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ABSTRACT

Jackfruit (Artocarpus integer) peel is one among the under-utilized waste substances that have
potential in the manufacture of functional food additives. The study was conducted to quantify a detailed
investigation of their chemical structures. The average particle size and zeta potential value is (0.116um) and (-
19.3mV). Proximate analysis showed that jackfruit peel contains the high amount of cellulose (27.75%), pectin
(7.52 £ 0.12 %), protein (6.27 + 0.03%) and starch (4%). SEM image showed a porous structure and XRD values
of 85% crystallinity, indicated typical cellulose | form inferring higher crystallinity. FTIR spectroscopy showed
the various functional groups with strong absorption bands. Thermal analyses revealed that the degradation
arise in a minimum of three steps, connected with the major constituents (hemicellulose, cellulose, and lignin).
Results obtained suggest the Jackfruit peel can be a principal alternate source of cellulose and pectin materials
which can be further manipulated for food ingredient applications.
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INTRODUCTION

Fruit and Vegetable peel wastes are typically generated from household and food-processing
industries. Although the amount of these organic wastes generated from households is negligible, that
generated from food-processing industries is large, as they are a major by-product in these industries [1]. In
addition, using these wastes in varied different potential applications will eradicate them from the
environmental and reduce solid-waste handling, which is able to add some values to these wastes [1,2].

Artocarpus is a genus of roughly sixty trees and shrubs of Southeast Asian and Pacific origin,
belonging to the mulberry family, Moraceae [3].

Jackfruit was initially from India and spread out into tropic regions, together with Republic of
Indonesia [4]. A. integer is regionally famed in Malaysia as 'Cempedak’, is a close relative of jackfruit and wide
jack trees. It has been wide scattered in Thailand, Peninsular Malaysia, Republic of Indonesia and Myanmar [5]
A. integer plant has been used as ancient drugs to treat infection and symptom [6)]. According to [7], the
isolate of the woody system of A. integer showed cytotoxic activity against leukemia neoplastic cell.

Jackfruit (Artocarpus heterophyllus) is one of the popular fruits in India. Owing to its wide variety of
applications, a major amount of peel (which constitutes ~ 59% of the ripe fruit) is discarded as waste [8,9].
The roughly annual jackfruit peel manufacture is estimated to be 2714 - 11,800 kg per tree [10]. These residues
create a potential threat as a waste product. Appropriate ways to convert these wastes into value-added
merchandise by means that of by-product recovery will serve the twin purpose of environmental protection
and value addition [11] Pectin is a valuable by-product that may be secured from these fruit wastes [12]. The
aim of this study is to evaluate the physicochemical characteristics and to investigate the other properties like
Particle size, Zeta Potential, SEM, FTIR, XRD and TGA of Jackfruit peel.

MATERIALS AND METHODS
Raw material collection

Mature Jackfruits were collected from the local market of Pudukkottai (district), TamilNadu, India. It
was identified as Artocarpus integer ((Thumb.). Merr. - Moraceae). Plant species authentication was done at
Botanical Survey of India (BSI), Coimbatore, South India (Ref no. BSI/SRC/5/23/2013-14/Tech/1714).

Preparation of Jackfruit peel powder

Jackfruit was peeled manually to discard the edible part together with seeds. The peels were cut into
smaller pieces and treated per the strategy reportable by [11,13]. The treated jackfruit peels were then
cleansed with boiling water and pressed to remove excess quantity of H20. Subsequently, the Jackfruit peels
were dried throughout a Cross Flow Dryer at 652C for eight hours [14]. The dried peels were ground and
packed in polyethylene bags and keep at room temperature.

Proximate Composition / Quantitative Analysis

Moisture content was determined per AOAC methodology [15]. Ash content was analyzed
gravimetrically by combustion of the sample in a muffle chamber for six hours at 525°C [16]. Total soluble
sugars, reducing sugars and non-reducing sugars were calculable according to Nelson's methodology. Protein
content (estimated as % nitrogen x 6.25) was determined by the Kjeldahl methodology [17]. Cellulose, Starch,
Crude fiber estimation and pectin was done by gravimetric methodology [18].
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Characterization of Jackfruit peel
Particle Size Distribution

The Particle size of the jackfruit peel procured from sieving mesh with completely varied sizes was
determined by Laser Diffraction in a Malvern particle size analyzer. Particle size distribution parameters were
conveyed as Sauter mean diameter [19] [D 3,2 (um)].

Zeta potential Analysis

Zeta potential of 0.1 wt % aqueous the jackfruit peel was measured using a Zetasizer Nano S90 -
Malvern Instrument. The zeta potential was calculated from the electrophoretic mobility using Huckel
approximation [20].

Microstructure analysis by Scanning electron microscopy (SEM)

Scanning electron microscope JEOL JSM 6390, SEM, Japan was used to evaluate the microstructure of
Jackfruit peel. Jackfruit peel micrographs was observed at a magnification of 500X (scale bar 50um) at an
accelerated voltage of 20kV [21 - 23].

Fourier Transform Infrared Spectroscopy (FTIR)

Functional groups of jackfruit peel were analyzed by FTIR transmission spectra of powder samples by
KBr technique. The mixed powder was ascended to the instrument to form a simple measurement within the
transmittance %T mode [4]. The analysis was dispense by Shimadzu IR PRESTIGE 21, FTIR instrument in
frequency vary of 4000 to 500 cm-1 with a resolution of the 4cm-1and total of ten scans [21,24].

X - ray Diffraction (XRD)

The powder X - ray diffractometry patterns was measured using a SHIMADZU - XRD 6000 at ambient
temperature using Cu ka with the wavelength of (A=0.154nm) radiation at 45kV and an incident current of 30
mA. The angular region ranges from 0° to 80° with a scanning speed of 0.01°/min [4,21].

Thermogravimetric Analysis (TGA)

Thermal degradation performance of peel was evaluated. Thermogravimetric Analysis (SDT Q600).
The specimen was initial placed into an aluminum pan on the platinum basket in the chamber so heated from
room temperature to 600°C with a constant heating rate of 20°C/ min under a nitrogen atmosphere. Roughly
10 mg of sample mass was utilized in each trial [25,26].

RESULTS AND DISCUSSION
Proximate Composition of Jackfruit peel

The proximate composition revealed that the jackfruit dried peel consists, mainly of Cellulose (27.75+
0.06%) is shown in Table 1. This can be considerably higher than the pomelo (Citrus grandis) albedo peel
(21.29% - cellulose) [27], orange rind (13.6% - cellulose) [28], lemon peel (12.7% - cellulose) [28], orange peel
(11.93% - cellulose) [26]. The Ash content of the jackfruit peel was 7.01 + 0.19%. This is also ascertained
chosen slightly higher than the variability of Artocarpus heterophyllus (jackfruit) (4% - ash) [29], orange
bagasse - 2.87%, orange peels - 2.82%, mango peels - 3.90% [26] and Passion fruit peel - 6.04 + 0.19 % [30]
respectively. The ash content of raw material is lesser than the mango peel - 11.19% [26].

Total sugars of Jackfruit peel was 19.75 + 0.16 % obtained and it is higher than the Indian varieties of
Pomegranate peel (Ganesh - 14% and Arakta - 14.5%) [31] and as shown in Table 1. Crude fiber content of peel
was found to be 13.42 + 0.18%. This value is determined to occur more than that of F. carica peel -9.8% [32]
and mango peel - 9.33 + 0.61% [33].
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Table 1: Proximate composition of Dried Jackfruit peel powder :-

PARAMETERS WEIGHT (%)
Moisture content 12.98 +0.42
Ash content 7.01+0.19
Total sugars 19.75+0.16
Crude fiber 13.42 £0.18
Protein 6.27 £0.03
Pectin 7.52+0.12
Cellulose 27.75 £ 0.06
Starch 4,12 £0.02

*for (%) = Percentage

The total protein content in the Artocarpus integer peel was found to exist (6.27 + 0.03%), just like the
Pomelo Albedo peel (6.27 + 0.23) [34]. The Protein content of peel is slightly higher than that of 3.6% (Mango
peels) [35], 3.77% (Cactus peels) [36], 5.93% (Orange peel) [37], 5.97% (Orange peel) and 5.6% (Mango peel)
[26]. The protein content of Jackfruit peel is lesser than that of 7.59% (Orange bagasse) and 7.00% (Mango
peel) [26], 7.48% (Maazoum melon peel) [38] and 9.07% (Sharlyn melon peels) [39] respectively.

Pectin content of peel was found to be 7.52 £ 0.12. This can be slightly higher than that of the species,
Artocarpus heterophyllus. (pectin content -7.33%) [40]. The pectin content was found to be less compared to
citrus fruit peel - 18.21% [41] and Guava Fruit peel - 16.8%, [42].

Particle Size Distribution

Particle size plays an important role in physicochemical and functional properties, that relates to
aldohexose and digestive tract (transit time, fermentation, fecal excretion) [43 - 45]. Investigation of particle
size distribution generally dispensed by dry sieving through a series of sieves with reducing mesh size [19]. The
Particle size of jackfruit peel is shown in fig 1(a). Laser diffraction unconcealed that particles secured are the
polydisperse mixture, with an average diameter of the particles to be 1168 nm / (0.116um).
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(a) Particle Size Distribution Curve (b) Zeta potential Measurement

Fig: 1 Particle Size distribution and Zeta Potential Measurement of Jackfruit peel.
Zeta Potential

The zeta potential is an important parameter for examining the dispersion stability of colloidal, it
indicates the degree of repulsion between adjacent, equally charged particles of dispersion. The zeta potential
measures the quality of a distribution of charged particles as they are subjected to an electrical field [46].
During this study, the zeta potential was negative (-19.3mV) confirming the incipient instability of
Jackfruit peel (fig 1b). As the zeta potential will increase, the surface charge of the particle are conjointly
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exaggerated. The zeta potential greatly influences particle stability in interruption through the electrostatic
repulsion between particles [47,48].

Scanning Electron Microscopy (SEM)

The particle microstructure and geometry of the Artocarpus integer peel surface were identified by
scanning electron microscopy. The SEM result indicates that the surface of Jackfruit peel is porous present on
the surface. The surface of Artocarpus integer peel is porous structure with varied shapes (fig 2). It might be
due to the presence of various components that constitute the peel. This is likely to affect the microstructural
characteristics, thus exhibiting the non-homogeneity. Similar microstructural characteristics were determined
with banana skin [49,50], orange peel [51], watermelon peel [1,52].

X500

size 500 mesh; Bar = 50 microns
Fig 2: Scanning Electron Microscopy Image of the Jackfruit peel.
Fourier Transform Infrared Spectroscopy (FTIR)

The functional groups present on the surface of Jackfruit (Artocarpus integer) peel is very important
and these can be determined using FTIR. The Fourier Transform Infrared Spectrographic analysis is a
acceptable capabilities to determine the vibrations or stretch on the chemical structure of the peel [21]. The FT
-IR spectra of jackfruit peel was elucidated in fig 3. The spectra present the predictable bands that may be
found on IR spectra of cellulose and lignin [53,54] and are in good concurrence with the documentation
[55,56].

Most of the bands are common to those observed in cellulose, hemicellulose, and lignin FT-IR spectra
[26,57,58]. Usually, the band in the high-energy region is due to a large amount of OH groups of Carbohydrates
and lignin [26]. The infrared spectroscopy peaks were dominated by the presence of intense bands at 3000 -
3500 cm-1, that corresponds to the hydrogen bonded O-H Stretching of hydroxyl groups originating primarily
from cellulose and hemicelluloses [59 -63].

Very weak peak around 3000 - 2800cm-1 was substitute of C-H stretching vibrations from some
methylene groups of carbohydrates [19,64,65]. The signal at 2314.38cm-1 is identical to the C= C stretch to
alkynes [66].

The peak at 1622.13 cm-1 corresponded to characteristic bending or stretching of aromatic
hydrocarbons of lignin [19,67] and these aromatic hydrocarbons were conjointly ascribed in wheat bran
dietary fiber [65]. A strong band at 1590 cm-1 are typically attributed to C=C aromatic ring stretching vibration
increased by polar functional groups [4,68,69].
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Fig 3: Fourier Transform Infrared Spectroscopy of the Jackfruit peel.

There is also a presence of broadband between 1400 - 1000 cm-1 with the sturdy band around 1200
cm-1 and a shoulder around 1060.85 cm-1 [4]. According to [70,71], the peak at 1200 - 850cm-1 is dominated
by stretching vibrations of C-O, C-C, ring structures and deformation of -CH2 groups vibration characteristic for
polysaccharides. Therefore, the broad range of 1200 - 850cm-1 suggested the presence of glycoprotein
carbohydrates [72].

X - ray Diffraction (XRD)
In the present study, the X - ray diffraction pattern of peel obtained by Cu ka with the wavelength of

0.154nm [4] was investigated. The XRD graph clearly disposed sharp peaks at 26 - 16° and 26 - 21.5°, which
represented typical cellulose | form indicating higher crystallinity as shown in fig 4 [21].
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Fig 4: X- ray Diffraction of Jackfruit peel.

Jackfruit peel consists of 85% orderly crystalline regions and 15% amorphous regions. A sharp XRD
peak is characteristic of crystalline cellulose with an extended crystal line and complete crystal surface. Similar
crystalline surface was determined [19]. On the other hand, amorphous regions consists of non-crystalline
cellulose, hemicellulose, and lignin respectively. Therefore the diffraction peaks of 26 angles at 16° and 21.5°;
crystallographic planes 101 and 002 reflections, specified parallel glucan chains with continuance B-(1->4)-D-
glucopyranose units; similar cellulose | with diffraction peaks were determined from banana fibre waste at a
20 angles at 14° and 22° [73,74]; Tomato peel at an 20 angles at 15° and 25° [20]; Mandarin (Citrus unshiu)
peel at an 20 angles at 16° and 24° [75]; Pomelo (Citrus grandis) Albedo peel at an 20 angles at 18° and 22°
[27]; Banana (kachkal) variety Musa ABB peel at an 26 angles at 16° and 22° [21].
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Thermogravimetric analysis (TGA)

The Thermogravimetric analysis was applied to examine the thermal degradation of Jackfruit peel.
TGA curve of the peel in a nitrogen atmosphere as shown in fig 5. According to the obtained thermal profiles,
the jackfruit peel degradation occurs in at least three steps associated with its three main components
(hemicellulose, cellulose, and lignin), which can be clearly distinguished up to 600°C. TGA of raw material
showed an initial weight loss within the region of 25° - 176.91°C, similar weight loss were observed from
Banana (kachkal) variety Musa ABB peel of 25° - 150° C [21]; banana peel (25° - 174°C) and orange peel of 25° -
175°C [49].

100 JTGA
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85.32%

80

60
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40+

204
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(1] T T T T T T
0 100 200 300 400 500 600
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Fig 5: Thermogravimetric Analysis (TGA) of Jackfruit peel.

The glycosidic linkage of peel broke down as a results of depolymerization of hemicelluloses within
the region ranging from 176.91° to 327.59°C; similar results are reported within the region starting from 200°-
400°C of Indonesian sort of Jackfruit peel [76] and 220 - 300°C of Banana (kachkal) variety Musa ABB peel
powder [21].

Afterwards, between 327.59° - 426.53°C, depolymerization and chain breaking of cellulose occurs.
Lignin is an amorphous cross-linked with no actual structure, and its degradation happens between 426.53°C -
600°C, weight reduction of Jackfruit peel is caused by the decomposition of lignin [77, 78]. Lignin degradation
is hindered by the decomposition of the hemicelluloses and cellulose, excepting at high temperature [26]. This
is often in concurrence with the report of [73].

CONCLUSION

The present work shows that Jackfruit peel consists mainly of cellulose (27.75%), pectin (7.52 0.12%),
protein (6.27 0.03%), crude fiber (13.42 + 0.18%) and starch (4.12 + 0.02%). The peels are considered waste
and hence available an occasional price. Considering that the cellulose content is high as compared to the
other naturally available sources, except wood, this could be a promising different source of cellulose. In the
case of pectin, the peel can be a possible source of less occurring LMP (based on the studies conducted in our
laboratory and yet to be published). The average particle size of the jackfruit peel was found to be 0.116um
with a zeta potential of -19.3mV) confirming its stability. Scanning electron microscopy displayed the
morphology of Jackfruit peel was the porous structure with numerous shapes. The increase in crystallinity to
85% was confirmed, at a 20 -21.5°, that depicted typical cellulose | form indicating higher crystallinity by the X-
ray diffraction analysis. From the results obtained, it can be concluded that Jackfruit peels of Artocarpus can be
utilized as a potential source for extraction of valuable ingredients such as cellulose and low methoxyl pectin
for application in functional / therapeutic foods and health product, so proving to be a financially viable
different to waste utilization and environmental protection.
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