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Abstract The present effort was to obtain extracts from
various fruit by-products using three extraction systems
and to evaluate their polyphenolic content, antioxidant, and
a-glucosidase inhibition activity. The fruit by-products
were pre-processed by washing, drying, and milling
methods to produce the powder. The powder samples were
used to obtain extracts using pressurized hot-water
(PHWE), enzyme-assisted (EnE) and organic solvent
extraction (OSE) systems. The total phenolic content
(TPC), total flavonoid content (TFC), antioxidant and o-
glucosidase inhibition activity in all samples were assessed
by Folin-Ciocalteu, AICl; colorimetric, DPPH & ABST*
and o-glucosidase inhibitory methods. The results showed
that the extracts of peel, seed and other by-products
exhibited outstanding TPC, TFC, and strongest antioxidant
and o-glucosidase inhibition activity, eventually higher
than edible parts of the fruits. For instance, the highest TPC
among the peels of various fruits were in mango peel (in all
cultivar) followed by litchi peel, banana peel cv. sagor,
jackfruit peel, pineapple peel, papaya peel, banana peel cv.
malbhog and desi on average in all tested extraction sys-
tems. PHWE system yielded significantly (p < 0.05)
higher TPC and TFC than other extraction systems. In case
of misribhog mango variety, the TPC (mg GAE/g DM) in
peels  were 180.12 £ 7.33,  73.52 £ 2091 and
36.10 + 3.48, and in seeds were 222.62 + 12.11,
76.18 £ 2.63 and 42.83 £ 12.52 for PHWE, EnE and OSE
respectively. This work reported the promising potential of
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underutilized fruit by-products as new sources to manu-
facture ingredients and nutraceuticals for foods and phar-
maceutical products.

Keywords Fruit-waste extracts - Total phenolics - Total
flavonoids - a-Glucosidase inhibitors - Antioxidant activity

Introduction

Fruit processing industries are generated huge quantities of
fruit by-products including peel, seed, shell, hull, husk,
stems/stalks, bran, washings, pulp refuse, press cakes
which are less or not used at all and create considerable
environmental pollution. Fruits, such as mango, jackfruit,
pineapple, papaya, litchi, and banana contribute to higher
amount of by-products in Bangladesh. The lack of infor-
mation on the nutritional quality of these by-products
excludes their potential use in manufacturing food, feed,
pharmaceutical products and their ingredients. The chem-
ical composition of fruit by-products varies according to
the type of fruits. The seeds and peels of fruits possess high
phytochemical content in terms of antioxidants that can be
recovered for secondary use as functional ingredients in
many processed foods and feed or drugs (Pilas et al. 2009).
Presently, no actions have been taken to valorise these by-
products in Bangladesh. They are just treating as food
waste by incineration, fermentation, composting, landfill
and sometimes using as cattle feed at home. These tech-
nologies allow to minimize waste volumes, but fail to turn
such wastes into profitable products although having their
great potential as important dietary sources of polyphenol
compounds with strong antioxidant capacity (Ajila et al.
2007; da Silva et al. 2014). Therefore, the processing of
polyphenolic compounds from fruit by-products may lead
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to the possibility to be used as alternative sources of natural
antioxidants to prevent the oxidation of food products and
subsequently would result in preserving the nutritional
quality and promoting health benefits (Rahman et al. 2017).

Diabetes mellitus is a chronic disease for humans
characterized by blood glucose levels. This disease causes
an increased production of free radicals or impaired
antioxidant defences (Baynes 1991). The excessive pro-
duction of free radicals damages cellular proteins, mem-
brane lipids and nucleic acids and thus results in
destruction of the cells (Giugliano et al. 1996). Diabetes
mellitus can be controlled by different means including
scavenging of free radicals. Besides, the postprandial glu-
cose levels could be controlled by inhibiting the activity of
a-glucosidase that is the key enzyme catalysing the car-
bohydrate digestion process in small intestine (Kwon et al.
2007). Several synthetic a-glucosidase inhibitors such as
acarbose, miglitol, and voglibose have been clinically used
to regulate the blood glucose levels of patients suffering
from diabetes mellitus (Sh et al. 2011). However, these
drugs have been claimed to cause side effects including
weight gain, hypersensitivity reaction, abdominal pain,
meteorism, diarrhea and hepatotoxicity (Hollander 1992).
Consequently, many efforts have been made to search for
effective, non-toxic, natural, and inexpensive o-glucosi-
dase inhibitors from natural resources that can prevent the
risk of diabetes mellitus and its complications. Plant-based
products like fruit by-product are considered as less toxic
products having lower side effects than the synthetic ones
(WHO 2002).

In addition, fruit by-products are considered as a cheap,
natural, and suitable source of functional compounds like
phenolic compounds which may be used as biologically
active compounds in functional foods and pharmaceuticals
as the substitutes of synthetic additives. It is evident that
many synthetic additives, being used in food industries,
have several side effects like toxicity and carcinogenicity
(Zhang et al. 2018). The use of the extracts from fruit by-
products as natural food additives or ingredients of food,
feed and pharmaceutical products has recently been sug-
gested due to their richness of nutritional and bioactive
compounds (Gondi and Prasada Rao 2015).

The extracts from fruit by-products can be obtained by
using traditional and innovative extraction methods.
However, traditional methods show some drawbacks. For
instance, requirement of longer extraction time and high
purity solvents, depends on the choice of solvents, loss of a
higher amount of solvents through evaporation, low
extraction yield. To overcome such drawbacks, two inno-
vative extraction methods such as enzyme-assisted
extraction and pressurized hot-water extraction have been
introduced in this work.
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From the above points of views, the study was aimed to
extract the bioactive compounds from fruit by-products
through innovative extraction methods and then evaluate
total phenolics and total flavonoids content, and their
antioxidant and o-glucosidase inhibition activities.

Materials and methods
Samples

Jackfruit (Artocarpus heterophyllus L.), pineapple (Ananas
comosus L.), papaya (Carica papaya L.), litchi (Litchi
chinensis cv. bombai), three cultivars of banana (Musa
acuminata): desi, sagor, malbhog and four cultivars of
mango (Mangifera indica L.) such as misribhog, hari-
vangha, langra, and amrapali were collected from local
market. Seeds, peels, and other by-products of these fruits
were separated from edible part and dried by a cabinet
dryer at 60 £ 5 °C. The powder of these by-products was
made by a grinder machine (Jaipan, JFM 1300) and was
stored at — 18 °C for further analyses.

Reagents

DPPH (2,2-diphenyl-1-picrylhydrazyl), Folin-Ciocalteu
reagent (2.0 N), ABTS (2,2'-azino-bis (3-ethylbenzthiazo-
line-6-sulphonic acid)), Trolox (6-hydroxy-2,5,7,8-tetram-
ethylchroman-2-carboxylic  acid),  p-Nitrophenyl-o-D-
glucopyranoside, a-glucosidase (yeast, EC 3.2.1.20),
acarbose, sodium bicarbonate, gallic acid, quercetin,
potassium persulphate (K,S,0g), sodium nitrite (NaNO,),
and aluminium chloride hexahydrate (AlCl;-6H,0) were of
analytical grade (Sigma Aldrich, Germany). Methanol
(99.9%) was HPLC grade (Sigma Aldrich). Viscozyme® L
was from Sigma Aldrich. Disodium phosphate, mono-
sodium phosphate, hydrochloric acid (HCl), sodium
hydroxide (NaOH) were also of analytical grade and pur-
chased from Merck, Germany.

Organic solvent extraction

Organic solvent extraction was carried out according to the
procedure described by Zhang et al. (2017) with some
modification. Briefly, 2.5 grams of dry powder samples
were mixed with 50 mL of 80% methanol (40 ml 99.9%
methanol and 10 ml distilled water) in a glass conical flux
as solid/liquid ratio of 1:20 (g/mL) and extracted at room
temperature for 60 min in a shaking water bath at 100 rpm.
Afterward, the sample was centrifuged at 4000 rpm (gen-
eral centrifuge MF-300, HumanLab Instrument Co., Korea)
for 10 min. An aliquot of the supernatant was transferred
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with a 10 mL plastic syringe and filtered through a
Whatman no 1 filter paper before the analysis.

Enzyme-assisted extraction

The enzymatic hydrolysis was carried out by dissolving 2.5
grams of dry powder sample in 50 mL of 0.1 M phosphate
buffer solution (pH 4) as per solid/liquid ratio of 1:20 (g/
mL) and then the aqueous enzyme solution (Viscozyme®
L) was added to the mixture. There were two series of
experiments: at first, we searched for optimal condition of
enzymatic hydrolysis where the experiments were con-
ducted at 45 °C and pH 4 with different concentrations of
enzyme (0—2%) and optimum concentration of the enzyme
(1%) was determined. At fixed pH (pH = 4) and optimum
enzyme concentration (1%), the incubation temperatures
were varied from 35 to 55 °C. Finally, pH value (3.0-7.0)
and incubation time (0-12 h) were varied while the con-
centration of enzyme (1%) and incubation temperature
(55 °C) were fixed at optimum conditions.

Using the optimum conditions achieved in the first series
of experiments, the second series of experiments were
performed to investigate the enzymatic hydrolysis of all
samples. All the experimental parameters (enzyme 1%,
temperature 55 °C, pH = 4, incubation time 1 h) were the
same as in the first series of experiments and the enzymatic
hydrolysis was stopped after 60 min. All incubations were
performed in a temperature-controlled shaking water bath
at 100 rpm. The hydrolysates were centrifuged at
4000 rpm for 10 min. Then, the supernatant was trans-
ferred with a 10 mL plastic syringe and filtered through
Whatman no 1 filter paper before the analysis. The
obtained extracts were analysed for their phenolic & fla-
vonoid content, antioxidant activities and o-glucosidase
inhibitory activity.

Pressurized hot-water extraction

The pressurized hot-water extraction of bioactive com-
pounds from fruit by-product was carried out with a lab-
oratory-built pressure cooker system as described by (Plaza
and Turner 2015). At first, 10 grams of dry powder samples
were mixed with 200 mL distilled water in a 1000 mL
pressure cooker as per solid/liquid ratio of 1:20 (g/mL).
Then, the pressure cooker was closed and heated by the
heater to reach the pressure of 20 psi. Afterward, the
pressure cooker was transferred immediately to the shaking
water bath. Finally, the extraction was conducted at 100 °C
in a temperature-controlled shaking water bath at 100 rpm
for 30 min while saturation pressure and temperature were
20 &£ 1 psiand 120 = 5 °C inside the pressure cooker. The
resulting slurry was centrifuged at 4000 rpm for 10 min.
An aliquot of the supernatant was transferred with a 10 mL

plastic syringe and filtered through a Whatman no 1 filter
paper before the analysis.

Determination of total phenolic content

The total phenolic content was determined by Folin-Cio-
calteu assay according to reference (Hasan et al. 2018) with
some modification. A 500 pL of samples extract was mixed
with 500 puL Folin—Ciocalteu solution, then 1 mL sodium
bicarbonate (7.5% solution) was added to the mixture and
finally adjusted to the mark with distilled water to make
10 mL solution. Then, the mixture was vortexed for a few
seconds. The solutions were left for 35 min at room tem-
perature in the dark place followed by centrifugation for
10 min at 4000 rpm. Afterward, the absorbance was mea-
sured at 750 nm using UV-Vis spectrophotometer (UV-
1800, Shimadzu Scientific Instruments Inc., USA). Gallic
acid (0-200 uM) was used for calibration of the standard
curve. The calibration curve showed the linear regression at
R? = 0.9976 and the results are expressed as mg of Gallic
acid equivalent per gram of dry sample (mg GAE/g DM).

Determination of total flavonoid content

Total flavonoid content was measured using the colori-
metric method described by Rahman et al. (2017) with
some modifications. 1 mL of extracts mixed with 4 mL of
distilled water and 0.3 mL of 5% NaNO, solution in
15 mL falcon tubes. Then, the tubes were allowed to stand
for 5 min and subsequently added 0.3 mL of 10% AICI; to
the mixture and again allowed to stand for further 1 min.
Lastly, 2 mL of 1 M NaOH and 2.4 mL of distilled water
were added and mixed thoroughly. After centrifugation for
10 min at 4000 rpm, the tubes were kept in the dark place
at room temperature for 15 min. The absorbance was read
at 510 nm against a blank prepared in a similar manner by
replacing the mixture with methanol. The total flavonoid
content was calculated from a standard curve of quercetin
and the results were expressed as mg of quercetin equiv-
alent per gram of dry sample (mg QE/g DM).

Antioxidant activity
DPPH' scavenging ability

Antioxidant activity of samples was determined by a free
radical scavenging assay using DPPH'" as the source of the
free radicals (Zhang et al. 2016). DPPH' can react directly
with most of the antioxidants and be captured by them. The
reduction of DPPH' is measured by the decrease in absor-
bance at a characteristic wavelength and a determined time
during the reaction (30 min). A 1.950 mL DPPH' solution
was transferred into the cuvette and the absorbance was
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measured at 515 nm with a UV-Vis spectrophotometer
immediately and after 30 min of adding Trolox solution (0,
5, 10, 15, 25, 30 and 50 puM) to produce a calibration curve.
Similarly, the absorbance of 50 pL extracts in the DPPH’
solution was also measured to evaluate the scavenging
capacity of the extract samples. The scavenging ability (%)
was calculated as follows:

A control — A sample

DPPH' scavenging ability (%) = x 100

A control
A = absorbance at 515 nm

All the analyses were performed in triplicate. The con-
centration of samples resulting in 50% inhibition on DPPH’
(ICsq value) was calculated by nonlinear curve fitting with
OrginPro 8.6 (OriginLab Co., US) and expressed as mg/
mL.

ABTS " scavenging ability

The total antioxidant capacity was evaluated using the
method described by Zhang et al. (2017) with slight
modification. The 100 mL ABTS™ stock solution was
prepared with distilled water containing 7 mM ABTS™
and 2.45 mM potassium persulfate (final concentration), it
was then placed in the dark for 12 h at room temperature,
and finally, it was diluted with phosphate buffer solution
(pH 7) to have an absorbance of 0.7 &+ 0.1 at 734 nm
before use. Then, the ABTS™ scavenging ability was
measured by mixing 50 pL extracts with 1.950 mL
ABTS™" solution. The absorbance was recorded at 734 nm
after 6 min of incubation at room temperature. Trolox was
used as a positive control. The percentage ABTS ™ scav-
enging of the extracts was calculated as:

ABTS™ scavenging ability (%)

_ A control — A sample < 100

A control

All the analyses were performed in triplicate. The con-
centration of samples resulting in 50% inhibition on
ABTS ™t (ICs, value) was calculated by nonlinear curve
fitting with OrginPro 8.6 (OriginLab Co., US) and
expressed as mg/mL.

a-Glucosidase inhibitory activity

The activity of a-glucosidase inhibition of the extracts was
determined as previously reported (Zhang et al. 2016).
Briefly, 50 uL diluted samples or acarbose at various
concentrations were mixed with 50 pL phosphate buffer
(0.1 M, pH 6.9) and 100 pL of 0.1 U/mL o-glucosidase
solution (in 0.1 M, pH 6.9 phosphate buffer), and allowed
to incubate at 25 °C for 10 min. Then, 50 pL. of 5 mM of
p-Nitrophenyl-a-p-glucopyranoside ~ (pNPG)  solution
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(0.1 M, pH 6.9 phosphate buffer) was added. The mixture
was allowed to incubate another 5 min at 25 °C, and then
the absorbance was recorded at 405 nm using UV-Vis
spectrophotometer. The inhibition percentage was calcu-
lated as follows:

Ac - (As - Ab)

Inhibition percentage (%) = x 100

where A, is the absorbance of the control (without sample),
Ay is the absorbance of the sample, A, is the absorbance of
the sample blank (without pNPG solution). Acarbose used
as a positive reference. The calculation of ICsy value was
same as DPPH and ABTS " procedures and expressed as
mg/mL.

Statistical analysis

Statistical analyses were carried out using XLSTAT soft-
ware (Addinsoft). Analysis of variance (ANOVA) and
Tukey’s test were used for multiple comparisons of mean.
The differences were considered statistically significant at
p <0.05. All the triplicate data were presented as
mean = standard deviation (mean + SD).

Results and discussion

Effect of extraction methods on the content of total
phenolic and total flavonoid

The selection of the extraction methods is very important
for the recovery of bioactive compounds. The effect of
pressurized hot-water extraction (PHWE), enzyme-assisted
extraction (EnE) and organic solvent extraction (OSE)
methods on the content of total phenolics and total flavo-
noids of the extracts from the peel and seed of misribhog
variety is shown in Fig. 1 as an example. There were
details about the content of total phenolic (TPC) and total
flavonoid (TFC) for different fruits by-products in the next
section (“Determination of total phenolic content (TPC)
and total flavonoid content (TFC)” section). The yield of
TPC and TFC were varied according to the extraction
methods used. As shown in Fig. 1, the PHWE yielded
significantly (p < 0.05) higher amount of TPC and TFC in
misribhog mango peel and seed than EnE and OSE meth-
ods. The extracts of seeds contained higher TPC and TFC
than the extracts of peels on all tested extraction methods
that were agreed with Ayala-Zavala et al. (2010). The TPC
(mg GAE/g DM) in peels were 180.12 &+ 7.33,
73.52 £ 291 and 36.10 £ 3.48, and in seeds were
222.62 £ 12.11, 76.18 & 2.63 and 42.83 £+ 12.52 for
PHWE, EnE and OSE respectively. The TFC (mg QE/g
DM) in peel were 10.36 £ 1.13, 4.60 & 0.15 and
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Extraction method

6.39 £+ 0.94, and in seed were 15.25 & 1.94, 3.60 &+ 0.18
and 7.71 + 0.48 for PHWE, EnE and OSE respectively.
The use of elevated temperature and pressure decreases/
disrupts the surface tension of the solvent, solutes and
matrix interaction, resulting in enhanced solvent perme-
ability into the cells and enhanced mass transfer of the
analyte from the sample to the solvent and faster dissolve
in the solvent to yield higher amount of total phenolic and
total flavonoids (Mustafa and Turner 2011).

With respect to misribhog mango peel and seed extracts,
the effect of EnE method on the recovery of TPC was
significantly (p < 0.05) higher than OSE method except for
the recovery of TFC. This increase in recovery can be
attributed to the ability of enzyme (Viscozyme® L) to
degrade cell wall and depolymerize plant cell wall
polysaccharide, facilitating the release of polyphenols
(Hong et al. 2013). All these indicated that both PHWE and
EnE are more effective methods to increase polyphenolics
yield since they improve the recovery of phenolics from
fruit by-products. This can consider that the PHWE and
EnE methods are attractive alternatives to traditional sol-
vent maceration for recovery of bioactive compounds from
plant matrix.

Determination of total phenolic content (TPC)
and total flavonoid content (TFC)

Antioxidant activities from plant sources are mainly
derived from phenolic-type components (Bozin et al.
2008), these belongings do not always correlate with the
presence of large quantities of polyphenols. Therefore,
both sets of data need to be assessed together. Accordingly,
the TPC of the extracts from different fruit by-products
were determined using Folin-Ciocalteu assay. As shown in
Table 1, all tested extraction methods yielded a significant
amount (p < 0.05) of total phenolic. In case of mango peel
extracts from all cultivars, the TPC (mg/g DM) ranged
from 128 to 209, 50 to 73, and 36 to 43, and TPC in mango

Extraction method

seed extracts ranged from 205 to 237, 51 to 76 and 36 to 46
using PHWE, EnE, and OSE system respectively. The
value of TPC in mango peel and seed extracts using PHWE
system was higher than the reported value of Ajila et al.
(2007) who noticed 54—100 mg GAE/g DM in Badami and
Raspuri mango varieties grown in India and of Sultana
et al. (2012) who obtained 63.89-116.80 mg GAE/g DM in
langra mango variety while using organic solvent extrac-
tion system. A direct comparison with the literature data
was not possible due to limited studies on TPC using
PHWE from mango peel and seed extracts. Interestingly,
Garcia-Mendoza et al. (2015) noticed a positive effect in
the TPC, product of the increase of pressure in the
extraction process with pressurized liquids. However, the
results of TPC in mango peel and seed extracts using EnE
and OSE systems were comparable with Ajila et al. (2007)
and Sultana et al. (2012). The TPC in jackfruit by-products
such as peel, seed, rags and core was also comparable to
Zhang et al. (2017) who reported 48.04, 48.04, 11.57 mg
GAE/g DM in peel, seed and rags or flake, respectively.
The value of TPC in pineapple peel and core, in papaya
peel and seed, in litchi peel and seed as well as in banana
peel cv. sagor, malbhog and desi in tested extraction
methods are agreed with da Silva et al. (2014) for
pineapple peel (27.87 mg GAE/g DM) and papaya peel
(7.83 mg GAE/g DM), Babbar et al. (2011) for litchi peel
(24.6 mg GAE/g DM) & seed (17.9 mg GAE/g DM) and
Rebello et al. (2014) for banana peel (29 mg GAE/g DM)
with few exceptions. This exception can be explained by
the choice of extraction methods, choice of solvent,
extraction time and temperature (Zhang et al. 2018).
Nevertheless, the highest TPC among the peels of various
fruits were in mango peel (in all cultivar) followed by litchi
peel, banana peel cv. sagor, jackfruit peel, pineapple peel,
papaya peel, banana peel cv. malbhog and desi on average
in all tested extraction systems, whereas among the seed
and other by-products, the lowest TPC were found in
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Table 1 Effect of extraction

methods on total phenolic Fruit By-product Total phenolic content (mg GAE/g DM) (mean + SD)*
contents of the studied extracts OSE? EnEP PHWES
from different fruit by-products
Mango cv. Misribhog Peel 36.10 + 3.48°¢ 73.52 + 2.91° 180.12 + 7.33*
Seed 42.83 + 12.52¢ 76.18 + 2.63° 222,62 + 12.11%
Mango cv. Harivangha Peel 40.67 £ 2.59° 52.49 + 7.83° 200.84 + 12.31*
Seed 38.95 £+ 5.49° 52.22 + 2.24° 222.62 + 9.89*
Mango cv. Langra Peel 46.54 + 591° 52.60 & 1.44° 209.32 £ 9.11*
Seed 43.57 + 8.96° 49.05 + 1.31° 237.22 + 15.36"
Mango cv. Amrapali Peel 43.89 + 5.16° 50.94 + 1.35° 128.12 + 8.79*
Seed 36.66 + 2.74¢ 54.92 + 2.65° 205.02 + 11.91*
Jackfruit cv. Local Peel 35.13 + 4.91° 14.19 + 0.85¢ 4722 +2.31%
Seed 9.71 & 1.42% 10.54 + 1.41° 7.02 4 0.39°
Rags 8.89 & 0.19° 19.33 £ 0.16 11.90 £ 1.11%
Core 15.04 + 1.41° 22.25 + 0.51° 30.20 £+ 4.33*
Pineapple cv. Local Peel 15.69 & 2.43° 22.23 £ 0.13° 26.84 £ 1.31°°
Core 8.29 £ 1.10° 11.75 + 0.39% 8.704 £+ 0.31°
Papaya cv. Local Peel 12.27 + 0.41°¢ 17.44 + 1.83° 36.82 + 0.41°
Seed 6.81 £ 0.08° 9.79 &+ 0.26° 20.41 £ 0.08*
Litchi cv. Local Peel 102.31 + 2.11* 40.78 + 2.89° 103.57 + 0.28*
Seed 73.52 + 1.30* 5.04 + 0.15° 75.64 + 0.04*
Banana cv. Sagor Peel 53.80 + 2.88% 60.44 £+ 2.61* 53.46 + 2.39%
Banana cv. Malbhog Peel 18.17 + 0.45° 10.25 £ 1.15°¢ 34.76 + 1.45°
Banana cv. Local Desi Peel 10.17 & 0.67 6.83 + 0.28° 24.58 + 1.31*
Seed 8.39 + 0.35° 17.09 + 0.23° 60.16 + 4.44*

*Results are presented as mean values &+ SD for triplicate analyses where SD = standard deviation. Dif-
ferent letters (a, b, c) among three extraction systems on the same row indicate significant statistical

differences (p < 0.05)
#Organic solvent extraction
Enzyme-assisted extraction

“Pressurized hot-water extraction

jackfruit seed followed by pineapple core, papaya seed,
jackfruit rags, banana seed cv. desi, and litchi seed.

The total flavonoid content (TFC) of the extracts from
different fruit by-products was determined by the colori-
metric method, where, flavonoid form a pink color com-
plex with AICl;. Table 2 represents the TFC of the extracts
of by-products from jackfruit, pineapple, papaya, litchi,
banana and mango fruits. The TFC was higher in litchi peel
followed by banana peel cv. sagor, mango peel (in all
cultivar), jackfruit peel, banana peel cv. malbhog and desi,
pineapple peel, and papaya peel, whereas, among the seed
and other by-products, pineapple core showed the lowest
TFC followed by jackfruit seed, papaya seed, jackfruit rags
and core, banana seed cv. desi, mango seed (all cultivars)
and litchi seed on average in three extraction systems.
However, the TFC in jackfruit peel, seed, rags, and core
was comparable with Zhang et al. (2017), in mango peel
and seed was with Ayala-Zavala et al. (2010) and Sultana
et al. (2012), in pineapple peel and core, papaya peel and
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seed with Ayala-Zavala et al. (2010), in litchi peel and seed
with Wang et al. (2011) and in banana peel with Aboul-
Enein et al. (2016). Nevertheless, the value of the TFC in
different fruit by-products in this present investigation was
slightly varied with the literature. These could be due to the
difference in determination method, variety, growth envi-
ronment of different fruits as well as in their method of
sample preparation.

In comparison, the extracts of seed, core and other
residues like rags of jackfruit exhibited the lower amount
of the TPC and TFC than peel (Tables 1, 2) except mango
seeds from PHWE. This indicates that the peel of the fruits
is the better source of polyphenols than the seed of the
fruits. This could be the reason that peel is more prone to
undergo abiotic stress due to the external environments
such as sunlight, ultraviolet irradiation, temperature, gas
and insects which may promote synthesis and accumula-
tion of polyphenols (Zhang et al. 2017). Several researches
found higher TPC and TFC in the peel of the fruits. For
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I’II‘;E:?) d2s frfftzct;lo gz::)?gitéon Fruit By-product Total flavonoid content (mg QE/g DM) (mean £+ SD)*
contents of the studied extracts OSE? EnEP PHWE®
from different fruit by-products
Mango cv. Misribhog Peel 6.39 + 0.94™ 4.60 + 0.15° 10.36 + 1.13°
Seed 771 + 0.48° 3.60 & 0.18° 15.25 + 1.94
Mango cv. Harivangha  Peel 6.86 £ 0.97* 538 4+ 0.19° 7.40 4 0.64°
Seed 6.41 £ 0.19° 3.09 £ 0.09° 1021 + 1.11°
Mango cv. Langra Peel 8.61 + 1.19% 6.62 + 0.12° 9.30 + 0.94%
Seed 6.28 + 0.31™ 3.63 + 0.49° 9.84 + 0.84%
Mango cv. Amrapali Peel 8.26 + 0.71% 5.88 + 0.22° 9.66 + 0.85%
Seed 6.68 + 0.38° 2.66 + 0.07° 3.95 + 0.24%
Jackfruit cv. Local Peel 2.96 + 0.15° 1.25 + 0.07° 11.52 + 0.81°
Seed 031 &+ 0.15™ 0.19 & 0.03° 0.48 & 0.13*
Rags 0.49 4+ 0.03° 0.45 4+ 0.05° 1.62 + 0.11°
Core 2.56 + 0.06° 1.89 + 0.08° 9.30 + 1.03°
Pineapple cv. Local Peel 1.56 + 0.31° 1.64 &+ 0.21° 2.68 + 0.36™
Core 0.16 & 0.03¢ 0.21 £ 0.03° 0.35 £ 0.03°
Papaya cv. Local Peel 0.91 % 0.09° 0.77 + 0.01™ 0.60 & 0.01b
Seed 0.59 &+ 0.01° 0.74 + 0.01° 1.05 £+ 0.01°
Litchi cv. Local Peel 48.67 £ 0.41* 931 £ 0.45° 13.64 + 0.04°
Seed 30.57 + 1.64° 0.13 + 0.01¢ 8.96 + 0.02°
Banana cv. Sagor Peel 16.44 £+ 1.45° 30.57 + 1.64* 21.11 + 1.87°
Banana cv. Malbhog Peel 3.63 + 0.10° 0.41 + 0.01° 7.13 £ 1.11*
Banana cv. Local Desi Peel 1.17 £ 0.10° 0.34 £ 0.03¢ 4.77 £ 0.45%
Seed 10.79 + 0.64 0.62 + 0.06° 7.70 & 0.85°

*Results are presented as mean values &+ SD for triplicate analyses where SD = standard deviation. Dif-
ferent letters (a, b, c) among three extraction systems on the same row indicate significant statistical

differences (p < 0.05)
#Organic solvent extraction
Enzyme-assisted extraction

“Pressurized hot-water extraction

instance, Someya et al. (2002) found higher phenolic
content in the banana peel than pulp. Zhang et al. (2017)
found higher phenolic and flavonoid content in jackfruit
peel than pulp, flake, and seed. Masci et al. (2016) noticed
that the extract of pomegranate peel exhibited much more
total phenolic and total flavonoid content than whole fruit
extracts.

Antioxidant activities

The antioxidant activities of the extracts of peel, seed and
other by-products from mango, jackfruit, pineapple,
papaya, litchi, and banana were measured using two
in vitro assays such as DPPH and ABTS™* radical scav-
enging assay. A single method is not recommended for the
evaluation of the antioxidant activity of the plant extracts
due to their complex composition (Bozin et al. 2008).
Thus, the antioxidant effects of the fruit by-product extracts
should be evaluated by combining two different in vitro

methods to get the pertinent data. The results are shown in
Fig. 2, and the ICs, values of the samples expressed as mg
dry matter per milliliter of extracts solution (mg DM/mL)
were given in Table 3. All samples exhibited a dose-de-
pendent relationship (Fig. 2) to scavenge free radical, the
percentage inhibition was improved with the increasing of
sample concentration. But, the extract of jackfruit seed
gave ignorable radical scavenging activity with the inhi-
bition from 10 to 25% for DPPH' assay and 25-33% for
ABTS' ™" assay at the concentration range of 0.25-1.50 mg/
mL.

A lower ICsq value reveals that an extract had higher
free radical scavenging ability. All the extracts from dif-
ferent fruit by-products showed a significant amount of
ICs value. The results of this study were comparable with
the findings by Ajila et al. (2007), Ayala-Zavala et al.
(2010), and Sultana et al. (2012) for mango peel and seed,
Zhang et al. (2017) for jackfruit peel, Li et al. (2014) for
pineapple peel, Ayala-Zavala et al. (2010) for papaya peel
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and seed, but higher than Babbar et al. (2011) for litchi
peel, and Aboul-Enein et al. (2016) for banana peel who
were using organic solvents.

The extraction of antioxidant compounds from fruit by-
products is influenced mainly by extraction methods and
the conditions under the extraction process are carried out.
Because each plant material has unique properties in terms
of structure and composition when they are coupled with
solvents the behaviour of the resulting material-solvent
system is unpredictable (Pinelo et al. 2005). The results of
this study indicate that the radical scavenging activity of
the extracts varies solvent to solvent and by-products to by-
products. Notably, organic solvent extracts had higher
radical scavenging activity than pressurized hot-water
extracts in DPPH’ assay, although pressurized hot-water
had higher total phenolic and total flavonoid content. This
could be as a result of high temperature which may have
caused the degradation of polyphenol in the pressurized
hot-water system, hence, reducing their radical scavenging
potential (Pasrija and Anandharamakrishnan 2015). How-
ever, in case of ABTS™ assay, pressurized hot-water
extracts recorded high radical scavenging activity, total

@ Springer

—_
(=
S

®©

(=3
T

T

|

|

D
(=)
T

S
S
T

553
S
T

(=}

Jackfruit Seed —— Pineapple Peel —#— Banana peel

C . _ _

0 025 05 075 1 125 1.5
Concentration of the extracts (mg/ml)
—o—Mango Seed Jackfruit Peel

Jackfruit Seed —®— Pineapple Peel —#—Banana peel

phenolic and total flavonoid content in many cases. This
indicates that a high total phenolic and total flavonoid
content may also amply high radical scavenging activity in
some cases. Accordingly, correlation analysis revealed that
DPPH and ABTS* scavenging ability was highly corre-
lated with total phenolic content (DPPH & TPC:
r = — 0.71 for OSE and EnE and — 0.73 for PHWE; and
ABTS &TPC: r=— 0.66 for OSE, — 0.79 EnE and
— 0.78 for PHWE). Several studies have shown a high
correlation between radical scavenging activity and TPC
(Maisuthisakul et al. 2007; Zhang et al. 2017). But corre-
lation coefficient of DPPH and ABTS ™ radical scavenging
activity with total flavonoid content was moderate
(r=— 045 for OSE, — 0.40 for EnE and — 0.59 for
PHWE in case of DPPH and TFC, and r = -0.34 for OSE,
— 0.44 for EnE and — 0.56 for PHWE in case of ABTS
and TFC). Nevertheless, these indicate that both phenolics
and flavonoids are major antioxidant compounds presented
in different fruit by-products. The strongest antioxidant
activity detected on peel extract of the different fruit by-
products that can be explained by its highest content of
total phenolic and total flavonoid.
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Table 3 Antioxidant activities of the studied extracts from different fruit by-products
Fruit By-product  ICsy values (mg DM/mL) (mean £ SD)*
DPPH' scavenging ability ABTS™ scavenging ability
OSE* EnE® PHWE® OSE* EnE® PHWE®
Mango cv. Misribhog ~ Peel 0.15 £ 0.01*  0.16 £ 0.03* 021 & 0.05® 0.15 £ 0.05*  0.14 £ 0.02*  0.13 £ 0.01°
Seed 0.17 £ 0.11*  0.16 £ 0.09° 0354 0.03°  0.15 +£ 0.09°  0.15 £ 0.06°  0.21 £ 0.08™
Mango cv. Harivangha  Peel 0.16 £ 0.01*  0.17 £ 0.01° 021 &+ 0.06® 0.14 £ 0.01*  0.13 £ 0.01*  0.13 £ 0.01°
Seed 0.16 £ 0.12°  0.15 £ 0.06* 021 &+ 0.06®  0.14 £ 0.11*  0.14 £ 0.12*  0.20 £ 0.13®
Mango cv. Langra Peel 0.15 £ 0.06°  0.16 £ 0.05*  0.20 &+ 0.03°  0.14 £ 0.01*  0.14 £ 0.01*  0.13 £ 0.01°
Seed 0.17 £ 0.09°  0.15 £ 0.02*  0.21 &+ 0.04®  0.15 + 0.10*  0.14 £ 0.01*  0.19 £ 0.12"
Mango cv. Amrapali Peel 0.15+ 0.01*  0.16 = 0.06" 0.17 £ 0.01*  0.15 £ 0.06°  0.14 £ 0.03*  0.14 £ 0.01*
Seed 0.17 £ 0.11*  0.15 £ 0.03* 023 £ 0.09*® 0.15 £ 0.08° 0.14 £ 0.01*  0.15 £ 0.07*
Jackfruit cv. Local Peel 0.63 £ 0.09" 071 £0.05° 070 & 0.02°  0.53 £ 0.04>  0.48 £ 0.13*  0.53 £ 0.06"
Seed ND ND ND ND ND ND
Rags 1.37 £ 0.14* 159 +0.05°  1.89 £ 0.09°  1.20 + 0.08® 1.08 &+ 0.05®  1.00 & 0.03*
Core 1.01 £ 0.07° 136 4+ 0.04° 156 £ 0.05°  0.80 £ 0.16* 0.92 + 0.06°  0.83 & 0.02"
Pineapple cv. Local Peel 0.92 + 0.05°  0.89 £ 0.06° 079 £ 0.02*  0.80 + 0.01°  0.72 £ 0.09*  0.58 £ 0.03
Core 138 £ 031" 1.63 £ 0.15" 126 = 0.09° 095+ 0.09° 080 £ 0.15*  0.60 £ 0.14*
Papaya cv. Local Peel 0.88 & 0.15° 149 £+ 0.09° 097 £ 0.11*"* 045+ 0.17° 039 £ 0.09"° 0.39 + 0.25"
Seed 097 £ 0.05*  1.10 £ 0.12> 1324 0.16° 103 +0.11* 101 £021> 0.85 £ 0.16°
Litchi cv. Local Peel 0.15 £ 0.07° 023 £0.04®> 0.16 £ 0.05* 028 £ 0.11° 0.18 £ 0.07>  0.14 £ 0.09°
Seed 043 £ 0.02° 037 £0.11°° 038 + 021 040 + 0.02*  0.46 £ 0.08" 046 £ 0.12°
Banana cv. Sagor Peel 023 +0.09®  0.18 £0.04° 026 4+ 0.13*  0.15 £ 0.03*  0.14 £ 0.03*  0.15 £ 0.04
Banana cv. Malbhog Peel 0.57 £ 0.12* 048 £ 022 0524 0.08" 090 + 0.06° 0.87 + 0.28"  0.60 + 0.16
Banana cv. Local Desi  Peel 0.75 £ 0.01®  0.62 £ 1.24* 071 £ 0.11° 053 £ 0.06°® 0.49 £ 0.11*°  0.55 £ 0.04™
Seed 0.65 + 0.06°  0.79 &+ 0.02°  0.80 &+ 0.06° 078 £ 0.11°  0.54 £ 0.06°  0.57 £ 0.04*

*Results are presented as mean values & SD for triplicate analyses where SD = standard deviation. Different letters (a, b, ¢c) among three
extraction systems on the same row indicate significant statistical differences (p < 0.05)

#Organic solvent extraction

bEnzyrme—assisted extraction

“Pressurized hot-water extraction

a-Glucosidase inhibitory activity

a-glucosidase breaks down dietary carbohydrates into
glucose. The inhibition of o-glucosidase activity is an
effective strategy for the control of type 2 diabetes by
diminishing the absorption of glucose in the blood (Kalra
2014). Phenolic compounds showed inhibitory activity
towards o-glucosidase which is a key enzyme regulating
the absorption of glucose in the small intestine (Rahman
et al. 2017). In this study, the effect of the extracts from
fruit by-products on the inhibition of this enzyme was
examined in order to determine its possibility as anti-dia-
betic effects on the biological system. As shown in Table 4
and Fig. 2, all extracts from peel, seed and other by-
products of mango, jackfruit, pineapple, papaya, litchi, and
banana fruits were able to inhibit the activity of o-glu-
cosidase and this activity was dose-dependent which was

promising for antidiabetic benefits. Zhang et al. (2017)
noticed a dose-dependent relationship of the jackfruit peel
extracts on the a-glucosidase inhibitory activity.
However, the a-glucosidase inhibitory activity of the
extracts from different fruit by-products was varied from
species to species and cultivar to cultivar. For example, the
ICs( values of the a-glucosidase inhibitory activity among
different cultivar of mango peel extracts ranged from 0.37
to 0.24 mg/mL in PHWE, 0.40 to 0.39 mg/mL in EnE and
0.49 to 0.23 mg/mL in OSE. These results are higher than
Gondi and Prasada Rao (2015) who noticed 3.5 pg/mL in
Badami variety mango peel grown in India. On the con-
trary, the ICsy values of the mango seed extracts in this
study exhibited almost similar to Gondi and Prasada Rao
(2015) and Irondi et al. (2014) who reported 0.34 to
0.52 mg/mL. The variation of ICs, values in these extracts
may be explained with the content of mangiferin and their
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Table 4 The o-glucosidase
inhibitory activity of the studied
extracts from different fruit by-
products

Fruit By-product ICsp values (mg DM/mL) (mean £+ SD)*
a-Glucosidase inhibitory activity
OSE* EnE® PHWE®
Mango cv. Misribhog Peel 0.27 + 0.01* 0.27 + 0.03* 0.24 + 0.01°
Seed 0.45 + 0.06° 0.30 &+ 0.02% 0.35 + 0.07*
Manago oy Harivangha Peel ND 0.40 & 0.10° 0.37 £ 0.03*
Seed 0.26 + 0.02* 0.32 4+ 0.05* 0.40 + 0.09°
Mango cv. Langra Peel 0.49 + 0.11° 0.35 & 0.02° 0.25 + 0.01*
Seed 0.27 £ 0.03* 0.39 + 0.03 0.39 £ 0.04°
Mango cv. Amrapali Peel 0.23 + .04* ND 0.25 + 0.02*
Seed 0.26 + 0.02° 0.14 + 0.01° 0.30 & 0.03*
Jackfruit cv. Local Peel 0.22 + 0.01° 0.18 &+ 0.05* 0.18 &+ 0.00*
Seed 0.15 + 0.01* 0.15 + 0.01* 0.15 4+ 0.04*
Rags 0. 15 + 0.02* 0.14 £+ 0.02* 0.19 & 0.04°
Core 0. 15 £ 0.01* 0.14 + 0.01* 0.17 + 0.02%°
Pineapple cv. Local Peel 0.16 + 0.03* 031 £0.11° 0.17 +£ 0.01*
Core 0.14 + 0.03* 0.14 + 0.01* 0.15 + 0.06™
Papaya cv. Local Peel 0.25 + 0.02% 0.94 + 0.09° 0.32 + 0.03°
Seed 22 + 0.04* 0.68 + 0.10° 0.34 + 0.03°
Litchi cv. Local Peel 0.29 + 0.01* 0.26 + 0.06* 0.27 + 0.03*
Seed 0.25 + 0.05* 0.28 £+ 0.01* ND
Banana cv. Sagor Peel 0.18 £ 0.01* 0.34 £+ 0.02° 0.29 + 0.02°
Banana cv. Malvhog Peel 0.15 £ 0.01* 0.15 £ 0.01* 0.33 & 0.03"
Banana cv. Local Desi Peel 0.15 &+ 0.02* 0.15 + 0.01* 0.20 + 0.03%
Seed ND 0.15 + 0.01* 0.17 + 0.03*

“Results are presented as mean values £ SD for triplicate analyses where SD = standard deviation. Dif-
ferent letters (a, b, ¢c) among three extraction systems on the same row indicate significant statistical

differences (p < 0.05)

#Organic solvent extraction

b . .
Enzyme-assisted extraction

“Pressurized hot-water extraction

derivatives, in addition to other phenolic acids, flavonoids,
and carotenoids, because these compounds showed an
antidiabetic effect in diabetic rats (Gondi and Prasada Rao
2015). In case of jackfruit, the ICsy value of peel was
higher than Zhang et al. (2017) but lower in the extracts of
seed and flake who reported the ICsq value was
0.05 £ 0.00, 1.79 £ 0.15 and 10.52 + 0.73 mg/mL in
peel, seed and flake respectively. Litchi seed extract
showed the lower a-glucosidase inhibitory activity than Sh
et al. (2011). The inhibitory potential varies depending on
the structural aspects of the phenolic acids, flavonoids,
anthocyanins, and the inhibition potential by the com-
pounds also varies depending on the source of an enzyme
(Zhang et al. 2016). The ICsq values of the o-glucosidase
inhibitory activity for the extracts of peel and seed from
papaya and banana in this study were not possible to
compare with literature data due to limited information.

@ Springer

The correlation analysis revealed that the a-glucosidase
inhibitory activity of the extracts from different fruit by-
products was moderately correlated with the antioxidant
activities (DPPH and ABTS™ scavenging activity) (r = -
0.63 for OSE, and r = -0.53 for PHWE) and total phenolic
content (r =0.50 for OSE, and r = 0.65 for PHWE).
However, there was a very poor correlation was found on
the content of total flavonoid (r = 0.28 for OSE, and
r = 0.31 for PHWE) and the extracts from EnE showed no
correlation with the antioxidant activities, total phenolic
content and total flavonoid content. It could be speculated
that phenolics are one of the major a-glucosidase inhibitory
compounds presented in the fruits by-products. These
findings agree with Gondi and Prasada Rao (2015) and
Zhang et al. (2017) who noticed total phenolic content was
correlated with DPPH' & ABTS™ scavenging activity, and
a-glucosidase inhibitory activity.
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Conclusion

Due to the low cost and easy availability of the fruit by-
products, which otherwise would be discarded as wastes,
should be treated as novel and potential natural resources
of natural antioxidants and o-glucosidase inhibitors to be
used as ingredients in foods, feeds, and pharmaceuticals. In
this study, the results showed a high correlation between
total phenolic content and antioxidant activity and mod-
erate correlation among the content of total phenolic,
antioxidant activity and o-glucosidase inhibitory activity.
Moreover, the type of solvent used affects the quantity and
quality of polyphenol compounds extracted from the fruit
by-products. In addition, the pressurized hot-water and
enzyme-assisted extraction methods may be recommended
to extract polyphenol compounds from fruit by-products
since these innovative aqueous solvents are not toxic for
human health and could be consumed together with their
extracts without further processing. Therefore, the extracts
from fruit by-products are promising in the field of food
and pharmaceutical industries as rich sources of bioactive
compounds or nutraceuticals. Besides, a recognized use of
the fruit by-products will also help to mitigate environ-
mental pollution caused by the poor disposal of such by-
products. However, more researches are needed to ascer-
tain about the accessibility, bioavailability and overall
benefial effects of these extracts before their commercial
exploitation considering environmental and economic
aspects.
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