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ABSTRACT
Snacks are different from meals in terms of size, nutritional content, hunger, and thirst sensation before and after the

event. Considering the nutritive value, available snacks in the market are rich in carbohydrates and fats; being less in

dietary fibre and functional components such as antioxidants, polyphenolic components which leads to extreme

health risks in children and adolescents. Protein, one of the important components required during the growing

years is lacking in snack foods, therefore in the present study an attempt was made to develop protein and fibre rich

snacks using mushroom as the major component. Two mushroom snack products such as mushroom tikki and

stuffed mushroom were developed using white button mushroom (Agaricus bisporus), spice mixture, and other

ingredients. For the processing of the snack products, technologies such as blanching and in-pack pasteurization were

used. The developed products were subjected to proximate analysis; mineral and vitamin profile; functional

components; chemical components; organoleptic evaluation and microbial analysis for safety. Mushroom tikki had

moisture 40.24%, carbohydrate 17.5%, protein 10.7%, fat 20.12%, fibre 7.91% and ash 3.54%. Stuffed mushroom

had moisture 66.11%, carbohydrate 14.5%, protein 4.05%, fat 6.82%, fibre 6.65%, and ash 1.87%. Both the

products were good in all the sensory properties and were found microbially safe. The developed snack products, as

were rich in protein, dietary fibre, antioxidants and phenolic components helps in the consumption of balanced

nutrients in children and adolescents.
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INTRODUCTION

Agaricus bisporus is commonly recognised as a white button
mushroom. The genus Agaricus belonging to the family
Agaricaceae. Button mushroom (Agaricus bisporus) is the most
popular and mostly consumed all over the world for their
edibility, taste, and medicinal importance [1,2]. Mushrooms have
been used as foods and food supplements from ancient times [3].
Generally, mushrooms are rich in dietary fiber, minerals,
vitamins, and low in fat. Mushrooms contain various
polyphenolic compounds such as β-glucan, tocopherol, and
vitamin C, etc. The antioxidant activity of Agaricus bisporus is due

to the presence of ascorbic acid and phenolic compounds [4].
The dietary fibres present in the mushroom are associated with
the speeding up of the transit time of bowel contents increases
bulk, frequency, and ease of defecation. Carbohydrates and fibre
from mushrooms have been used in enhancing texture while
reducing formulation cost [5]. Dietary fibre can also provide
various functional properties to food. Mushrooms are also
known for their curative potential in conditions of hyperacidity
and constipation [6]. Some organic acids are responsible for the
taste and flavour of a mushroom and can also play a biological
role owing to their antioxidant, acidifying, neuroprotective, anti-
inflammatory, and antimicrobial properties [7-9]. Mushrooms
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are ranked well above cereals/vegetables or fruits and animal
products but below most meats. Therefore, mushrooms can be a
good supplement to cereals [10]. Snacking is defined as, food
that is eaten in addition to three standard meals. Snacks are
different from meals in terms of size, nutritional content,
hunger, and thirst sensation before and after the event. There is
evidence that frequent snackers are nutritionally disadvantaged
and have a higher percentage of body fat. Snacks are perceived
as unhealthy food, for example confectionery, which gives empty
calories and doesn't provide any other nutrients [11]. In the
present study two snack products from white button mushroom
viz., mushroom tikki, and stuffed mushroom were developed
and evaluated for nutritional composition, functional, and
quality parameters. The developed snack products were
nutritionally superior in protein, dietary fibre, antioxidants, and
phenolic components to the products obtained in the market.

MATERIALS

Materials

Good quality fresh mushrooms, vegetables, and spices were
purchased from the local market of Mysore. All the reagents
used for the study were of analytical grade.

Methods

Development of mushroom tikki: Freshly harvested button
mushrooms were graded, washed, and cut into small pieces. To
the pan oil, chopped mushroom (53.41%) and salt (1.06%),
were added and sautéed. In another pan oil (5.34%), ginger
garlic paste (2.12%) were added and sautéed. Chilli powder
(0.26%), garam masala (0.26%) and cumin powder (0.1%) were
added and sautéed. To the sautéed mushroom, roasted besan
flour (10.68%) were added and mixed well to form a clean
dough. Tikki's were made by coating with breadcrumbs (26.7%),
the oil was heated and tikkies were shallow-fried until golden
brown. The products were packed in a metallic or metalized
polyester. In-pack pasteurization was done at 90°C for 180
minutes. The products were stored at ambient temperature (25 ±
2°C).

Development of stuffed mushroom: Freshly harvested button
mushrooms were graded, stem from mushrooms were removed.
The cap of the mushrooms (28.3%) were cleaned and washed.
To the pan, oil, chopped onions (5.66%), ginger-garlic (0.56%)
paste were added, and sautéed until the raw smell was gone.
Chilli powder (0.42%), garam masala (0.28%), coriander
powder (0.28%), and cumin powder (0.14%) and salt (0.7%)
were added and sautéed for one to two minutes in a medium
flame. Scrambled, boiled, and mashed potato (19.81%) was
added, mixed well and the mixture was made. The mushrooms
were stuffed with the mixture. To the other bowl, besan flour
(19.8%), cornflour (8.5%), baking soda (0.05%), chilli powder
(0.56%) and salt (0.7%) were added and mixed well to make a
batter. Stuffed mushrooms were dipped in batter, and were
deep-fried until golden brown. Products were packed in a
metallic or metalized polyester. In-pack pasteurization was done

at 90°C for 180 minutes. The products were stored at ambient
temperature (25 ± 2°C).

Organoleptic evaluation

The developed Ready-to-eat mushroom tikki and stuffed
mushrooms were served to semi-trained panelists for
organoleptic evaluation on a nine-point hedonic scale, with
score 9 as excellent and score 1 as disliking. Sensory evaluation
was carried out by 20 semi-trained panel members. The sensory
properties such as colour, texture, aroma, taste, and overall
acceptability of finished product were evaluated on the basis of 9
points hedonic scale [12].

Analysis

Moisture content, ash content, and Free Fatty Acid (FFA) values
in ready-to-eat mushroom tikki and stuffed mushroom were
carried out as per the method of AOAC [13]. Carbohydrates,
protein fibre and fat contents were carried out as per the method
described by AOAC [14]. Vitamins B1, B2, B6, were carried out
as per the method by AOAC [15]. The vit-B3 analysis was carried
by AOAC [16], Vit-C by AOAC [17], minerals such as calcium
and iron by AOAC [18]. Phenolic content and total anti-
oxidants content were carried out as per the method described
by Anand T et al. [19]. Flavonoid content was carried out as per
the method described by Bahorun T et al. [20]. Thiobarbituric
Acid (TBA) value by Tarledgis et al. [21], total acidity, and
peroxide value by AOCS [22]. pH was measured using
microprocessor-based digital pH meter (CYBER SCAN,
MODEL PH 1500, EUTECH INSTRUMENTS, India). Water
activity is measured by Aqualab 4TE water activity meter.
Microbiological analysis was carried according to APHA [23]
and data were transformed into logarithms of the number of
Colony-Forming Units (CFU/ml).

Statistical analysis

The data obtained for all the parameters and effects of storage
on them were statistically analyzed through student t-test to see
the critical difference at a 5% level of significance using CPCS1
software.

RESULTS AND DISCUSSION

Proximate composition of white button mushroom-
based snacks

Initially, the mushroom tikki and stuffed mushroom were
analyzed for nutritional composition and the results are given in
Table 1. The mushroom tikki had moisture 40.24%,
carbohydrate 17.51%, protein 10.70%, fat 20.12%, fibre 07.91%,
and ash 03.54%. Stuffed mushroom had moisture 66.11%,
carbohydrate 14.55%, protein 04.05%, fat 06.82%, fibre
06.65% and ash 01.87%. Frying in oil showed an increase in fat
content. On wet weight basis, button mushroom has the total
protein constitute was 3.14 g, total carbohydrate was 3.23 g, fat
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was 0.17 g, ash was 0.85 g, and moisture was 87.77 g per 100 g of
the sample [24].

Table 1: Proximate composition of white button mushroom based snacks in percentage (%).

Snack products Moisture Carbohydrates Protein Fat Fibre Ash

Mushroom tikki 40.24 ± 0.11 17.51 ± 0.03 10.70 ± 0.09 20.12 ± 0.05 07.91 ± 0.07 03.54 ± 0.07

Stuffed mushroom 66.11 ± 0.02 14.55 ± 0.06 04.05 ± 0.10 06.82 ± 0.01 06.65 ± 0.12 01.87 ± 0.04

Micronutrient contents of white button mushroom-
based snacks

The mushroom tikki and stuffed mushroom were analyzed for
minerals such as calcium and iron. Mushroom tikki had calcium
36.8 mg and iron 28.3 mg, the stuffed mushroom had calcium
24.0 mg and iron 29.2 mg per 100 g of sample. Khan et al.
estimated the minerals such as Fe and Ca were found 18.5 mg
and 44.0 mg respectively per 100 g of the dry sample [3].

Table 2: Micronutrients content of white button mushroom-based
snacks (mg/100 g).

Micronutrients Mushroom tikki Stuffed mushroom

Thiamin 1.27 ± 0.07 1.03 ± 0.04

Riboflavin 0.90 ± 0.06 0.72 ± 0.01

Niacin 1.32 ± 0.17 1.11 ± 0.12

Pyridoxine 1.10 ± 0.04 0.87 ± 0.01

Vitamin C 37.5 ± 0.11 37.5 ± 0.13

Calcium 36.8 ± 0.02 24.0 ± 0.06

Iron 28.3 ± 0.07 29.2 ± 0.03

The mushroom products were analyzed for vitamins such as
thiamine, riboflavin, niacin, pyridoxine and vitamin C.

Mushroom tikki had thiamine 1.27 mg, riboflavin 0.90 mg,
niacin 1.32 mg, pyridoxine 1.10 mg and vitamin C 37.5 mg per
100 g of sample. Stuffed mushroom had thiamine 1.03 mg,
riboflavin 0.72 mg, niacin 1.11 mg, pyridoxine 0.87 mg and
vitamin C 37.5 mg per 100 g of sample. Matila et al. estimated
the vitamins such as vitamin-C, vit-B1, B2, folates, niacin and
Vit-B12 in Agaricus bisporous [25]. It was found 17 mg, 0.6 mg, 5.1
mg, 450 µg, 43 mg, and 0.8 mg respectively per 100 g of sample
(Table 2).

Functional parameters

Phenols and flavonoids were considered as functional
parameters for the mushroom products. Phenolic contents of
the mushroom tikki and stuffed mushroom were 83.33 and
66.66 expressed as mg/100 g gallic acid equivalents. Flavonoid
contents of the mushroom tikki and stuffed mushroom were
45.00 and 33.61 expressed as mg of quercetin equivalents/100 g
of sample. Total anti-oxidant contents of the mushroom tikki
and stuffed mushroom were 31.95, 19.93 expressed as
percentage inhibition/100 g of sample. Phenolics or
polyphenols have received considerable attention because of
their physiological function, including antioxidant, anti-
mutagenic and antitumor activities [26], which have gained
much attention, due to their antioxidant activities and free
radical-scavenging abilities, which have potentially beneficial
implications for human health [27-29]. The total phenolic
content (mg gallic acid equivalents) and total flavonoid content
(mg quercetin equivalents) of mushroom were found to be
(10.25 and 1.75) mg respectively [30] (Table 3).

Table 3: Functional parameters of white button mushroom-based snacks.

Functional parameters Mushroom tikki Stuffed mushroom

Phenolic content (mg/100 g gallic acid equivalents) 83.33 ± 0.04 66.66 ± 0.01

Flavonoid content (mg/100 g quercetin equivalents) 45.00 ± 0.13 33.61 ± 0.09

Total anti-oxidants content (I%/100 g) 31.95 ± 0.02 19.93 ± 0.05

Quality parameters

pH, water activity, titratable acidity (expressed as lactic acid),
peroxide value, free fatty acids, and TBA value were considered
as quality parameters. Thiobarbituric Acid (TBA) value is widely
used as an indicator of the degree of lipid oxidation, and the
presence of TBA reactive substances is due to the second stage

of auto-oxidation during which peroxides are oxidised to
aldehydes and ketones [31]. Mushroom tikki and stuffed
mushroom both had a pH of 7.0. The water activity of
mushroom tikki and stuffed mushroom were 0.94 and 0.96,
respectively. Titratable acidity of mushroom tikki and stuffed
mushroom were 0.16% and 0.20% respectively. Peroxide value
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of mushroom tikki and stuffed mushroom, were (0.28, and
0.36) mEqO2/gm respectively.

Table 4: Quality parameters of white button mushroom-based snacks.

Quality Parameters
Mushroom
tikki

Stuffed
mushroom

pH 7.0 ± 0.21 7.0 ± 0.19

Water activity 0.94 ± 0.12 0.96 ± 0.04

Titrable acidity (%) 0.16 ± 0.17 0.20 ± 0.09

Peroxide balue (MEqO2/g) 0.28 ± 0.03 0.36 ± 0.02

Free Fatty Acid (%/g) 0.07 ± 0.04 0.05 ± 0.07

TBA (mg malonaldehyde/kg) 0.27 ± 0.06 0.21 ± 0.01

The free fatty acid value of mushroom tikki and stuffed
mushrooms were 0.07% and 0.05% per gram respectively. TBA

values of mushroom tikki and stuffed mushroom were (0.27 and
0.21) mg malonaldehyde/kg respectively (Table 4).

Sensory parameters

One of the most important criteria for the evaluation of foods is
their acceptability which is based on the sensory attributes. In
this study, the products were served to 25 semi-trained panel
members. Samples were randomly drawn for each experimental
block, coded, and served to the semi-trained panelists. They
have tasted the mushroom products and rated for their
organoleptic characteristics in terms of colour, aroma, taste,
texture, and overall acceptability on a 9-point hedonic scale. As
shown in Table 5, mushroom tikki was rated as 8.3 for colour,
8.2 for aroma, 8.3 for texture, 8.5 for taste, and 8.3 Overall
Acceptability (OAA) on the 9-point hedonic scale. Stuffed
mushroom had score of 8 for colour, aroma, taste, and 8.1 for
texture and overall acceptability. Both products showed good
sensory scores and were highly acceptable.

Table 5: Sensory scores of white button mushroom-based snacks (n=10).

SL.No Mushroom products Colour Aroma Texture Taste Overall acceptability

1 Mushroom tikki 8.3 ± 0.17 8.2 ± 0.11 8.3 ± 0.11 8.5 ± 0.15 8.3 ± 0.13

2 Stuffed mushroom 8.0 ± 0.02 8.0 ± 0.15 8.1 ± 0.06 8.0 ± 0.12 8.1 ± 0.12

The Mushroom products were evaluated for their microbial
quality. The microbiological analysis showed the sterilized
condition of the product, coliform was nil, which was reflecting
the safety of the product.

CONCLUSION

In the present study two mushroom products were developed by
using white button mushroom as a main ingredient viz.,
mushroom tikki, and stuffed mushroom. The ingredients were
optimized on the basis of organoleptic evaluation. Both the
products were good in all the sensory properties and were
microbially safe. Snacking behavior varies across the different
regions of the world with rapid development and changing
lifestyles of adolescents, the eating habits have also been
changing. They are consuming unhealthy snacks and this kind
of poor eating habits leads to lifestyle diseases. So that
adolescents and children should prefer healthy snacks. White
button mushrooms are a good source of proteins, dietary fibre,
antioxidants and phenolic components, and the above snack
products developed could be a good substitute for commercial
snack products. They help in satisfying the consumer hunger
and as well as meeting the nutritional needs.

REFERENCES

1. Chang ST, Buswell JA. Mushroom nutriceuticals. World J
Microbiol Biotechnol. 1996;12:473-476.

2. Kaul TN. Biology and conservation of mushrooms. Science
Publishers, Inc. 2002.

3. Khan MA, Khan LA, Hossain MS, Tania M, Uddin MN.
Investigation on the nutritional composition of the common
edible and medicinal mushrooms cultivated in Bangladesh.
Bangladesh J Mushroom. 2009;3:21-28.

4. Niki E, Shimaski H, Mino M, Radical AF. Gakkai Syuppan
Center. Tokyo, Japan. 1994.

5. Pinero MP, Parra K, Leidenz NH, De Moreno LA, Ferrer M,
Araujo S, et al. Effect of oat’s soluble fibre (β-glucan) as a fat
replacer on physical, chemical, microbiological and sensory
properties of low-fat beef patties. Meat Sci. 2008;80:675-680.

6. Saravanam T, Muthuswamy M, Seetharaman. Mushrooming to
cure. Agriculture today. 2002;5:11-12.

7. Altmeyer PJ, Matthes U, Pawlak F, Hoffmann K, Frosch PJ,
Ruppert P, et al. Antipsoriatic effect of fumaric acid derivatives.
Results of a multicenter double-blind study in 100 patients. J Am
Acad Dermatol. 1994;30:977-981.

8. Valentão P, Andrade PB, Rangel J, Ribeiro B, Silva BM, Baptista P,
et al. Effect of the conservation procedure on the contents of
phenolic compounds and organic acids in chanterelle
(Cantharellus cibarius) mushroom. J Agric Food Chem.
2005;53:4925-4931.

9. Seabra RM, Andrade PB, Valentao P, Fernandes E, Carvalho F,
Bastos ML. Anti-oxidant compounds extracted from several plant
materials. Biomaterials from aquatic and terrestrial organisms.
2006:115-174.

10. Goyal R, Grewal RB, Goyal RK. Fatty acid composition and
dietary fibre constituents of mushrooms of North India. Emir J
Food Agric. 2015:927-930.

Rachappa P, et al.

J Food Process Technol, Vol.11 Iss.3 No:824 4



11. Chaplin K, Smith AP. Definitions and perceptions of snacking.
Curr Top Nutraceutical Res. 2011;9:53.

12. Devaki CS, Premavalli KS. Development of bittergourd fermented
beverage using response surface methodology. J Pharm Nutr Sci.
2012;2:94-103.

13. AOAC. Official method of Analysis. 18th Edition, Method 935.14
and 992.24. Association of Officiating Analytical Chemists,
Washington DC. 2005.

14. AOAC. Official methods of analysis of the AOAC, 15th ed.
Methods 932.06, 925.09, 985.29, 923.03. Association of official
analytical chemists. Arlington, VA, USA. 1990.

15. AOAC. Official methods of analysis 16th Ed. Association of
official analytical chemists. Washington DC, USA. 1995.

16. AOAC. Official methods of analysis of the Association of Official
Agricultural Chemists (10th ed). Association of Official
Agricultural Chemists, Washington, DC. 1965.

17. AOAC. Official Methods of Analysis. Association of Official
Analytical Chemists. 14th Edition, AOAC, Arlington. 1984.

18. AOAC. Official Methods of Analysis. Association of Official
Analytical Chemists. 20th Edition. 2016.

19. Anand T, Reddy KJ, Ramya S, Khanum F. Optimization of
conditions for nanoencapsulation of bacoside rich extract by RSM
technique and its characterization. Front Nanosci Nanotech.
2018;4.

20. Bahorun T, Gressier B, Trotin F, Brunet C, Dine T, Luyckx M, et
al. Oxygen species scavenging activity of phenolic extracts from
hawthorn fresh plant organs and pharmaceutical preparations.
Arzneimittel Forschung. 1996;46:1086-1089.

21. Tarladgis BG, Watts BM, Younathan MT, Dugan Jr L. A
distillation method for the quantitative determination of
malonaldehyde in rancid foods. J Am Oil Chem Soc.
1960;37:44-48.

22. Brühl L. Official methods and recommended practices of the
American Oil Chemist's Society, physical and chemical
characteristics of oils, fats and waxes, section I. Ed. The AOCS
Methods Editor and the AOCS Technical Department. 54 pages.
AOCS Press, Champaign, 1996.

23. APHA Recommended methods for the microbial examination of
foods. Broadway: Am Public Health Assoc. 1992;19:181-188.

24. Poongkodi GK, Priya G. Nutrient contents of edible mushrooms,
Agaricus bisporus and Pleurotus ostreatus. Int J Mod Chem Appl
Sci. 2015;2:78-86.

25. Mattila P, Salo-Väänänen P, Könkö K, Aro H, Jalava T. Basic
composition and amino acid contents of mushrooms cultivated in
Finland. J Agric Food Chem. 2002;50:6419-6422.

26. Othman A, Ismail A, Ghani NA, Adenan I. Antioxidant capacity
and phenolic content of cocoa beans. Food Chem.
2007;100:1523-1530.

27. Govindarajan R, Singh DP, Rawat AK. High-performance liquid
chromatographic method for the quantification of phenolics in
‘Chyavanprash’a potent Ayurvedic drug. Pharm Biomed Anal.
2007;43:527-532.

28. Imeh U, Khokhar S. Distribution of conjugated and free phenols
in fruits: antioxidant activity and cultivar variations. J Agric Food
Chem. 2002;50:6301-6306.

29. Li Y, Guo C, Yang J, Wei J, Xu J, Cheng S. Evaluation of
antioxidant properties of pomegranate peel extract in comparison
with pomegranate pulp extract. Food Chem. 2006;96:254-260.

30. Gan CH, Amira NB, Asmah R. Antioxidant analysis of different
types of edible mushrooms (Agaricus bisporous and Agaricus
brasiliensis). Int Food Res J. 2013;20:1095.

31. Lindsay RC. Flavour of fish. Paper read at 8th World Congress of
Food Science and Technology. Toronto, Canada. 1991.

 

Rachappa P, et al.

J Food Process Technol, Vol.11 Iss.3 No:824 5


	内容
	Development and Evaluation of White Button Mushroom Based Snacks
	ABSTRACT
	INTRODUCTION
	MATERIALS
	Materials
	Methods
	Organoleptic evaluation
	Analysis
	Statistical analysis

	RESULTS AND DISCUSSION
	Proximate composition of white button mushroom-based snacks
	Micronutrient contents of white button mushroom-based snacks
	Functional parameters
	Quality parameters
	Sensory parameters

	CONCLUSION
	REFERENCES


