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Experiments were conducted to determine the physical quality of vacuum
freeze-dried Button Mushrooms. Different treatments without and with
blanching, before and after segmenting the mushrooms were taken for
study. Three samples of Button Mushrooms (T1, T2, and T3) and the
working pressure of 0.75 Torr or 100 Pa and temperature (-28°C) were
considered for experimental investigations. Various physical parameters
like density, shrinkage, color, and rehydration ratio were determined. The
lowest and highest density recorded was 0.119 g cm¬¬-3 & 0.1568 g cm-3
for T3 and T1, respectively at 0.75 Torr. In the same way low and high
shrinkage was 1.8% and 4.28 % for T2 and T1, respectively at 0.75 Torr.
The L* value which expresses the color exhibited high at 71.13 and low at
71.96, respectively for T3¬ and T1 at 0.75 Torr. For samples T1 and T2, the
lowest and maximum rehydration ratios were found as 2.33 and 4.44,
respectively at 0.75 Torr. Treatment T2 was found to have a better
rehydration ratio.
Keywords bulk density, button mushroom, rehydration ratio, vacuum
freeze drying
Introduction
Button mushroom is considered a highly valued fungus, mostly due to its
medicinal and antioxidant properties [1-2], high protein content [3], and
general public likeability as a healthy food source. A mushroom is a
macro-fungus that can be either hypogynous or epigeous, is large enough
to be seen with the unaided eye, and can be manually harvested [4].
Vitamins like the B-complex and vitamin C are both abundant in
mushrooms. It has significant amounts of pantothenic acid, biotin, and
niacin. On a dry weight basis, mushrooms also contain 3-32 percent fiber,
4.0-8.1 percent carbs, and 1.1 to 8.2 percent lipids [5]. It has a moisture
content of roughly 90% [6]. Preservation of mushrooms by drying has
been practiced with various heat treatment methods [7-8] but with a
compromise to nutritional factors.
Mushrooms have an extremely short shelf life and cannot be
transported or stored for more than 24 hours under the ambient
conditions found in the majority of the country and the year. Button
mushrooms have high moisture content, making them quite perishable.
The fruiting body begins to degrade once it reaches maturity, and
eventually, it becomes unusable. The majority of the 0.13 MT total
production of mushrooms in India in 2016-17 the most recent statistics
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available until 2020-21 went to the white button mushroom. During the 2016–17 academic
year, Punjab produced the most white button mushrooms (0.09 MT) [16]. A mere 0.5 million tonnes
(MT) were produced worldwide in 1961, but 34.8 MT were produced in 2013 [10]. As a result, they
should be consumed or processed as soon as possible after harvest. Because of this, mushrooms are
primarily traded in the processed form on the global market.
Vacuum-freeze drying has received attention recently as a viable technique for producing
high-quality dried food items, including fruits, vegetables, and pharmaceuticals. Vacuum's low
temperature and quick mass transfer, along with freeze-quick drying's energy transfer, have the
potential to increase energy efficiency and product quality. Information on the energy analysis of
drying and the quality of button mushrooms dried using vacuum-freeze technology is scarce [1-2]. To
ascertain the physical quality of vacuum freeze-dried button mushrooms, the current investigation
was undertaken.
Methodology
All the experiments were conducted using standard scientific methods as given in laboratory
protocols, by scientists and suggested by earlier researchers. The data obtained from the various
experiments were arranged in a suitable form, and statistically analyzed with (CRD) using OPSTAT
software. Results are presented in graphical form with interpretation and discussion.
Selection of raw materials
Button mushrooms (Agaricus bisporus) with a moisture level of 92–94% (w.b.) were purchased from
a reputable mushroom grower company in Varanasi (U.P.). These mushrooms were raised in a
controlled environment, harvested on the designated day, brought to the lab shortly thereafter, and
kept in a refrigerator kept at a temperature of 4-5°C until further usage. For the T1, T2, and T3 tests,
mushrooms with identically sized heads were utilized. Each 50g sample was weighed and handled
independently in 3 replications for the experiments, which were set up as follows:
Whole Mushroom Without Blanching, WMWB (T1),
Segment before Blanching, SBB (T2),
Segment after Blanching, SAB (T3)
Sample preparation
To remove clinging pollutants, the chosen white button mushrooms were thoroughly washed under
running water. They were then graded according to size, which eliminated any variances in exposed
surface area.

Figure 1. Fresh white whole button mushrooms T1 (Agaricus bisporus)
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Experiments were performed at pressure of 0.75 Torr with three types of mushroom samples
i.e. T1, T2, and T3. Button mushrooms were cut manually into segments as shown in Figures 1 and 2.
The flow chart of the process of experiments is given in Figure 3.

Figure 2. Button mushroom segments (after and before blanching) T 2 and T3

Figure 3. Flow chart of physical quality analysis of vacuum freeze-dried mushroom sample
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Vacuum freeze drier
A vacuum freeze drier as shown in Figure 4 (Make: NSW-275, Model: Lyophilizer -40°C) was used for
the experiments. It has a heating system, condenser, vacuum pump, and drying chamber. The vacuum
pump draws steam from the chamber, which a condenser then condenses into ice. Three hot plates
are used in the freeze dryer heating system, and they are supported by a support platform. The
material was directly heated to provide the energy needed for the phase shift. At a condenser
temperature of 40 °C and a vacuum of less than 0.150 m bar, the drying process was conducted.

Figure 4. Vacuum freeze drier

Vacuum freeze drying
To achieve steady-state conditions before each drying run, the dryer was turned on 30 minutes
before to drying trials. After that, 50 g of button mushrooms were added to the drying pan and spread
out in a single layer. At T1, T2, and T3, where the condenser temperature ranged from 28 to 40 °C and
the vacuum level was 0.75 Torr, the drying process was conducted. The weight loss was measured
every 60 minutes for the first 4 hours, then every 2 and 4 hours thereafter until equilibrium moisture
content was reached (change in weight less than 0.01 g).
Quality attributes of vacuum freeze dried Button Mushroom
Bulk Density
T1, T2, and T3's bulk densities were weighed using a digital scale after being carefully filled into a
container (Essae-Teraoka Pvt. Ltd., Bangalore, AJ-220E). The bulk density of the samples was
calculated by dividing the weight of the filled samples by the volume of the container [17]. The
sample's bulk density was determined using equation (1).
Bulk density (Kg/m³) =

𝑴𝒂𝒔𝒔
𝑽𝒐𝒍𝒖𝒎𝒆

…………………….. (1)

Measurements of volume and shrinkage
The quality, appearance, and consumer acceptance of dried button mushrooms are significantly
influenced by shrinkage values. Equation (2) was used to determine the shrinkage of button
mushrooms after the drying procedure [11].
𝑽

% Shrinkage = 𝟏 − 𝑽𝟎 × 𝟏𝟎𝟎

.………..…………… (2)

Where,
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The initial and dried volumes of the button mushroom are designated as V0 and V, respectively.
Rehydration Ratio (RR)
Rehydration tests were used to evaluate the vacuum freeze-dried button mushroom's ability to
reconstitute. It is the weight of the dehydrated sample (g) divided by the weight of the drained
rehydration sample (g), as indicated in equation (3).
Rehydration ratio, (RR) =

𝑾𝒓
𝑾𝒅

………..…………… (3)

Where,
The weight of the rehydrated sample, in g, is Wr.
Wd is the Weight of the dried sample, in g, used for rehydration
Analysis of color
One of the most crucial factors in consumer acceptability of a product is its color, which to the human
eye reflects sensation. Too much darkness could indicate that the goods have been overdried. In the
current experiment, a Hunter Lab Colorimeter (Made: M/S Hunter Lab, Reston, VA, USA, Model: CFLX45) was used to ascertain the color of button mushrooms. The surface's color was measured in terms
of the color space's L*, a*, and b* values. The color space is arranged in a cube shape, with the L* axis
running from top to bottom and having a minimum value of 0 for black and a maximum value of 100
for white. The axes -a*, +a* and -b*, +b* alternate between green and red and blue and yellow,
respectively. To represent the color value of the sample, the Hunter L* value, which indicates the
degree of whiteness, was selected [12-13].
Analytical statistics
Complete randomization was used in the experiment design (CRD). Data that had been recorded was
analyzed using STATPAC (OPSTAT) software. Analysis of variance was used to compare the
significant difference between the means to the crucial difference at the 5% and 1% levels of
significance (ANOVA).
Results and Discussion
Physical Attribute of Vacuum Freeze Drying for Button mushroom
Bulk Density
The bulk density of dried T1, T2, and T3 decreased considerably as compared to fresh button
mushrooms as shown in Figure 5. Pressure significantly (P<0.01) influenced the bulk density of the
Button mushroom. During vacuum freeze drying, product mass decreased as the water was removed.
Change in bulk volume leads to a considerable decrease in bulk density. The lowest density of 0.119 g
cm¬¬-3 was observed for the sample dried T3 at 0.75 Torr. The highest density of 0.1568 g cm¬¬-3 was
recorded of the sample T1 at 0.75 Torr. Bulk density increased with increased the thickness of the
button mushroom. Similar results were reported by [14] shea kernel.
Shrinkage
Pressure influenced the shrinkage of T1, T2, and T3. The lowest shrinkage of 1.8 % was observed for
the sample dried T2 at 0.75 Torr. The highest shrinkage value of 4.28 % was recorded of the sample T1
at 0.75 Torr as shown in Figure 6. From the statistical analysis of data, it is explicit that the effect of
different treatments was significant (P<0.01) on shrinkage. The shrinkage percentage of samples was
significantly increased with increased the thickness of the button mushroom. It increased from 1.8 to
4.28 % by increasing the T1, T2 and T3 [13] Reported the similar results for freeze dried strawberries.
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Figure 5. Bulk Density at 0.75 Torr

Figure 6. Shrinkage % at 0.75 Torr

Colour
The fresh button mushroom sample was found to have an L* value of 78.56. The L* values of fresh
and dehydrated button mushrooms were compared. The L* value of dried mushrooms was found to
be much lower than that of the fresh sample, indicating that the browning reaction occurred during
drying, as shown in Figure 7. Enzymatic reaction, which is influenced by temperature, pressure, and
treatment time, is the primary factor in color change during drying. The button mushroom's L* value
was affected by pressure. The samples dried T3 at 0.75 Torr had the lowest L* value, which was 71.13.
The sample dried T1 at 0.75 Torr recorded the highest L* value of 71.96. The L* values of dried button
mushrooms with thickness did not differ significantly (P 0.01). [12-13] noted that freeze-drying
strawberries and mushrooms produced comparable results.
Rehydration ratio
According to the results of the experimental study, the dehydrated sample absorbed water during
rehydration and softened. For vacuum freeze-dried samples, the rehydration ratio is a function of
rehydration time. The range of the rehydration ratio for dried button mushroom samples was 4.44 to
2.23, with an average of 3.37. The sample dried T2 at 0.75 Torr had a maximum rehydration ratio of
4.44. According to Figure 8, the sample of T1 at 0.75 Torr had a minimum rehydration ratio of 2.33.
The results of the present study, which involved rehydrating freeze-dried strawberries under various
pressures and temperatures, were supported by the findings of [15]. As a result of the delayed
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Figure 7. Colour values at 0.75 Torr

Figure 8. Rehydration ratio at 0.75 Torr

dehydration rate at low drying temperatures, hard, dense products were produced, while
porous materials were produced at higher drying temperatures and rehydrated more quickly [16].
The ratio of mushroom rehydration was influenced by mushroom thickness. Significantly (P<0.01),
the rehydration ratio rose as the thickness decreased.
It was discovered that treatment T2 (Segment before Blanching) had a greater rehydration
ratio. Mushrooms that had been vacuum freeze-dried had a lower bulk density and a higher
rehydration ratio than dried mushrooms. The dried button mushrooms had noticeable variations in
color, rehydration ratio, shrinkage, and bulk density. We may conclude that the vacuum freeze-drying
process can produce dried button mushrooms of high grade.
Conflict of Interests
The authors declare that there is no conflict of interest regarding the publication of this paper.
References
[1] L. K., Jagadish, V. V. Krishnan, R. Shenbhagaraman and V. Kaviyarasan (2009). Comparative study
on the antioxidant, anticancer and antimicrobial property of Agaricus bisporus (J. E. Lange) Imbach
before and after boiling. Afr. J. Biotechnol., 8: 654-661.
[2] J. Liu, L. Jiya, J. Kan and C. Jin (2013). In vitro and in vivo antioxidant activity of ethanolicextact of
white button mushroom (Agaricus bisporus). Food Chem. Toxicol., 51: 310-316.
Emer Life Sci Res (2022) 8(2): 84-91

90

emergent

Life Sciences Research

Kumar et al.

[3] A. Braaksma, D. J. Schaap, J. W. Donkers and C. M. A. Schipper (2001). Effect of cytokinin on cap
opening in Agaricus bisporus during storage. Postharvest Biol. Technol., 23: 171-173.
[4] D. L. Hawksworth (2001). Mushrooms: the extent of the unexplored potential. Int. J. Med.
Mushrooms. 3: 333-337.
[5] Y. Coskuner and Y. Ozdemir (2000). Acid and EDTA blanching on the essential element content of
Mushrooms (Agaricus bisporus). J. Sci. Food Agric., 80: 2074-2076.
[6] S. Yaper, S. S. Helvaci and S. Peker (1990). Drying behaviour of mushroom slices. Dry. Technol., 8:
77-79.
[7] T. Arumuganathan, M. R. Manikantan, R. D. Rai, S. Anandakumar and V. Khare (2009). Mathematical
modeling of drying kinetics of milky mushroom in a fluidized bed dryer. Int. Agrophys., 23: 1-7.
[8] D. Argyropoulos, H. Albert and M. Joachim (2011). Assessment of convection, hot-air combined
with microwave vacuum and freeze-drying methods for mushrooms with regard to product
quality. Int. J. Food Sci. Technol., 46: 333-342.
[9] V. P. Sharma, K. Sudheer, Y. Gowtham, S. Manjith and K. Shweta (2017). Status of mushroom
production in India. Mushroom Res., 26: 111-120.
[10] D. J. Royse and J. Baars and Q. Tan (2017). Current Overview ofMushroom Production in the
World. In: Zied DC, Pardo-Giminez A (eds) Edible and medicinal mushrooms: technology and
applications. John Wiley & Sons LtD, Hoboken, pp 5-13.
[11] M. S. Ranganna (1986). Handbook of Analysis and Quality Control for Fruits and Vegetables
Products; McGraw Hill Publishing Co. Ltd., New Delhi.
[12] S. K. Giri and S. Prasad (2008). Quality and moisture sorption characteristics of microwavevacuum, air and freeze-dried button mushroom (Agaricus bisporus L.). J. Food Process. Preserv.
33: 237-251.
[13] F. Shishehgarha, J. Makhlouf and C. Ratti (2002). Freeze-drying characteristics of strawberries.
Drying Technol., 20: 131-145.
[14] N. Divine, F. Charles, T. Dzudie, K. Cesar and T. Clerge (2014). Effect of moisture content on
selected physical properties of shea kernel of varying slice thickness. Afr. J. Food Sci., 8: 35-41.
[15] L. Meda and C. Ratti (2005). Rehydration of freeze-dried strawberries at varying temperatures. J.
Food Process Eng., 28: 233-246.
[16] K. S. Sandhu and B. Parhawk (2002). Studies on the preparation of dehydrated potato cubes. J.
Food Sci. Technol., 39: 594-602.
[17] AOAC (1984). Official Methods of Analysis. 14th ed. The Association of the Official Analytical
Chemists. Arlington, USA.
[18] ASABE Standards (2007). Cubes, pellets and crumbles – Definitions and methods for determining
density, durability and moisture content. St. Joseph, Mich.: ASABE pp 5. S269.4.

Emer Life Sci Res (2022) 8(2): 84-91

91

