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ABSTRACT

Objectives: The objective of this work was to develop a new pretreatment method to remediate processed
cheese wastewater using calcium nanoparticles (CaNPs) synthesized from Senna auriculata L. flower
extract.
Methods: Processed cheese effluent was collected from a typical dairy factory and characterized the phys-
ical and chemical features such as color, odor, pH, total solids, total dissolved solids (TDS), total sus-
pended solids and chemical oxygen demand (COD). The effluent was subjected to treatment using
(CaNPs) synthesized from S. auriculata L. flower extract as a reducing agent. The NPs were characterized
by X-ray diffraction, Fourier transformation spectroscopy, and scanning electron microscopy with energy
dispersive X-ray spectroscopy.
Results: The crystalline nature of the synthesized CaNPs was found to be amorphous with a grain sizes
56 nm. The characterization studies confirmed the formation of CaNPs. The optimal dosage of NPs was
0.08 g, which reduced TDS and COD in the effluent by 73% and 82% respectively, within 2 h. The outcome
of the investigation confirmed the reducing and stabilizing properties of from CaNPs synthesized from S.
auriculata L plant flower extract and its effluent treatment efficiency.
Conclusions: The results revealed that the treatment of processed cheese wastewater can be effective
with the application of enhanced CaNPs. It can be also suggested as an eco-friendly material for wastew-
ater remediation. Senna auriculata L plant flower extract is a good source for CaNPs synthesis, adopting
eco-friendly methods. In future, biologically synthesized nanomaterials would be an extremely promis-
ing solution for food industry wastewater treatment.
© 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

pasteurization process. Various rapidly growing industries
simultaneously have improved productivity but also release toxic

Worldwide milk production (81% cow milk, 15% buffalo milk,
and 4% goat, sheep and camel milk combined) increased by 1.3%
in 2019 to approximately 852 Mt. Milk powder, condensed milk,
cheese, yogurt, ice cream, butter and curd are widely
manufactured milk -related food items prepared via chilling and
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contaminants into the environment there by posing health risks
to all living organisms (Porwal et al., 2015; Al-Dhabi and Arasu,
2022; Al-Dhabi et al., 2020Db).

The dairy industry is one among the main source of food pro-
cessing wastewater. This industry produces a large amount of
effluent with organic and inorganic substances such as soluble
organics, suspended solids, organic nitrogen, protein, urea, nucleic
acid, orthoactive phosphorus, polyactive phosphours, casein lac-
tose, fats, inorganic salts detergents, sanitizers, germicides. (Al-
Dhabi et al., 2021). Phosphorus compounds are mostly inorganic,
phosphate (PO3") and diphosphate (P,0%7), but in this dairy efflu-
ent present in organic form, and other chemicals (Gani et al.,
2015). Dairy wastewater contains large amount chemical oxygen
demand (COD), biological oxygen demand (BOD) and nutrients.
The COD ranges from 80 mg/L to 95,000 mg/L and BOD ranges from
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40 mg/L to 48,000 mg/L, which is a large load of suspended solids
(Kushwaha et al., 2011; Vijayaraghavan et al., 2021). Dairy industry
wastewater enters the aquatic and terrestrial ecosystem and dete-
riorates natural resources. Treatment and disposal of industrial
contaminants by conventional method seems to be difficult for
various industries owing to the high cost production of large vol-
ume of sludge, and ineffectiveness for certain pollutants, among
the other factors. Cheese making occurs in three main stages: In
the first stage, milk is moulded into solid curd and liquid whey
by the coagulation of the milk protein, casein. The coagulation of
casein is done through two complementary methods: acidification
and proteolysis. Acidification occurs when lactic acid bacteria fer-
ment the disaccharide lactose to produce lactic acid. Originally, it
can be done by naturally occurring lactic acid bacteria in the milk
but today, dairy industries usually standardize the process by the
addition of domesticated bacterial cultures, including strains of
Lactococcus lactis, Streptococcus thermophilus and Lactobacillus
sp.

Chemical treatment removes mostly colloids as well as soluble
contaminants from milk processing effluents. It includes reagent
oxidation or pH correction. For the duration cheese wastewater
reaction with FeSO4/H,0,, up to 80 % of fat removal (initial concen-
tration. Extreme pH values of dairy wastewaters below 6.5 and
above 10 can increase the corrosion of pipes and be highly detri-
mental to microbiological assemblages in biological processes
(Kolev Slavov, 2017; Al-Dhabi et al., 2020a).

Cheese whey is a byproduct of the dairy industry; it is a fluid
produced when converting milk into cheese, explicitly from the
agglomeration of casein micelles. Nanotechnology involves the
synthesis of nanoscale (1-100 nm) materials with diverse applica-
tion in medical field and environmental remediation. Many
researchers have synthesized different types of metal nanoparti-
cles (NPs) using microorganisms and plants extracts (Rao et al,,
2015; Arasu et al., 2019; Gurusamy et al. 2019). Calcium nanopar-
ticles (CaNPs) like other nanoparticles can act as nanofertilizer to
supply nutrients such as Ca and make available some bound min-
erals via pH, organic matter and cation exchange capacity modifi-
cation. Calcium is a macronutrient essential to plants for
physiology, photosynthesis, plant cell wall, membranes, hormonal
system, enzyme activities, antioxidant activity, chemical reactions,
for delivering coupling messages responsible for extracellular sig-
nals and intracellular physiological responses in addition to reduc-
tion of soil salinity.

Calcium based chemical coagulants such as calcium oxide, cal-
cium hydroxide are widely used for industrial effluent treatment.
In this analysis, CaNPs werethe synthesized via the precipitation
method using Senna auriculata L flower extract as an eco-friendly
reducing agent. Senna auriculata L is a type of shrub belonging to
the Fabaceae family that is distributed in world wide. S. auriculata
(L.) Roxb. is found in wooden grasslands, grows up to a height of
500 m. It breeds wild in dry regions with annual precipitation of
300 mm in 15-28 °C. It grows well in areas and needs full sun
for its growth.

2. Materials and methods
2.1. Collection and characterization of processed cheese wastewater

Fresh processed cheese wastewater used in this study was col-
lected from a typical dairy industry. Physical and chemical feature
such as color, odor, pH, total solids (TS), total dissolved solids (TDS)
total suspended solids (TSS) and chemical oxygen demand (COD)
were analyzed as according to the standard protocols (APHA,
2012).
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2.2. Collection and preparation of S. auriculata L. flower extract

Healthy and fresh flowers of the S. auriculata L. plant were col-
lected, washed with distilled water and dried at 40°C. The dried
flower sample was ground well and used for extract preparation.
The aqueous extract was prepared by mixing 5 g of flower powder
with 100 mL of deionized water, which was boiled at 60 °C for
10 min. The boiled extract was filtered through Whatman No.1 fil-
ter paper and cooled at 27 °C. The obtained filtrate was used for the
synthesis of CaNPs.

2.3. Synthesis and purification of calcium nanoparticles (CaNPs)

For the synthesis of calcium nanoparticles, calcium carbonate
was used as a precursor material and plant extract as a reducing
agent. The calcium nanoparticles were prepared by mixing flower
extract with 100 mL of 5 mM calcium carbonate solution in the
ratio 1:1 at room temperature under continuous stirring. The
purification process was carried out with continuous washing with
distilled water by centrifuging with the speed of 3000 rpm for
20 min at 4 °C. The pellet was resuspended with 10 mL of sterile
distilled water and again centrifuged to eliminate any tainting
plant material. Finally, the pellet was kept in hot air oven for
24 h at room temperature for drying. The dried pellet was stored
and used for further analysis.

For CaNP synthesis, calcium carbonate was used as a precursor
material and plant extract was used as a reducing agent. The CaNPs
were prepared by mixing flower extract with 100 mL of 5 mM cal-
cium carbonate solution a ratio of 1:1 at room temperature under
continuous stirring. The purification process was conducted with
continuous washing with distilled water and centrifuging a speed
of 3000 rpm for 20 min at 4 °C. The pellets were re suspended with
10 mL of sterile distilled water and again centrifuged to eliminate
plant material contamination. Finally, the pellets were stored in a
hot air oven for 24 h at room temperature to dry. The dried pellets
were stored and used for further analysis.

2.4. Characterization of green synthesized of CaNPs

The dried CaNP pellets were characterized by X-ray diffraction
(Bruker D8 ADVANCE Mother Teresa Women’s University, Kodai-
kanal, Tamilnadu, India. Fourier transform infrared spectroscopy
(FTIR) (Perkin Elmer Spectrum Frontier), and scanning electron
microscopy with energy dispersive X-ray spectroscopy (SEM-
EDX) techniques. The average crystallite size was determined by
the Debye Scherrer equation (Eq. 1).

D, = ki/pcoso (1)

where in Dn is the suggest crystallite size, k is the Scherrer constant,
) is the X-ray wavelength, and Bcos is the angular FWHM of the XRD
height on the diffraction angle (0)

2.5. Effect of CaNPs on TDS and COD removal from cheese effluent

The processed cheese effluent treatment efficiency of green syn-
thesized NPs was assessed by taking 100 mL of effluent in a series
of five conical and adding varying dosages such as 0.02, 0.04, 0.06,
0.08, and 0.10 g of CaNP powder. The content was mixed thor-
oughly and kept under static conditions for 2 h. The treated efflu-
ent samples were centrifuged at 3000 rpm for 15 min. The
reduction of TDS and COD was noted every 30 min during the
treatment process.
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3. Results

3.1. Physical and chemical characteristics processed cheese
wastewater

The physical and chemical properties of processed cheese
wastewater were analyzed and are summarized in Table 1. The
effluent had a whitish hue with an unobjectionable odor. The efflu-
ent was acidic with pH of 5.6. TS, TDS, and TSS concentrations were
4030, 3820, and 210 mg/L, respectively. COD is a core parameter
for detecting the pollution level of industrial effluents. The sample
had a COD concentration of 7000 mg/L owing to the presence of
milk constituents such as casein, lactose, fat, inorganic salts, and
other chemical substances used for milk processing.

3.2. Extraction of Cassia auriculata flower

Fresh Cassia auriculata L. flower was collected from a commer-
cial garden. Then the flower was dried and ground to create a fine
powder with a high speed electrical stainless steel blender. The
C. auriculata flower powder was mixed with 500 mL of distilled
water and refluxed at 80 °C for approximately 1 h. The extract
was then cooled and filtered through Whatman No. 1 filter paper.

3.3. CaNP synthesis

The mixture of flower extracts of S. auriculata L. and calcium
carbonate solution (1:1) was stirred constantly. After 30-45 min
of stirring, the yellow colored solution changed in to a brownish
color, which indicated the formation of CaNPs (Fig. 1). Synthesized
CaNPs were characterized by XRD, FTIR, and SEM-EDX.

3.4. Characterization of CaNP

3.4.1. XRD analysis

XRD analysis is the preliminary tool used for the characteriza-
tion of CaNPs. The XRD pattern of green synthesized CaNPs is given
in Fig. 2. The pattern showed intense peaks at the 26 angle regions
of 29.54°, 36.10°, 39.44°, 43.28°, 47.64°, and 48.60° corresponding
to crystal plane miller indices (012), (104), (110), (113), (202)
and (010) of the calcite phase respectively, which matched the
JCPDS File No (00-005-0586). The XRD pattern showed the forma-
tion of maximum purity CaNPs, and no contamination peaks were
identified.

3.4.2. FTIR analysis

The biogenic CaNPs were analyzed using FTIR. The FTIR spec-
trum of calcium CaNPs is shown in Fig. 3. The functional groups
and capping molecules of the flower extract were determined by
FTIR analysis. The FTIR spectrum was created by the absorption
of radiation and was observed at a frequency of 400-4000 cm™!
(Joshi et al., 2018). The FTIR spectrum of green synthesized NPs

Table 1

Physical and Chemical parameters of cheese processed wastewater.
Properties Result
Colour Whitish
Odour Unpleasant
pH 5.6
TS 4030 mg/L
TDS 3820 mg/L
TSS 210 mg/L
CoD 7000 mg/L
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showed broad peaks at the 712 cm™!, 876 cm™!, 1100 cm !,
1420 cm™', 1658 cm™!, 2936 cm™!, and 3398 cm'regions corre-
sponding to the functional groups plane bending with C-H bend-
ing, third overtone N-H stretching, second overtone C-H
stretching, first overtone amide (N-H), primary amide C = stretch-
ing, asymmetric hydrogen bound groups (O-H stretching) with a
carboxylic group and primary amide asymmetric stretching,
respectively. The bands of out-of-plane bending (874 cm™!) and
in-plane bending (710 cm™') were credited to calcite.

3.4.3. SEM-EDX analysis

The morphological features and elemental analysis were stud-
ied using SEM-EDX analysis and the results are presented in
Fig. 4(a and b). The SEM image clearly confirmed the synthesized
NPs. The SEM analysis confirmed the rhombic distorted cubes
and rhombohedra structure of CaNPs synthesized using S. auricu-
lata L. flower extract. Calcium carbonate usually exists in both
the calcite and aragonite form. Calcite and aragonite have various
crystal natures and patterns. The EDX spectrum of CaNPs con-
firmed the presence of elemental CaNPs.

3.4.4. TDS and COD removal efficiency of CaNP

The processed cheese effluent collected from the dairy industry
was subjected to treatment using different dosages of green syn-
thesized CaNPs. Maximum reduction was observed with dosage
of 0.08 g, which removed 73% of TDS and 82% of COD from the
effluent after 2 h of treatment. The overall TDS removal efficiency
improved over time from 22.7% to 20.2% after 2 h. The COD
removal efficiency of CaNPs was higher than that of TDS. Figs. 5
and 6 indicate that a higher removal rate of COD and TDS occurred
at the initial time of the process up to approximately 30 min. The
elimination percent endured to enhance however with simplest
variation and after one hundred twenty a discount occurred. The
COD and TDS removal rates for the studied concentration were
0.02-0.01 g/mL, which followed the same behavior. Furthermore,
the COD and TDS removal rates were inversely proportional to
the increase in the initial value when the other experimental attri-
bute were unchanged.

4. Discussion

The basic features of processed cheese wastewater were whit-
ish and grayish color (Table 1). Unpleasant odor might have been
due to the decomposition of organic and aromatic compounds
released during milk processing and microbial activities. The efflu-
ent was acidic with a pH of 5.6. The acidic nature might have been
attributed to the decomposition or conversion of lactose to lactic
acid by microbial activities (Tikariha and Sahu, 2014). Azza and
Mostafa (2013) reported the acidic pH of dairy wastewater con-
tains a higher concentration of dissolved solids indicated the pres-
ence of pollutants such as inorganic salts, fats, and organic
compounds in colloidal form. The discharge of effluent with an ele-
vated level of suspended solids into the environment can affect the
quality of water bodies and cause severe detrimental effects on
aquatic flora and fauna (Shivsharan et al., 2013; Vinodhini and
Soundhari, 2019). These compounds can contribute to the increase
in COD and BOD in the effluent, thereby leading to oxygen deple-
tion in polluted water bodies (Chavda and Rana, 2014). The pro-
cessed cheese wastewater contained high concentrations of TDS
and COD. Thus, the effluent was subjected to treatment using green
synthesized CaNPs.

In this study, flower extract of S. auriculata L. was used to syn-
thesis CaNPs (Fig. 1). Yao et al. (2013). The rich source of phenolic
acid and flavonoids in a fruit wastes extract might be responsible
for reduction of metal ions and efficient stabilization of synthe-
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Fig. 1. Calcium nanoparticles synthesized using S. auriculata L flower extract.
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Fig. 3. FTIR spectrum of CaNP.

sized nanoparticles. S. auriculata flower has alkaloids, glycosides,
saponins, polyphenols, tannins, phloro-tannins, terpenoids, triter-
penes, carbohydrates, proteins, amino acids, anthraquinone, aloe-
emodin, and sitosterols. S. auriculate, has the adsorption properties
and are low in cost. Once the coagulant is introduced in to the
water, the individual colloids must cumulative and grow bigger
so that the impurities can be settled down at the bottom of the
beaker and separated from the water suspension. The coagulant
maybe synthetic material or natural coagulant with the properties
of coagulant having +ve charge, these positive charge proteins

would bind to the -ve charged particles in the solution that cause
turbidity. Water and wastewater treatment is the removal of sus-
pended and colloidal particles, untreated matter, microbes and
other substances that are deleterious to life, in search of lowest
cost deployment, operation, maintenance, and reduced environ-
mental impacts to the contiguous (Roopan et al., 2019). Synthe-
sized nanosized calcium carbonate particles using various fruit
extracts. This species of plant has commonly been used for the
preparation of silver NPs (Muthu and Priya, 2017; Thirumurugan
et al., 2019). The CaNPs were studied using XRD, FTIR, and SEM-
EDX, XRD is an important analytical tool for identifying the struc-
ture of crystalline subject.

The basic principal of XRD technique is that, the X-rays make a
diffraction on the subjects (powder or crystal particles) and make a
diffraction pattern, then calculate the diffracted intensity is stand
for with spotted two theta (2q) angles. The XRD-pattern of Ca
NPs is represented in Fig. 2 and all the identified peaks are create
in good conformity with standard JCPDS data. The XRD pattern of
green synthesized calcium nanoparticle is given in Fig. 2. The pat-
tern showed intense peaks at 26 angle regions 29.54°, 36.10°,
39.44°, 43.28°, 47.64° and 48.60° corresponding to crystal plane
miller indices (012), (104),(110),(113),(202) and (010) planes
of calcite phase respectively, which matched with JCPDS File No:
(00-005-0586). Calcite is a crystallized type of calcium carbonate
like aragonite and vaterite (Guowei et al., 2009). The characteristic
diffraction peak 36.10° appeared at 20 attributed (104) plane
strongly indicates the presence of calcite compound (Yao et al,,
2013). According to Debye Scherrer’s equation, the average crystal-
lite size was calculated as 56 nm.

Infra-red spectroscopy is a major analytical technique to offer a
fundamental idea on vibration of molecules and different rota-
tional ways of molecules in the respective compounds. FT-IR basi-
cally shows maximum resolution spectrum. This technique works
on the combination of many IR rays and gives the data about var-
ious functional groups in the synthesized nanoparticle. These
peaks indicate the presence of —-N-H, -O-H (Carboxylic), -CN,
C=0, C=N, C=C, C-0, C-C, Ca-0 (linkages) etc in the calcium
nanoparticle. The functional groups and capping molecules of floral
extract can be determined by FTIR analysis. In one study similar to
our work show that, FTIR spectrum was develop IR radiation in the
frequency ranges from 400 to 4000 cm™! (Joshi et al., 2018), it
almost closer to our values. The FTIR observations of the calcium
NPs showed the existence of C-O and hydroxyl functionalities on
the NP surface. The obtained results are coincided with outcome
reported by Yugandhar and Savithramma (2013). Different types
of phytochemical constituents such as protein, carbohydrate, alka-
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Fig. 6. Graphical representation of COD reduction from cheese effluent by CaNP.

loids, phenol, flavonoids and tannins are functioning as a reducing,
stabilizing as well as capping agents for the development of cal-
cium nanoparticles (Devi et al., 2006; Raj et al., 2012). The band
at 1620 cm-' is for the fruit extract. These peaks are dependable
for the inhibit the over-growth of nanoparticles of the CaNPs
(Peternela et al. 2018). These findings revealed that the synthe-
sized calcium NPs are stabilized by biomolecular compounds pre-
sent in the extract of S. auriculata. Flowers of S. auriculata shows

a significant amount of alkaloids, glycosides, saponins, phenols,
tannins, phloro-tannins, phenols terpenoids, triterpenes carbohy-
drates, proteins, and amino acid and also revealed the presence
of anthraquinone, aloe-emodin, and sitosterols.

The observed images indicate a rhombic distorted cubes and
rhombohedra structure of calcium nanoparticles synthesized by
using the S. auriculata L floral extract. The morphological features
and elemental analysis were studied by SEM-EDX analysis and
the results are presented in Fig. 4(a,b). The SEM analysis confirmed
the rhombic distorted cubes and rhombohedra structure of calcium
nanoparticles synthesized using S. auriculata L floral extract. More-
over, the plate like structure of nanoparticles might be due the car-
bonation rate as well as the dissolving rate of CO, at different
conditions and also lead to changes in morphological characteris-
tics of nanoparticles (Wen et al., 2003; Hariharan et al., 2014).
EDX spectrum of CaNP confirmed the presence of elemental cal-
cium nanoparticles. These results are similar to those of previous
studies in which green synthesized Ca NPs (Hussain et al., 2016;
Fahmy et al,, 2021).

The cheese processed effluent collected from dairy industry was
subjected to treatment using different dosage of powdered green
synthesized calcium nanoparticles. Maximum reduction was
observed in the dosage 0.08 g and it removed 73% of TDS as well
as 82% of COD from the effluent after two hours of treatment pro-
cess. The removal mechanism of TDS and COD from cheese effluent
by nanoparticles might be attributed by adsorption mechanism or
surface precipitation of contaminants (Wang et al., 2006). Nassar
et al. (2014). Different types of phytochemical constituents such
as protein, carbohydrate, alkaloids, phenol, flavonoids and tannins
are functioning as a reducing, stabilizing as well as capping agents
for the development of calcium nanoparticles, reported that the
dosage of nanoparticles is higher, the removal of pollutants from
the effluent also increased due to the larger surface area of the
nanoparticles. For applying Pseudomonas Sp. in the reduction pro-
cess of TDS, one of the study reported 68.8% of TDS in rubber pro-
cessing effluent was reduced (Shruthi et al., 2012). Gaikwad et al.
(2014) had also made a study on by using microbial consortia of
various bacterial species for the reduction of TDS and they find
out a maximum of 74.36% reduction in TDS. Increase the concen-
tration of TDS reduces the efficacy of water and it makes lots of
environmental issues. Similarly, the reduction in COD of the dairy
wastewater (99.9%) studied by Cosa, 2014 and they used consor-
tium of two marine species. Bacterial species Neisseria
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and Citrobacter were used as a reduction agent of COD in diary
wastewater and they got a better results such as 69.1% and 45.3%
reduction (Chatterjee and Pugaht, 2013). Dairy is one of the leading
industries, producing excess COD containing wastewater (Harush
et al, 2011). Bacteria in the cheese processing wastewater was iso-
lated and studied to reuse this bacterium for the reduction of COD
rate in wastewater from the dairy industry (Maghsoodi, 2007).

5. Conclusion

In this study, the calcium nanoparticle was synthesized using
Senna auriculata L flower extract and characterized by XRD, FTIR
and SEM-EDX analytical methods and confirmed the formation of
calcium nanoparticles. The outcome of the investigation con-
firmed, the reducing and stabilizing property of S. auriculata L plant
flower extract for nanoparticle synthesis and its effluent treatment
efficiency. The results of this study have clearly indicated that
CaNP is a useful tool for the treatment of dairy wastewater. Thus,
it is also concluded that the green synthesized Ca nanoparticles
can be used as an alternative source of expensive adsorbents for
the treatment of waste water especially cheese processed effluent.
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