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Abstract
Present research work embraces mycology expertise for lignocellulosic green waste valorisation and
management. Meticulous experimental cultivation of Pleurotus florida species mushroom on five soaked
and autoclaved, axenic lignocellulosic urban green waste substrates, was conducted in triplicates. The
research findings indicate substantial variability in substrate characteristics, specifically carbon, nitrate,
and lignin contents, that exert control over mushroom growth dynamics yields and nutritional outcomes.
Substrate carbon content was maximum in Duranta erecta (43±0.11%) followed by mixed substrate
(35±0.12%), Triticum aestivum (34±0.12%), Zoysia japonica (28±0.15%) and lastly Plumeria obtusa
(28±0.38%). Nitrate content was at peak in Zoysia japonica(196.96±1.48mg/L) followed by Mixed
substrate (175.06±1.21mg/L), Duranta erecta (170.67±1.13mg/L), Triticum aestivum
(168.94±0.97mg/L), and lastly Plumeria obtusa (164.14±1.23mg/L). The most lignified substrate was
Duranta erecta (34.78±0.23%), followed by Triticum aestivum (30.8±0.2%), mixed substrate
(27.08±0.93%), Plumeria obtusa (24.43±0.28%) and lastly Zoysia japonica (21.15±0.2%). Biological
efficiency varied significantly (P<0.05) across substrates, being at peak on mixed substrate (75%),
followed by Duranta erecta (67.67%), Plumeria obtusa (58.33%), Triticum aestivum (45.67%) and lastly
Zoysia japonica (39%). There was a positive correlation between substrate lignin content and both
mycelium colonization rate and biological efficiency. Highest delignification was witnessed on mixed
substrate (36%), followed by Duranta erecta (18%), Zoysia japonica (13%), Triticum aestivum (11%) and
lastly Plumeria obtuse. Study concludes that mushroom cultivation serves as a viable and effective
biotechnological approach for lignocellulosic urban green waste biodegradation, carbon cycling, and
enhancing food and nutrition security.

1. Introduction
Indian equatorial thermal constancy proffers an opulent milieu for vigorous proliferation and ornamental
verdancy of terrestrial tropical ecosystem flora [1]. Moreover, when designing urban greening species
collections, botanical specialists meticulously select fast growing ornamental plants which exhibits high
photosynthetic alacrity and remarkable phenotypic adaptability [2]. Such species assemblages beget
prodigious conversion of solar radiation into floriferous splendour and lush foliage. Consequently,
boulevard arboriculture, parkland silviculture, and ornamental horticulture lignocellulosic green waste
generation rate surpasses it’s intrinsic natural putrefaction capacity. Green waste accumulation induced
rambunctious urban vermination, proliferates hazmat zoonotic contacts [3]. An upsurge of zoonotic and
new infectious diseases has been observed since the onset of the new millennium [4]. Green waste
accumulation potentially increases zoonosis and parasitosis risk, as it nourishes and shelters
synanthropic vertebrates and arthropods (which are potential pathogen hosts and virus reservoirs) [3]
Click or tap here to enter text.. Green waste dumps, therefore, becomes a cogent human-animal interface
in the urban ecosystem [5] Click or tap here to enter text.. Consequently, it is critical to coin-up and
implement a comprehensive, efficient, and sustainable green waste management strategy. Such an
approach is crucial for upholding public health, promoting environmental sustainability, and supporting
socio-economic development [6]. The current tempo of urban green waste management strategies
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renders the notion of sustainability questionable. Most of lignocellulosic urban green waste disposed
through open burning which pollutes and stymie air quality management efforts [7]. Such unorthodox
green waste disposal method (open burning) is under reported [8], yet it emits significant measures of
carcinogenic, teratogenic and toxic compounds such as polycyclic aromatic hydrocarbons (PAHs) [9],
polychlorinated biphenyls (PCBs), polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans
(PCDD/F) [10]

Accordingly, this study implores for sustainable, multi-faceted lignocellulosic green waste management
praxis, promoting green waste conversion into wealth [11], through mushroom production [12] Click or
tap here to enter text., thus roping in mycological expertise to green waste management. The crux of the
matter is capitalizing on strong saprophytic ligninolytic enzymatic mycelium secretions to degrade
recalcitrant lignocellulosic green waste [13]. Such waste valorization aligns with bioeconomy creation
and promotes the transition to the circular economy [14]. There is need for embracing productive, self-
sufficient, ecofriendly and sustainable green waste management strategies [15]. Therefore, mushroom
cultivation on lignocellulosic green waste emerges as one of such valuable ideas [16], as it degrades
lignocellulosic green waste into manure efficiently, while producing protein rich food [17]. It also serves
as a pre-runner to biogas production and vermicomposting [14] thereby maximizing biomass resource
utilisation [18] (Pawar & Kakde, 2021). Mycologists have long broadened the scope of mushroom beyond
food value of mushroom when the dimension of ethnomycology was pursued [19]. Such a productive
waste management strategy economic growth can save third word urban local governments from the
prevailing budgetary constraints which impedes service delivery [20]. Thence, there is need for urban
green waste valorisation through mushroom production, for which proper implementation saves
municipalities and panchayats from financially drowning [21]. Present research work aims to assess the
pragmatism of harnessing mushroom production for sustainable green waste management, economic
growth and nutritional enhancement through mushroom production on lignocellulosic urban green
waste.

2. Material and Methods

2.1 Substrate Collection 
Green waste from NFSU Gandhinagar campus was collected, segregating the waste by species and was
shredded to a smaller size. The green waste was air dried (as shown in fig 1 a,b below) for three weeks
before the subsequent substrate preparation processes. Mushroom substrates were made from four
ornamental angiosperms Duranta erecta (hedge), Plumeria obtusa (frangipani tree) leaves),  Zoysia
japonica (lawn) trimming. Whilst Triticum aestivum as conventional biomass was collected from Kranti
Research Center, Gandhinagar, Gujarat. The fifth substrate, mixed substrate was made by mixing equal
portions of biomass from three urban green waste species.

2.2 Mushroom Cultivation 
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 Mushroom Cultivation was performed in Kranti Research Center, Gandhinagar, Gujarat. Overnight
soaking and thermal sterilization (autoclaving) method [22] was used for the preparation of axenic
substrates. 5 types of substrates were prepared, out of which 4 are of urban green waste origin and one
was Triticum aestivum straw (the conventional agricultural biomass). Pleurotus florida (White Oyster)
spawn imported from Canada at Research Centre. Spawning was done using solid spawn inoculation, at
the rate of 5% of dry weight of substrate. Inoculated substrate was incubated in a thermocol box at 27˚C,
to facilitate mycelium colonization as shown below fig 2, 3, 4, 5. Mycelium colonization time was
observed and recorded for each sample. After full mycelium colonization, 5 days mycelium consolidation
time was allowed, before bag opening for mushroom fruiting.

Whole bag opening procedure was followed for basidiocarp production. After bag opening the mycelium
colonized substrate was placed in a 1.2m X 0.5m X 1.6m mushroom fruiting chamber, in which
temperature, humidity and CO2 concentration were kept optimal using air conditioner, humidifier and
ventilation fans (inlet and extraction fans) (table 1). 

Table 1 Extrinsic environmental parameters which were maintained during mushroom cultivation.

Extrinsic Parameters During Mycelium colonization During Fruiting

Humidity 76% ± 8.5% 77% ± 6%

CO2 concentration 1422 ± 140 ppb 506 ± 22 ppb

Temperature              27˚C ± 2˚C 23˚C ± 3˚C

Three flashes of mushroom basidiocarp were harvested, weighed and preserved through oven drying at
60˚C for 24 hours. Then the dried mushroom was ground to a powder using an electric grinder for further
analysis.

2.3 Substrate Characterization

For substrate characterization elemental composition was assessed by XRF and carbon, nitrate , lignin
content was also estimated simultaneously using respective methods given below. 

2.4 Organic Carbon and Nitrate Nitrogen conten estimation 

Substrate carbon content before and after mushroom cultivation was estimated using the chromic wet
acid oxidation method. Nitrate Nitrogen was estimated using Phenol disulphonic method. The
experiment was done in triplicate for each substrate. Variation in carbon, and Nitrate content among the
substrates was authenticated by single factor one way ANOVA.

2.5 Lignin Content Estimation 
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Lignin content estimation was done using the klason mathod [23]. Acid insoluble lignin content for each
sample was then calculated using the formular below.

Paired two samples t-test was performed to ascetain the significance of lignin content variation before
and after mushroom cultivation, whereas lignin content variation among substates species was
authenticated by single factor one way ANOVA.  

For each substrate delignification was calculated and expressed as a percentage using the formular
below:

Qualitatively lignin estimation among substrates was determined by FTIR showed characterstic  peak
observed in varied ranges such as Aromatic C=C stretching: around 1600 cm⁻¹, C-H
stretching: around 2900-3000 cm⁻¹, O-H stretching: around 3400 cm⁻¹, C-O stretching: around 1260
cm⁻¹ and 1030 cm⁻¹.

2.6 Nutritional value estimation of P. florida

Total lipid content percentage was estimated by Folch method. Carbohydrate content estimation by the
Anthrone sulfuric acid method [24]. Mushroom protein content variation was estimated using the Lowry
method [25]. Ash content was estimated using dry combustion method, [26]. The experiment was done
in tripplicates and single factor one way ANOVA was used to ascertain significance of the differences in
all values among mushroom samples harvested from the different substrates.  

2.7 P. florida Biological efficiency on various substrates

Biological efficiency (the ratio of Pleurotus florida sporephore/ basidiocarp fresh weight as to substrate
dry weight, was calculated and expressed as a percentage using the equation given below. The weight of
the three flashes which were harvested were added up to makeup the total fresh weight of mushroom
from each substrate sample. Each substrate had three replications.
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3. Results
3.1 Substrate elemental chemical composition

XRF data reveals notable major and minor elemental concentration differences among substrates (table
2). Calcium (Ca) is markedly high in Plumeria and Mixed substrates. Potassium (K) and Sulfur (S) are
prevalent among the five experimental substrates, Phosphorus (P) levels remain moderate, Zoysia
shows elevated Iron (Fe). Silicon (Si) varies significantly (P<0.05) among substrates. Negligible
concentrations of trace elements (Manganese (Mn), Copper (Cu), and Zinc (Zn)) were detected. These
elemental profiles collectively indicate substrate suitability and safety for cultivation. Low levels of toxic
heavy metals like Lead (Pb), Chromium (Cr), and Nickel (Ni) minimize mushroom contamination risks.
Enriching components such as Calcium, Potassium, and Sulphur, Silicon enhances substrate structural
integrity. 

Table 2. Elemental chemical composition of experimental substrates
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Analyte %
concentration
in Duranta

%
concentration
in Triticum

%
concentration
in Zoysia

%
concentration
in Plumeria

%
concentration
in Mixed

Ca        
         

41.914 10.279 25.846 82.298 69.934

K            
       

39.93 36.612 21.335 6.19 1.205

Cl          
        

13.363 19.45 - - 0.961

S            
       

1.599 1.513 3.372 1.268 2.388

P            
       

1.142 0.843 3.044 0.058 0.892

Fe          
        

1.075 1.375 11.288 3.386 5.395

Mn        
          

0.214 0.174 0.383 0.398 0.384

Cu        
          

0.145 0.081 0.346 0.249 0.117

Sr          
           

0.098 0.022 0.121 0.528 0.236

Zn          
        

0.089 0.044 0.113 0.132 0.115

Br          
           

0.032 0.012 0.055 0.042 0.023

Ni          
        

0.024 - 0.024 0.005 0.017

Cr - 0.043 0.09 0.061 0.083

Ti - 0.307 1.653 0.444 0.812

Si - 29.224 30.756 4.904 19.267

Ba        
          

0.376 - - - 0.142

Os - 0.01 - 0.037 0.028

Rb - 0.008 0.024 - 0.012

Zr - 0.003 0.034 - 0.015

Pb - - 0.07 - 0.021

Ag - - 0.043 - 0.002
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V - - 0.058 - 0.023

Al - - 1.343 - 0.491

3.2 Substrate Carbon and Nitrate content 

Substrate carbon content was significantly different among substrates (P<0.05) highest Duranta erecta
(43%), followed by Mixed substrate (34%), Triticum aestivum (34%), Plumeria obtusa (29%) and lastly
Zoysia japonica (27%) (fig 6 below). Statistically significant (P < 0.05) variation in substrate carbon
content signifies inherent biological. High carbon content of Duranta erecta at 43%, suggests a notably
greater carbon fixation capacity. On the other hand, mixed substrate and Triticum aestivum exhibit fair
carbon contents of 34%. Mixed substrate resulting in an intermediate carbon content indicative of fused
biomass traits. Relatively lower carbon contents in Plumeria obtusa (29%) and Zoysia japonica (27%).
 Nitrate nitrogen content was significantly different among substrates (P<0.05) with the highest nitrate
content being in Zoysia japonica 196.96mg/L, mixed substrate 175mg/L, Duranta erecta 170.67mg/L,
Triticum aestivum 168.94mg/L, and lastly Plumeria obtusa 164.14mg/L as shown on fig 6 below.

3.3 Lignin estimation in substrate 

Considering the chemical structure and multiple functional groups, lignin content was estimation by
FTIR-ATR spectroscopy considering 5 five peaks; around 1000nm and 1200nm ether group, around
1600nm aromatic C=C group, around 2900nm methoxyl group, and around 3400nm hydroxyl group. All
the five peaks proved Duranta erecta to be more lignified, followed by Triticum aestivum straw, Plumeria
obtusa and lastly Zoysia japonica trimmings as shown by the FTIR spectra in fig 8 below. Substrate lignin
content was significantly different among substrates. The most lignified substrate is Duranta erecta
(34.78%), followed by Triticum aestivum (30.8%), mixed substrate (27.08%), Plumeria obtusa (24.43%),
and Zoysia japonica (21.15%) (fig 7, 8 below). 

3.4 Mushroom production and its analysis 

3.4.1 Mycelium colonization time
Mycelium colonization time was significantly different among substrates (P˂0.05) (table 3) shortest on
Plumeria obtusa (frangipani) leaves (21 days), followed by Triticum aestivum (wheat) straw (21.3 days),
mixed substrate (22.3days), Duranta erecta (golden dewdrop) (23 days) and lastly Zoysia japonica (lawn)
trimmings (32.3days).

Table 3. Mycelium growth time factors (value indicate the average of triplicate samples with standard
deviation)
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Substrate Spawning
rate

Colonization time
(days)

Primordial
initiation time  

Total crop
duration (days)

No of
flashes 

Mixed 5% 22.3 ± 1.15 11.33 ± 3.2 54.33 ± 2.51 3

Duranta 5% 23.0 ± 0.0 8 ± 2 51.67 ± 2.52  3

Plumeria 5% 21.0 ± 1.0 12 ± 2 54.67 ± 1.15 3

Triticum 5% 21.33 ± 0.58 9.66 ± 0.58 57.33 ± 3.51 3

Zoysia 5% 32.33 ± 8.32 15.0±1.0 60.0 ± 3.0 3

 

3.4.2 Pleurotus florida Productivity and Biological Efficiency 

Three basidiocarp flashes were harvested from each substrate sample and the yields were as presented
in table 5 below. Pleurotus florida productivity revealed distinct yield patterns across substrates and
flushes. The mixed substrate consistently outperformed other substrates, achieving the highest total
yield of 150g and a biological efficiency (BE) of 75%.   Yield peaked in the first flush, gradually declining
through the second and third, reflecting typical nutrient depletion dynamics, thereby concurring with the
trending patterns in literature. Duranta erecta followed, with a total yield of 135.34g and biological
efficiency of 67.67%, showing a similar decreasing trend but maintaining relatively higher productivity in
the second flush compared to others. Plumeria obtusa exhibited moderate yield (116 g) and biological
efficiency (58.33%), with improved performance in later flushes, unlike Triticum aestivum and Zoysia
japonica, which recorded lower yields and efficiencies overall. 

Biological efficiency varied significantly (P<0.05) across substrates. The mixed substrate exhibited the
highest biological efficiency at 75%, indicating a higher propensity of synergistic interactions among
substrate intrinsic factors (Latif et al., 2023) which likely optimizes nutrient availability thereby promoting
mycelium hyphae growth and mushroom fruiting (Karpagavalli et al., 2024). Among single species-based
substrates, Duranta erecta demonstrated superior performance with a biological efficiency of 67.67%,
surpassing Plumeria obtusa which recorded 58.33%. This suggests that, Duranta erecta’s chemical
composition, lignin content and physical structure is more supportive to Pleurotus florida mycelium
hyphae growth and basidiocarp fruiting. Conversely, Triticum aestivum straw and Zoysia japonica
trimmings showed lower biological efficiencies at 45.67% and 39%, respectively. These reduced values
could be attributed to less favourable substrate intrinsic parameter (nutrient content and textural
properties) that limit mycelial hyphae apical cells penetration (during growth) and nutrient absorption.    
 

Overall, these results highlight the critical role substrate choice plays in maximizing Pleurotus florida
productivity. Utilizing mixed substrates can significantly enhance Pleurotus florida’s biological efficiency
and yield, making it advantageous for commercial cultivation to optimize production, viability and
profitability. Duranta erecta or a combination of other woody substrates are recommended for higher
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productivity. Further research on substrate combinations is warranted, while using lignocellulosic urban
green waste supports sustainable, environmentally friendly mushroom farming. There was a positive
correlation (r=0.617) between lignin content and biological efficiency (fig 9). Based on the
aforementioned yields and biological efficiency (table 4) of Pleurotus florida on different urban green
waste-based substrates. 

There was a statistically significant variation (P<0.05) in nitrate nitrogen content among substrates,
indicating a clear gradient in nutrient availability. There is no correlation (r=0.3) between nitrate
concentration and biological efficiency.  A strong positive corelation (r=0.72) between substrate nitrates
concentration and mushroom protein content found (fig 10 below).

Table 4 Mycelium yield and biological efficiency of Pleurotus florida (value indicate the average of
triplicate samples with standard deviation)

Substrate Yield

First flash
yield (grams)

Second flash
yield (grams)

Third flash
yield (grams)

Total yield per
sample (grams)

Biological
efficiency %

Duranta
erecta

54±8.08g 46.1±6.16g 35.32±12.62g 135.34±17.75g 67.67±8.9%

Plumeria
obtuse

32.68±7.06g 37.13±3.48g 46.2±3.06g 116±5.86g 58.33±2.91%

Triticum
aestivum

21.34±0.68g 46±3.22g 23.64±2.9g 91±0.58g 45.67±0.3%

Zoysia
japonica

25±3.79g 25±4.93g 28±10.15g 78±13.11g 39±6.56%

Mixed
substrate

66.59±14.53g 42.1±4.04g 41.32±19.01g 150±7.02g 75±3.51%

3.4.3 Nutritional composition of Pleurotus florida mushroom cultured on different substrates

Protein and carbohydrate content significantly varied among substrates (P<0.05). There was no
significant variation (P>0.05) in lipid content in mushroom from different substrates (table 5, 6).

Table 5 Pleurotus florida nutritional content (value indicate the average of triplicate samples with
standard deviation)
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Substate Protein
content %

Carbohydrates
content %

Lipids
content %

Ash
content %

Metabolizable
energy (Kcal/100g)

Mixed  15.37±1.86 16.20±1.75 7.103±2.06 7 105.3605

Duranta 14.93±1.84 11.77±1.11 4.53±0.71 14 95.02513

Plumeria 10.34±1.86 14.40±0.72 5.15±1.11 7 88.87462

Triticum 13.01±1.86 22.17±1.98 4.96±0.64 6 128.0597

Zoysia 17.14±1.9 13.44±1.20 7.35±1.48 8 109.3496

Table 6. Mineral content of Pleurotus florida mushroom from different substrates   

Mineral
element

Mixed
substrate (%)

Duranta
erecta (%)

Plumeria
obtuse (%)

Triticum
aestivum (%)

Zoysia
japonica (%)

Potassium  72.742 77.785 70.588 74.669 71.128

Phosphate 11.013 10.996 11.87 10.125 11.06

Calcium  10.103 6.532 12.923 8.234 11.516

Sulphur 4.34 3.445 2.999 4.503 4.368

Iron 1.01 0.592 0.774 1.416 0.921

Zinc 0.376 0.361 0.405 0.69 0.532

Copper 0.258 0.152 0.192 0.176 0.312

Manganese 0.111 0.113 0.131 0.179 0.118

3.5 Delignification of Lignocellulosic waste by Mushroom

Duranta erecta substrate spectra flaunted a noticeable decrease peak height around 1000nm, 1200nm,
1600nm and 3300nm, after mushroom cultivation (fig 11). Suggesting a considerable delignification i.e
degradation of ether (C-O-C), aromatic (C=C), hydroxyl (OH) functional groups respectively. A small
variation on the same functional groups was observed before and after cultivation as shown in Zoysia
japonica see fig 12 below. Accurately assessing delignification in Triticum aestivum and Plumeria obtusa
proved to be an exceptionally challenging endeavour due to the complexity and indistinct nature of the
spectral data obtained (fig 13, 14). The spectral profiles were convoluted and lacked clarity, rendering
precise analysis unattainable by conventional methods. Consequently, the irregular and ambiguous
spectral signals impeded reliable quantification and understanding of the lignin degradation processes.
Therefore, overcoming the spectral complications remains essential for advancing the study of
delignification mechanisms in Triticum aestivum and Plumeria obtusa. Pleurotus florida induced
substrate delignification, and the findings were as shown in fig 15 below. Substrate delignification was
significantly different among substrates (P<0.05). Highest delignification was witnessed on mixed
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substrate (36%), followed by Duranta erecta (18%), Zoysia japonica (13%), Triticum aestivum (11%) and
lastly Plumeria obtusa 4%. As shown on the graph above, this research found a decrease in substrate
carbon content across all substrate with the highest decrease in carbon content being in Zoysia japonica
followed by Duranta, mixed, Triticum and lastly Plumeria. There was a moderate positive correlation
between substrate % carbon loss and % delignification (r = 0.59) (fig16) below.

4. Discussion
During elemental analysis of selected substrates, Calcium (Ca) is markedly high in Plumeria and Mixed
substrates, essential for basidiomycetes cell wall stability [27]. Potassium (K) and Sulfur (S) are
prevalent among the five experimental substrates, supporting metabolic functions [28]. Phosphorus (P)
levels remain moderate, contributing to energy transfer within mushrooms. Zoysia shows elevated Iron
(Fe), which can enhance enzymatic activity but requires monitoring due to potential oxidative effects.
Silicon (Si) varies significantly (P<0.05) among substrates, its presence improves substrate structure and
water retention. Negligible concentrations of trace elements (Manganese (Mn), Copper (Cu), and Zinc
(Zn)) were detected. These were within safe limits, supporting mushroom growth without toxicity
concerns. Low levels of toxic heavy metals like Lead (Pb), Chromium (Cr), and Nickel (Ni) minimize
mushroom contamination risks, guaranteeing environmental and consumer safety. Enriching
components such as Calcium, Potassium, and Sulphur enhance mushroom nutrition and substrate
stability. Conclusively, the XRF spectroscopy findings confirm that the five experimental substrates
provide a balanced elemental chemical profile conducive to healthy mushroom growth and pose minimal
toxicity concerns.

Statistically significant (P < 0.05) variation in substrate carbon content signifies inherent biological or
physiological distinctions among the biomass source species [29]. High carbon content of Duranta
erecta at 43%, suggests a notably greater carbon fixation capacity, as compared to the other substrates
studied. Such a high carbon content echoes structural tissue complexity with higher lignin, hemicellulose
and cellulose. On the other hand, mixed substrate and Triticum aestivum exhibit fair carbon contents of
34%. For Triticum aestivum (wheat), this aligns with its known biomass composition [30], balancing
carbon allocation between structural carbohydrates and metabolic compounds. The higher nitrate
content of Zoysia japonica renders it a more nitrogen-rich environment conducive to fungal metabolism
and growth, which is critical for mushroom mycelial development and fruiting body formation. However,
if nitrates content exceeds the optimum level it inhibits basidiocarp formation and reduces the yield [31].
Relatively lower nitrate nitrogen in Duranta erecta trimmings, Triticum aestivum straw, and Plumeria
obtusa leaves based substrates suggests limited nitrogen availability, but not necessarily below the
optimum range for production of Pleurotus florida. These nitrate content variations potentially affect
mushroom yield and quality due to suboptimal nutrient supply [32].

Lignin is a three-dimensional amorphous, branched complex organic polymer of phenyl-propane units
heterogeneously bonded by several inter-linkage components [33]. Lignin content comparison at one
wavelength impossible when using FTIR [34]. Substrate lignin content has been proved as paramount
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parameter, transcending other factors regulating mycelium colonization rate [35]. There was a moderate
negative correlation (r = -0.534) between mycelium colonization time and lignin content, which proves
mycelium colonization rate to be higher on more lignified substrates. This resonates well with the
findings from [36].  Densely lignified substrates were proved to promote two-dimensional (surface)
mycelium growth in Ganoderma lucidum [56] (Yang et al., 2024) and Trametes versicolor [37], whereas
less lignified substrate allows easy three-dimensional spreading of the mycelium [36]. 

Higher substrate lignin content induced faster pace of two-dimensional mycelium growth enhances
three-dimensional mycelium colonization rate as well, as mycelial hyphae will penetrate the substrate
from a larger surface area. Mycelium colonization rate is hinged on substrate nutrient availability and
accessibility, hyphae extension, and branching at the substrate tips [38], all of which are depended on
lignin content and complexity. As proven by  [39] increasing lignin content increases rate of mycelium
growth up until a certain optimum level is reached. In ligninolytic fungal species, higher substrate lignin
content stimulates the secretion of lignin-degrading auxiliary enzymes and lignin-modifying enzymes
[40].   Subsequently, these ligninolytic enzymes catalyse saprophytic nutrition, promotes mycelium
growth [41] and basidiocarp production [40]. This research found that the higher the lignin content the
higher the rate of mycelium colonisation. But it was limited to a comparison of the rate of mycelium
colonization among substrates of various lignin content without a closer look on the optimum lignin
content which gives the best results. Therefore, further studies to detect the optimum lignin content for
shortening mycelium colonization time for Pleurotus florida mushroom is crucial, for closing the
knowledge gap.

The Supremes of mixed substrate echoes earlier research findings which backs the notion of optimal
conditions proffered by mixtures [42]. These patterns demonstrate that substrate composition
profoundly determines not only total production but also yield distribution across flushes. When
conjugating the findings of this study with literature proves that, different substrates provide varying
nutrient profiles [43] and physical conditions [44], impacting mycelium growth and fruiting [45]. Overall,
the data reinforce lignin’s critical role but also highlight the complexity of optimizing biological efficiency.

Fungal enzyme (lignin peroxidase) oxidizes both phenolic and non-phenolic aromatic nuclei by electron
displacement, which bares phenoxy radicals and cation-radicals [46]. Cation-radicals then spontaneously
react with water, other nucleophiles and molecular oxygen [47]. The resultant enzymatic combustion
cleaves C-C and C-O linkages, depolymerize and opens aromatic rings, from which a numerous aromatic
and aliphatic products are formed. Vanillin, syringaldehyde, and guaiacol are part of the aromatic
products of fungal lignin degradation [48]. Resultantly, some of the functional groups present in lignin
remains even after delignification. Therefore, slight variations were observed in FTIR-ATR spectroscopy
spectra. Therefore, most studies on lignin content and biomass delignification authenticate FTIR-ATR
spectroscopy data by information from other analysis techniques such SEM EDX.

A positive correlation between delignification and biological efficiency (r = 0.647) as shown on the graph
below. Which resonates well with other scholars, who found strong positive correlation between
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delignification and biological efficiency Pleurotus on wheat straw [49] on oil palm empty fruit bunch [50]
and Hypsizygus ulmarius mushroom cultivated on bean straw, corn silage and wheat straw [51]. The
higher the biological efficiency the higher the delignification of substrate. Substrate carbon loss occurs
through methene production and saprophytic foraging of Pleurotus florida mycelium [52]. 

Conclusion
This study concludes and confirms that mushroom cultivation serves as a lucrative and effective
biotechnological approach for lignocellulosic urban green waste biodegradation, carbon cycling, and
enhancing food and nutrition security. The integration of mycology with urban green waste management
turns service delivery into a profitable entrepreneurship and presents a promising avenue for sustainable
food production, smart cities, circular economy initiatives. Further research is needed to identify the
optimal lignin concentration in substrates that maximizes mycelium colonization rate and mushroom
yield. Controlled studies varying lignin levels could clarify the threshold beyond which lignin benefits
plateau or decline. Given the superior performance of mixed green waste substrates in yield and
biological efficiency, scaling up their use in commercial and community-level mushroom farming is
advised. This approach could amplify economic returns while promoting effective biodegradation of
diverse waste streams. Embedding mushroom cultivation into urban green waste management
infrastructures can reduce urban green waste repletion and urban vermination. It also reduces landfill
volumes, accelerate lignocellulosic urban green waste recycling, and generate nutritious food,
contributing to urban sustainability goals, Smart city mission. Broadening the scope of urban green
waste to include varied lignocellulosic biomasses beyond those species studied here could identify new
substrates suitable for different species of edible mushroom species, thereby supporting food and
nutrition security across both urban peri-urban and rural contexts.
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Figure 1

(a) Zoysia japonica trimmings being air dried (b) Duranta erecta substrate being air dried

Figure 2

a) Duranta erecta being dried b) Shredding c) Substrate hydration by soaking in water over night
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Figure 3

d) Inoculated substrate incubation e) full colonized substrate d) fully colonized substrate

Figure 4

g) Mushroom fruiting chamber h) Substrates arrangement under control condition
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Figure 5

j) Pin head formation, h) P. florida mushroom on Duranta erecta substrate.

Figure 6
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Substrate a. Carbon and b. Nitrate content (Data presented are the mean of triplicates with standard
error (5%))

Figure 7

Percentage Substrate lignin content Data presented are the mean of triplicates with standard error (5%))

Figure 8

FTIR-ATR Spectroscopy spectra for the substrate lignin content
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Figure 9

Correlation between mycelium colonization time and lignin content
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Figure 10

a. Correlation between biological efficiency and nitrates content b. mushroom protein content and
substrate nitrates content, c. biological efficiency and substrate lignin content
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Figure 11

FTIR-ATR spectroscopy spectra showing Duranta erecta lignin content before and after mushroom
cultivation.

Figure 12

FTIR-ATR spectroscopy spectra showing Zoysia japonica lignin content before and after mushroom
cultivation.
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Figure 13

FTIR-ATR spectroscopy showing Triticum aestivum lignin content before and after mushroom
cultivation.

Figure 14

FTIR-ATR spectroscopy showing Plumeria obtusa lignin content before and after mushroom cultivation.
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Figure 15

A. Substrate lignin content before and after mushroom cultivation B. Percentage delignification of
substrate (Data presented are the mean of triplicates with standard error (5%))
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Figure 16

a. A contrast of substrate carbon content before and after mushroom cultivation b. Substrate % carbon
lossc. correlation between Substrate % delignification & % carbon lossd. correlation between % substrate
delignification and biological efficiency(Data presented are the mean of triplicates with standard error
(5%))


