339.33+61.533*

EUP 186.67+2.517 416.0+12.49 253.67+8.386

The values represent the mean + standard deviation of three
determinations. * shows the values within a column are statistically
different at p < 0.05. FRAP = Ferric Reducing Antioxidant Potentials,
AEAC = Ascorbic acid Equivalent Antioxidant Capacity, NO = Nitric
Oxide scavenging potential. ERP = Extract of the ripe peels of A.
comosus, EUP = Extract of the unripe peels of A. comosus.

3.2. Anti-inflammatory properties

The anti-inflammatory properties of the extracts are
presented in Table 2. The ADIP of the ripe peel extract
of A. comosus is significantly lower (p < 0.05) compared
to the extract of the ripe peel. However, there was no
statistical difference between the proteinase inhibition
potentials (PIP) of the extracts.

Table 2. Albumin denaturation inhibitory potentials (ADIP)
and proteinase inhibition potential (PIP) of methanol extracts
of ripe and unripe peels of A. comosus

Extracts ADIP (% inhibition)  PIP (% inhibition)
ERP 12.76+3.02* 11.27+£2.13
EUP 16.79+2.93 9.84+3.80

The values represent the mean + standard deviation of three
determinations. * shows the values within a column are statistically
different at p < 0.05. ERP= Extract of the ripe peels of A. comosus,
EUP= Extract of the unripe peels of A. comosus.

3.3. Total phenolic and total flavonoid content

The results of the estimation of phenolic and flavonoid
contents of ripe and unripe peels of methanol extract of
A. comosus are presented in Table 3. There was no
significant difference between the phenolic contents of
the extracts of the ripe peel (71.33+£8.08 pg/g) and the
unripe peel (68.33+£2.08 pg/g). However, the flavonoid
contents were significantly higher in the extract of the
ripe peel compared to the extract of the unripe peel.

Table 3. Phenolic and flavonoid contents of ripe and unripe
peels of methanol extracts of A. comosus

Extracts Phenolic (ug/g)  Flavonoid (ug/g)

ERP 71.33+8.08 24.0+0.03*
EUP 68.33+2.08 22.33+2.31

The values represent the mean =+ standard deviation of three
determinations. * shows the values within a column are statistically

different at p < 0.05. ERP = Extract of the ripe peels of A. comosus,
EUP = Extract of the unripe peels of A. comosus.

The capacities of plant-based natural products to act
as antioxidants and their role in the prevention of
diseases that are associated with inflammatory disorders
have been employed in the development of substitutes
in place of synthetic agents with biological properties.
The results of the study indicated that extracts of the
peels of A. comosus exhibited corresponding antioxidant
and anti-inflammatory properties which could be
attributed to the characteristic phytochemical
constituents. The antioxidant capacities assessed
through DPPH radical and NO were higher in the extract
of the unripe peel. The observed differences in the
antioxidant capacities between the ripe and unripe peel
could be related to structural and functional natures of
the bioactive compounds in the peels. Several studies
had reported that the antioxidant capacity of plant
materials is ripening-dependent [16-18].

Similarly, the extracts exhibited anti-inflammatory
activities in both ADIP and PIP assays. The anti-
inflammatory potentials of the extracts assessed through
ADIP correlated with AEAC and NO antioxidant
activities. The results of the present study were
consistent with a number of reports regarding the strong
relationship between antioxidant property and anti-
inflammatory potential of plant materials [19, 20].
Consequently, peel of A. comosus could be used as a
source of antioxidants and anti-inflammatory agents and
thus may be effective against disorders that are related
to oxidative stress and inflammation.

Furthermore, the study provides evidence for the
presence of biologically active compounds such as
phenolics and flavonoids. These are compounds
containing one or more aromatic rings and are essential
dietary factors naturally found in plant-based foods. The
phenolics comprise one of the main groups of secondary
metabolites in plant materials with essential health-
promoting properties. Studies had shown that
concentrations of these phytochemicals could be
influenced by several factors which include post-harvest
handling, processing techniques, and extraction
procedures [21]. Ripening appears not to influence the
phenolic contents of the peel; however, there were
higher values of flavonoid contents in the ripe peel than
the unripe peel. The flavonoid contents correlated
inversely with the observed antioxidant and the anti-
inflammatory potentials of the extracts which aggress
with the observation of Liu et al. [22]. Generally, the
flavonoids become less-reactive radical and more stable
when oxidized by radicals [23]. The negative correlation
could be attributable to the changes in the
phytochemical profile in the peel of A. comosus.
Examples of phytochemicals that had been reported to
increase with ripening include anthocyanin, naringenin,
lycopene, rutin and luteolin [24, 25]. Moreover, ripening
could modulate the synergistic effects among the
different phytochemical groups in the peels and
subsequently contribute to the observed biological
activities. In addition, flavonoids had been demonstrated
to have undefined reactivity against DPPH radical
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whereas they could be related to the reduction of
pathological disorders [26].

Moreover, the study indicate the peels could contain
a wide range of secondary metabolites with favourable
biological properties which could be similar with edible
parts of the fruits which had been reported to be a good
source of phytochemicals and micronutrients with
therapeutic  properties in the food industry,
pharmaceuticals and cosmetic products [27, 28]. Thus,
the peels of ripe and unripe of A. comosus could also be
used in the manufacture of nutraceuticals such as
polyphenols with antioxidant and anti-inflammatory
function. Additionally, the peels could improve waste
management, reduce environmental pollution, and
generate value-added food products.

4. Conclusion

This study reveals the probable exploitation of the peel
of A. comosus in alternative and complementary
medicine most especially for ailments that associated
with inflammatory disorders. It also showed that the
overall compositions and biological properties of the
peel of A. comosus could be affected by ripening
process. In vivo studies of the extracts could be
considered in future studies in order to establish the
toxicological effects of the extracts.

Conflict of interest

The authors declare that there is no conflict of interest
as regards the content of this article

References

[1]. K. Venkat, The climate change and economic
impacts of food waste in the United States,
International Journal of Food System Dynamics 2
(2011) 431 446.

[2]. F. Girotto, L. Alibardi, R. Cossu, Food waste
generation and industrial uses: a review, Waste
Management 45  (2015) 32-41. DOI:
10.1016/j.wasman.2015.06.008

[3]. M.V. Vilarifio, C. Franco, C. Quarrington, Food
loss and waste reduction as an integral part of a
circular economy, Frontiers in Environmental
Science 5 (2017) 1-5.

[4]. FAO, http://www.fao.org/3/a-i3273e.pdf (2013)
Accessed 25" September 2019

[5]. C.A. Amaya-Guerra, M.G. Alanis-Guzman, S.O.
Serna Saldivar, Effects of soybean fortification on
protein quality of tortilla-based diets produced
from regular and quality protein maize, Plant
Foods for Human Nutrition 59 (2004) 45-50. DOI:
10.1007/s11130-004-0030-5.

[6]. M.A. Vieira, K.C. Tramonte, R. Podest,4, S.R.P.
Avancini, R. D. M. C. Amboni, E.R. Amante,
Physicochemical and sensory characteristics of
cookies containing residue from king palm

(Archontophoenix  alexandrae) processing,
International Journal of Food Science and
Technology 43 (2008) 1534-1540. DOI:

10.1111/j.1365-2621.2007.01568.x.

97

[7]. O.L. Erukainure, O.F. Onifade, B.O. Odjobo, T.A.
Olasehinde, T.A. Adesioye, A.O. Tugbobo-Amisu,
S.0. Adenekan, G.l. Okonrokwo, Ethanol extract
of Tetrapleura tetraptera fruit peels: Chemical
characterization, and antioxidant potentials against
free radicals and lipid peroxidation in hepatic
tissues, Journal of Taibah University for Science
11 (2017) 861-867.

[8]. B.JOso, E.B. Oyewo, A.T. Oladiji, Phytochemical
composition,  antioxidant  capabilities  and
immunomodulatory in vitro indices of Xylopia
aethiopica fruit extracts, Advance Pharmaceutical
Journal 3 (2018) 29-37.

[9]. M. Oyaizu, Studies on products of browning
reactions: antioxidant activities of products of
browning reaction prepared from glucosamine,
Japan Journal of nutrition 44 (1986) 307-315.

[10]. B.J. Oso, C.O. Ogidi, Antioxidant assays by
reducing potential and  2,2-diphenyl-1-
picrylhydrazyl radical scavenging techniques as
affected by pH and ion concentrations, Brazilian
Journal of Biological Sciences 6 (2019) 53-61.

[11]. D.C. Garrat, The Quantitative Analysis of Drugs,
Japan, Chapman and Hall (1964).

[12]. L.A.D. Williams, E.A. Vasquez, P.P. Milan, C.
Zebitz, W. Kraus, In vitro anti-inflammatory and
anti-microbial activities of phenylpropanoids from
Piper betle (Piperaceae). In Proceeding of the
Phytochemical Society of Europe: Natural
products in the new millennium: Prospects and
industrial application. A.P. Rauter, P.B. Palma, J.
Justino, M.E. Araujo, S.P. Santos (Eds). Kluwer
Academic Publisher, Dordrecht 47 (2002) 221 —
227.

[13]. M. Kunitz, Crystalline soyabean trypsin inhibitor
Il. General properties, Journal of General
Physiology 30 (1974) 291-310.

[14]. V.L. Singleton, R. Orthofer, R.M. Lamuela-
Raventos, Analysis of total phenols and other
oxidation substrates and antioxidants by means of
Folin-Ciocalteu reagent, Methods in Enzymology
299 (1999) 152-178.

[15].J. Zhishen, T. Mengcheng, W. Jianming, The
determination of flavonoids contents in mulberry
and their scavenging effects on super oxides
radicals, Food Chemistry 64 (1999) 555-559.

[16]. C.F. Forney, W. Kalt, JA. Jordan, M.R.
Vingvisttymchuk, S.A.E. Fillmore, Compositional
changes in blueberry and cranberry fruit during
ripening, Acta Horticulturae 926 (2012) 331-338.
DOI: 10.17660/ActaHortic.2012.926.46..

[17]. S.R. Bhandari, J.G. Lee, Ripening-dependent
changes in antioxidants, color attributes, and
antioxidant activity of seven tomato (Solanum
lycopersicum L.) cultivars, Journal of Analytical
Methods in Chemistry 2016 (2016) 549861813.
DOI: 10.1155/2016/5498618.

[18]. X. Guofang, X. Xiaoyan, Z. Xiaoli, L. Yongling,
Z. Zhibing, Changes in phenolic profiles and
antioxidant activity in rabbit eye blueberries during
ripening, International Journal of Food Properties
22 (2019) 320-329. DOl:
10.1080/10942912.2019.1580718.



Oso et al. / Ovidius University Annals of Chemistry 33 (2022) 94-98

[19]. B.J. Oso, O.T. Oso, A.T. Oladiji, Redox balance:
A probable target in the management of immune
dysfunction, Brazilian Journal of Biological
Sciences 5 (2018) 259-264.

[20]. B.J. Oso, K.O Karigidi, Inhibitory action of dried
leaf of Cassia alata (Linn.) Roxb against
lipoxygenase activity and nitric oxide generation,
Scientia Agropecuaria 10 (2019) 185 — 190.

[21]. S.O Nwozo, B.J. Oso, E.B. Oyinloye, Effect of
Heat on Antioxidant Activity of Some Tropical
Leafy Vegetables, Nigerian Journal of Basic and
Applied Science 23 (2015) 93-101.

[22]. H.Y. Liu, N.X. Qiu, H.H. Ding, R.Q. Yao,
Polyphenols contents and antioxidant capacity of
68 Chinese herbals suitable for medical or food
uses, Food Research International 41 (2008) 363-
370.

[23]. P.G. Pietta, Flavonoids as antioxidants, Journal of
Natural Products 63 (2000) 1035-1042.

[24]. R. llahy, C. Hdider, M.S. Lenucci, I. Tlili, G.
Dalessandro, Antioxidant activity and bioactive
compound changes during fruit ripening of high-
lycopene tomato cultivars, Journal of Food
Composition and Analysis 24 (2011) 588-595.

[25]. T. Belwal, A. Pandey, I.D. Bhatt, R.S. Rawal, Z.
Luo, Trends of polyphenolics and anthocyanins

98

[26].

[27].

[28].

accumulation along ripening stages of wild edible
fruits of Indian Himalayan region, Scientific
Reports 9 (2019) 5894.

R. Hirano, W. Sasamoto, A. Matsumoto, H.
Itakura, O. lgarashi, K. Kondo. Antioxidant ability
of various flavonoids against DPPH radicals and
LDL oxidation, Journal of Nutritional Science and
Vitaminology 47 (2001) 357-362.

B.J. Oso, Fatty acid compositions of ether extracts
of Bryophyllum pinnatum Lam., Ficus exasperata
Vahl., Gossypium herbaceum Linn. and Hilleria
latifolia (Lam.) H. Walt, Revista Colombiana de
Ciencias Quimico - Farmacéuticas 49 (2020) 171-
182. DOI: 10.15446/rcciquifa.v49n1.87033.
M.M.C. Cervo, L.O. Llido, E.B. Barrios, L.N.

Panlasigui, Effects of canned pineapple
consumption on nutritional status,
immunomodulation, and physical health of

selected school children, Journal of Nutrition and
Metabolism 2014 (2014) 8616599. DOI:
10.1155/2014/861659.

Received: 23.01.2022
Received in revised form: 15.06.2022
Accepted: 17.06.2022



