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Abstract

The booming consciousness of the problems associated with biodegradable solid waste generation has driven the globe for
the reutilization of organic waste wherever it is generated, lowering trash volumes and transportation costs. The present study
deals with the zero waste approach that endorses the fostering of sustainable long-term socio-economic and environmental
benefits by transforming biodegradable solid waste into biofertilizers. A novel consolidated bioprocessing approach is adopted
which in particular relates to the hydrolysis of biodegradable municipal solid waste by hydrolytic enzymes produced by
Aspergillus niger S-30 and the growth of biofertilizer non-pathogenic strain of Klebsiella pneumoniae AP-407 in nutrients
present in the hydrolysate to prepare liquid biofertilizer and carrier-based solid biofertilizer formulations with 1.03 x 102
cfu/ml and 1.03 x 10'2 cfu/g, respectively. Furthermore, the formulations significantly enhanced the % oxidizable organic
carbon, available phosphate (P,05), available potassium (K,0), ammonical nitrogen (NH;-N), and nitrate nitrogen (NO5-N)
in soil and chlorophyll content of plant leaves of Brassica juncea. It is further appreciated that the process is economically
attractive as no exogenous enzyme loadings are required, no exogenous carrier substance is added, and the entire process is

carried out in a single fermenter vessel.
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1 Introduction

The organic residue of biodegradable solid waste from
human, agricultural, and industrial establishments is a seri-
ous threat not only to the environment or natural resources
but also to the economy. All over the globe, various
approaches to mitigate the obstacles associated with bio-
degradable solid waste disposal have been instigated and
commercialized. A prevailing priority is to energize the tran-
sition toward a circular economy. The “zero waste approach”
endorses the fostering of sustainable long-term socio-eco-
nomic and environmental benefits [1]. Rising urbanization,
population growth, and increased rates of food consumption
have caused significant increases in daily kitchen waste out-
put. Several countries, notably India, Australia, Mexico, the
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USA, and Korea, have followed suit, creating between 624
and 3500 tonnes of kitchen waste every year [2]. Presently,
garbage disposal technologies separate kitchen waste (KW)
from municipal solid waste (MSW) before it is disposed of
in landfills or burned in open fields. Since KW is mostly
composed of organic material contained inside MSW, it has
been processed using some of the biomass recycling meth-
ods [3]. The zero-value and predominant organic nature of
kitchen waste makes it a better contender to endorse the
zero-waste approach.

Heightened awareness of the problems associated with
the management of biodegradable solid waste, research on
the transformation of food and agricultural residue into bio-
fuel, biochemical, and biopolymers has received growing
deliberation. The significance of developing biofertilizers
from biodegradable solid waste has been overlooked in con-
trast to biochemical and biofuel production. Substituting
synthetic chemical fertilizer with biofertilizer derived from
biodegradable solid waste would axe the use of synthetic
chemical fertilizers which not only reduce the environmen-
tal impact of solid waste and directly benefit agronomy [4].
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In 2019, India was the world’s second-largest consumer
and producer of synthetic chemical fertilizers. Chemical fer-
tilizer consumption in India during 2020-2021, excluding
single super phosphate (SSP), was 62.98 million tons, rep-
resenting an increase of more than 82.5% since 2000-2001.
Fertilizer consumption per hectare for 2020-2021 is 161
kg, representing a 75% increase since 2000-2001 [5]. The
massive cost of fertilizer production, as well as the envi-
ronmental pollution caused by the use of chemical fertiliz-
ers, necessitates the use of alternative sources, particularly
biofertilizers. The increasing cost and uneven use of chemi-
cally formulated fertilizers stress the call to explore the
potential of bioinoculants for saving fertilizer nitrogen (N)
and phosphorus (P). Irrespective of formulation and doses,
applications of biofertilizers in the soil are competitive with
chemical formulations and thus improve various biologi-
cal properties. In this context during the past few years, the
number of plant growth-promoting bacteria (PGPB) that
have been identified has seen a substantial increase. Species
of bacteria like Alcaligenes, Arthrobacter, Aspergillus, Azos-
pirillum, Azotobacter, Bacillus, Burkholderia, Enterobacter,
Klebsiella, Pseudomonas, and Serratia have been reported
to significantly enhance plant growth [6—14].

The incorporation of compost, an organic fertilizer, and
nitrogen: phosphorus: potassium (NPK) (20:10:10) which
is a chemical fertilizer, and using them as a blend not only
enhances the growth of plants but also reduces our depend-
ability on chemical fertilizers by some proportion [9]. In
2020-2021, India generated around a total of 134,323 tonnes
of carrier-based biofertilizers, and liquid biofertilizer pro-
duction in India was approximately 26,442 kilolitre (kl)
[5]. Keeping in view the need for scientific management of
solid waste residues and the significance of biofertilizers,
the current study is designed to resolve the environmental
complications, resulting from the dumping and burning of
various solid waste residues and the indiscriminate use of
chemical fertilizers. The key focus of the study is to explore
the organic fraction of solid waste as a potential feedstock
for its transformation into liquid biofertilizer by simulta-
neous depolymerization of organic residue for the release
of sugars and production of liquid biofertilizer. Another
approach is the utilization of left-out compost as an efficient
support for the preparation of carrier-based biofertilizer con-
sortium. Integrating microorganisms and organic fertilizers
into soil-plant systems is considered an essential strategy for
solving challenges connected with the overuse of chemical
fertilizers and pesticides. Traditional microorganism-bearing
fertilizers like compost or animal manure should be recog-
nized separately from formulated biofertilizers. Traditional
microorganism-bearing fertilizer includes a diverse variety
of well-studied and classified microorganisms, including
harmful bacteria that can be difficult to manage in some
situations. Biofertilizer products/formulations, on the other
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hand, often comprise one or more microbial cultures with
verified quality and cell number and, in some cases, regu-
lated release following introduction into the soil-plant sys-
tem making them environmentally/crop friendly [15, 16].
Continuation to the preceding statement in the present study,
Aspergillus niger S-30 has the potential to secrete multiple
carbohydrases in addition to various plant growth-promoting
traits including phosphate solubilization, siderophore pro-
duction, and IAA production [9, 10] and non-pathogenic
strain of Klebsiella pneumoniae AP-407 producing multiple
plant growth promoting traits was selected for biofertilizer
production [11-14].

Consolidated bioprocessing (CBP) incorporates the gen-
eration of enzymes, saccharification, and fermentation of
released sugars into a single process. The primary motive for
employing this strategy is to reduce costs while increasing
efficiency. The savings from employing CBP can be enor-
mous because the enzyme costs in other procedures might
be very expensive. CBP is a potential technology that can
minimize the number of unit operations while simultane-
ously lowering the process’s overall capital cost. In conven-
tional technologies, the ultimate simple sugars often inhibit
the saccharification process, however, in CBP; fermentation
converts these products to value-added compounds before
they become inhibitive to hydrolysis. CBP bacteria do not
require foreign saccharifying enzymes because they produce
cellulolytic and hemicellulolytic enzymes for lignocellulose
degradation, resulting in significant cost savings. CBP sys-
tems cut down the number of unit operations (i.e., fewer
reactor vessels), lowering maintenance and capital expenses
[17-20]. Starting with the production of the inoculum and
continuing through the fermentation phase, all downstream
stages, including product formulation and packing, are per-
formed under sterile circumstances, and as a result, these
biotechnological goods ought to be contaminant-free [16].

A rapid and efficient consolidated bioprocess has been
developed for the disintegration of various polymeric
organic compounds in the waste for the release of simple
sugars and amino acids to support the growth of the natural
variants of microbial strains capable of atmospheric N-fix-
ation, mobilizing P and K besides producing plant growth
promoting hormones. This yielded a liquid supernatant and
a solid residue with both containing the novel biofertilizer
organism having all the above-cited traits thus yielding the
liquid and carrier-based biofertilizer formulations. Since, the
expenses of exogenous enzymes necessary for composite
kitchen waste hydrolysis are eliminated, consolidated bio-
processing offers less energy-demanding technology and a
potentially low-cost path for the synthesis of biofertilizers.
Furthermore, feedstocks for CBP do not need to be com-
pletely saccharified with complicated and expensive pre-
treatment technologies, massive quantities of exogenous
enzymes, which is a key bottleneck in lowering the net
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cost of hydrolysis of biodegradable vegetable and compos-
ite kitchen waste for biofertilizer preparation is kept low.
The process, when used at an industrial scale, will not only
reduce the burden of the cost of nutrients for the preparation
of different types of biofertilizer formulations but will also
provide a scientific solution for the management of biode-
gradable municipal solid waste (BMSW) residues primarily
kitchen waste in addition to reducing the dependency on
synthetic chemical fertilizers.

2 Materials and methods
2.1 Experimental site

The entire experiment was carried out at the Department of
Microbiology, South Campus, Panjab University, Chandi-
garh. The latitude of Chandigarh, India is 30° 44'14 N and
the longitude is 76° 47' 14 E. The Department of Microbi-
ology has DBT, a Government of India-funded Pilot Scale
Fermentation Facility in Laboratory number 407. The plant
growth experiment was performed from November 2022 till
the end of December 2022. In Chandigarh, November is the
warmest month of the post-monsoon fall, with temperatures
averaging spanning from 13.5 to 25.8 °C. In November, the
mean high temperature in Chandigarh is 25.8 °C, while the
average minimum temperature is 13.5 °C. Temperatures in
Chandigarh in December are pleasant, with lows of 10 °C
and highs of 21 °C. The weather in Chandigarh in December
can range from cool, pleasant days to a few wet days, but
rarely more.

2.2 Microorganisms

The fungal strain Aspergillus niger S-30 (MTCC 25569) was
selected by assessing its multiple carbohydrase-producing
potentials comprising of cellulase, hemicellulase, pecti-
nase, and amylase by solid-state fermentation on composite
kitchen waste as reported earlier by. The non-pathogenic
bacterial strain of Klebsiella pneumoniae AP-407 (MTCC
25568) isolated from the natural biodiversity of Panjab Uni-
versity, Chandigarh for its ability of nitrogen fixation, HCN
production, phosphate solubilization, potassium mobiliza-
tion, siderophore production, ammonia, and IAA production.

2.3 Quantitative estimation of multiple
carbohydrases on composite kitchen waste

Five grams of crushed composite kitchen waste was mois-
tened with 97.5 ml of distilled water in 250 ml Erlenmeyer
flasks (in triplicate). The flasks were sterilized by autoclav-
ing, cooled to room temperature, and then inoculated with
2.5 ml liquid suspensions of the bacterial isolates and fungal

strains, respectively. Under submerged shaking conditions,
fungal flasks were incubated at 28 °C for 96 h.

The enzyme(s) were extracted by keeping the flasks on
a rotary shaker (Remi Scientific Instruments, India) at 150
rpm for 30 min at room temperature. The flask contents were
minced in a laboratory blender before being filtered through
a metallic sieve of the 200-micron mesh size. The remain-
ing solid left extract was pressed through muslin cloth with
as much liquid as possible. For 10 min, the filtrate obtained
was centrifuged at 10,000 rpm and 4 °C (Thermoscientific).
At 50 °C and pH 4.0, supernatants from submerged-state
cultures were tested for cellulases (exo-1,4-glucanase, endo-
1,4-glucanase, and p-1,4-glucosidase), hemicellulases (xyla-
nase, mannanase), pectinase, and glucoamylase. The yields
were expressed in terms of IU/ml.

Cellulase enzyme complex was measured in terms
of endo-p-1,4-glucanase, exo-p-1,4- glucanase, and
B-glucosidase activities as described by Mandels et al. [21]
using CMC, Whatman filter paper number 1 strips (1X 6
cm), salicin, respectively, as their substrates and the enzyme
yields were expressed in terms of CMCase, FPase, and sali-
cinase, respectively, by determining the pmoles of glucose
liberated/min; hemicellulose complex in terms of endo-f3-
1,4-xylanase and endo-f-1,4- mannanase using xylan [22]
and guar gum [23], respectively, by pmoles of xylose and
mannose liberated/min; pectinase activity by using pectin as
the substrate [24] for pmoles of galacturonic acid liberated/
min; glucoamylase [25] activity as the amount of glucose
liberated (for glucoamylase), using dinitrosalicylic acid rea-
gent as described by Miller [26].

2.4 Bacterial characterization for plant
growth-promoting traits

The bacterial strain capable of Klebsiella pneumoniae
AP-407 producing multiple plant growth-promoting traits
comprising nitrogen fixation, phosphate solubilization,
potassium mobilization, HCN production, siderophore
production, and IAA production was also isolated from the
botanical garden of Panjab University, Chandigarh, India.
To analyze plant growth-promoting traits, 24 h freshly cul-
tivated bacterial culture with 10® CFU/m] was used.

The nitrogen-fixing ability of bacterial strain was identi-
fied by growing on nitrogen free medium (Jensen medium)
[27]. For indole acetic acid (IAA) production, K. pneu-
moniae was grown in Luria-Bertani broth supplemented
with 1 g L-tryptophan. The test tubes were inoculated by
K. pneumoniae and incubated in a shaker incubator at 120
rpm for 3—4 days at 28 °C. Each test tube received 5 drops
of Salowski’s reagent after incubation. The appearance of
the cherry-red color confirms the production of IAA [11].
The level of IAA production was estimated as described by
Bhardwaj et al. [12] for which 24 h grown K. pneumoniae
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was inoculated into 10 ml of sterile Luria Broth supple-
mented with 0.1% tryptophan. After 96 h of incubation at
37 °Cin 1 ml culture supernatant 2 ml Salowski’s reagent
was added. The amount of IAA produced was inferred
from the standard curve by measuring optical density at
530 nm. For phosphate solubilization, Pikovskaya’s agar
plates were streaked with K. pneumoniae followed by incu-
bation at 28 °C for 4 days and observed for the formation
of a clear halo zone around the bacterial colony [28].

To analyze the siderophore production, chrome azurol
S agar plates were prepared by dissolving 60.5 mg chrome
azurol S in 50 ml of water followed by the addition of 10
ml iron (IIT) solution (1 mM FeCl;. 6H,0, 10 mM HCI).
This solution was slowly mixed with 0.073 g of hexade-
cyl trimethyl ammonium dissolved in 40 ml of water. K.
pneumoniae was spot inoculated on the blue agar plates
and incubated for 48-72 h at 28 °C. The change in color
around bacterial colonies indicated the production of the
siderophore [29]. For potassium mobilization, GYCaA
medium was used as suggested by Bhattacharyya et al.
[30], and bacterial culture was spot inoculated at the
center of GYCaA medium plate. Inoculated plates were
then incubated at 28 °C for 4 days and observed for the
formation of a clear halo zone around the bacterial colony.

The hydrogen cyanide (HCN) production was analyzed
by amending Luria Bertani agar plates with 4.4 g glycine
L~!. Whatman filter paper 1 was soaked in 0.5% picric
acid and 2% sodium carbonate solution followed by plac-
ing paper on the upper lid of Petri plates. K. pneumoniae
streaked plates were wrapped with parafilm and incubated
at 28 °C for 5 d. The change in filter paper color from yel-
low to orangish brown had excellent effects on HCN gen-
eration [31]. Ammonia production was observed following
Amna et al. [32]. In each tube, a freshly grown 24-h cul-
ture of K. pneumoniae was inoculated in 10 ml of peptone
water (15 g peptone water in 1000 ml). The test tubes were
shaken at 28 °C for 2-3 days. Following incubation, each
tube was supplemented with 0.5 ml of Nessler’s reagent.
The change in the color of the medium from brown to yel-
low indicated that the bacteria were responding positively
to ammonia generation.

2.5 Biocompatibility between Aspergillus niger S-30
and Klebsiella pneumoniae AP-407

The Aspergillus niger S-30 and Klebsiella pneumoniae
AP-407 were checked for their biocompatibility with each
other. The Klebsiella pneumoniae AP-407 was streaked on
a nutrient agar plate and Aspergillus niger S-30 was point
inoculated in the middle of the plate which was analyzed for
the emergence of the inhibition zone. The presence of an
inhibition zone indicates antagonistic behavior.
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2.6 Biodegradable solid waste

The City Beautiful, Chandigarh with a lot of vegetation
and diverse flora is lagging in biodegradable solid waste
management. Site visits were made to various localities
near the Panjab University campus, Chandigarh to get a
brief assessment of biodegradable solid waste generation
and disposal methods adopted by locals and authorities.
The biodegradable solid waste sample comprising com-
posite kitchen waste was collected from these sites and
kept in cold storage facility (Blue Star Storekool, India)
present in the Department of Microbiology, Panjab Uni-
versity, Chandigarh for further action.

2.7 Consolidated bioprocessing for preparation
of biofertilizer formulations

A natural variant of fungal strain Aspergillus niger S-30
capable of producing multiple hydrolytic enzymes includ-
ing cellulases, hemicellulases, amylases, and pectinase
was inoculated in thermally treated composite kitchen
waste comprising of crushed vegetable, fruit, and other
kitchen residues along with another bacterial strain of
Klebsiella pneumoniae AP-407 having a broad range of
plant growth promoting traits including N-fixation, P solu-
bilization, and K mobilization in addition to the produc-
tion of plant growth promoting hormones and incubated
at 30 °C for 4 days. The whole process was carried out in
a 100 I fermenter to which 20 kg of crushed biomass was
added along with 55 1 of tap water. The contents were
steamed at 15 psi for 30 min and were inoculated with the
1 1 spore suspension of Aspergillus niger S-30 and the 1 1
liquid culture of Klebsiella pneumoniae AP-407 having 1
x 108 cfu/ml to make the total solid to liquid ratio 1:2.75
(between 1:2 to 1:3) after lowering the temperature of the
biomass to 30 °C. The contents in the fermenter were con-
tinuously stirred at 200 rpm with temperature and pH kept
at 30 °C and 6.5, respectively, for 4 days.

2.8 Physico-chemical and biological analysis
during consolidated bioprocessing

Every 24 h, the physical variables for consolidated bio-
processing were assessed. After every 24 h, the biologi-
cal and chemical analysis, which included enzymatic
activity, organic carbon content, and microbial count,
were performed on the residue which was collected
each morning in a container. The chemical and biologi-
cal parameters which were analyzed during consolidated
bioprocessing are described with the standard method
used in Table 1.
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Table 1 Physico-chemical and biological parameters analyzed during consolidated bioprocessing

Sr. No. Parameter Method used
1 Enzyme productivity (IU/ml) Described above in section (quantitative estimation of multiple carbohydrases on composite
kitchen waste)
Total reducing sugar (mg/ml) Dinitrosalicylic acid method [26]

3 Total glucose (mg/ml) GOD-PAP method
The kit containing reagents was purchased from Reckon Diagnostics, Pvt Ltd, India.
Reagent 1: Glucose oxidase, peroxidase, 4 —aminoantipyrine
Reagent 2: Phosphate buffer pH 7.0, phenol Reagent 3: Glucose standard 1 mg/ml
Working reagent: Dissolve one bottle of Reagent 1 with one bottle (100 ml) of Reagent 2

4 Cell count of micro-organisms (cfu/ml) The sample from system was diluted serially up to 10-15 dilution and 0.1 ml sample was

inoculated on Standard plate agar for determination of microbial cell count. Inoculated
plates were kept in an incubator for 24 h at 37 °C, and 96 h at 28 °C. The colony forming
unit (CFU) per gram was estimated according to James [33]:

Viable cell count (CFU/ml) = (number of coloniesx dilution factor/volume of inoculum

2.9 Separation of carrier and liquid biofertilizer
formulations

After 96 h, the stable carrier and liquid biofertilizer formula-
tion were separated. The content from the filtrate was filtered
by passing through the sieve of 200-micron mesh size and
the liquid filtrate was stored in glass bottles in a cold room
facility available in the Department of Microbiology, Pan-
jab University, Chandigarh till further use. The solid resi-
due left out from liquid filtrate was taken in enamel plates
followed by crushing in a laboratory blender after which
carrier biofertilizer was packed in air-tight polythene bags
and stored in a cold room facility. The contents from the
100 1 fermenter led to the generation of a liquid component
and a solid residue both containing a high count of biofer-
tilizer organisms. For better comprehension of shelf life,
the log CFU of biofertilizer formulation was examined for
10 months, with regular samples obtained from the stored
carrier and liquid biofertilizer formulations. The additional
purpose for analysis was to notice any form of contamination
throughout their storage time.

2.10 Plant development assay

A plant growth system experiment was conducted for assess-
ing the effect of the carrier and liquid biofertilizer formula-
tions on the development of plants. The plant growth experi-
ment was performed from November 2022 till the end of
December 2022. The seeds of plants Brassica juncea were
surface sterilized using 70% ethanol and further rinsed three
times using sterile distilled water. Furthermore, the seeds
were shade dried for 30 min, and later, all the respective
seeds were sowed in separate pots having a diameter of 28
cm and depth of 20 cm filled with 2500 g of soil sterilized by
autoclaving at 15 psi for 1 h. The biofertilizer was applied by
soil treatment method for which seeds were initially sowed
and after 2 h, the 2 g of carrier-based biofertilizer was

blended in soil and 2 ml of liquid-based biofertilizer initially
suspended in 100 ml of water followed by sprinkling on soil
containing seeds. The same treatment was repeated on the
15th day after taking soil and plant samples. For each treat-
ment, three replicate pots were maintained with a natural
photoperiod (12 h) and watered with tap water for 45 days.
Morphometric analyses of the host plant for the different
treatments were assessed after 15, 30, and 45 days of sow-
ing and on maturity for plant height (cm), shoot height (cm),
root length (cm), plant fresh weight (g), plant dry weight
(g), shoot fresh weight (g), root fresh weight (g), shoot dry
weight (g), and root dry weight (g).

2.11 Estimation of chlorophyll

The chlorophyll content of leaves was analyzed after 45
days. One gram of finely chopped fresh leaves was sus-
pended in 20 ml of 80% acetone. The supernatant was sepa-
rated after the centrifugation for 5 min at 10,000 rpm. The
process was repeated until the residue was colorless. The
absorbance of the solution was taken at 645 nm and 663 nm
against acetone. The concentrations of total chlorophyll (t),
chlorophyll a, and chlorophyll b were calculated using the
equation as described by Arnon [34]:

Chlorophyll t: 20.2(A645) + 8.02(A663)

Chlorophyll a: 12.7(A663) — 2.69(A645)

Chlorophyll b: 22.9(A645) — 4.68(A663)

2.12 Quantitative analysis of soil

The soil was tested for macro and micro-nutrients using a
soil testing kit procured from Himedia, India for determining
organic carbon in the soil in terms of % oxidizable organic
carbon, available phosphate (P,05), available potassium
(K,0), ammonical nitrogen (NH;-N), and nitrate nitrogen
(NO;-N) in the soil in terms of kg per hectare (kg ha™').
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3 Results

3.1 Time course of Aspergillus niger S-30
for production of multiple carbohydrases

The fungal strain Aspergillus niger S-30 capable of produc-
ing multiple carbohydrases on cheap substrate, i.e., mixed
kitchen waste was selected as a strong contender for consoli-
dated bioprocessing. The evolution of multiple hydrolytic
enzyme activities of Aspergillus niger S-30 is depicted in
Table 2. The enzyme activity is presented in terms of U/
ml which is defined as the amount of enzyme required to
catalyze the conversion of 1 pmole of substrate per minute
under specified enzyme assay conditions. Aspergillus niger
S-30 showed that the maximum peak of CMCase was 2.35
+ 0.092 IU/ml, maximum FPase (0.82 + 0.015 ITU/ml) h and
B-glucosidase (1.20 + 0.065 IU /ml) after 48 h, respectively.
Xylanase production showed maximum production (10.20
+ 1.12 IU/ml) after 48 h and mannanase production was
maximum (4.50 = 0.045 IU/ml) after 24 h. Pectinase peaked
(3.15 + 0.046 1U/ml) after 24 h. The production of glucoa-
mylase gave the highest yield (3 + 0.020 IU/ml) after 24 h.

3.2 Assessment of Klebsiella pneumoniae AP-407
for biofertilizer formulation preparation

The bacterial strain, Klebsiella pneumoniae AP-407, was
isolated from the rhizospheric soil of healthy plants on the
Panjab University campus. The Klebsiella pneumoniae
AP-407 showed positive results for its nitrogen-fixing abil-
ity, HCN production, phosphate (P) solubilization, sidero-
phore production, potassium (K) mobilization, ammonia
production, and IAA production all depicted in Fig. 1. The
nitrogen-fixing ability of Klebsiella pneumoniae AP-407
was identified by growth on nitrogen free medium (Jensen
medium) indicating a positive result. The color of the filter
paper was changed from yellowish to orangish brown, which
resulted in increased HCN production. The formation of a
halo zone observed around the bacterial colony revealed a
favorable result for phosphate solubilization. The change in
color of blue agar plates containing chrome azurol S and

hexadecyl trimethyl ammonium to the yellowish confirmed
presence of a carboxylate type of siderophore. The presence
of a distinct halo zone around the bacterial colony indicates
the existence of positive potassium mobilization activity.
The shift in color of the broth from brownish to yellowish
indicated that the bacterium was responding positively to
ammonia generation. In the presence of 0.1% tryptophan, the
creation of a cherry-reddish hue confirmed the generation of
IAA, which was determined to be 82.45 g/ml.

3.3 Biocompatibility between Aspergillus niger S-30
and Klebsiella pneumoniae AP-407

The Aspergillus niger S-30 and Klebsiella pneumoniae
AP-407 were streaked and incubated for 96 h. The Kleb-
siella pneumoniae AP-407 colonies manage to grow in the
vicinity of Aspergillus niger S-30 with no inhibition zone
which indicated the negative antagonistic behavior depicted
in Fig. 2.

3.4 Physico-chemical and biological analysis
during consolidated bioprocessing

The physicochemical properties of the altered dramatically
as the consolidated bioprocess continued, and specific analo-
gies could be formed seen between biological and physico-
chemical aspects. Table 3 indicates the evolution of enzyme
levels during 96 h consolidated bioprocessing. CMCase
(1.204 0.07 IU/ml) and xylanase (4.85+ 0.32 IU/ml) peaked
after 72 h, whereas FPase (2.47+ 0.13 IU/ml), B-glucosidase
(1.15+ 0.07 IU/ml), mannanase (1.70+ 0.08 IU/ml), pecti-
nase (1.20+ 0.09 IU/ml), and glucoamylase peaked to 5.34+
0.38 IU/ml after 48 h of consolidated bioprocessing under
specified temperature and pH conditions.

A positive correlation could be drawn between the utiliza-
tion of sugars and the cell count of Klebsiella pneumoniae
AP 407. After 24 h of consolidated bioprocessing, the total
reducing sugar was reduced from 6.76 to 0.75 mg/ml, and
the glucose level was reduced from 1.3 mg/ml to nil. Fur-
thermore, the cell count of Klebsiella pneumoniae AP 407
increased from 3.46 x 10° to 3.46 x 10® cfu/ml within 24 h
of consolidated bioprocessing which increase to 1.03 x 102

Table 2 Time course of Aspergillus niger S-30 for production of multiple carbhohydrases

Hours CMCase (IU/ml) FPase (IU/ml) p-glucosidase

Xylanase (IU/ml) Mannanse (IU/ml) Pectinase (IU/ml) Glucoamylase

(IU/ml) (IU/ml)
0 0 0 0 0 0 0 0

24 1.01+0.075 0.71+0.006  0.82+0.024 7.501.01 4.500.045 2.20+0.093 3.20+0.094
48 2.35+0.092 0.82+0.015  1.20+0.065 10.201.12 3.60+0.078 3.15+0.046 1.15+0.093
72 0.65+0.008 0.15+£0.003  0.52+0.016 2.15+0.075 0.950.095 1.200.038 0.500.019
96  0.41+0.005 0.14+0.003  0.15+0.003 0.80+0.065 0.82:+0.018 0.60-£0.008 0.15+0.007
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Fig. 1 Assessment of plant growth-promoting traits of Klebsiella pneumoniae AP-407 for biofertilizer formulation

Fig.2 Biocompatibility
between Aspergillus niger S-30
and Klebsiella pneumoniae
AP-407

Table 3 Enzyme productivities of different enzyme components produced by Aspergillus niger S-30 at different time intervals in consolidated
bioprocessing (red depicting highest enzyme productivity followed by green and yellow with the least)

Enzymes 24 h 48 h 72 h 96 h

CMCase (IU/ml) 0.53+0.04 1.17+0.09 1.20+ 0.07 0.85+0.08
FPase (IU/ml) 0.47£0.02 [ 247+0.13  1.50£0.08  0.30+0.02
B-glucosidase (IU/ml) 0.87+0.06 1.15+0.07 0.20+0.01 0.21+0.01
Xylanase (IU/ml) 0.94+ 0.09
Mannanase (IU/ml) 0.45+0.02 0.77+0.03 0.20+ 0.01
Pectinase (IU/ml) 0.45+0.01 1.20+ 0.09 1.15+ 0.06 0.35+ 0.03

Glucoamylase (1U/ml) IR0 1.02+0.05
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cfu/ml after 96 h of consolidated bioprocessing depicted in
Table 4. The liquid and carrier biofertilizer were prepared
after 96 h of consolidated bioprocessing which was packed,
sealed, and stored later on in a cold room facility available
in the Department of Microbiology, Panjab University,
Chandigarh.

3.5 Shelf life of biofertilizer formulations

The log CFU of biofertilizer formulation was observed
throughout 10 months for a better estimation of shelf life.
The final cell count of both liquid biofertilizer and carrier
biofertilizer was observed to be 1.03 x 10'% cfu/ml and 1.03
x 102 cfu/g before storage. The cell count of liquid biofer-
tilizer reduces to 3.10 x 10'! cfu/ml while cell count of car-
rier biofertilizer reduces to 1.13 x 10° cfu/g after 6 months
of storage. After 10 months of storage, the cell count of
carrier biofertilizer showed some significant drop and was
observed to be 1.5 x 10° cfu/g, whereas liquid biofertilizer
showed a good shelf life and was carrying 2.2 x 10° cfu/ml.
Figure 3 shows the trend of the shelf life of carrier and liquid

Table 4 Total reducing sugars, glucose, and microbial cell count
obtained during consolidated bioprocessing on composite kitchen
waste by using Aspergillus niger S-30 and Klebsiella pneumoniae AP
407

Time (h) Total reducing  Glucose (mg/ml)  Klebsiella pneumo-
sugars (mg/ml) niae AP 407 (cfu/
ml)

0 6.76 + 0.42 1.3+ 0.13 3.46 x 10°

24 0.75 + 0.04 - 3.46 x 108

48 0.66 + 0.03 - 3.11x 10°

72 0.44 +0.02 - 3.11 x 10!

96 0.32 +0.02 - 1.03 x 102

biofertilizers throughout 10 months. There was no unwanted
contamination observed during shelf life analysis throughout
10 months as the prepared formulations were packed and
stored aseptically in a cold storage facility which validates
the biofertilizer preparation to be contaminated free up to
10 months.

3.6 Plant development assay for validation
of biofertilizer formulations

The liquid and carrier biofertilizer showed a significant posi-
tive response in enhancing various morphometric character-
istics and yield of Brassica juncea. In the present experiment
as depicted in Table 5, the plant height in carrier-treated
biofertilizer was +4 cm more than in control and plant
height was +8 cm more in liquid biofertilizer-treated Bras-
sica juncea after 45 days. The shoot height was observed to
be similar in both control and carrier biofertilizer-treated
Brassica juncea, whereas it was +4 cm more in the case of
liquid biofertilizer-treated Brassica juncea. Brassica juncea
showed +4 cm more root length in the case of carrier biofer-
tilizer and + 8 cm more root length in liquid biofertilizer-
treated Brassica juncea as compared to the control set of
Brassica juncea after 45 days.

After 45 days, the carrier biofertilizer-treated Brassica
juncea showed +4 g more weight and liquid biofertilizer
treated showed + 5 g more weight as compared to the
control set. Similarly, plant dry weight was 0.90 + 0.071
g, 1.90 + 0.175 g, and 1.80 + 0.175 g in control, carrier
biofertilizer, and liquid biofertilizer treatment, respectively.
Shoot fresh weight was 9.00 + 0.890 g, 12.00 + 0.955 g, and
13.50 £+ 1.115 g in control, carrier biofertilizer, and liquid
biofertilizer treatment, respectively. Shoot dry weight was
0.70 + 0.065 g, 1.20 + 0.105 g, and 1.20 + 0.115 g in con-
trol, carrier biofertilizer, and liquid biofertilizer treatment,

Fig.3 Shelf life of carrier and
liquid biofertilizer throughout
the span of 10 months

Log CFU

== Carrier Biofertilizer (cfu/g)
== Liquid Biofertilizer (cfu/ml)

150 200 250 300 350
Days
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Table 5 Depicting morphometric characteristics (plant height, shoot height, and root length) in control, carrier biofertilizer, and liquid bioferti-
lizer treated Brassica juncea after 15, 30, and 45 days of plant development assay

Morphomet- Control 15  Carrier Liquid Control 30  Carrier Liquid Control 45  Carrier Liquid

ric characters days biofertilizer biofertilizer days biofertilizer biofertilizer days biofertilizer  biofertilizer
15 days 15 days 30 days 30 days 45 days 45 days

Plant height 11.0+1.00 13.541.50  13.5+2.15  35.0+2.25  37.5+2.25 42.0+£3.12  39.0+£2.75  43.0+£3.15  47.0+3.25

(cm) (aver-

age)

Shoot height 8.5+0.75 11.5+1.05 13.0+1.15  25.0+1.35  25.5+2.12  29.0+1.18  30.0+1.85  30.0+2.88  34.0+2.40

(cm) (aver-

age)

Root length  2.5+0.15 2.0+0.10 3.0+0.25 10.0+0.95 11.5£0.85  14.0£1.20  9.0+0.85 13.0+£0.90  17.0%1.25

(cm) (aver-

age)

respectively. Root fresh weight was 1.00 + 0.100 g, 2.00
+ 0.200 g, and 1.50 + 0.140 g in control, carrier bioferti-
lizer, and liquid biofertilizer treatment, respectively. Root
dry weight was 0.20 + 0.018 g, 0.70 + 0.065 g, and 0.30 +
0.025 g in control, carrier biofertilizer, and liquid bioferti-
lizer treatment, respectively, as depicted in Table 6.

3.7 Influence of biofertilizer formulations on soil

The organic carbon in soil was determined in terms of %
oxidizable organic carbon. The available phosphate (P,Os),
available potassium (K,0), ammonical nitrogen (NH;-N),
and nitrate nitrogen (NO5-N) in soil were determined in
terms of kg per hectare (kg ha™') depicted in Table 7. The

Table 6 Depicting morphometric characteristics (plant fresh weight,
plant dry weight, shoot fresh weight, shoot dry weight, root fresh
weight, and root dry weight) in control, carrier biofertilizer, and lig-

% oxidizable organic carbon was 0.300-0.500, available
phosphate (P,05) was 22 to 56 kg ha~!, available potassium
(K,0) was 112 to 280 kg ha~!, ammonical nitrogen (NH;-N)
was low about 15 kg ha™!, and nitrate nitrogen (NO;-N) was
nil on Oth day of sowing of Brassica juncea in soil.

The % oxidizable organic carbon reduced in the control
set was in the range of 0.100-0.300 during the whole trial,
available phosphate reduces after 30 days and was nil after
45 days, available potassium reduces after 45 days, ammoni-
cal nitrogen was maintained low about 15 kg ha™! during
whole experiment, and nitrate nitrogen was observed only
after 30 days.

The % oxidizable organic carbon reduced in liquid biofer-
tilizer treatment was in the range of 1.00—1.50 during the

uid biofertilizer treated Brassica juncea after 15, 30, and 45 days of
plant development assay

Control 30
days

Control 15  Carrier
days biofertilizer
15 days

Morpho-
metric
characters

Liquid
biofertilizer
15 days

Carrier
biofertilizer
30 days

Control 45
days

Carrier
biofertilizer
45 days

Liquid
biofertilizer
30 days

Liquid
biofertilizer
45 days

Plant fresh
weight (g)
(average)

Plant dry
weight (g)
(average)

Shoot fresh
weight (g)
(average)

Shoot dry
weight (g)
(average)

Root fresh

weight (g)
(average)

0.40+0.03 0.54+0.05  0.57+0.040 7.50+0.610

0.04+0.002 0.02+0.001 0.02+0.001 0.55+0.300

0.39+0.030 0.52+0.040 0.55+0.050 6.50+0.580

0.04+0.002 0.05+0.004 0.05+0.003 0.46+0.230

0.01+0.001 0.02+0.001  0.02+0.001  0.70+0.068

Root dry - - -
weight (g)
(average)

0.09+0.007

10.50+1.000

0.92+0.073

9.50+0.850

0.72+0.531

1.00+0.610

0.19+0.017

10.00+0.985 10.00+0.850 14.00+1.020 15.00+1.350

0.88+0.037  0.90+0.071  1.90+0.175  1.80+0.175

9.10+0.870  9.00+£0.890  12.00+£0.955 13.50+1.115

0.68+0.041  0.70+£0.065  1.20+0.105  1.20+0.115

0.90+0.075  1.00+0.100  2.00+0.200  1.50+0.140

0.20+0.019  0.20+0.018  0.70+0.065  0.30+0.025
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whole trial, available phosphate was above 73 kg ha™! which
only reduced after 45 days, available potassium was also
maintained in the range of 112 to 280 kg ha_l, ammonical
nitrogen was maintained about 73 kg ha™!, and nitrate nitro-
gen was available in medium to high range of 20 and 50 kg
ha~! during the whole trial. The % oxidizable organic carbon
reduced in carrier biofertilizer treatment was in the range of
1.00-1.50 during the whole trial, available phosphate started
reducing after 30 days and was observed to be between 56
and 73 kg ha™!, and available potassium was also maintained
in the range of 112 to 280 kg ha~!, ammonical nitrogen was
maintained about 73 kg ha~!, and nitrate nitrogen was avail-
able mostly in the high range of 50 kg ha™! during the trial.

3.8 Influence of biofertilizer formulations
on chlorophyll content

The highest chlorophyll content (a+b) of 83.7 + 3.2 pg/ml
was observed in liquid biofertilizer-treated Brassica juncea,
followed by carrier-based biofertilizer 66.1 + 2.3 pg/ml and
control set of Brassica juncea 54.8 + 2.6 pg/ml as depicted
in Fig. 4.

4 Discussion

Among most underdeveloped or developing countries,
biodegradable wastes from kitchens, vegetable and fruit
markets, gardens and public parks, schools, institutes, and
societies are disposed of by open dumping, burning, or
landfilling. Esteban-Lustres et al. [35] emphasized improv-
ing the management of these steadily produced and glob-
ally available resources, and their commodification into

novel and profitably fascinating product lines that will help
the bioeconomy. The effective implementation of such an
approach necessitates collaboration between academic insti-
tutions, industrial stakeholders, and government entities, and
is dependent on the numerous aspects involved, including
social, economic, environmental, and technological.

The significant expense of producing fertilizer, along
with the pollution produced by the use of chemical fertiliz-
ers, necessitates the adoption of alternate sources, notably
biofertilizers. Biofertilizer application in the soil, irrespec-
tive of formulation or dose, is competitive with chemical
formulations and so enhances a wide variety of biological
traits [8, 14]. CBP consolidates the production of enzymes,
saccharification, and fermentation into a single process. The
primary motivation for employing this method is to reduce
costs while increasing efficiency. CBP systems minimize the
number of unit operations in addition to lowering mainte-
nance and capital costs [8, 17-19].

Based on the preceding, the present work proposes a
novel method of transformation of biodegradable solid waste
in its natural state into biofertilizer formulations by a natural
variant of the fungal and bacterial strain. The fungal strain
capable of producing multiple carbohydrases converts com-
plex polysaccharides present in biodegradable solid waste
into simple sugars which are utilized by bacterial strains
having plant growth-promoting traits.

Researchers suggested that Aspergillus niger has
immense potential that could co-produce multiple kitchen
waste, rice straw, and de-oiled rice bran, respectively. Fungi
due to their capacity to produce considerable amounts
of non-complex cellulases and hemicellulases are more
focused upon [36-38]. Furthermore, in the present study,
the in-house formulation has a greater spectrum of enzymes

Fig.4 The total, a and b chloro-
phyll content of control, liquid
biofertilizer and carrier bioferti-
lizer treated Brassica juncea

Total Chlorophyll
(ng/ml)

Chlorophyll a (pg/ml)
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on composite kitchen waste, including the whole cellulase
system as well as xylanases, mannanases, pectinases, and
amylases, making it unique.

The rhizosphere is the microbial hotspot, and so many
rhizosphere microorganisms have favorable effects on plant
development and health. Regarding their stress resistance
and metal tolerance in soil, bacterial strains from the gen-
era Klebsiella, Stenotrophomonas, Bacillus, and Serratia
have a high potential for usage as plant growth promoters
[39]. In the present study, K. pneumoniae exhibited a broad
range of plant growth-promoting traits comprising its nitro-
gen fixation, HCN production, phosphate (P) solubiliza-
tion, siderophore production, potassium (K) mobilization,
ammonia production, and IAA production. K. pneumoniae
showed positive attributes in the fixing of nitrogen, solubi-
lization of phosphate, and mobilization of potassium from
unavailable to available form to plants. In addition to these,
K. pneumoniae also showed significant potential to produce
phytohormone IAA which primarily governs plant cell pro-
liferation, differentiation, and promotes root length [40].
Additionally, K. pneumoniae also produced siderophores
which are responsible to sustain stress conditions as it was
also demonstrated by Ahmad et al. [39]. K. pneumoniae pro-
motes plant growth which is also associated with HCN and
ammonia synthesis. The synthesis of HCN and ammonia
is regarded to be an indirect plant growth enhancer. The
generation of ammonia can assist the host plant to achieve
its nitrogen demands while also limiting pathogen invasion.
The HCN is extensively utilized as a biocontrol agent in
agricultural settings, because of its great toxicity against
phytopathogens [41].

Considering CBP is a one-step process approach using a
single reactor, it saves a lot of money in the microbial indus-
try. Since researchers began working on the valorization of
biodegradable solid biomass utilizing several bioprocessing
technologies such as simultaneous saccharification and fer-
mentation, and separate hydrolysis and fermentation, CBP
evolved to make a significant contribution to the environ-
ment and economy [22, 42], although researchers empha-
sized that the CBP microbe should have certain character-
istics, such as extremely effective cellulase synthesis and
secretion for fast lignocellulose solubilization [17, 43]. In
continuation to these key points in the present work, Asper-
gillus niger S-30 was able to produce a wide range of mul-
tiple hydrolytic enzymes on composite kitchen waste and
transform them into simple sugars. Furthermore, the CBP
process does not require any additional carbon, nitrogen,
potassium, or micronutrient source. Thus, present strategy
shows more feasibility towards its practical approach and
adaptation to be upscaled further at industrial setup. Both
Aspergillus niger S-30 showed a better enzymatic yield at 30
°C and Klebsiella pneumoniae showed an increasing trend
in its cell count at 30 °C during CBP. The current method

@ Springer

provides excellent conditions for both saccharification and
fermentation processes. The present CBP technique has
demonstrated significant cost savings in enzyme manufac-
turing and biofertilizer formulation. The downstream pro-
cess was also oversimplified and flexible which makes the
operational cost cheap to generate carrier-based and liquid
biofertilizers.

The carrier materials employed to ensure the future of the
cell suspension before its distribution into the soil govern the
shelf-life of any inoculant. Carrier materials act as protec-
tive habitats, promoting inoculum success while guarding
against predators. Particles of powder, granules, and com-
mon carrier material such as peat moss are popular biofer-
tilizer carriers, although several other materials, including
vermiculite, lignite, and sodium alginate encapsulation,
have been investigated as possibilities [44]. Contamination
of the biofertilizer formulations could be seen both during
the production/formulation stage and during storage. Con-
tamination has been identified as one of the primary reasons
for failed field application of plant-beneficial microorgan-
isms. Herrmann et al. [45] found that 37% of the tested for-
mulated products could be considered “pure,” while 63%
were contaminated with bacteria and 40% contained only
contaminants. The current work employs a consolidated
bioprocessing approach in which a closed liquid submerged
fermenter is employed for inoculum preparation, fermenta-
tion, and downstream stages, including product formulation
and packaging, all of which are carried out in sterile and
contaminant-free conditions.

As a result, biofertilizers with an extended shelf life and
convenient and controlled dispersion of the studied microor-
ganisms are the need of the hour. Kumar et al. [44] recently
utilized biochar from agricultural waste, fly ash from coal
power plants, and a blend of both as a carrier to sustain the
plant growth promoter bacterial species in a recent attempt.
The current process used the zero-cost composite kitchen
waste as the carrier for inoculum adsorption as well as liquid
biofertilizer formulation from the said process. Composite
kitchen waste is a rich source of carbon and other micronu-
trients, thereby acting as a stabilizing source of carbon and
other micronutrients. The present work also adheres to the
guidelines and specifications of FCO (India), according to
which the minimum CFU should be 5 x 107 cells per gram
of powder, granules, or carrier material; or 1 X 108 cells per
ml of liquid biofertilizer [5]. The effect of compost on plant
growth is well studied as both a fertilizer and plant growth
promoter [46]. The use of compost as the carrier showed a
better shelf life as compared to the study by Kumar et al.
[44], in which they used biochar from agriculture waste, fly
ash from a coal power station, and a mixture of both as a car-
rier. The fact that prepared biofertilizer formulations have a
shelf life of up to 10 months suggests that they are contami-
nant free and are suitable for use in fields. The consolidated
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bioprocessing approach thus provides a safe and scientific
approach to the preparation of contaminant-free biofertiliz-
ers with an extended shelf life which is otherwise difficult
to be maintained by conventional agricultural activities or
traditional microorganism-bearing fertilizers which follows
Vassileva et al. [16].

The present work was designed to provide the economic
importance of biodegradable solid waste to transform it
into a carrier and liquid biofertilizer. To further validate our
viewpoint on the safety level of biofertilizers on environment
and crop production, a plant growth development assay was
also employed. The result of carrier and liquid biofertilizer
on plant growth as well as the soil was as per the hypothesis
behind it. The present study explored the ability of Aspergil-
lus niger for the production of multiple carbohydrasaes and
Klebsiella pneumoniae to exhibit numerous plant growth-
promoting traits. Some studies have also explored the poten-
tial of Aspergillus niger for the production of biofertilizer
formulations owing to its IAA production, siderophore
production, and ammonia production. Studies explored the
potential of Aspergillus niger to be used as a phosphate solu-
bilizer fungus [9, 10]. Aspergillus niger S-30 used in the
present study also had the potential to solubilize phosphorus.
The prepared biofertilizer formulations thus have properties
of two biofertilizer microorganisms. The carrier and liquid
biofertilizer prepared from composite kitchen waste signifi-
cantly improved the plant yield and soil fertility. Both car-
rier and liquid biofertilizers significantly improved the plant
height, root height, plant fresh weight, shoot fresh weight,
plant dry weight, root fresh weight, shoot dry weight, and
root dry weight in 45 days. The carrier-based biofertilizer
did not enhance the shoot height in comparison to the con-
trol plant set although the overall plant height was signifi-
cantly enhanced in the carrier-based biofertilizer. However,
liquid biofertilizer significantly enhanced the shoot height.
The better plant growth yield can be attributed to TAA [44,
47], phosphate solubilization [44], and ammonia excretion
[48, 49]. Bhardwaj et al. [12] also observed similar kind of
results while working with Klebsiella pneumoniae VRE36
as a PGPR and attributed the better seed germination to [AA.
The better yield can also be attributed to HCN and sidero-
phore which act as protecting agents for plants in stress
conditions [50]. El Komy et al. [13] employed a mixture of
Azotobacter, Azospirillum, and Klebsiella strains in a trial
that enhance root-rot disease complex management; boost
growth in sunflower due to N, fixation and phosphate solubi-
lization; and produces indoleacetic acid (IAA), siderophore,
and hydrogen cyanide (HCN). In a nutshell, it is possible
to deduce that better nitrogen, phosphorus, and potassium
uptake, as well as IAA biosynthesis, ammonia production,
siderophore production, and HCN production, all contribute
to greater Brassica juncea growth in the present study. Hang
et al. [10] recently attributed the cucumber plant growth

promotion and growth promotion of biofertilizer strain
Arabidopsis to the fungal community of Aspergillus spp.
which itself did not attribute the plant growth but helps the
biofertilizer strain.

Nitrogen, phosphorus, and potassium are the three most
important nutrients for plants, and their levels in the soil
have a direct impact on plant growth and development. The
accessibility of nitrogen, phosphorus, and potassium nutri-
ents to plants is low even in the presence of an excess of
fertilizer; thus, increasing the availability of these nitrogen,
phosphorus, and potassium nutrients in the soil is an impor-
tant way to promote plant growth [51, 52]. The present work
following the preceding point as Klebsiella pneumoniae not
only solubilized the phosphate and mobilized the potassium
to soil but also the significant amount of nitrate nitrogen was
available to plants in soil in both carrier and liquid biofer-
tilizer in the high range of 50 kg ha™!. Govindarajan et al.
[14] also emphasized the potential of Klebsiella sp. GR9 in
improving rice production and attributed it to the N-fixing
efficiency of Klebsiella sp. GR9. Nitrogen and potassium
are both key requirements in chlorophyll synthesis [53]. The
carrier and liquid biofertilizer also significantly improved
the chlorophyll content of Brassica juncea which can be
attributed to better nitrogen and phosphorus availability.
The findings of Zafar-ul-Hye et al. [54] support our find-
ings who also found similar kind of results while work-
ing with cadmium-resistant rhizobacteria for nitrogen and
phosphorus availability. Environmental issues associated
with the application of high doses of chemical fertilizers,
which include nitrate deposition in surface water and low
utilization effectiveness of nitrogenous and phosphate ferti-
lizers, compelled farmers to seek credible replacement irre-
spective of formulation and dose of biofertilizers [55, 56].
The present study in the context of the current global trend
adheres to the zero-waste approach and sustainable princi-
ples of agriculture by utilizing biodegradable solid waste for
biofertilizer preparation.

5 Conclusion

The current study provides a highly appealing alternative
for the management of biodegradable solid waste by trans-
forming it into a carrier and liquid biofertilizer formulations
with 1.03 x 10'? cfu/ml and 1.03 x 10'2 cfu/g, respectively.
The process provides a cost-effective method of solid waste
management and an economical method of biofertilizer for-
mulations with an improved shelf life. At a time when the
globe is facing two problems at a time that are fulfilling the
food requirement of expanding population and managing
biodegradable solid waste, the consolidated bioprocess-
ing approach by transforming solid waste into biofertilizer
will be a major milestone in sustainable agriculture. To
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summarize, the current study is technically possible and, if
carried out on a commercial scale, can lead to sustainable
management of municipal solid waste with low-cost manu-
facture of biofertilizers, which is currently in demand in the
agricultural market.
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