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Abstract | Mushrooms are well-known for their richness of health-beneficial bioactive metabolites. In recent 
years, consumers interested regarding fatty acid composition of different food are increasing. This work assessed 
the nutritional value of two different verities of mushrooms including Button mushroom (BM) and Oyster 
mushroom (OM), and determined the composition and contents of fatty acids. Mushrooms dried in cabinet 
dehydrator at 55°C for 16 hrs, the obtained mushroom powder packed in an airtight jar. All mushroom-based 
food products (MBFPs) i.e., biscuits, noodles, nuggets and soup mix were developed using mushroom powder. 
Results regarding the fatty acids profile showed that, Saturated fatty acid (SFA) followed by (palmitic acid 
13.20g/100) BMP, (stearic acid 3.97g/100) OMP, (margaric acid 3.43g/100) BMP, (behenic acid 1.15g/100) 
BMP, (arachidic acid 0.37g/100) BMP and (lignoseric acid 0.34g/100) BMP. Unsaturated fatty acid (USFA) 
followed by (trans linoleic acid 66.49g/100 BMP, (cis oleic acid 34.26g/100) OMB, (gamma 6.24g/100) BMP, 
(eicosenoic acid 2.64g/100) BMP, (linolenic acid 1.60g/100 BMP, (erucic acid 1.07g/100) BPM, (nervonic 
acid 0.89g/100) BMP, (eicosadienoic acid 1.99g/100) BMP, (trans oleic acid 0.26g/100) BMP and (palmitoleic 
acid 0.21g/100) OMP. Value added food products followed by SFA nugget (palmitic acid 1.30g/100), biscuit 
(palmitic acid 3.69g/100), soup mix (palmitic acid 0.25g/100) and noodles (palmitic acid 0.16g/100). Value 
added food products followed by UNFA nugget (cis oleic acid 10.05g/100), biscuits (cis oleic acid 34.26g/100), 
soup mix (trans linoleic acid 1.80g/100) and noodles (gamma 0.53g/100). Total fatty acid (TFA) (Poly 
unsaturated fatty acid =PUSFA, Monounsaturated fatty acid = MUSFA and Total saturated fatty acid= TSFA) 
followed by (TFA 81.57g/100) BMP, (PUSFA76.33g/100) BMP, (MUSFA 35.15g/100) OMB, (TSFA 
21.84g/100) BMP. The findings from present study conclude that BM and OM can be effectively utilized for 
the development of MBFPs while their fatty acid profiling exhibited the presence of 16 FAs (06 SFAs and 
10 USFA) which indicates that MBFPs possess considerable proportion of essential fatty acids rather than 
SFAs. It is concluded that mushrooms are high-quality and can be used as a source for meat analog required by 
vegetarians. This study provides a scientific source for the additional consumption of mushrooms.
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Introduction

Edible mushrooms (EMs) are becoming a more 
prominent part of the human diet. EMs are 

believed to be the nutritious, safest, and therapeutic 
diet therefore are suitable for the people of all age 
groups. The nutrient dense mushrooms may be taken 
as a substitute of fish, fruits, vegetables, and meat etc. 
(Kakon et al., 2012). Numerous Ems are consumed 
as food and are also associated with exerting 
tremendous health related benefits (Sadler, 2003). 
On dry weight basis mushroom fruiting bodies 
consisting of carbohydrate, protein, fats, minerals 
and vitamins (Heleno et al., 2009). They have a wide 
variety of antioxidants and phytochemicals with 
broad spectrum nutraceutical properties (Singhal et 
al., 2019). Despite of having immense nutritional 
value, EMs are highly anticipated for their delicacy 
(De Román and Boa, 2006), medicinal properties 
(Amirullah et al., 2018), range of texture and aroma 
i.e., nutty, fruity, seafood etc., (Aisala et al., 2018). 
However, fruiting bodies from Agaricus, Lentinula, and 
Pleurotus genera are among the most cultivated and 
commercialized mushroom types (Sande et al., 2019).

EMs cultivation and their utilization are still 
underdeveloped due to their highly perishable nature 
(Gopal et al., 2022). They are often consumed as 
raw or processed state and may be incorporated 
in foods products for adding value for increasing 
their consumption (Singhal et al., 2019), enhancing 
storability, and for upgrading their marketability. 
Many forms of mushroom-based food products 
i.e., canned, pickled, and dried mushrooms etc. are 
commercially available in markets (Gopal et al., 
2022). EMs are also commercially available as health 
promoting tonics, concentrates, extracts, fermented 
beverages, teas, and powders (Smith et al., 2002). 
Since EMs exert therapeutic effects, they may be 
utilized for developing mushroom-based value-
added functional foods. Several studies have reported 
developed mushroom-based value-added functional 
foods, (Süfer et al., 2016) utilized Agaricus bisporus 
and Pleurotus ostreatus powder for developing novel 
snacks and meat balls. Pleurotus sajor-caju were used 
to develop rice porridge, flat bread, and conventional 
cake (Aishah and Wan, 2013). Farooq et al. (2021) 
utilized oyster mushroom for muffin development, 
(Gadallah and Ashoush, 2016) prepared biscuits from 
Terfeziaclaveryi while (Wahyono and Bakri, 2018) 
developed noodles from Pleorotus ostreatus. Alongside 

carbohydrate and protein, the fat exerts prominent role 
in maintaining human health. An adequate supply of 
fats or fatty acids (FAs) is related with development 
of physical and mental health and maintenance of 
bodily functions (Gałgowska and Pietrzak-Fiećko, 
2022) therefore a healthy diet must have reasonable 
proportion of FAs (Sande et al., 2019). Although, 
despite having minimal lipid proportion in mushroom, 
a substantial number of essential and non-essential 
FAs have been characterized by many researchers in 
various edible mushrooms (Gałgowska and Pietrzak-
Fiećko, 2022; Çayan et al., 2017; Woldegiorgis et al., 
2015; Ergonal et al., 2013; Ribeiro et al., 2009; Yilmaz 
et al., 2006). Present study was therefore conducted 
to develop mushroom-based value-added functional 
foods from white button (Agaricus bisporus) and oyster 
(Pleurotus ostreatus) mushrooms and to analyze their 
FAs profile. 

Materials and Methods

Raw materials 
Fine wheat flour, butter, corn starch, salt, sugar, spices 
(black pepper powder, garlic and ginger powder), 
bread slices, breadcrumbs, egg etc. Were procured 
from the local market of Hyderabad city. All the 
reagents used in this study were of analytical grade 
and were purchased from Sinopharm Chemical 
Reagent Co., Ltd. 

Mushroom procurement and processing 
Fresh Agaricus bisporus (Button mushroom=BM) 
and Pleurotus ostreatus (Oyster mushrooms=OM) 
were purchased from supermarket, Karachi city and 
immediately brought to the Institute of Food Sciences 
and Technology, Sindh Agriculture University, 
Tandojam, Sindh, Pakistan. Instantly, mushrooms 
were initially processed to remove non-edible/ 
bruised/ unnecessary parts, washed thrice using 
distilled water and air dried at ambient temperature.

Preparation of mushroom powder 
Mushroom powder (MP) was prepared as per 
method described by (Prodhan et al., 2015) with 
minor modifications. For preparing MP, the 
basidiocarp (fruiting body) of BM and OM were 
separated, sliced (approx. 0.5cm), blanched at 100°C 
for 3 minutes in 3%salt and 0.01% citric acid solution, 
dehydrated in cabinet dehydrator at 55°C for 16 hrs. 
The Blanching method was used to retain the color of 
the final products prepared from mushrooms. For the 
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preparation of mushroom powder fresh mushrooms 
were cleaned, sliced and blanched in boiling water 
for short period of time (3 minutes) followed by air 
drying and kept them at dehydrator for drying. The 
Blanching method also inactivates common bacteria 
which improves the safety of the mushrooms prior to 
product development (with final moisture up to 4%). 
The dried mushroom slices were milled to obtain MP, 
which was sieved, packed in an airtight jar, labeled, 
and kept under refrigeration till further use. 

Development of mushroom-based food products 
All mushroom-based food products (MBFPs) i.e., 
biscuits, noodles, nuggets and soup mix were developed 
using MP as per procedures described by (Prodhan 
et al., 2015; Srivastava et al., 2019; Yufidasari et al., 
2018; Arora et al., 2018), respectively. The information 
regarding ingredients used in MBFPs prepared 
from BM and OM is given in Table 1 and Figure 
1 shows the processing flow chart for MBFPs while 
Supplementary Figures  shows MBFPs developed in 
the present study. 

Recipe of the development of mushroom-based biscuits.
Ingredients (g/ml) Quantity
Fine wheat flour 50
Mushroom powder 5
Icing sugar 15
Butter 15
Milk powder 4
Baking powder 1
Egg 10

Recipe of the development of mushroom-based Nuggets
Ingredients (g/ml) Quantity
Boneless chicken 75
Mushroom powder 5
Bread slices 10
Fresh liquid milk 5
Black paper powder 3
Salt 1

Recipe of the development of mushroom-based Soup mix
Ingredients (g/ml) Quantity
Corn flour 90
Mushroom powder 5
Dried mushroom chunks 3
Black paper powder 1
Salt 1

Recipe of the development of mushroom-based Noodles
Ingredients (g/ml) Quantity
Fine wheat flour 75
Mushroom powder 5
Corn flour 4
Salt 1
Water 15

Determination of fatty acid profile of MBFPs
MPs and MBFPs were determined for FA profile 
as per method described by (AOAC, 2016) method 
number 996.06. At initial, the fat portion from the 
sample was separated and utilized for analyzing FA 

Table 1: Different ingredient used for developing mushroom by products.
Biscuits Nuggets

Ingredients (g/ml) Quantity Ingredients (g/ml) Quantity
Fine wheat flour 50 Boneless chicken 75
Mushroom powder 5 Mushroom powder 5
Icing sugar 15 Bread slices 10
Butter 15 Fresh liquid milk 5
Milk powder 4 Black paper powder 3
Baking powder 1 Salt 1
Egg 10
Noodles Soup mix
Fine wheat flour 75 Corn flour 90
Mushroom powder 5 Mushroom powder 5
Corn flour 4 Dried mushroom chunks 3
Salt 1 Black paper powder 1
Water 15 Salt 1
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Figure 1: Product preparation flow chart of mushroom by products.

profile by gas chromatography method.  The FA in 
the samples were hydrolyzed and derivatized from 
total lipids while, 50µl of fat or oil was taken in a 
Pyrex screw cap tube. 01 ml of internal standard, 0.7 
ml potassium hydroxide solution and about 5.3 ml 
of methanol was added and mixed. The tubes were 
capped and then placed onto a preheated water bath at 
55°C for one and half hours. The tubes were removed 
and then cooled under running tap water followed 
by addition of 0.58 ml of sulphuric acid into sample. 
The tubes were again immersed in water bath at 55°C 
for one and half hours. The tubes were then removed 
and cooled followed by adding 3 ml hexane and then 
were placed on a vortex mixer for about five minutes. 
The upper layer (hexane layer) containing fatty acid 
methyl esterase (FAMEs) was separated, filtered, and 
analyzed. The gas chromatography was performed in 
GC-2010, Shimadzu Corporation 07947 equipped 
with FID detector, split injector, and SP-2560 silica 
fused capillary column (100m x 0.25mm x 0.2µm, 
Supelco) with the following operating program: 
injection volume 1 µL with temperature 250°C, 
detector temperature 260°C, column temperature 
140°C for 5 minutes and then ramped to 240°C with 
4°C per minute, remained stable for 15 minutes; 
helium was used as carrier gas with flow rate of 
1.12mL/min and linear velocity of 20 cm/s; split 
ratio 1:100. Results were expressed as FID response 
area relative percentages. The results were generated 
for different saturated fatty acids, unsaturated fatty 
acids, and polyunsaturated fatty acids. While, percent 
of total USFAs, total SFAs, total MUSFAs and total 
PUSFAs were determined using percent formula.

Statistical analysis 
The fatty acid profiling was performed in triplicate. 
The differences in fatty acid concentrations in 
MBFPs from Agaricus bisporus and Pleurotus ostreatus 
mushrooms were obtained by using statistical 
procedures described by (Steel and Torrie, 1980) 
using SPSS-21.

Results and Discussion 

The average results for saturated fatty acid composition 
of button mushroom powder, oyster mushroom 
powder and mushroom powder-based food products 
are presented in Table 2. The results showed button 
mushroom powder have higher levels of saturated fatty 
acids than oyster mushroom powder. The major SFA 
found in mushroom powder was palmitic acid with
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Table 2: Average saturated fatty acids composition of Mushroom by products (g/100).
MBFPs Palmitic acid 

(C16:0)
Margaric acid 
(C17:0)

Stearic acid 
(C18:0)

Arachidic acid 
(C20:0)

Behenic acid 
(C22:0)

Lignoseric acid 
(C24:0)

Dried mushroom powder
BMP 13.20 a 3.43 a 2.91 a 0.37 a 1.15 a 0.34 a
OMP 11.81 a 0.28 b 3.97a 0.22 b 0.30 b 0.18 b
SE 0.35 0.33 0.48 0.09 0.18 0.02
LSD (0.05) 1.51 1.42 2.08 0.38 0.78 0.11
Biscuit
BMB 3.69 a 0.14 a 1.10 a 0.37 a 0.30 a 0.18 a
OMB 3.16 b 0.02 b 1.45 a 0.22 b 0.15 b 0.06 b
SE 0.08 0.01 0.12 0.03 0.01 0.01
LSD (0.05) 0.36 0.07 0.53 0.13 0.04 0.05
Noodle
BMNo 0.16 a NF 0.11 a NF NF NF
OMNo 0.03 b NF 0.01 b NF NF NF
SE 0.003 NF 0.003 NF NF NF
LSD (0.05) 0.01 NF 0.01 NF NF NF
Nugget
BMNu 1.30 a 0.10 a 0.46 a 0.03 b 0.14 a 0.13 a
OMNu 0.88 b 0.02 b 0.14 b 0.19 a 0.02 b 0.02 b
SE 0.06 0.003 0.05 0.006 0.01 0.005
LSD (0.05) 0.29 0.01 0.22 0.02 0.05 0.02
Soup mix
BMSM 0.25 a NF 0.06 b NF NF NF
OMSM 0.14 a NF 0.18 a 0.01 a 0.01 a NF
SE 0.03 NF 0.02 0.003 0.003 NF
LSD (0.05) 0.14 NF 0.09 0.01 0.01 NF

Results are expressed as means with standard deviation. Mean values in the same column followed by different letters are significantly 
different (P < 0.05).

BMP having 13.20 g/100 and OMP having 11.81 
g/100 of palmitic acid. The next most abundant SFA 
in both BMP and OMP was stearic acid. The average 
amount of stearic acid observed in BMP was 2.91 
g/100, while in OMP it was 3.97 g/100. The results 
showed BMP to contain higher levels of saturated 
fatty acids than OMP. Generally, mushrooms are 
considered to contain low levels of SFA, but they may 
contain minute quantities of SFA. In the present study 
palmitic acid was observed to be the major SFA present 
in BMP and OMP followed by stearic acid. Lipid is 
one of the confined components in edible mushrooms 
with an overall content in different species is ranged 
from 1.75–15.5% on dry weight basis (Ergonul et al., 
2013), however, lower lipid content of mushrooms 
is one of the advantageous aspects for people with 
compromised cardiac health. Currently, studies 
on lipids are focused mainly on FAs composition 

which are the main structural component of lipids. 
The knowledge of fatty acid composition of edible 
mushrooms is a matter of interest for understanding 
their general nutritional effectiveness. Identifying 
the qualitative and quantitative proportions of FAs 
provides important information regarding nutritional 
and functional characteristics of edible mushrooms. 
The characterization of FAs is currently receiving 
increased attention since the FAs profiling is used 
for chemotaxonomic, physiological and intrageneric 
differentiation studies of mushrooms (Pedneault et 
al., 2008). However, health-conscious consumers are 
interested in knowing FAs compositions of different 
foods such as long-chain PUFAs etc. (Saini et al., 
2021). 

Furthermore, the average results for saturated fatty 
acid composition of button mushroom and oyster 
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mushroom incorporated biscuits are presented in 
Table 2. The button mushroom powder incorporated 
biscuits showed higher levels of saturated fatty acid as 
compared to oyster mushroom incorporated biscuits. 
The button mushroom based biscuits showed an 
average of 3.69 g/100 of saturated fatty acid, while 
oyster mushroom-based biscuits had an average of 
3.16 g/100 of saturated fatty acids. Button mushroom 
based biscuits showed a higher average amount of 
palmitic acid (i.e., 3.69), arachidic acid (0.37), behenic 
acid (0.30), and lignoseric acid (0.18) than oyster 
mushroom-based biscuits. Oyster mushroom-based 
biscuits showed a higher average amount of stearic 
acid (i.e., 1.45) than button mushroom based biscuits. 
Overall, button mushroom based biscuits showed 
higher amounts of saturated fatty acids than oyster 
mushroom-based biscuits. Essential fatty acids are 
important constituents of human nutrition. Fatty acids 
are the main building blocks of lipids, but essential 
fatty acids are also vital parts of living things. We 
need to examine the fatty acids found in mushrooms, 
which are categorized as saturated and unsaturated 
fatty acids. Numerous studies have shown the benefits 
of consuming unsaturated fatty acids, especially long-
chain polyunsaturated fatty acids, for lowering blood 
cholesterol and controlling cell physiology (Hossain 
et al., 2003).

The button and oyster mushroom-based nuggets 
(Table 2) showed significantly low levels of SFA 
ranging from 1.30 to 0.02 g/100. BMP incorporated 
nuggets showed significantly higher levels of palmitic 
acid (i.e., 1.30 g/100), stearic acid (0.46 g/100), and 
behenic acid (0.14 g/100) than OMP incorporated 
nuggets. Button mushroom based nuggets also 
had slightly higher levels of lignoseric acid (0.13 
g/100) and margaric acid (0.10 g/100) than oyster 
mushroom-based nuggets. The oyster mushroom-
based nuggets showed palmitic acid in the range of 
0.88 g/100, arachidic acid 0.19 g/100, and stearic acid 
0.14 g/100. Based on the observed results, it was noted 
that button mushroom based nuggets had higher 
levels of saturated fatty acids than oyster mushroom-
based nuggets. This difference is most pronounced for 
palmitic acid, stearic acid, behenic acid, and lignoseric 
acid. The EMs have a highly variable FA profiles 
however oleic, linoleic, and palmitic acids are among 
the principal FAs (Kalac, 2013; Sande et al., 2019). 
Among different EMs, the Agaricus bisporus or BM 
is the most cultivated mushroom worldwide and 
exhibits a high proportion of FAs. Literature review 

shows that palmitic, stearic, oleic, and linoleic acids 
are the most abundant FAs found in Agaricus species 
(Barros et al., 2007; Pedneault et al., 2008; Yilmaz et 
al., 2006). The Pleurotus ostreatus or OM is low in lipid 
and considered as next generation healthy food owing 
to its valuable nutritional characteristics (Bamidele 
and Fasogbon, 2020).

The results showed button mushroom based soup 
powder (Table 2) to contain higher levels of palmitic 
acid (0.25 g/100) and stearic acid (0.06 g/100) 
than oyster mushroom-based soup powder. Button 
mushroom based soup powder did not show any 
amount of arachidic acid, and behenic acid while 
margaric acid, and lignoseric acid were not founded in 
both button and oyster based mushroom soup powders. 
The results also showed that the levels of saturated 
fatty acids in the soup powders vary significantly. The 
results of present study showed button mushroom 
based noodles (Table 2) to contain significantly higher 
levels of palmitic acid (0.16 g/100), and stearic acid 
(0.11 g/100) than oyster mushroom-based noodles. 
However, the difference in levels of these fatty acids 
between button and oyster mushroom-based noodles 
were not statistically significant. Both samples were 
observed to be deficient in margaric acid, arachidic 
acid, behenic acid, and lignoseric acid. Overall, the 
results of present study suggest that button mushroom 
based noodles may be a healthier choice than oyster 
mushroom-based noodles because they contain 
higher levels of fatty acids that have been linked to 
health benefits.

The results regarding SFAs and USFAs remained 
significantly different (p<0.05) in MBFPs and are 
presented in Tables 2 and 3, respectively. A total 
of 16 fatty acids (i.e., 06 SFAs and 10 USFAs) 
were identified in MBFPs. All 16 fatty acids were 
found in BMP, OMP, BMB, OMB, BMNu and 
OMNu. However, mushroom based soup mixes 
(i.e., OMSM and BMSM) and noodles (i.e., BMNo 
and OMNo) showed to have merely 09 and 07 fatty 
acids, respectively. In the present study, a total of 16 
saturated and unsaturated FAs were recovered from 
BMP, OMP and their food products. According to 
(Sande et al., 2019) mushrooms have an acceptable 
composition of FAs while some researchers also 
reported new FAs (Hasegawa et al., 2007; Kim et 
al., 2012). In Pakistan, (Sadiq and Hanif, 2008) 
reported some essential FAs (linoleic acid, linolenic 
acid, and oleic acid) in reasonable proportion in BM. 
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Table 3: Average unsaturated fatty acids composition of Mushroom by products (g/100).
MBFPs Palmit-

oleic acid 
(C16:1)

Trans-
oleic acid 
(C18:1)

Cis-oleic 
acid 
(C18:1) 

Trans-lin-
oleic acid 
(C18:2)

Linolen-
ic acid 
(C18:3)

GammaL-
inolenic acid 
(C18:3)

Eicose-
noic acid 
(C20:1)

Eicosa-
dienoic 
(C20:2)

Erucic 
acid 
(C22:1)

Nervon-
ic acid 
(C24:1)

Dried mushroom powder
BMP 0.11 b 0.26 a 0.25 a 66.49 a 1.60 a 6.24 a 2.64 a 1.99 a 1.07 a 0.89 a
OMP 0.21 a 0.10 b 0.10 b 0.07 b 0.49 b 4.13 b 0.12 b 0.16 b 0.26 b 0.32 b
SE 0.003 0.02 0.005 2.49 0.16 0.31 0.12 0.04 0.09 0.08
LSD (0.05) 0.01 0.10 0.02 10.74 0.70 1.34 0.55 0.19 0.42 0.37
Biscuits
BMB 0.19 a 0.14 a 31.85 b 15.98 b 0.56 a 4.89 a 0.47 b 0.14 a 0.17 a 0.19 a
OMB 0.07 b 0.04 b 34.26 a 17.92 a 0.17 b 4.29 b 0.65 a 0.03 b 0.05 b 0.07 b
SE 0.005 0.008 0.03 0.18 0.08 0.11 0.03 0.01 0.01 0.003
LSD (0.05) 0.02 0.03 0.16 0.81 0.37 0.49 0.15 0.07 0.05 0.01
Noodles
BMNo NF NF 0.49 a 0.31 a 0.12 a 0.06 a 0.11 a NF NF NF
OMNo NF NF 0.31 b 0.16 b 0.12 a 0.053 a 0.01 b NF NF NF
SE NF NF 0.03 0.03 0.003 0.005 0.003 NF NF NF
LSD (0.05) NF NF 0.14 0.14 0.01 0.02 0.01 NF NF NF
Nuggets
BMNu 0.13 a 0.01 b 10.05 a 4.34 a 0.25 a 1.76 a 0.27 a NF 0.07 a 0.13 a
OMNu 0.02 b 0.11 a 8.26 b 5.73 a 0.10 b 1.05 b 0.14 b NF 0.02 b 0.03 b
SE 0.003 0.003 0.41 1.05 0.01 0.13 0.01 NF 0.01 0.008
LSD (0.05) 0.01 0.01 1.79 4.53 0.06 0.58 0.04 NF 0.04 0.03
Soup mix
BMSM NF NF 1.43 a 0.70 b 0.02 b 0.27 a 0.11 a NF NF NF
OMSM NF NF 0.88 a 1.80 a 0.13 a 0.15 b 0.03 b NF NF NF
SE NF NF 0.20 0.16 0.003 0.07 0.005 NF NF NF
LSD (0.05) NF NF 0.88 0.69 0.01 0.01 0.02 NF NF NF

Results are expressed as means with standard deviation. Mean values in the same column followed by different letters are significantly 
different (P < 0.05).

The OM has also shown reasonable concentration 
of essential FAs (Majesty et al., 2019). In present 
study, the BMP, OMP and food products prepared 
from them were assessed for FAs profiling. Among 
SFAs, the palmitic acid remained prominent followed 
by stearic acid, margaric acid, behenic acid, arachidic 
acid and lignoceric acid. The palmitic acid is one of 
the most common SFA in the human body as well 
as in the diet that serves as potent source of energy 
and building block for the lipid metabolism (Fatima 
et al., 2019). Present results are in accordance with the 
findings of (Stojkovic et al., 2014) palmitic and stearic 
acid (14.02 and 6.54g/100g) remained leading SFAs 
in BM. 

Average unsaturated fatty acids (g/100) in MBFPs
The study results for unsaturated fatty acid composition 
of button mushroom powder, oyster mushroom 

powder and mushroom powder-based food products 
are shown in Table 3. The observed results showed 
BMP to contain higher levels of trans-oleic acid (0.26 
g/100), cis-oleic acid (0.25 g/100), trans-linoleic acid 
(66.49 g/100), linolenic acid (1.60 g/100), gamma 
(6.24 g/100), eicosenoic (2.64 g/100), eicosadienoic 
(1.07 g/100), erucic (1.07 g/100), and nervonic (0.89 
g/100) acids than OMP. OMP only showed higher 
levels of palmitoleic acid (0.21 g/100) than BMP. 
The observed results of the present study suggest that 
BMP may have a more beneficial fatty acid profile than 
OMP. The results for button and oyster mushroom 
powder incorporated nuggets showed BMN nuggets 
to have significantly higher levels of palmitoleic acid 
(0.13 g/100), cis-oleic acid (10.05 g/100), linolenic 
acid (0.25 g/100), and gamma-linolenic acid (1.76 
g/100) than OMN nuggets. Eicosadienoic acid was 
not found in both mushroom based nuggets. There 
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were no significant differences in the levels of trans-
linoleic acid between the two types of nuggets. The 
observed results suggest BMN nuggets to have a 
different fatty acid composition than OMN nuggets. 
This difference may be due to the different sources 
of nuggets or to the different processing methods 
used to produce them. The observed results showed 
button mushroom powder incorporated biscuits to 
have significantly higher levels of palmitoleic acid 
(0.19 g/100), trans-oleic acid (0.14 g/100), and 
gamma-linolenic (4.89 g/100) than oyster mushroom 
powder-based biscuits. OMB biscuits showed higher 
levels of cis-oleic acid (34.26 g/100) and trans-linoleic 
acid (17.92 g/100) than BMB. However, there were 
no significant differences between the two types of 
biscuits for linolenic acid, eicosenoic acid, erucic acid, 
and nervonic acid. Overall, the results of the study 
suggest that BMB has a slightly higher unsaturated 
fatty acid content than OMB. The study found that 
BMSP had significantly higher levels of cis-oleic acid 
(1.43 g/100), gamma-linolenic acid (0.27 g/100) and 
eicosenoic acid (0.11 g/100) than OMSP. OMSP 
showed slightly higher levels of trans-linoleic acid 
(1.80 g/100) and linolenic acid (0.13 g/100) than 
BMSP. However, palmitoleic acid, trans-oleic acid, 
eicosadienoic acid, erucic acid and nervonic acid were 
not found in both BMSP and OSMP. The study found 
that BMN had significantly higher levels of cis-oleic 
acid (0.49 g/100), trans-linoleic acid (0.31 g/100), 
gamma-linolenic acid (0.06 g/100) and eicosenoic 
acid (0.11 g/100) than OMN. There was no significant 
difference in the level of linolenic acid between the 
two types of noodles. Palmitic acid, trans-oleic acid, 
eicosadienoic acid, erucic acid, and nervonic acid were 
not found in both BMN and OMN. 

The results regarding SFAs and USFAs remained 
significantly different (p<0.05) in MBFPs and are 
presented in (Table 3), respectively. A total of 16 fatty 
acids (i.e., 06 SFAs and 10 USFAs) were identified 
in MBFPs. All 16 fatty acids were found in BMP, 
OMP, BMB, OMB, BMNu and OMNu. However, 
mushroom based soup mixes (i.e., OMSM and 
BMSM) and noodles (i.e., BMNo and OMNo) 
showed to have merely 09 and 07 fatty acids, 
respectively. Among different SFAs, palmitic acid 
remained significantly higher (p<0.05) in all MBFPs 
followed by stearic acid, margaric acid, behenic acid, 
arachidic acid and lignoceric acid. In MBFPs, the 
BMP showed to have higher SFAs followed by OMP, 
BMB, OMB, BMNu, OMNu, OMSM, BMSM, 

BMNo and OMNo. A significantly higher (p<0.05) 
proportion of palmitic acid was found in BMP (i.e., 
13.20g/100g) whereas, stearic acid, behenic acid, 
and arachidic acid were remained lower in OMSM, 
BMNo and OMNo (i.e., 0.01g/100g). 

Table 4: Average total fatty acids composition of 
Mushroom by products (g/100).
MBFPs TSFA TUFA MUFA PUFA
Dried mushroom powder
BMP 21.84 a 81.57 a 5.24 a 76.33 a
OMP 16.68 b 5.99 b 1.14 b 4.85 b
SE 0.75 2.82 0.27 2.84
LSD (0.05) 3.24 12.15 1.19 12.22
Biscuit
BMB 5.75 a 54.61 b 33.03 b 21.58 b
OMB 5.07 b 57.57 a 35.15 a 22.42 a
SE 0.04 0.16 0.06 0.17
LSD (0.05) 0.17 0.70 0.27 0.76
Noodle
BMNo 0.27 a 1.00 a 0.61 a 0.39 a
OMNo 0.04 b 0.66 b 0.32 b 0.33 a
SE 0.005 0.05 0.03 0.03
LSD (0.05) 0.02 0.21 0.16 0.13
Nugget
BMNu 12.18 a 16.52 a 10.66 a 5.71 a
OMNu 1.27 b 16.21 a 8.59 b 7.62 a
SE 0.10 1.23 0.24 0.96
LSD (0.05) 0.46 5.30 1.03 4.14
Soup powder
BMSP 0.32 a 2.54 a 1.54 a 0.99 b
OMSP 0.35 a 3.00 a 0.90 a 2.09 a
SE 0.05 0.32 0.19 0.17
LSD (0.05) 0.24 1.40 0.83 0.77

Results are expressed as means with standard deviation. Mean values 
in the same column followed by different letters are significantly 
different (P < 0.05).

Average total fatty acids (g/100) in MBFPs
The average results for total fatty acid composition 
of button mushroom powder, oyster mushroom 
powder and mushroom powder-based food products 
are shown in Table 4. The observed results showed 
BMP to have significantly higher levels of total 
fatty acids (TSFA), total unsaturated fatty acids 
(TUFA), monounsaturated fatty acids (MUFA), and 
polyunsaturated fatty acids (PUFA) than OMP. In 
comparison, BMP showed 21.84 g/100 of TUFA, 
while OMP showed only 16.68 g/100. BMP also 



September 2024 | Volume 40 | Issue 3 | Page 721

Sarhad Journal of Agriculture
had 81.57 g/100 of TUFA, 5.24 g/100 of MUFA, 
and 76.33 g/100 of PUFA, while OMP had only 
5.99 g/100 of TUFA, 1.14 g/100 of MUFA, and 
4.85 g/100 of PUFA. The high levels of fatty acids 
in BMP are likely because mushrooms are a good 
source of healthy fats. The results observed for button 
and oyster mushrooms-based nuggets showed BMN 
nuggets to have significantly higher levels of total 
fatty acids (TSFA), total unsaturated fatty acids 
(TUFA), monounsaturated fatty acids (MUFA), 
and polyunsaturated fatty acids (PUFA) than OMN 
nuggets. In comparison, BMN nuggets showed 12.18 
g/100 of TSFA, 16.52 g/100 of TUFA, 10.66 g/100 
of MUFA, and 5.71 g/100 of PUFA, while OMN 
nuggets showed only 1.27 g/100 of TSFA, 16.21 g/100 
of TUFA, 8.59 g/100 of MUFA, and 7.62 g/100 of 
PUFA. The results for button and oyster mushroom-
based biscuits showed BMB biscuits to have a higher 
total fatty acid content (5.75 g/100) than OMB 
biscuits (5.07 g/100). While OMB biscuits showed 
higher levels of TUFA (57.57 g/100), MUFA (35.15 
g/100), and PUFA (22.42 g/100) than BMB biscuits 
(i.e., 54.61, 33.03, and 21.58 g/100, respectively). The 
button and oyster mushrooms-based soup powder 
showed similar levels of total saturated fatty acids 
(TSFA), with OMSP having a slightly higher level 
i.e., 0.35 g/100 than BMSP 0.32 g/100.OMSP also 
showed significantly higher levels of total unsaturated 
fatty acids (3.00 g/100), and polyunsaturated fatty 
acids (2.09 g/100) than BMSP. However, BMSP 
showed a higher level of monounsaturated fatty acid 
content (1.54 g/100) than OMSP. The results for 
button and oyster mushrooms-based noodles showed 
BMN noodles to contain higher levels of total 
saturated fatty acids (0.27 g/100), total unsaturated 
fatty acids (1.00 g/100), monounsaturated fatty acids 
(0.61 g/100), and polyunsaturated fatty acids (0.39 
g/100) than OMN noodles which showed 0.04, 0.66, 
0.32, and 0.33 g/100 of TSFA, TUFA, MUFA, and 
PUFA, respectively. Table 4 shows the average total 
fatty acid content in MBFPs. The TSFAs, TUSFAs, 
and TPUSFAs remained significantly higher (p<0.05) 
in BMP (i.e., 21.84, 81.57, 76.33%, respectively) and 
significantly lower (p<0.05) in OMNo (i.e., 0.04, 
0.66, 0.33%, respectively). The TMUSFAs remained 
significantly higher (p<0.05) in OMB i.e., 35.15% 
and significantly lower (p<0.05) in OMNo (i.e., 
0.32). The MBFPs developed from button mushroom 
showed to have higher (40.36%), TUSFAs (156.24%), 
TMUSFAs (51.08%), and TPUSFAs (105.0%) while 
oyster mushroom-based food products showed to have 

23.41% TSFAs, 83.43% TUSFAs, 46.10% TMUSFAs 
and 37.31% TPUSFAs. The essential FAs in MP have 
crucial abilities to fight against tumors, hypertension, 
diabetes etc. and boost immunity against infections 
(Ng et al., 2017). MP has great potential to be used 
as an ingredient in many foods such as biscuits, cakes, 
bread, pasta etc. Efforts have been made by many 
researchers to utilize MP in foods i.e., bread (Eissa 
et al., 2007; Okafor et al., 2012), biscuits (Bello et al., 
2017; Ng et al., 2017; Kumar and Barmanray, 2007; 
Sulieman et al., 2019), cakes (Salehi et al., 2016; 
Jeong and Shim, 2004; Singh and Thakur, 2016), soup 
(Proserpio et al., 2019), pasta (Szydłowska-Tutaj et al., 
2023), nuggets (Banerjee et al., 2020) and ice cream 
(Tsai et al., 2020). However, literature review reveals 
no substantial studies regarding FAs profiling of food 
products developed from BM and OM. In this study 
the FAs profiling of MBFPs showed a considerable 
proportion of SFAs and USFAs. Among 06 SFAs, the 
palmitic acid remained higher in all MBFPs followed 
by stearic acid, margaric acid, behenic acid, arachidic 
acid and lignoceric acid whereas BMP showed to 
have higher SFAs followed by OMP, BMB, OMB, 
BMNu, OMNu, OMSM, BMSM, BMNo and 
OMNo. Among 10 USFAs, a total of 06 MUSFAs 
and 04 PUSFAs were recovered from all MBFPs 
however PUSFAs were remained higher in MBFPs 
in comparison to MUSFAs. The trans-linoleic acid 
remained higher in all MBFPs followed by cis-oleic, 
gamma, eicosnoic acid, linolenic, erucic acid, nervonic 
acid, eicosadienoic, trans-oleic and palmitoleic acid. 
In MBFPs, the BMP showed to have higher USFAs 
followed by OMB, BMB, BMNu, OMNu, OMP, 
OMB, OMSM, BMSM, BMNo and OMNo. The 
TSFAs, TUSFAs, and TPUSFAs remained higher in 
BMP and lower in OMNo. The TMUSFAs remained 
higher in OMB and significantly lower in OMNo. The 
MBFPs showed to have higher USFAs content rather 
than SFAs in present study. According to (Stojkovic 
et al., 2014) predominance of USFAs over SFAs is a 
dynamic suitability of BM and OM for consumers 
since most of SFAs are associated to develop several 
disorders while an intake of MUSFAs and PUSFAs 
has health promoting role (Silva et al., 2017).

Conclusions and Recommendations

The findings from present study conclude that button 
mushroom and oyster mushroom can be effectively 
utilized for the development of mushroom-based 
food products while their fatty acid profiling exhibited 



September 2024 | Volume 40 | Issue 3 | Page 722

Sarhad Journal of Agriculture
the presence of 16 fatty acids (06 saturated fatty acids 
and 10 unsaturated fatty acids) which indicates that 
mushroom-based food products possess considerable 
proportion of essential fatty acids rather than saturated 
fatty acid. It may be further concluded from the 
study that mushroom based food products developed 
from button mushroom had higher total unsaturated 
fatty acids, total mono unsaturated fatty acids and 
total poly unsaturated fatty acids in comparison to 
mushroom based food products developed form 
oyster mushroom. 
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