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Abstract

Floral waste (FW) forms the most overlooked part of municipal solid waste (MSW) in India and is one of the major sources
of water pollution due to the traditional method of disposing of the FW. The current study focuses on the characteriza-
tion of FW samples based on proximate, ultimate, elemental, morphological, and biochemical analyses. The samples had
moisture content (MC) ranging from 6.1 to 12.86%, whereas volatile matter (VM) and ash content (AC) were in the range
of 79.99-88.68% and 4.35-9.79%, respectively. NPK values and elemental analysis suggest that the FW samples are also
promising feedstock for compost production without any adverse effect on the environment. However, FW samples were
found to be acidic in nature (3.88-5.47) with a variable C/N ratio, ranging from 11.82 to 38.26. Morphological studies show
that the FW samples have heterogeneous surfaces. FW samples were also found to be high in cellulose (22.31-37.22%) and
hemicellulose (19.19-38.89%) content and low in lignin content (1.76—4.54%). Stoichiometric methane potential (SMP) and
stoichiometric ethanol potential (SEP) of FW were calculated based on the ultimate and biochemical analyses, respectively
of FW. SMP was found to be in the range of 0.170-0.434 L. CH,, g~! VS, whereas SEP was found in the range of 0.433-0.582
Lg~!. The results exhibit that FW can be used as a potential candidate for bioenergy and compost production.
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Abbreviations PR Pink rose

Fw Floral waste RR Red rose

MSW Municipal solid waste YC Yellow chrysanthemum

MC Moisture content ocC Orange chrysanthemum

VM Volatile matter CJ Crepe jasmine

AC Ash content SL Spider lily

SMP Stoichiometric methane potential HHV Higher heating value

SEP Stoichiometric ethanol potential SEM Scanning electron microscope
LCB Lignocellulosic biomass NDF Neutral detergent fiber

FC Fixed carbon ADF Acid detergent fiber

HR Hibiscus ADL Acid detergent lignin

OM Orange marigold VS Volatile solids

YM Yellow marigold ICP-OES Inductively coupled plasma—optical emission
PA Frangipani spectrophotometer

WK White kaner ND Not detected
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reserves and various environmental issues [1]. As a result,
the world today looks towards the concept of bioeconomy
for sustainable growth and development. Bioeconomy is
based on the usage of renewable biological materials to
produce energy and materials [2]. In 2017, approximately
2.01 billion tons of municipal solid waste (MSW) was gener-
ated globally, which is estimated to rise to 3.40 billion tons
annually by 2050 [3]. Sarsaiya et al. [4] estimated that by
2047, India alone would generate approximately 300 mil-
lion tons of MSW, requiring 169.6 km? to dispose of this
waste. Organic waste, which forms more than 50% of the
MSW generated in India, increases the land area required for
dumping. It also increases methane emissions and leachate
production from landfills.

Floral waste (FW) is one of the most significant yet over-
looked parts of the organic portion of the MSW produced
from religious places, floricultural activities, various social
events, flower markets, roadside plantations, and different
recreational places. Flowers are used in bulk in religious
places where they are offered to God with other items of
worship like vermillion, incense sticks, coconut shells, var-
ious plant parts, and various plastic, cloth, and synthetic
items. It is estimated that around 2 million temples are
spread around India [5]. The most common flowers found in
religious places are rose, marigold, chrysanthemum, hibis-
cus, and jasmine. After worship, they are left unused and
become colossal waste. Flowers used for religious purposes
are considered sacred entities with sentimental values and
are thus not thrown into the garbage. Currently, there are no
proper rules for the collection, segregation, management,
and disposal of FW [6]. The FW generated from temples is
thrown in nearby water bodies as per tradition or discarded
in open spaces. Such practices cause various ecological risks
and aesthetic pollution and create a breeding ground for
insects [7]. Although most of the blame for river pollution
is accredited to industrial runoff and sewage discharge, the
dumping of FW into rivers is an overlooked source of water
pollution in Indian rivers. Table 1 shows the quantity of flo-
ral waste generated from some of the famous religious places
in India. According to Sharma et al. [8], India produces 4738
tons of FW daily, out of which Varanasi and Surat, consid-
ered two of India’s holiest cities, produce around 10 tons
of FW [9]. In a study conducted in Koyambedu Wholesale
Market Complex, Chennai, India, FW made up approxi-
mately 2300 tons monthly of the total horticultural waste
produced, with chrysanthemum and marigold forming the
major part of the generated waste [10]. FW generated from
markets, recreational places, and roadside plantations are
often discarded alongside other MSW, ultimately finding
their way to landfills.

There is an urgent need to find ways, which are economi-
cally feasible and socially and environmentally accept-
able, to valorize the FW generated. The management of
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Table 1 Floral waste production from famous religious places in
India

Temple Quantity pro- Reference
duced (kg/day)
Dakshineshwar Kali Temple, Kolkata 400 [11]
Sai Baba Temple, Gwalior 100 [12]
Kalighat Temple, Kolkata 2000 [13]
Jhandewalan Temple, Delhi 200-500 [14]
Moinuddin Chisti Dargah, Ajmer 2000 [15]
Ashtalakshmi Temple, Chennai 200 [16]
Marudeeshwar Temple, Chennai 125 [16]
Kabaleeshwar Temple, Chennai 800 [16]
Murugan Temple, Chennai 400 [16]
Sri Parthasarathy Temple, Chennai 400 [16]
Kashi Vishwanath, Varanasi 2000 [17]
Chatusrungi Temple, Pune 600 [18]

the bulk of FW generated from religious places is still in
its infancy, with most studies conducted on the valoriza-
tion of this resource to produce dyes [19, 20] and incense
sticks [21]. In the literature, lignocellulosic biomass (LCB)
has widely been used to produce biofuels and other value-
added products like biofertilizers, biochars, and activated
carbon [22]. The use of LCB for biofertilizer production
reduces the use of inorganic fertilizers, whereas its use as
a feedstock for bioenergy production reduces the net CO,
emissions associated with fossil fuels [23]. Several studies
have reported the use of the organic portions of MSW for the
production of biofuels [24-27]. However, variations in the
physical and chemical composition of feedstock significantly
affect biofuel and biofertilizer production and quality. Dif-
ferent methods are available to characterize the properties
of organic feedstocks, including proximate analysis, chemi-
cal analysis, elemental analysis, compositional analysis, and
surface morphological studies. There is no study in literature
reporting the complete characterization of individual flow-
ers present in FW. Considering the huge quantum of FW
produced in India, the present research focuses on character-
izing the commonly found flowers present in FW based on
their physical and chemical compositions for their potential
usage in biofuel and compost production. The present work
aims to provide essential insights into different stakeholders
for deciding the alternative usage of FW.

2 Materials and methods
2.1 Sample collection and preparation

FW was collected from Ganesh Tekdi, Nagpur, India,
from October 2019 to February 2020. Ganesh Tekdi is
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Table 2 Common flowers found in the mixed FW collected from reli-
gious places

Flower name Scientific name

Hibiscus Hibiscus rosa sinensis

Orange marigold Tagetes erecta

Yellow marigold Tagetes erecta

Frangipani Plumeria alba
White kaner Cascabela thevetia
Pink rose Rosa indica

Red rose Rosa sp.

Yellow chrysanthemum Chrysanthemum indicum

Orange chrysanthemum Chrysanthemum indicum
Crepe jasmine Tabernaemontana divaricata

Spider lily Hymenocallis littoralis

considered one of the most prominent temples in Nagpur
producing around 500 kg of FW daily, which goes up to
1200-1500 kg on festive occasions and special days. The
most commonly found flowers in the mixed FW were iden-
tified and are shown in Table 2.

FW from the temple were collected in the early morn-
ing hours, which formed the waste from the previous day.
The flowers were either in loose form or in the form of
garlands. Mixed FW was first separated from other kinds
of wastes like threads, different plant parts, papers, and
plastics, which were further segregated based on different
species of flowers. Next, these flowers were washed with
tap water and finally with distilled water to remove dust
and other contaminants and sun-dried for 48 h to reduce
the moisture content for further analysis. The sun-dried
samples were ground in a mixer grinder to reduce the
size to pass through a 2-mm screen. Prepared samples
were stored in airtight containers and kept at 4 °C until
further analysis.

2.2 Proximate analysis

Different proximate analyses were performed to
analyze the major constituents of the FW samples,
namely moisture content (MC), volatile matter (VM),
ash content (AC), and fixed carbon (FC). Moisture is
not a structural component of biomass and can change
with handling and storage. AC gives the approximate
measure of mineral and other inorganic matter in
biomass.

MC was measured according to the ASTM E1756-
08 method, where 1 g of sample is taken in a pre-dried
quartz crucible and oven-dried at 105+ 3 °C for 3 h
[28]. The samples were then allowed to cool in a desic-
cator and weighed. The process was repeated until the

weight change of the sample was less than 0.3 mg. The
MC was calculated using Eq. (1).

Initial weight of sample — Final weight of sample

MC(%) = x 100

ey
The ASTM E1755-01 [29] method was used to deter-
mine AC. The oven-dried biomass samples were placed in a
muffle furnace and ignited at 575 +25 °C for 3 h, cooled to
room temperature in a desiccator, and weighed. The ignition
process for an hour, cooling, and weighing were continued
until a weight change within 0.3 mg was obtained. The dif-
ference in weight of the samples before and after ignition
gives the AC. The ASTM E872-82 [30] method was used
to estimate the VM. In this test, 1 g of oven-dried biomass
was kept in a covered crucible and placed in a muffle furnace
at 950 °C for 7 min. The crucibles were then withdrawn,
cooled to room temperature in a desiccator, and weighed.
The difference in weight due to devolatilization was used to
calculate VM. The FC was calculated using Eq. (2) as given
in the following [31]:

Initial weight of sample

FC(%) = 100 — (MC% + AC% + VM%) @)

2.3 pH

pH of FW samples was measured according to USEPA
9045D [32]. A slurry of FW samples was made using dis-
tilled water in the ratio of 1:2 (w/v), stirred, and filtered
through Whatman filter paper 1. pH of the sample was then
measured immediately using a pH meter (make: Eutech
Instruments, model: Ion 2700).

2.4 Ultimate analysis and higher heating value

The ultimate analysis, i.e., carbon, nitrogen, hydrogen, and
sulfur content, of the FW samples was done using a CHNS
analyzer (make Elementar Germany, model Vario EL).
Approximately 6-8 mg of finely powdered sample was taken
in small tin capsules and was placed inside the muffle and
the elemental composition was noted.

The higher heating value (HHV) was calculated based
on the elemental composition of the biomass samples using
Eq. (3) as given by Singh et al. [31].

HHY = (33.5 X C% + 142.3 X H% — 15.4 X 0% — 14.5 X N%) X 1072 3)
2.5 Elemental and morphological analyses
For estimating metals, ASTM D5198-09 (nitric acid diges-

tion for solid waste) method was followed [33]. One gram
of sample was taken into a tared 125-ml Erlenmeyer flask
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and 25 ml of 1+ 1 nitric acid was added. The sample was
digested for 2 h at 90-95 °C. More acid was added if the
sample remained colored after 2 h and digested until color-
less. After digestion, the sample was cooled to room tem-
perature, and 50 ml distilled water was added to the flask,
washing down the flask walls. The contents were mixed and
filtered through Whatman filter paper 40. The volume of the
filtrate is made up to 200 ml and analyzed on an inductively
coupled plasma—optical emission spectrophotometer (ICP-
OES) (make: Thermo Fisher, Model iCAP6300 DUO) for
metals, namely As, B, Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn,
Mo, Na, Ni, P, Pb, and Zn.

The surface morphology of the FW samples was studied
using a scanning electron microscope (SEM) (make TES-
CAN) operating at 10 kV.

2.6 Biochemical analysis

Cellulose, hemicellulose, and lignin contents in the FW sam-
ples were analyzed by estimating the neutral detergent fiber
(NDF), acid detergent fiber (ADF), and acid detergent lignin
(ADL) [34]. The percentage of cellulose, hemicellulose, and
lignin was calculated using Eqgs. 4, 5, and 6.

Hemicellulose(%) = NDF — ADF 4)
Cellulose(%) = ADF — ADL )
Lignin(%) = ADL (6)

Protein estimation was done according to Lowry’s
method [35] with bovine serum albumin as standard. The
total sugar concentration was estimated according to Hedge
and Hofreiter [36] using glucose as standard.

2.7 Estimation of biofuel production

For calculating the stoichiometric methane potential (SMP),
volatile solids (VS) of FW were first determined according
to APHA 2540-G [37].

SMP was calculated using the equation given by Choud-
hary et al. [38] as given in Eqgs. 7 and 8.

CaHbOcNd+(4a_b_zc+3d)H20—> (4a+b—82c'—3d)CH4

_ , @)
+ (W)COZ +dNH,

1, 4a+b—-2c—-3d
SMP = — Vv
8(12a+b+16a+ 14d) " ®)

where V, is the molar volume of methane at STP.
Stoichiometric ethanol potential (SEP) was calculated
according to Pattanaik et al. [39] who considered the
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conversion of hexose sugars released from cellulose and
pentose sugars from hemicellulose using Egs. 9 and 10.

CH,,0, — 2C,H;OH + 2CO )

3C¢H,05 = 5C,H;OH + 5CO (10)

In Egs. 6 and 7, 1 g of sugar produces 0.51 g ethanol
and 0.489 g of CO,.

3 Results and discussion
3.1 Proximate analysis

The proximate analysis of the FW samples is shown in
Table 3. MC, one of the most critical parameters, is defined
as the amount of water per unit weight of the dry sample.
In biomass samples, the MC is of two types, intrinsic mois-
ture, which is not affected by the weather conditions, and
extrinsic moisture, which is affected by different weather
conditions. In this study, the intrinsic MC after sun-drying
the samples for 48 h was measured. From Table 2, it can
be seen that the samples have a low MC ranging from
6.1 to 12.86%. MC significantly dictates the end-use of a
biomass sample. High MC leads to a lower heating value
of a biomass sample, and for efficient combustion and
thermochemical conversion, biomass having 10-15% MC
is preferred [39]. The VM was observed in the range of
79.99-88.68%, which was comparable to that of biomass
samples like sawdust (83.12%), Miscanthus (79%), thistle
(80.64%), corn cob (83%), and bamboo (83.95%) [40, 41].
The VM obtained in this study is relatively higher than
that of most biomass samples reported in the literature,
like most kinds of woody, herbaceous, and agricultural
biomass [42]. High VM leads to higher HHV and longer
flame length upon ignition [43]. According to Pattanaik
et al. [39], a higher VM content also means higher organic
matter content essential for anaerobic digestion and biogas
production. AC forms the non-combustible inorganic part
of the biomass and affects the combustion rate [44]. Addi-
tionally, AC is also inversely proportional to the HHV as it
reduces the efficiency of the combustion process by acting
as a heat sink. It was found the lowest in PR (4.35%) and
the highest in OC (9.79%). The values obtained for AC
were similar to the AC in Matooke peels (4.8-5.8%) [43],
Miscanthus (9.6%), and straw (6.1%) [41]. The obtained
AC was lesser than the AC of rice husk [45], rice straw
[46], and potato plant waste [41]. The higher VM and
lower AC values observed in the FW samples indicate that
the combustion process will be easy. FC content is the
part of biomass left after the release of VM and excludes
moisture and AC. The FC ranged from 0.33% obtained in
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Table 3 Proximate and ultimate analysis of different FW

Mixed FW  Flower name

WK

(@]

HR

PA

OM

YM

PR

RR

SL

oC

YC

8.78+0.12 6.1+0.55

+ + 1048 +1.25 8.41+0.36

9.05+£0.76  9.45+0.49

6.27+0.47
VM (%) 82.68+0.39 80.33+0.64 80.47+0.59 79.99+191 86.14+0.06 88.68+0.16 82.85+1.58 81.44+0.41 80.73+0.84 82.56+0.49 83.03+0.39 85.69+0.38

12.86+0.31 7.29+1.08

9.63+0.54 9.05+0.24

MC (%) 10.19x1.1

Proximate

analysis

8.28+0.72 8.16+0.66 8.26+0.28 7.64+0.36 7.7+0.26
0.63+0.15

0.83+0.31

7.19+0.89
0.91+041

542+0.06 443+0.06 4.45+0.1

5.82+0.62 4.35+0.57
0.33+£0.05 0.75+0.12 0.7+0.24

9.49+0.42 9.79+036 6.82+0.48

6.52+0.9

AC(%)
FC (%)

3.95+0.09

0.77+0.59 0.55+0.29 0.51+0.24

491+0.11
3.56+0.08

0.69+0.11
5.2+0.02

455+0.04 5.39+0.07

0.61+0.09 0.55+0.15

2.13+0.04

1.15+0.02 2.33+0.03

2.35+0.06

4.52+0.08 4.41+0.09 4.26+0.02 4.12+0.07
44.27+0.15 43.36+0.81 43.49+041 42.02+0.51 44.32+0.62 44.35+0.71 43.34+0.13 42.90+1.24 44.01+£0.63 42.27+0.36 41.48+0.07 42.50%+0.25

2.18+0.11 2.29+0.06 1.89+0.1 1.43+0.14 2.41+0.01

2.14+0.11

pH

1.64+0.03

N (%)
C (%)
O (%)
H (%)
S (%)

Empirical formula

Ultimate

46.88+£0.41 47.24+0.18 46.86+0.42 46.98+0.49 47.61+0.24 47.69+0.84 46.93+0.31 47.72+0.68 47.81+£0.76 48.01+0.09 49.09+0.24 48.59+0.19

analysis

7.26+0.16

7.10+0.1
0.21+0.06 0.01+0.01

6.90+0.12 7.28+0.07

7.23+0.02 6.99+0.18

7.03+0.02 7.17+0.06 6.18+0.22 6.43+0.18

6.97+0.03

6.20+0.03

0.14+0.06 0.11+0.03

0.33+0.04 0.28+0.004 0O 0.10+0.02 0.11+0.04 0.04+0.01

C24H40019N C23H44019N C22H43018N C14H28012N C27H45022N C36H62029N C21H42017N C21H41018N C45H83036N C21H43018N C23H46020N C30H61026N

0.51+0.002 0.26+0.01

SL to 0.91% in YM, which was much lower than the FC
observed in most biomass samples [42].

3.2 pH

The pH of a substrate plays a significant role in bio-energy
production. Table 3 shows the pH of the FW samples. The
highest pH value was found in RR (5.42), whereas the low-
est pH was reported in WK (3.95). The pH values observed
in this study were significantly lower than the pH values
observed in other kinds of biomass samples like Grewia
lasiocarpa [47] and organic waste samples like kitchen
waste and farmyard waste [48]. However, other studies in
the literature also reported similar values for FW samples
[49-51], indicating that FW is inherently acidic in nature.
Most methanogenic bacteria function at the pH range of
6.7-7.4 but optimally at a pH range of 7.0-7.2 [52]. Thus,
for optimal biogas production, FW samples need to be made
alkaline chemically or used as a co-substrate with feedstocks
that are alkaline in nature.

3.3 Ultimate analysis

In this study, a CNHS analyzer was used to carry out the
ultimate analysis of the FW samples on a dry weight basis
and the data obtained are reported in Table 3. Since the
carbon content in biochar causes its sequestration in the
soil, biomass containing a higher carbon value is preferred
for biochar production [53]. The FW samples contained a
carbon concentration of 41.48—-44.35%, similar to biomass
like Indigofera tinctoria [39] and cleaning wheat [53]. The
concentration of oxygen ranged from 46.86% observed in
OC up to 49.09% found in CJ. The oxygen concentration
was higher in the present study than that in other biomass
samples [54] and the typical organic waste categories pre-
sent in MSW [55, 56]. Although oxygen in samples reduces
the heating value of a fuel, it also causes flame elongation,
leading to lower char production [57]. The results for hydro-
gen in FW samples varied from 6.18 to 7.28%, which were
similar to values reported in Delonix regia and Sapodilla
seeds [58] but higher than sawdust, sugarcane bagasse [42],
wheat straw [53], and rice husk [45]. Nitrogen is an essen-
tial macro-nutrient for plants and its high concentration
is highly desirable for the production of biochar and bio-
fertilizers. However, a higher concentration of nitrogen is
also responsible for the production of NO, upon combustion
and also reduces the heating value [57]. Its concentration
ranged from 1.15% found in PA to 3.56% in SL, which were
comparable to most biomass samples reported in literature
like hay [53] and rice straw [56], and waste categories of
MSW like food waste [55, 56] and vegetable solid waste
[59] but higher than most woody biomass [42]. The sulfur
concentration was found to be in the range of 0-0.51% in the
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FW samples tested, which was comparable to MSW (0.30%)
and biomass samples like sawdust (0.16%), bagasse (0.01%),
wood (0.08%), Miscanthus (0.15%), corn straw (0.08%), and
Matooke peel waste [42, 43, 60].

The C/N ratio is an important parameter when a biomass
sample is considered to produce compost and anaerobic
digestion. The C/N ratio of FW ranges from 11.82 to 38.26
and is shown in Fig. 1. When a comparison was made with
similarly published works, it was found that different kinds
of vegetable wastes contained a C/N ratio ranging from
14 to 32.23 [59]. Aramrueang et al. [27] reported the C/N
value of tomato (21), watermelon (31), wheat hay (38),
Jose Tall wheatgrass (32), and sugar beetroot leaf (14-25),
which were similar to values observed in the present study.
Olupot et al. [45] determined the C/N ratio in the range of
54.73-86.81 in rice husk varieties, which was similar to
values reported by Nguyen et al. [61] for dry leaves (57).
Feedstock with a C/N ratio of 20-30.1 is considered opti-
mal for efficient biogas production. A higher C/N ratio will
result in faster nitrogen consumption, leading to lower gas
production, whereas a lower C/N ratio will lead to ammonia
accumulation and a rise in pH value resulting in toxic con-
ditions for methanogenic bacteria [62]. The optimum C/N
ratio for biogas production can be achieved by mixing feed-
stock of high and low C/N ratios. Kauser et al. [63] reported
that an initial C/N ratio of 19-30 is considered optimal for
compost production. However, many authors have reported
that composting can also be achieved with a lower C/N ratio
below the optimal. Zhu [64] suggested a C/N ratio of 20 for
composting of swine manure and rice straw, whereas Kumar
et al. [65] reported an optimal C/N ratio of 19.6 for com-
post production from green waste and food waste. Huang
et al. [66] studied compost production from pig manure and

Fig.1 C/N ratio of FW samples

Mixed FW
SL
CJ

YM
YC
RR
PR

WK
PA
oC

OM
HR
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sawdust with an initial C/N ratio of 15. The authors reported
that although the lower C/N ratio reduces the requirement
of bulking agents, it increases the time taken to reach the
maturity of the compost.

HHYV is the amount of energy content of a biomass sam-
ple on a dry basis and is shown in Fig. 2. HHV was calcu-
lated based on the elemental composition of FW samples
and it varied from 16 to 17.2 MJ/kg in the FW samples.
The obtained values were found to be higher than the HHV
of different rice husk varieties [45], rice straw [46], and
Matooke waste [67] but lower than most biomass samples
like coconut shell, sawdust, different types of wood, and
MSW [54]. According to Mishra and Mohanty [58], the
heating value of a fuel is directly proportional to carbon
and inversely proportional to the oxygen content. Consider-
ing all the parameters, using FW as fuel by combustion or
biochar production can be an option for waste valorization
but will require the installation of filters to reduce pollution
caused by NO, and SO,.

3.4 Elemental and morphological analyses

The different FW samples were analyzed for various inor-
ganic elemental concentrations using ICP-OES to study
their impact on the environment and anaerobic digestion.
The concentrations of these elements greatly depend on
the geographical location, weather conditions, soil qual-
ity, and type of fertilizers or pesticides used for grow-
ing the biomass. According to Yusuf and Inambao [43],
the emission of heavy metals from biofuel combustion is
directly related to the amount of these metals in the dried
biomass fuels. The elemental composition FW samples
are summarized in Table 4. The dominant metals found

C/N Ratio

20 25 30 35 40 45
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Fig. 2 Calorific value of differ-

ent FW samples HHV (Mj/kg)

17.4
17.2
17.0
16.8
16.6
16.4
16.2
16.0
15.8
15.6
15.4

YC OC sL RR- PR YM OM PA HR Cl WK Mixed

FW

were potassium (9529.13-19,184.33 mg/kg), calcium
(676.25-5100 mg/kg), sodium (342-2752.50 mg/kg), phos-
phorus (163.36-671.32 mg/kg), iron (128.52-688.36 mg/
kg), and magnesium (171.11-800 mg/kg). Kwoczynski
and Cmelik [39] reported similar potassium concentrations
in wheat straw (11,000 mg/kg), hay (18,100 mg/kg), and
extracted rapeseed scrap (15,100 mg/kg). The same study
reported higher concentrations of calcium and magnesium
and lower concentrations of sodium in most samples tested
than in the present study. Sharma and Yadav [49] analyzed
mixed FW, sawdust, and wheat bran and reported the con-
centration of iron as 1760, 370, and 490 mg/kg, respectively.
The same authors in a related study determined 4250 mg/kg
sodium, 1250 mg/kg calcium, and 2450 mg/kg potassium
in dry leaves [50]. The FW samples also contained trace
concentrations of other elements like boron, cobalt, copper,
manganese, molybdenum, nickel, and zinc (< 100 mg/kg).
The microelements, copper and zinc, concentrations show a
higher trend compared to Matooke peels [43]. Sharma and
Yadav [49] analyzed wheat bran and determined 16.50 mg/
kg copper, 110.5 mg/kg zinc, and 103 mg/kg manganese in
the sample. Toxic elements like chromium, cadmium, and
lead were also found in very low concentrations (<20 mg/
kg) in the analyzed biomass samples, whereas arsenic was
not detected (ND) in any samples. Leng et al. [68] analyzed
rice straw and sawdust and reported a higher concentration
of cadmium, lead, nickel, and chromium than found in the
FW samples of the present study.

The values of inorganic elements suggest that when FW is
used as feedstock for biogas and bioethanol production, there
is no requirement for the additional supplement of nutrients.
The concentration of the various inorganic elements in FW
samples is suitable for producing compost rich in various
macro- and microelements necessary for plant germination

and growth. The low concentration of the toxic elements
implies low chances of eco-toxicity, bioaccumulation, and
environmental pollution from compost produced from FW.

SEM was performed to understand the surface morphol-
ogy of the different FW samples. It was studied atx 1000,
which gives 20 um. As presented in Fig. 3, the SEM images
of FW samples revealed ridges and grooves, producing an
uneven surface rich in organic matter. PA and RR had simi-
lar structures of about 10 um in size, which appear in clus-
ters. The uneven surface observed suggests that FW is low
in lignin content. Pore spaces were observed in WK, HR,
PR, YM, and SL samples, indicating that these flowers are
better suited for biofuel and biofertilizer production due to
easily decomposable surface features.

3.5 Biochemical analysis

Cellulose, hemicellulose, and lignin are the principal con-
stituents of biomass in addition to some small quantities
of protein, lipids, simple sugars, and starch. In the present
study, the concentration of cellulose, hemicellulose, lignin,
protein, and total carbohydrate was estimated and is pre-
sented in Table 5. Holocellulose, which contains cellulose
and hemicellulose, makes up almost two-thirds of the total
dry weight and is the primary substrate for bioethanol
production from such feedstock. In the present study, cel-
lulose was the highest in OM (37.22%) and the lowest in
PA (22.31%). The obtained values were similar to those
for grasses (25-40%), barley straw (31-34%), nutshells
(25-30%), and tea waste (30.20%) [69] but lower than those
for Indigofera tinctoria waste (38.7-41.15%) [39], rice straw
(28.5-41%) [70], sugarcane bagasse (44%), and beechwood
(40.8%) [71]. The hemicellulose content was found in the
range of 19.19-38.89%, which was comparable with wheat
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Table 4 Concentration of inorganic elements determined by ICP-OES

@ Springer

Zn

Pb

Ni

Na

Mo

Mn

Mg

Fe

Cu

Co

Cd

Ca

As

Flower

mg/kg

name

7.56+0.32 49.63+4.65

427.36+10.36

5.36+1.19

979+51.69

2.35+0.11

40.47+11.26

480.39+12.25

13,572.95+523.36

18.17+2.4 442.7+27.26

6.33+2.6

1.06+0.31

1+0.05

2729.78 +145.27

1+0.06

YC

49.43+0.92

2.32+0.12

418.29+36.36

3.84+0.1

829+54

429+0.73

285.67+26.39

17,174.74 £240.97

688.36+48.36

17.57+1.2

45+0.93

ND 0.9+0.12

ND ND 3509.27 +505.35

ocC

89.32+5.06

249+0.77 671.32+£51.26 ND

1262.5+2.57

+ ND

29.31+1.63

447.59+17.63

18,103.76 +369.26

128.52+19.65

29.33+0.4

1.87+0.52

ND ND

1768.11+210.11

1+0.02

ND

SL

38.07+2.57

2.5+0.86

249+15.36

6.99+1.64

444 +46.74

46.1+£7.42

10,122.3 +411.29 238.9+23.86

256.45+59.97

+ ND 0.95+0.34 11.67+1.52 13.21+2.15

798.54+95.16

ND

ND

RR

1.58+0.15 38.59+3.72

163.36+1.7

68.46+12.02 ND 476.93+24.74 4.23+0.14

300.85+37.86

9663.91 +£470.87

6.78+0.19 13.39+0.59 376.01 +18.44

1+0.04

1+0.06

ND 1531.33£367.25

ND

PR

48.18 +4.65

6.8+1.75 231.96+16.39 11.71+0.32

342+14.69

40.86+12.86 1.27+0.26

470.89£32.01

9529.13 +334.62

306.39+31.59

16.74+1.12

1927.4+199.74 ND 0.98+0.22 9.54+1.54

ND ND

YM

57.28+10.01

ND

2.06+0.88 325.68+39.26

363+29.12

ND

45.66+0.74

452.29+36.44

12,944.87 £264.64

305.59+51.65

1522+1.84

ND 2711.14+653.13  ND 0.78+£0.04 2.35+0.58

ND

OM

22.24+6.02

380.26+42 0.54+0.09 235.93+43.09 9.49+0.55

14.07+1.22 2.07+0.29

171.11£30.53

17,462.03+£52.07

137.2+31.95

10.64 £2.86

1.03+0.86

ND 0.55+0.03

1980.92+212.55

ND ND

PA

37.18+0.09

ND

3.52+03 312.66+2.05

2752.5+68.5

ND

48.04+3.88

626.36+37.17

19,184.33£370.17

400.64 +8.22

5.8+0.71 18.93+1.97

ND

2+0.09

3129.64+187.82

ND ND

HR

4.63+0.24 312.06+14.69 1.26+£0.21 58.18+12.36

0.71+£0.06 446.5+25.18

203.86+15.69

330+44.29

15,881.86£115.36

557.49+15.36

31.52+2.15

ND 1.03+0.1 9.8+1.21

854.92+156.51

ND

ND

Cl

44.87+8.72

ND

374.64+28.09

10.22+2.57

441+£12.02

ND

23.29+2.02

200.68 +£23.09

16,965 +£405.12

639.13+31.25

1478 +1.14

18.51+2.76

1+£0.32

676.25+474.84 ND

ND

ND

WK

+ 22.2+2.69

12.69+1.23

299.36+18.69

1217+£21.26 5.55+1.08

1.43+0.31

36.22+1.21

800+39.27

199.44 +25.36 9338+235.26

5.41+0.59 24.5+2.12

3+0.16

1+0.02

5100£512.31

1+0.05

ND

Mixed

FW

straw (20-25%) [72] and corn stover (17-35%) [73]. The
hemicellulose content observed in this study was higher
than that in ryegrass (15.8%), banana waste (14.8%) [69],
and Miscanthus (18%) [73]. Lignin is a group of non-fer-
mentable phenolic compounds. The lignin concentration
was low in the present study, with SL having the lowest
lignin content (1.76%), whereas PA contained the maximum
lignin (4.54%). The obtained lignin values were comparable
with the study done by Aramrueang et al. [74], who ana-
lyzed the lignin content in various agricultural crop residues
and reported < 1% in sugar beet and watermelon, 2.2% in
honeydew, 1.9% in tomato, 2.5% in Jose Tall wheatgrass,
and 4.4% in wheat hay. When the obtained values from the
present study were compared with other published works,
it was found that most biomass samples contained higher
lignin content than observed in the present study. Sasmal
et al. [75] determined 11.03% lignin in areca nut husk,
20.51% in bonbogori, and 22.97% in moj. Gabhane et al.
[76] reported 9.66-21.80% lignin in banana waste, whereas
rice straw is reported to contain 12% lignin [46]. The low
lignin content observed is beneficial for biofuel production
as there will be a minimal investment for lignin removal
during hydrolysis of cellulose and hemicellulose. The deter-
mined protein content ranged from 2.19% in PA up to 7.33%
in PR. The protein content varies according to biomass; for
example, the protein content of banana waste varies from
1.9 to 8.3% [76] and 1.61% in cassava bagasse [77]. Ara-
mrueang et al. [74] determined the protein content in sugar
beetroot varieties (3.1-4.4%), wheat straw (2.8%), wheat
hay (9.3%), watermelon (10.7%), and honeydew (6%). With
its high cellulose and hemicellulose content and low lignin,
FW can be valorized efficiently for bioethanol and biogas
production with little pretreatment. Total sugar comprises
different types of sugar present in a biomass sample, which
is an essential parameter for determining the efficacy of a
biomass sample for biofuel production. It was found in the
range of 16.91-40.06%, which was similar to the total sugar
concentration reported for mahula flowers (37%). Lower
sugar concentration was reported by Dwivedi et al. [78],
who worked with fruit and vegetable waste and reported a
total sugar concentration of 3.2-14.3% in vegetable waste
and 3.7-21.4% in fruit waste. Higher sugar concentration is
advantageous for biogas and biofuel production.

3.6 Assessment for biofuel production

Biofuel can be broadly divided into gaseous and liquid biofu-
els. Methane is considered the most common biofuel among
gaseous biofuels, whereas bioethanol is the most common lig-
uid biofuel. SMP and SEP give an approximate idea of biofuel
production from a biomass sample. Based on the empirical for-
mula, SMP of FW was found to be in the range of 0.170-0.434
L CH, g'1 VS, whereas SEP was found the lowest in OM
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Fig.3 SEM images of different
FW samples atx 1000

Table 5 Biochemical analysis
of FW

Flower name Cellulose Hemicellulose Lignin Protein Total carbohydrate
%
YC 28.08 +1.24 29.81+1.05 3.67x0.15 4.13+0.29 16.91+1.05
ocC 29.56+0.85 30.52+1.25 2.57+0.24 4.98+0.16 20.59+1.09
SL 28.23+1.61 19.19+0.53 1.76 £0.11 5.29+0.26 28.55+0.95
RR 31.92+1.21 37.62+0.66 3.99+0.36 5.69+0.22 19.53+0.56
PR 28.02+1.01 34.08+0.81 4.18+0.2 7.33+0.15 28.69+1.11
YM 36.43+0.51 36.15+1.59 2.08+0.19 3.26+0.09 27.26+1.26
OM 37.22+0.36 29.00+1.66 3.22+0.21 4.39+0.11 30.98+0.68
PA 22.31+0.95 37.13+1.83 4.54+0.33 2.19+0.25 38.84+0.51
HR 28.44+0.22 29.61+1.16 3.14+0.36 3.22+0.19 25.95+0.39
a 23.32+1.09 20.17+1.63 2.88+0.0.09 291+0.18 26.11+£0.77
WK 32.59+1.22 33.57+0.62 2.15+0.16 2.55+0.24 40.06+0.58
Mixed FW 28.41+0.66 38.89+0.69 2.99+0.22 5.94+0.26 37.75x£1.15
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Table 6 SMP and SEP of different FW

Flowers SMP (L CH, g! VS) SEP (Lg™)
Mixed FW 0412 0.435
YC 0.417 0.573
oC 0.423 0.570
SL 0.170 0.530
RR 0.404 0.472
PR 0.418 0.500
YM 0.430 0.533
oM 0.405 0.433
PA 0.434 0.515
HR 0.413 0.522
cJ 0.405 0.582
WK 0.415 0.566

Table 7 Calculation for SMP and SEP of mixed FW

Specifications Value Remarks

Average mixed FW genera- 500
tion from Ganesh Tekdi
(kg)

From field survey

Total VS production (kg) 467.4 Considering 93.48% VS
content in mixed FW

SMP (L CH, ¢! VS) 0.412  Calculated using Eq. 8

Total methane production 192569 -

@®)

SEP (Lg™) 0.435 Calculated using Eqgs. 9
and 10

Total SEP (L) 21744 -

(0.433 Lg™!) and highest in CJ (0.582 Lg™!), as shown in
Table 6. The SMP values were similar to values obtained from
onion and okra waste [59] but lower than indigo dye waste
[39], different Chlorella species biomass [79], banana plantain,
potato, broad beans, and mixed vegetable waste [59]. The SEP
observed in this study was higher than the SEP observed from
indigo biomass [39]. The total SMP and SEP were estimated
to be around 192,569 L of CH, and 217 L of bioethanol from
500 kg of mixed FW as shown in Table 7. However, SMP
and SEP generally overestimate biofuel production since, in
practice, some of the sugars are required for cell growth and
maintenance. Biofuel production also depends on biomass
pretreatment, hydrolysis of sugars, microbial strain used, and
culture conditions.

4 Conclusion
The biomass samples included in this study are the com-

monly found flowers in FW from religious places in
India. The present work explores the potential of FW for

@ Springer

its valorization via the production of biofuel and com-
post. The presence of high VM (79.99-88.68%), cellulose
(22.31-37.22%), hemicellulose (19.19-38.89%), total car-
bohydrates (16.91-40.06%), and low lignin (1.76-4.54%)
content suggests that FW can be an excellent feedstock for
biofuel production. The biofuel potential of FW is compa-
rable to various other kinds of biological waste materials
and thus can be considered a potential non-food source for
second-generation biofuel production. However, due to the
inherent acidic nature of FW (3.8-5.47), the feedstock needs
to undergo alkaline treatment to maintain the optimum pH
levels required for biofuel production. Low lignin content
also suggests that the deconstruction of FW to fermentable
sugars might be easier than traditional biomass samples.
High NPK levels and other trace metals observed in the
studied biomass samples suggest that FW can be an excel-
lent candidate for compost production.
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