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Abstract

Mushrooms are cultivated for their nutritional attributes and potential application in industries especially in the food and
pharmaceutical industry. Pleurotus pulmonarius is an edible mushroom with a high nutritive value and flavour. The effect of
different harvest period (day 2, 3 & 4) on the yield, proximate, aroma and mycochemical composition of Pleurotus
pulmonarius was determined. The mushroom was cultivated on three agro-waste materials in three replicates, harvested, and
prepared for analysis. A total number of 42, 63 and 65 fruit bodies were harvested from the three groups (days 2, 3 and 4)
respectively. Cap diameter (cm) of fruit bodies were in the range of 2.54 to 4.43 and increased with development. Fruit body
weight followed a similar trend at 2.61g for fruit bodies from day 2, 4.62g for those of day 3 and 9.17g for day 4. Mean
number of fruit bodies (NFB) from the three growth stages were not significantly different at p>0.05, while significant
differences (p < 0.05) were observed in the mean Cap Diameter and weight. The result of proximate analysis showed that the
nutrient content of the samples varied. Total dietary fibre (TDF) of fruit bodies decreased with time from day 2(13.5%), day
3(12.54%), and day 4(11.29%). Carbohydrate also showed similar decrease with time 46.36 to 50.77%. The protein contents
increases with developmental stages 21.05, 23.28 and 25.60% respectively. Ash and moisture content of fresh sample also
increased with time from 8.46, 9.20 to 10.75%and 87.74, 88.66 and 87.83% for ash and moisture respectively.- Fat content of
fruit bodies were not significantly different (p>0.05) across the various time treatment levels. The result of the mycochemical
analysis showed that alkaloid, flavonoid, phenol, saponin and tannin content increases significantly (p<0.05) with increase in
developmental stages. Aroma intensity was highest with 6.38 for day 3, 5.03 for day 4 and 3.96 for day 2.The results obtained
from this study revealed that mushrooms (Pleurotus pulmonarius) harvested at different developmental stages showed
significant difference (p<0.05) in their physical properties, nutrient and mycochemical contents.
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Introduction because they contain protein, sugars, glycogen, lipids,
Edible mushrooms are the fleshy and edible fruit bodies of vitamins, amino acids and dietary fibre. They also contain
several species of macrofungi (fungi which bear fruiting important mineral nutrients which are required for normal
structures that are large enough to be seen with the naked functioning of the body (Jonathan et al, 2006)
eyes). They can either be epigeous or hypogeous, harvested (12 Mushrooms are also high in antioxidant activity due to
wild or cultivated (Chang and Miles, 2004) [, The chief the phytochemicals present. The antioxidant compounds in
mushroom varieties cultivated are Agaricus bisporus, oyster mushroom varieties can be wused directly in
Lentinus edodes, Pleurotus ostreatus and Pleurotus enhancement of antioxidant defenses through dietary
pulmonarius. Pleurotus pulmonarius has occupied the supplementation to reduce the level of oxidative stress
second position among globally cultivated edible (Okafor e al, 2017) 22, However, there are problems
mushrooms after Agaricus bisporus (Kamalebo and Boa, associated with wild mushroom consumption such as safety,
2020) 02, 1t is one of the mushrooms which are easy to availability and seasonality. P.pulmonarius is among the
cultivate on a variety of substrates, it also tolerates cultivatable species of mushroom in Nigeria, and yet it has
variations in temperature, making it suitable for commercial been under-utilize for food and for flavour production in the
exploitation (Banik and Nandi, 2004) ™. But here in food industry.

Nigeria, mushroom cultivation has received low attention Mushrooms are very good sources of neutraceuticals,
and hence, limiting its consumption as part of diet. Cereal contributing to the general wellbeing of humans (Lim et al;
crops straws are the most common agricultural waste used 2004) 51, They are rich in unsaturated fatty acids, vitamins,
in the cultivation of mushrooms. This category of waste is phytochemical constituents and minerals, but low in calories
of limited use and may constitute a form of environmental (Chang and Miles, 2004) [, They are known as the meat of
hazard if not disposed (Okwulehe and Okwujiako, 2008). the vegetable world (Venturella, 2006). Mushrooms are
Mushrooms have been universally recognized now as food generally rich in flavour compounds. The taste and aroma of
and are grown on commercial scale in many parts of the commercially collected truffle mushroom is so intense that
world with high demand (Okwulehe and Odunze, 2004). they are used as a flavouring instead of a separate dish
The increased demand for mushrooms could be contingent (Wang and Marcone, 2011) ™. However, just like any
upon the phenomenal rise in the unit costs of the living organism, the mushroom properties are affected by
conventional sources of animal protein such as beef, pork, several factors which include environmental conditions,
chicken and fish (Riaz et al.,2022) [ Therefore, growing site, type of substrates, mushroom type,
mushrooms can be referred to as a close substitute to animal developmental stages and part of the mushroom samples
protein. Mushrooms have been considered as rich food analyzed (Venkateshwarlu et al; 1999) 34,
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There have been few studies on nutritional values and
mycochemical content of cultivated Pleurotus pulmonarius,
also there is little information available on the effect of
different harvest period on these nutrients and
mycochemicals. In this regards, the appropriate time to
consume mushrooms is as important as the mushrooms
itself, since its properties are said to change with time.
Therefore, this study focuses on the effect of different
developmental stages on yield, proximate composition,
mycochemical content and aroma of P.pulmonarius
cultivated on three agro waste straws. The result obtained
from this research work will therefore reveal the effect of
different harvest period on the vyield, proximate
composition, aroma intensity and mycochemical content of
P.pulmonarius. It will also provide an alternative use of
agro waste for P.pulmonarius cultivation. It will guide
mushroom producers and consumers on the appropriate time
of harvest to meet some nutritional needs.

Materials and methods

Procurement of samples and substrate

The spawn of Pleurotus pulmunarius was purchased from
the mycology section, biotechnology department of the
Federal Institute of Industrial Research, Oshodi
(FIIRO).Sorghum grains was purchased at Ekeukwu market
Owerri. The substrates that were used in this research work
were Andropogon gayanus (gamba grass), Pennisetum
purpureum (elephant grass) and corn straws. The substrates
were collected from farms of Michael Okpara University of
Agriculture Umudike, Abia state.

Spawn multiplication

Spawn of Pleurotus pulmonarius was prepared using
sorghum grains. Sorghum grains were washed in tap water
and soaked overnight. Grains were then boiled in water in
the ratio of 1:1 for 20minutes and mixed with
4%(w/w)CaCO3; and 2%(w/w)CaSO4 as described by
Muhammad et al;(2007),to optimize pH and prevent
clumping of grains respectively. Completely drained
sorghum grains were then packed in 35cl glass bottles
tightly plugged with cotton wool and sterilized in an
autoclave at 121°C for 30minutes. After sterilization, the
bottles were allowed to cool before they were inoculated
with actively growing mycelia of Pleurotus pulmonarius by
grain to grain transfer. Inoculation was done in the dark and
left for 15days at 27°C until the grains were fully colonized
by mycelia.

Preparation of the substrate

The straws were sun dried and chopped into tiny pieces
approximately 1.5cm using machetes and used at the ratio of
1:1:1 (Adenipetun and Fasidi, 2003).

One kilogram (1000g) of substrates was measured in
replicates into 400ml transparent poly bags. The substrates
were soaked in water for three days to enhance
fermentation. Excess water was drained off, the substrates
were steam-pasteurized at a temperature of 85°C for lhour
using a big metal drum. It was allowed to cool while still in
the drum.

Cultivation

The substrates were inoculated with the spawn of the fungus
Pleurotus pulmunarius. Five grams of spawn was
aseptically inoculated with each of the treatment. The spawn
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was sprinkled on the substrates in layers and covered. The
inoculated substrates were lightly watered every two days to
maintain a high relative humidity of between 75-80%. A
precision hygrometer (model 730) was used to monitor the
temperature. The cultivation was done in triplicate and kept
in sterile wooden racks in the mushroom house at 30+2°C
(Adenipetun and Fasidi 2003).

The fruit bodies were harvested at different developmental
stages (2, 3 and 4 days). They were oven dried at 40°C for
two hours and pulverized. They were packed in an air- tight
container for further use.

SUBSTRATE

Sun Drying
Cutting approx. (1.5cm)
Soaking (3 days to enhance fermentation)
Dm#ning
Steam Pasteurization (B5°C for 1 hour)

Cooling

Packaging (1kg substrate per bucket into already
l Perforated clean contziner)

Inoculation {actively growing P.Pulmanarius mycelia)
Incubation {14 days)
Colonization (3prinkle H:0) to maintain RH of 75 — BD%
Fruiting
|

P. pulmanarius fruit
body

Fig 1: Flow chart for substrate preparation/cultivation

Quality evaluation of mushroom samples

The yield of P.pulmonarius was determined by recording
the number of the fruit bodies after each of the
developmental stages. Also the fresh weight of the fruit
bodies was obtained by weighing using an electronic
balance, while the cap diameter was obtained using a
transparent plastic ruler.

Determination of of Pleurotus
pulmonarius

Aroma intensity of the dried fruit bodies were determined at
different stages of growth (2, 3 and 4 days old) using the
sense of smell. This was done using the 9 point hedonic
scale with twenty panellists, after which the scores was
analyzed statistically.

The 9-point hedonic scale was measured as follows:

9-- Extremely intense

8--Very much intense

7-- Moderately intense

6-- Slightly intense

5-- Neither intense nor mild

4-- Slightly mild

aroma intensity
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3-- Moderately mild

2-- Very much mild

1-- Extremely mild

Source: Lim and Fujimaru, (2010) (61,

Proximate Composition of Pleurotus pulmonarius

The proximate composition (protein, fat, ash, dietary fibre,
and moisture content) of Pleurotus pulmonarius was
determined according to the method described by AOAC,
(2005) while carbohydrate was determined by difference.

Mycochemical Composition of Pleurotus pulmonarius
Mycochemical composition (alkaloid, saponin, phenol,
flavonoid and tannin content) of Pleurotus pulmonarius was

determined using the method of Trease and Evans, (2004)
[37]

Results and discussion

Morphological characteristics of P. pulmonarius fruit
bodies

Results on Table 1 shows the effect of stages of
development on some morphological characteristics of
Pleurotus pulmonarius. A mean number of 42, 63 and 65
fruit bodies were harvested for days 2, 3 and 4respectively.
This result showed that as harvesting time increased from
day 2 — 4, number of fruit bodies increased. Also the mean
cap diameter (CD) and mean weight increased significantly
from 2.54 to 4.43cm and 2.61 to 9.17g respectively as a
result of growth.

It has been reported that genetics and substrate alone, are
not the only factors responsible for the size of mushroom
fruit bodies, rather age also has been found to be of essence
(Chang, 2013) [, Maturity in mushroom fruit bodies are
usually expressed on their morphological parts such as
pileus (cap), stipe and physiological features such as spore
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development and discharge (Stamets, 2000 [¥3); Chang and
Miles, 2004 [l; Chang, 2013) [, The mean cap diameter as
well as weight recorded at full maturity stage (day 4) of the
studied oyster mushroom is in accordance with the results
obtained by Okwulehie and Okwujiako, (2008) 281, Okoi
and lboh, (2015) %I, Okwulehie et al., (2018) 241,

Table 1: Effect of different developmental stages on some
morphological characteristics of Pleurotus. pulmonarius fruit

bodies
Time (Days) NFB CD (cm) Wt (g)
2 428+2 51 2.54°+0.28 2.61°+0.50
3 63°+4.53 3.05°+0.59 4.62°+1.50
4 65%+4.35 4.43*+2.03 9.17%+2.01
NFB=Number of Fruiting Bodies, CD= Cap Diameter,

Wt=Weight, Means followed by the same alphabet within column
are not significantly different (p > 0.05) by the LSD at means + SD
(n=3).

Proximate composition of Pleurotus pulmonarius fruit
bodies

The results on the effect of age on the proximate
composition of P. pulmonarius fruit bodies showed a steady
increase on protein contents. The values were 21.05,
23.28+1.46 and 25.60% in fruit bodies harvested at day 2, 3
and 4 respectively. Lillian et al., (2007) 4 reported a
similar increase in their research on fruit body of Lactarius
sp mushrooms. With the high values of protein contained in
the studied mushroom, its consumption can help to prevent
protein energy malnutrition in rural areas.

Ash content of fruit bodies was highest at day 4 (10.75%),
and lowest at day 2 (8.46%) while TDF of fruit bodies
decreased with time at day 2(13.5%0.78%), day 3
(12.54+0.47%) and day 4 (11.29+0.91%).

Table 2: Effect of time on the proximate composition of P. pulmonarius fruit bodies

Time (days) |Protein (%dmb)| Ash (%dmb) TDF (%dmb) Fat (dmb) | MC (% wet basis) | CHO (%dmb)
2 21.05°+1.58 8.46+ 0.91 13.5%+0.78 2.88%+0.32 87.74+0.23 50.77%+2.85
3 23.28°+1.46 9.20°+1.02 12.54°+0.47 2.66%+0.52 88.66°+0.28 47.95°+2.20
4 25.60°+1.52 10.75%+1.26 11.29°40.91 2.64%+0.52 87.83+0.02 46.36°+2.57

Means followed by the same alphabet within column are not significantly different by the LSD at (p<0.05), means+SD (n=3). TDF=

total dietary fibre, MC=moisture content, CHO=carbohydrate

Fat contents (2.64-2.88%) of the mushroom harvested at all
stages of maturity were not significantly different (p>0.05).
Thevalues agree with the values reported by Onyeizu et al.,
(2017) who cultivated P. Pulmonarius on different wood log
substrates. Okhuoya and Okogbo (1991) 24, Okwulehie and
Odunze, (2004) 21 maintained that mushrooms generally
contain low fat and oil, and hence are often recommended as
good supplement for people with heart challenges.
Carbohydrate content decreased as the maturity period
increases from 50.77 to 46.36%. Chang and Miles (2004) ["]
reported that the high carbohydrate contents of mushrooms
was due to the high ligno-cellulosic compositions in the
substrate where they grow, which the mushrooms were able
to break using extra cellular enzymes. From Table 2, it was
observed that the moisture content of the mushroom
samples ranges from 87.33 to 88.17%. The highest amount
of moisture was recorded for day 3. This high moisture
content is an indication that fresh mushrooms cannot keep
for long time. This is because high water activity enhances
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microbial growth. The high amounts of dietary fibre and
protein in P. Pulmonarius fruit bodies as generally observed
in this study has been attributed to the nature of substrate
(Nwoko et al., 2016) 21, This further substantiates the
claims by Obodai et al., (2003) 4, Adejoye and Fasidi,
(2009) @ and Okoi and Iboh, (2015) 251 which in separate
experiments noted that the nutritional composition of
mushrooms could reflect the chemical composition of the
substrate used, as mushrooms are able to carry out extra-
cellular digestion of the decomposed substrate during
growth and development. The consumption of dietary fibre
rich diets has health-protective effects and disease-reversal
benefits (Kaushik, 2016) (%1, Also, the high protein content
at day 4 suggests it can be used as an ingredient in high
protein food products.

Values obtained in all the studied parameters (protein, Ash,
TDF, fat, MC and CHO) are in accordance with those
reported by various researchers such as Okwulehieet al.,
(2008) [?81, Sharad, (2013) 134, Patil et al., (2008) [*4, Syed et
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al., (2009) B¢l and Okoi and Iboh, (2015) %, The
carbohydrate content was lower than the values reported by
Nwoko et al., (2018) 2% for mature Lentinus squarrosulus
fruit bodies harvested from log substrates. The reason for
such result could however, be species or substrate
dependent.

There are other factors that determine the choice of time to
harvest mushroom fruit bodies. They include species
(Chang, 2013) €1, toxicity (Das, 2005) 1 and commercial
factors (Chang, and Miles, 2004 ["l; Stamets, 2000) [, For
instance, Lentinussqurrosulus fruit bodies cultivated on
Dacryodesedulis logs are soft with low carbohydrate content
when young, but rich with high protein content at full
maturity (Nwokoet al., 2018) [2%

www.foodsciencejournal.com

Mycochemicals concentration and flavour intensity of
the fruit bodies

Results obtained from this study revealed that fruit bodies
harvested at days 2, 3 and 4 had increasing levels of alkaloid
contents of 0.54, 0.56 and 0.57% respectively, flavonoid
content of 0.05,0.06 and,0.07 respectively, phenol content of
0.10,0.11 and 0.12% respectively, saponin content
0f0.32,0.35 and 0.38 respectively, while tannin content was
0.02,0.03 and 0.03%respectively (Table 3). The results of
this study agrees with findings of many researchers
(Loedolff and Shuan, 2014) 1 who revealed that as plants
and mushrooms grow older, there is always a corresponding
increase in the accumulation of most phytochemicals and
other active component in their various parts.

Table 3: Mycochemicals contents and aroma intensity of P. pulmonarius fruit bodies

Time (days) Alkaloid (%) Flavonoid (%6) Phenol (%) Saponin (%) Tannin (%) Al
2 0.54°+0.02 0.05°+0.01 0.10°+0.01 0.32°+0.05 0.02°+0.00 3.96°+1.81
3 0.56°+0.02 0.06°+0.01 0.11°+0.01 0.35°+0.06 0.032+0.00 6.38°+1.71
4 0.572+0.02 0.072+0.01 0.122+0.01 0.38°+0.06 0.032+0.00 5.032+2.11

Means with same superscript within the column are not significantly different (p<0.05), A.I.= aroma intensity.

The values recorded in this study for alkaloids, flavonoid,
phenol and saponin were higher than those reported by
Okwulehi and Nosike, (2015) in experiments involving
Pleurotus pulmonarius cultivated on Mangifere indica wood
logs which were 0.077, 0.046, 0.019 and 0.310% in dry
mass basis. Variation in the quantities of these
physiologically important compounds in the fruit bodies,
were due to different substrates used or varietal differences.
This affirms the report by Chang and Miles, (2004) [ which
stated that the nutritional and mycochemical composition of
mushrooms to a large extent depends on the substrate where
the mushroom was grown.

The mycochemicals determined in this research has so many
health benefits, which has already been established by
research. Studies have shown that flavonoids are excellent
radical scavengers of the hydroxyl radical (Muhammad et
al., 2018) 1 due to their ability to inhibit the hydroxyl
radical and donate hydrogen atom. Flavonoids contain
compounds with anti-inflammatory activity. Flavonoids
inhibition of the immune and inflammation responses can be
associated with their inhibition of the enzymes responsible
for the activities (Tripoli et al., 2007) B8, Flavonoids also
act as anti-carcinogens and anti-bacterial agents. Therefore,
regular consumption of this mushroom especially at full
maturity will protect the body against these free radicals.
Saponins are involved in the prevention of parasitic fungal
diseases (Edeoga and Erieta, 2001) ! while tannins have
been used to facilitate healing of wounds, as anti- tumor
agents and perform a wide range of anti-infective actions
(Tripoli et al., 2007) 81, Alkaloids have powerful effect in
animal physiology and are important in pharmaceutical
industries, for drug manufacturing. It is also stated that
alkaloids are stimulants and acts by prolonging the action of
several hormones.

Harvesting mushroom at full maturity stage is more ideal,
especially for mushroom farmers (Chang, and Miles, 2004
[71; Stamets, 2000 [¥; Nwoko, et al., 2016). Apart from
making more profit, due to increase in biomass and weight,
the biological benefits of high accumulation of
phytochemicals in well mature mushroom fruit bodies
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cannot be over-emphasized, thus suggesting that P.
pulmonarius fruit bodies should be allowed to reach up to
day 4 before harvesting.

In addition to nutritional value, mushrooms have some
unique colour, flavour and aroma characteristics which
attract their consumers (Sabir et al., 2003) 31, Ozturk et al
(2015) 291, reported that the flavour experienced from eating
mushrooms, or any other food, comes from a combination
of taste, texture, temperature, spiciness, and aromatic
qualities. In this investigation, it was observed that P.
pulmonarius fruit bodies harvested at the 3 day had the
highest score (6.38+1.71) for aroma intensity (A.l), while
the lowest (3.96+1.81) was recorded in fruit bodies
harvested at the 2" day. Flavours are generally volatile
compounds (Ghweta et al., 2014) M9 and could be
responsible for low A.l as recorded in older fruit bodies
compared to those of 3 day. One of the most important
consumer consideration in food acceptability is the flavour
of the foods. Caglarirmak, (2007) and Ghweta et al., (2014)
(1] noted that the major consumer acceptance of Oyster
mushroom is due to its characteristic flavour which is
mainly contributed by 1-octen-3-ol.

Conclusion

The substrates used in this study has the potential to produce
healthy fruitbodies and therefore should be incorporated in
commercial mushroom production in Nigeria. Results
indicated that as harvesting time increased from day 2 — 4,
number of fruit bodies, mean cap diameter and mean weight
increased significantly. Protein and ash contents of the
oyster mushroom increased as the fruit bodies mature from
day 2-4, while total dietary fibre and carbohydrate decreased
as the fruit bodies became older. Developmental stages did
not significantly affect the concentration of fat in the studied
oyster mushroom. The concentration of studied myco-
chemicals such as alkaloids, flavonoids, phenols, saponins
and tannins in the P. pulmonarius fruit bodies increased as
the mushroom matures (2-4days). The results of this study
suggest that as the fruit bodies grow older, their
mycochemicals accumulation increases. Also where protein
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and ash are important consideration, fully matured (day 4)
P. pulmonarius fruit bodies should be consumed. But, if
higher total dietary fibre, carbohydrate and flavour intensity
are preferred, then consumption of younger (3days) fruit
bodies of the oyster mushroom should be prioritised.
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