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ARTICLE INFO ABSTRACT
Method name: There is a growing demand for cost-effective and sustainable technologies for treating wastewater
Adsorption of pollutants by synthesized as water consumption increases and conventional technologies become more expensive. Nanopar-
nanoparticles ticles have a great deal of potential for use in the treatment of waste water. Their unique surface

area allows them to effectively remove toxic metal ions, pathogenic microorganisms, organic and
Keywords: . . . . . .
Nanoparticles inorganic solutes from water. This study investigated the potential of orange and banana peels
Nanoadsorbent as renewable nano adsorbents for removing dyes and dissolved organic compounds from textile
GC-MS wastewater. Orange and banana peels are an optimal selection due to their favourable chemical
Wastewater Purification characteristics, namely the presence of cellulose, pectic, hemicellulose, and lignin. Their capacity

to adsorb diverse anionic and cationic compounds on their surface-active sites is attributed to their
unique functional group compositions. Silver nanoparticles are able to adsorb heavy metals due
to their exceptionally low electrical and thermal resistance and surface plasmon resonance. The
samples were thoroughly characterised using field emission scanning electron microscopy (FE-
SEM), UV-Visible spectrometry, Fourier transform infrared spectroscopy (FTIR) and XRD. The
nanoparticles were prepared (10 gm,50 gm,100 gm) and subsequently introduced to the wastew-
ater sample. The optical density values were recorded at various time points. The optical density
values demonstrate a decline over the course of the experiment, with a notable decrease observed
over time. The results of this study provide valuable insights into the efficacy of these natural ad-
sorbents and their potential for sustainable water purification technologies. For the purpose of
this research, high performance instrumentation methods were performed as follows:

» Field emission scanning electron microscopy for surface morphology studies.

+ Gas chromatography-mass spectrometry (GC-MS) for analytical technique that combines gas
chromatography (GC) and mass spectrometry (MS) to identify unknown substances or con-
taminants.

« Optical density values were measured for different timings of degradation.
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Specifications table

Subject area: Environmental Science

More specific subject area: Wastewater treatment

Name of your method: Adsorption of Pollutants by Synthesized Nanoparticles

Name and reference of original method: NIL

Resource availability: Fruit peels from Koyembedu market, Chennai, Tamilnadu, India
Background

The availability of clean water is of paramount importance for all living organisms, yet it is estimated that almost 800 million
individuals globally lack access to suitable water for domestic use .The steady growth in global population, coupled with the expansion
of industrial activity and the introduction of new pollutants into the environment, has resulted in the addition of new pollutants to
soil, plants, and the wider environment. This is primarily occurring via water pollution, which is giving rise to concerns about the
potential risks these pollutants may pose to human health [1,2]. A plethora of contemporary and ongoing water treatment solutions
are currently in use, including photocatalytic water purification, desalination, filtration and disinfection. It is imperative that the water
supplied to users meets the requisite chemical, biological and physical quality standards at the point of entry into the distribution
system [3]. Consequently, the concept of safe drinking water is relative and contingent upon the standards and guidelines established
by a given country. The existing body of knowledge on the treatment of purified water remains incomplete in several areas, particularly
in regard to the discrepancy between laboratory and field performance of point-of-use water treatment techniques. This shortcoming
has been highlighted by [4,5], who have drawn attention to the need for further research in this domain. Furthermore, there is a lack
of a comprehensive literature on the monitoring of textile effluents and usage of fruit peels for water purification, which represents
another area where further investigation is warranted.

Our idea is to develop an appropriate experimental technique for the evaluation of effluent adsorption in textile wastewater,
with the ultimate goal of achieving purification. To achieve this, the theory of adsorption was employed in the study of effluent
adsorption by fruit peel-induced metal nanoparticles. The process of adsorption is an exothermic phenomenon that occurs at the
surface of a substance. During this phenomenon, a phase of matter, referred to as the adsorbate, transfers from a liquid or gaseous
state to a solid or semi-solid state, and subsequently adsorbs on a solid surface, which may or may not be in the liquid state. The
transfer occurs via physicochemical or chemical interactions under specific, defined conditions, forming a monomolecular layer on
the surface. The choice for an effective reducing agent for metal nanoparticles orange and banana peel extracts due to their rich
polyphenol content, which facilitates the synthesis of silver nanoparticles under milder conditions. Additionally, the banana peel
extract demonstrated the ability to rapidly reduce silver ions into nanoparticles. This study has the potential to enhance the ease
of the purification method compared to existing sophisticated techniques. The proposed research approach is intended to address
the shortcomings of conventional laboratory methods by offering a cost-effective, ecologically sound, reproducible, and verifiable
analytical technique.

Method details

Collection of fruit peels

Banana and orange peels were sourced from a local supermarket in Koyambedu, Chennai, India. For dye degradation experiments,
silver nitrate (99.8 % purity, Kishida) and methylene blue (MB) solution were employed. All experimental solutions were prepared
using double distilled water. The fruit peels were collected from the aforementioned supermarket and then processed for further
analysis. Subsequently, the peels were cut into small pieces and washed with tap water for approximately five to ten minutes.
Following this, a second wash with distilled water was conducted for approximately twenty minutes, the purpose of which was to
remove any remaining impurities. Once this was completed, the peels were dried for a period of 24 h at a temperature of 100 °C.
Following this drying stage, the peels were ground into a powder, which was then sieved through a 1.40 mm sieve. In order to prepare
an extract from both peels, 10 g of combined peel powder was mixed with 200 mL of distilled water. The mixture was then shaken
at 150 rpm for one hour and left to incubate overnight at room temperature. The resulting solution was filtered through Whatman
No. 4 filter and stored in a conical flask for use in nanoparticle synthesis.

Synthesis of silver nanoparticles (AgNPs) using combined peel extract

The combined peel extract was prepared at room temperature by mixing 20 mL with 80 mL of 1 mM AgNO; aqueous solution
(0.013 g). This solution was then stirred on a magnetic stirrer of 200 rpm for one hour. Following incubation of the final solution
(AgNO; - CPE) in the dark for 24 h at room temperature, a brown color change indicated the formation of nanoparticles. The observed
synthesis may be attributed to the presence of reducing agents, which may include polysaccharides, phenolic compounds, alkaloids, or
triterpenoids. The initial color shift that occurs during the green synthesis of nanoparticles is predominantly attributable to the surface
Plasmon Resonance (SPR) phenomenon. Surface plasmon resonance (SPR) arises from the collective oscillation of free electrons in
nanoparticles, which interact with the electromagnetic field of light [6,7]. As a consequence of this interaction, specific wavelengths
of light are absorbed, which results in a change in the color of the solution. The specific chromatic alteration observed is dependent
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on the type of nanoparticle undergoing synthesis. For example, the color change exhibited by silver nanoparticles typically progresses
from pale yellow to brown, whereas gold nanoparticles display a color change from pale red to deep red [8,9]. This color change
serves as a visual indication of the successful formation of nanoparticles. Additionally, other factors may contribute to the initial
color change, including the presence of plant extract components, such as flavonoids and phenolics, which have the capacity to
absorb light, thereby influencing the observed change in color. In summary, the initial color change observed during green synthesis
of nanoparticles provides an invaluable indicator of the successful formation of nanoparticles, offering a simple and non-invasive
method for monitoring the synthesis process Furthermore, the formation of silver nanoparticles was corroborated by the appearance
of a strong surface plasmon resonance (SPR) band in the ultraviolet-visible (UV-Vis) spectrum, peaking at approximately 400-450 nm
[10-12].

Preparation of methylene blue solution

To prepare a solution containing 2.5 ppm of methylene blue, the requisite quantity of methylene blue solution was mixed with
distilled water. For a 500-ml solution, 0.1 g of methylene blue solution was used. The dye solution was subsequently placed in a shaker
for one hour to ensure uniform dispersion. After one hour, the solution was divided into three100-ml flasks and silver nanoparticles
was added. The flasks were placed in a shaker for one hour, and a comparative study was conducted by drying repeating the same
procedure.

Characterization techniques

The spectra of the solution were obtained utilizing a UV-5800 PC spectrophotometer and quartz cuvettes in the wavelength range
A= 190-700 nm. A gas chromatography-mass spectrometry (GC-MS) analysis was conducted on a GC 7890 (Agilent) instrument,
comprising an automated liquid sampler and a gas chromatograph connected to a mass spectrometer (GC-MS). The carrier gas
was helium, with the injector temperature maintained at 350 °C. The oven temperature was programmed from 100 °C to 375 °C
at 200 °C/min. The name, molecular weight and structural formula of the component were determined. The dimensions of the
nanoparticles and the adsorption of methylene blue on the surface of the nanoparticles were determined by field emission scanning
electron microscopy (FESEM). Additionally, Fourier transform infrared spectroscopy (FTIR) spectra were generated for both peel and
synthetic nanoparticles using a Thermo-Scientific (Bruker Vertex 80) FT-IR spectrophotometer.

Method validation
Analysis of FESEM

The surface morphology of synthetic combined peel containing silver nanoparticles was analyzed using field emission scanning
electron microscopy (FESEM). The nanoparticles are spherical and dispersed in a uniform manner. The produced nanoparticles had
an average size of 38.2 nm. Fig. 2.a shows agglomerates of small grains and some dispersed particles. Fig. 2.b represents the spherical
shape of all nanoparticle present and size was calculated by “Image J software” with varying degree of agglomeration. The FESEM
analysis unambiguously demonstrates that the physical microstructure of the combine peel extract-AgNO; and Ag nanoparticles dif-
fers significantly. The small size and good distribution of particles present on the CPE-AgNO; surface result in a significantly increased
effective surface area, thereby increasing the adsorbent’s surface area available for interactions. As demonstrated in the FESEM micro-
graph Fig. 1.a, the particles exhibited a diverse range of granular sizes, including coarse and fine particles. The formation of spherical
nanoparticles enables the encapsulation of active ingredients within a protective polymer matrix, preventing degradation caused by
chemical and enzymatic processes. The spherical nanoparticles facilitate the formation of hydrophobic interactions, hydrogen bonds,
and electrostatic interactions, leading to the development of robust chemical bonds, such as covalent bonds, between the surface and
adsorbed molecules during adsorption. This finding is in contrast to the commercial standard AgNPs, which typically exhibit a diam-
eter of 10-20 nm [13,14]. The study by the group of researchers demonstrated the successful synthesis of various single-crystalline
silver nanostructures, such as dendrites, dendritic flowers, and cactus-like rods, through a simple, facile, and cost-effective method
[14-16].

UV-Visible spectrum analysis

The ultraviolet-visible (UV-Vis) absorbance maxima for the nanoparticles were identified in the range from approximately 370
to 430 nm, with a visible shift of 443 nm being observed for the current nanoparticles (Fig. 3). The location of the maximum
depends on the size and effective shape of the nanostructures. UV-Vis spectra of nanoparticles synthesized in the presence of plant
extracts and the spectra of the plant extracts themselves reveal an increase in the intensity of the recorded bands (hyperchromic
effect) in the presence of Ag. Metal nanoparticles have free electrons that give rise to a surface plasmon resonance (SPR) absorption
band because the electrons of the metal nanoparticles vibrate with each other and resonate with light waves. The surface plasmon
resonance characteristics of silver nanoparticles are shown by the appearance of the peaks. In accordance with the available literature
on the subject, absorption bands for pure silver are expected to be observed above 390 nm [17-19]. The signal registration below
a wavelength of 390 nm indicates the presence of impurities, organic compounds, or solvent residues in the sample [20,21]. The
shift of the peak towards higher wavelengths is indicative of the growth of nanoparticles. The registration of such a signal implies
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Fig. 1. Synthesis of combined fruit peel and AgNO; to nanoparticles.
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Fig. 2. FESEM images of a) Peel extract and AgNO; b) CPE-AgNPs with average size of 38.2 nm.

the presence of well-dispersed particles that do not aggregate. According to this literature [22], spherical silver nanoparticles with a
diameter less than 100 nm exhibit plasmon resonance in the ultraviolet-visible spectra between 400 and 470-500 nm, with the exact
wavelength dependent on their size. This observation is in accordance with the findings of [23,24].

FTIR analysis

FT-IR spectroscopy was employed to identify the predominant functional groups present in the surface structure of CPE-Ag
nanoparticles and their potential involvement in the synthesis and stabilization of silver nanoparticles. The resulting spectra of
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Fig. 3. UV-Visible spectra of CPE-AgNPs.
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Fig. 4. FTIR spectra of CPE-AgNPs.

CPE-Ag nanoparticles are displayed in the accompanying Fig. 4. The observed bands were found at wavenumbers 1631.78 cm™! and
3277.06 cm’l. The infrared spectrum was assigned to a number of functional groups. These included O-H stretching vibrations asso-
ciated with alcohols and carboxylic acids, C-O carboxylic acid or alcohol ester, N-C=0 amide I bond of proteins, CH, alkanes, C-O
carboxylic acid, ester or ether, C-N aliphatic amines or alcohol/phenol, N-H distortion of amines, and C-C bending. Subsequent to
the reaction with AgNO3, there was observed a shift in the peaks, as indicated in the following spectral analysis: the absorption bands
exhibited a range from 3411 to 3281.34 cm™!, indicative of the involvement of carboxyl, hydroxyl, and amide groups, along with
the characteristic stretching C=0 of COOH at 1631.78 cm™!, which were present on the surface of CPE-Ag nanoparticles synthesis.
It can be postulated that the immediate reduction and capping of silver ion into silver nanoparticle observed in the present analysis
may be due to the presence of flavonoids and proteins. The flavonoids present in the peel extract have been shown to be powerful
reducing agents, and thus may play a role in the formation of AgNPs through the reduction of silver nitrate. Similarly, the flavonoid
compounds present in the water extract of peel could be involved in and responsible for the reduction of Ag* to Ag®. These polymers
and protein matter can facilitate the reduction of Ag* to Ag® due to their functional groups. Metal salts are known to interact with
biological components through functional groups that mediate the reduction of these salts to nanoparticles [25-27].

GCMS analysis

Gas chromatography and mass spectrometry analysis has been done for both orange peel and banana peel (Figs 5 and 6) The
highest peak indicated the presence of eight compounds in the extract, as follows: Vitamin E (31.3 %), 1,2 benzenedicarboxylic acid
mono (2-ethylhexylester) (13.47 %), f-tocopherol (11.37 %) and estragole (11.18 %). Compound 1 was identified as anestragole and
was found to have a molecular formula of C;,H;,0 (M/Z 148) with a retention time of 5.8 min .It has been reported in the literature
that this compound has many biological effects, including antioxidant and antimicrobial activities and have studied the effects
of this compound on skeletal muscle [34]. The second compound, identified as hexadecanoic acid ethylester, has the molecular
formula (M/Z 284)). This ester can act as an antioxidant, a hypocholesterolemic agent, a nematicide, a pesticide, a lubricant, and a
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Fig. 5. GCMS of Citrus X Sinensis (Orange peel).

haemolytic inhibitor. Additionally, it functions as a reductase inhibitor. Further analysis revealed that the compound 3 was in fact
epicatechin, with a molecular formula of C;5H;404, with a mass-to-charge ratio of 290. Catechin and epicatechin represent two
of the most prevalent catechins in dietary sources, with documented benefits for human health. In recent years, they have been
employed as antioxidants in lipid oxidation, particularly in oils and fats. Furthermore, they are utilized as an active ingredient
in a range of functional foods and dietary supplements. In a recent study, [35] investigated the protective effects of epicatechin
against the toxic effects of streptozotocin on rat pancreatic islets. Their findings suggest that epicatechin may offer protection
to pancreatic islets against the effects of exposure to streptozotocin, both in vitro and in vivo. The compound 4, identified as
gallocatechin, has a molecular formula of C;5H;4,0, (M/Z —306). Gallocatechin has been demonstrated to possess antimetastatic
effects and antidiabetic activity, as well as acting as an antiskin cancer agent. Gallocatechin — epigallocatechin has been shown
to exhibit the most potent inhibitory activity on alpha-glucosidase. Gallocatechin has been found to possess anti-uveal melanoma
activity, antioxidant and anti-inflammatory properties. In the present study, a GC-MS chromatogram of the orange peel oil extract
of Citrus sinensis displayed 15 peaks, indicating the presence of 15 compounds. GC-MS analysis revealed the presence of 15
distinct compounds. The major compounds identified included 5,5,10,10-Tetrachlorotricyclo[7.1.0.0(4,6)] decane, butane, and
1-(2,2-dichloro-3,3-dimethylcyclopropyl) The identified chemical compounds included pentane, 3-chloro-2-nitrobenzyl alcohol,



J.P,G. Vand HA. A MethodsX 13 (2024) 102951

Scan: 8234 TIC-9419632 B200=37XF5 Hione=17586 RT-21 92

100+

831955
a7 2200

20

1 125.2666

I ' L) e L 21 4211 2521973
o 0 210 4 > >292. & -
. Y 5. 3990 112381235 ? 281.1675 306

NIS T MS
1-Hexao

100

of 40 (18835-33-1 Hionz==202
e

20+

504 D7 0000
a0

1215 0000
364 0000

k2

e _, 196.0000_ 224 0000 __ 252 0000 308 0ooo __ 336.0000

P REATH) 150 2oy o a0 ako

1540000
T

[Scan: 646 TIC=28539616 Boce=100XFS Hions=2023 RT=17.22

100 143 2330 298 49N

80
1 255.4698

50+

- ] 97.2063

< 7 129.23%%

99 34
40 Lo it 267 4854
111,219

20+ 187.2768 185 3275 212 2901

241 4318 L
1 AT 1 O T PP O L A s [ in \

INIST MS 2 of 40 (5129-61-31 Hlions=165
H eptadecancic acid, 16-methyl, methyl ester
74.0000

100

a0 a7.0000 I

255 0000

111 0000 e “ 199.0000 000
| i I.II] L |.|I.J " A 167.0000 L it |, 267 0000

4 143.0000 298.0000
h|

150 200 250 3:50
-~ i— —

Fig. 6. GCMS of Musa Cavendish (Banana peel).

1-oxaspiro[2.5]octan-4-one, d-limonene, cyclohexanol, beta.-terpinyl acetate, gamma.-terpinene, and 4-terpinenyl acetate. The gas
chromatography-mass spectrometry (GC-MS) analyses revealed that the orange peel oil extract is predominantly composed of
terpene hydrocarbons and oxygenated compounds, with a small proportion of non-volatile compounds. Terpene fractions typically
account for between 50 % and over 95 % of the oil. Citrus species peels are known to contain over 70 % limonene [28,29].

Methylene blue (C;4H;4CIN3S) degradation using combined peel extract with different timings

The catalytic degradation ability of green produced silver nanoparticles was investigated by preparing a certain concentration
of methylene blue solution (Table 1). The produced solution with 0.1 g of methylene blue as control was then mixed with green
manufactured nanoparticles and the degradation was monitored at various doses. The degradation of methylene blue into a colorless
form could be spectrophotometrically tracked at maximum absorption at 438 nm (Fig. 7). Maximum adsorption was at observed at
7 h of mixing. Additionally, the degradation of methylene blue was observed when combined peel was used. This could be used
for comparison investigations. The observed degradation of methylene blue in the absence of nanoparticles was found to be less
pronounced than that observed in the presence of nanoparticles, indicating that the addition of nanoparticles improves the degradation
efficiency. The absorption value corresponding to the MB n—z* transition represents the highest absorption peak for pure MB. The
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Table 1
OD values for different concentration at different timings.
Concentration (mg)/OD 9.00AM 11.00AM 1.00PM 3.00PM 5.00PM 8.00PM
10 0.92 0.92 0.88 0.88 0.86 0.82
50 0.78 0.65 0.53 0.50 0.47 0.37
100 0.69 0.44 0.38 0.35 0.33 0.27
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0.9 ———
= -
| .
0.8 =
© —=— 10 gm
1 ® - 50 gm
0.7 1 N _—4A— 100 gm|
0.6 + \
| °
0.5 o
| o
0.4 - T
A
J TTT— A - b
— A \
D:2~ o _Jmmp | S 58 S 1 ;‘
1 o
0.2 T : : r : x T . : : T
9.00 AM 11.00AM 1.00 PM 3.00PM 5.00PM Next day
Time (Hrs)
Fig. 7. Degradation graph at different timings and visual observations.
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Fig. 8. Possible adsorption mechanism by AgNPs.

larger surface area of silver nanoparticles (NPs) and their composites compared to other NPs leads to enhanced catalytic activity in the
removal and degradation of dyes (Fig. 8. [30,31] investigated the reduction of MB by biosynthesized AgNPs and during the process,
slow reduction was observed in the presence of the powerful reducing agent NaBH,. The absorption of biosynthesized AgNPs with
a rate constant of 0.056 min’! is interpreted by our results. The outcomes were consistent with those observed in previous studies
investigating the efficiency of biosynthesized AgNPs in catalytic and adsorption kinetic investigations of MB dye. The breakdown of
colors is commonly achieved through the use of NaBH,, a powerful reducing agent.

FESEM analysis after adsorption

Figs. 9-11 depicts the removal efficiency and adsorption capacity at varying dosages of adsorbent materials. The adsorption
removal efficiency is seen to increase with an increased adsorbent dose due to the expansion of the available surface area and an
increase in the number of adsorption active sites. Conversely, the capacity of adsorption decreases with the increase in dosage. The
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Fig. 10. FESEM images of adsorption of C;cH;3CIN;S for 50 gm.
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Fig. 11. FESEM images of adsorption of C;cH;gCIN;S for 50 gm.

observed decrease in adsorption capacity can be attributed to the saturation of adsorption sites during the process, whereas the
number of available adsorption sites increases or to agglomeration or aggregation of adsorbent particles, which results in a reduction
of the total adsorbent surface area and an increase in the diffusion path length .In a manner comparable to the adsorption of methylene
Blue from water by a range of other adsorbent materials, including Salix babylonica leaves powder 2, citrus limetta peel 11, Phoenix
tree’s leaves 20, Lotus leaf 21, and orange peel powder 52, a similar effect of the adsorbent dose on the efficiency of methylene blue
removal from water and on the adsorption capacity was observed [32,33].

Conclusion

The present investigation demonstrates a novel approach to the biosynthesis of AgNPs from orange and banana peel, which has
been successfully applied to the treatment of textile wastewater. The synthesised AgNPs were observed to be spherical in shape with
a diameter of approximately 38.02 nm, as seen in FESEM. The synthesised AgNPs demonstrated effective catalytic reduction activity
after seven hours of treatment. Our study employed an expeditious method for the synthesis of stable silver nanoparticles (CPE-AgNPs),
which were subsequently characterised using UV-vis spectroscopy, Fourier transform infrared spectroscopy (FTIR), and field-emission
scanning electron microscopy (FESEM) analysis. Moreover, a substantial body of existing literature has focused its attention on surface-
related analyses prior to degradation. The present study analyses the surface modulation subsequent to degradation. As a result, the
findings may inform future research into the potential of various other nanoparticles for different synthetic dyes, both individually
and as mixtures. This could contribute to the development of more effective treatment methods. Furthermore, it is crucial to assess the
integration of the catalyst with conventional technologies, its stability, and its recyclability for long-term sustainability in real-world
scenarios when considering industrial-scale technology. It can therefore be concluded that the photosynthesis of AgNPs using orange
and banana peel extract is a cost-effective, simple and eco-friendly method that excludes the hazards arising from the use of harmful

10
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reducing/capping agents. Furthermore, this process could be easily scaled up for industrial applications, thus significantly increasing
the yield of the nanoparticles, which would undoubtedly establish its commercial viability in wastewater treatment.

Limitations

The sole limitation to this experiment is the quantity of the total yield. In order to obtain a satisfactory yield, it is necessary to
process a considerable quantity of fruit peels
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