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Abstract This Study aimed to investigate the rehydration ratio, temperatures, times, amount of leaching of
polysaccharide content and storage (CFU) of A. auricula-judae mushroom. Five rehydration temperatures (25, 40, 60,
80 and 100°C) and the water immersion time (10, 20, 30, 40, 50, 60 minutes) were used. The highest rehydration
ratio 9.53%as observed in the soaking temperature of 100◦C whereas the lower rehydration ratio 5.65% obtained at
25◦C correspondingly. Whereas the polysaccharide content result revealed that maximum loss found 12.62% soaking
temperature of 100°C for 60min while a minimal loss, 4.23% at soaking temperature of 60°C for 30 min.
Monosaccharide composition was analyzed via gas chromatography it showed the polysaccharide composed of
glucose, galactose, rhamnose, mannose and arabinose. Highest overall viable count of bacteria ranges from 2.5 x105
cfu/g to 6.75 x107 cfu/g. However, the effect of time and temperature on the rehydration found to be significant
(P>0.05).
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1. Introduction
Auricularia Auricula (generally called black woody ear
or tree ear), a precious macrofungus, has a reputation as
being a health promoting food in China. The A. auriculajudae is a traditional fungi food and found throughout the
year in temperate regions worldwide. This mushroom
native to Asia and some Pacific islands with humid
climates, according to the Mycological Society of San
Francisco. A. auricula-judae is an edible mushroom and
often used in Asian cooking [1].
Mushrooms have been used since earliest times not just
as foods or food flavouring materials, although for
medicinal and functional purposes. The nutrients can be
obtained moderately economically from A. auricula-judae
are very important for human body maintenance. A.
auricula-judae generally purchased in dried form, prior to
use it required the soaking in water for a short period of
time and it puff up to several times toward its normal size.
Many dehydrated products commonly used in place of
fresh foods owing to several advantages such as
convenience in shipping, storage, processing preparation
and use. Dehydrated products need to be rehydrated
before consumption as further processing ([2,3,4]).

Rehydration is a complicated process intended at the
restoration of raw material properties, is the replacement
of water in dehydrated foods. Rehydration can be
considered as a remedial measure of the damage to the
material caused by the drying process. It is generally
accepted that rehydration is directly related to the degree
of cellular and structural damage caused to the food ([5-10]).
Rehydration medium and temperature have been studied
by ([2,6,11]). Rehydration is a process of moistening dry
material [13] and is generally carried out by soaking the
dry material in large amounts of water, even though,
instead of this, some authors have used air with high
relative humidity, either statically or in a drying chamber
with air circulation [14]. Three major processes take place
at the same time during rehydration the imbibitions of
water into the dried material and the swelling and the
leaching of soluble solid [15]. A.auricula-judae is rich in
polysaccharides, which contain lots of beneficial effects
on health. polysaccharides are important pharmaceutical
components which give advantages on human health such
as anti‐inflammatory effectively, demonstrate strong
immunomodulatory and antitumoral activities and
pharmacological properties [16]. Pharmacologically the
polysaccharides have been used as an anticoagulant and to
lower cholesterol [17]. Fungal polysaccharides have been
identified as promoting human health, polysaccharides is a
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key source of biological activity and consideration to
avoid cancer for medicinal use of Auricularia auricula.
Dried foods are used in all sorts of industrial food
products, generally dehydrated products are rehydrated for
final use in many process industries. Consequently, it is
important to know rehydration characteristics and leaching
of nutrient (polysaccharide) influenced by processing
conditions. Therefore, this study was conducted to assess
the rehydration characteristics of auricula-judae
mushroom at five temperatures (25, 40, 60, 80 and 100°C)
on different water immersion time (10, 20, 30, 40, 50 and
60 minutes) to examine the leaching of polysaccharide
during soaking. The rehydrated samples were stored at
ambient temperature 30 ± 2°C to evaluate the shelf life
and colony forming count (CFU). While determination of
the monosaccharide composition, polysaccharide sample
was freeze dried and analysis using a GC method.

2. Materials and Methods
2.1. Chemical and Standards

2.4. Preparation of Blank Solution
To 1ml of distilled water added 1ml of 5% phenol
followed by 5ml of concentrated H2SO4.

2.5. Preparation of Standard Solution
A stock solution 100µg/ml of glucose was prepared in
distilled water. 1ml of 5% phenol solution was added to 1
ml of sugar solution followed by 5ml of concentrated
H2SO4. The absorbance was measured at 490 nm against
the blank.

2.6. Determination of Total Polysaccharide
The total polysaccharide was determined by the phenolsulfuric acid method according to the [18] 1 mL of sample
solution and I mL of aqueous solution of phenol in test
tube. A 5 mL of concentrated sulfuric acid is added
rapidly to the mixture. Test tubes allowed to stand for 10
minutes and vortexed for 30s and kept in a water bath for
20 minutes at 35◦C for color development. Concentration
was determined via a spectrophotometer at absorption of
490 nm using the spectrophotometer (ZW0310072703
Shanghai, China) using the method of [19]. The
experiment was carried out in triplicate. Standard
DGlucan was used to draw the standard curve equation is
y=0.0142x+0.075, R2=0.997.
Polysaccharides loss was calculated by the following
formula:

A. auricula-judae mushroom was obtained from (Hebei
Province, China.). All reagents used were of analytical
grade. Standard reagents including D-mannose (Man), Lrhamnose (Rha), D-ribose (Rib), D-galactose (Gala), Dxylose (Xyl), D-arabinose (Ara), L-fructose (Fuc), and Dglucose (Glu), were purchased from Sigma–Aldrich
(USA). Hydroxylamine hydrochloride, acetic anhydride,
Polysaccharides Loss
sodium hydroxide (50%), inositol, pyridine, trifluoroacetic
acid (TFA), methanol, hydrochloric acid and acetic acid
Dilution × Total Volume × 0.9
=
× 100%
were obtained from the sinopharm chemical
reagent Co.
Weight of Sample
Ltd (Shanghai, China).

2.2. Instrumentation

2.7. Analysis of Monosaccharide Compositions

The following instruments were occupied: rotary
evaporator model RE-2000A (Yarong Bio-instrument
Shanghai, China) water bath model KD-98-IIA Tianjin
Taisite Instrument Co., Ltd. spectrophotometer
(ZW0310072703 Shanghai, China), Autoclave (ModelYX 280 A, Shanghai, China, gas chromatograph model
6890 (Agilent Technologies, USA) fitted with a HP-5
Silica capillary column (30 m × 0.32 X 0.5 um) and a
flame ionization detector (FID).

Freeze dried samples used for the analysis of
monosaccharide composition; A. auricula-judae (10mg)
was hydrolyzed with 2.0 M TFA (5 ml) at 100°C for 4 h
in sealed plastic tube [20]. Hydrolysate was evaporated to
dryness using 2 ml methanol 3-5 time under reduced
pressure at 40℃, in a rotary evaporator (Model RE-2000A
Yarong Bio-instrument Shanghai, China). Pyridine 0.5 ml,
10.0 mg hydroxylamine hydrochloride and 2.0 mg inositol
hexaacetate (as internal reference) were added, mixture
stand to react in a water bath (model KD-98-IIA Tianjin
Taisite Instrument Co., Ltd) at 90℃ for 30 min. Then
tubes were cooled to room temperature, after cooling 1ml
of acetic anhydride was added and mixed totally by
vortexing and the reaction was continued at 90℃ for 30
min. After incubation, the tubes were cooled to room
temperature and 10 ml chloroform was added to the
solution. The lower layer (organic layer) was collected
and evaporated to dryness under reduced pressure at 40℃,
using a rotary evaporator then dissolved in 500 µL of
chloroform for use. A 1-3 µl of the chloroform solution
was injected into the GC. Standards of monosaccharide
include 10 mg each of Man, Rha, Rib, Gala, Xyl, Ara, Fuc
and Glu was prepared and treated in the same way. The
procedure was performed in the following conditionsinjection temperature: 270°C, detector temperature: 250°C,
column temperature programmed: 1500C in the beginning,
maintained for 5 min, then increasing to 190°C at 10/min
and finally keeping for 5 min at 210°C at 2/min and fitted

2.3. Process of Rehydration
Different rehydration times and temperature were used
to obtain the best time. Rehydration experiments were
carried out in distilled water at 25, 40, 60, 80 and 100°C
(±0.2°C). A. auricula-judae pieces used as a sample of 2 g
for rehydration by immersion in a waterproof container
using a solid/liquid ratio of 1:50 of distilled water,
equilibrated to the rehydration temperature in a water bath.
The samples were then allowed to rehydrate for various
lengths of time treated, i.e. (10, 20, 30, 40, 50, and 60min)
samples were removed at regular intervals and weighed.
At the end of rehydration time, samples surface water was
removed smoothly with tissue paper. The rehydration ratio
was expressed by the following formula. Sample was
weight after and before keeping it in the hot water bath.

Rehydration ratio =

weight of rehydrated material
weight of dehydrated material
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2.8. Preparation of Medium, Inoculation and
Incubation
The nutrient agar medium used for microbial study, the
media were prepared according to the manufacturer's
instruction and used for enumeration of total viable
bacteria. Prior to the sterilization pH of the medium was
adjusted at 7.0. Media and all required material were
sterilized by autoclave at 121°C (Model-YX 280 A,
Shanghai China) for 30 minutes. 25g of A. auricula-judae
samples were aseptically removed from the glass beaker
and mixed with 180 mL of NaCl solution and dilution
were prepared of 10-1 to 10-10. The analysis was
accomplished according to the method of APHA [21]
Sterilized petri dishes were used and Inoculated with 0.10
ml of dilution on nutrient agar plates and uniformly spread
by glass rod using Laminar Air Flow Cabinet (Model SWEF-2 FD, Shanghai China). Inoculated plates were
incubated at 37°C for 24-48 hours. After incubation,
colonies were counted by using colony counter and total
coliform was calculated. The colonies were characterized
morphologically via Gram’s stain according to the method
described by [22]. A small colony was picked up from
nutrient agar plates with a bacteriological loop, smeared
on a glass slide with a drop of distilled water and fixed by
gentle heating. Crystal violate die was then applied to
slide for one minute followed by washing with running
water. Two drops of Gram’s Iodine then added for one
minute and next washed with running water. Acetone was
then poured (acts as decolorizer) for few a seconds,
followed by washing with water. Following safranin stain
was added as counter stain and allowed to stain for one to
two minutes. The slides were then washed with water,
dried in the air and examined under a compound
microscope (Model No 13395 H2X Leica Microsystems)
with the high power objective (100X) using immersion oil.

2.9. Statistical Analysis
Data were calculated Significance differences were
found out using analysis of variance (ANOVA) Statistical
significance was established at p < 0.05, Using the
software package SPSS (IBM Statistics version 20).

3. Result and Discussion
3.1. Rehydration Ratio
The rehydration ratio of the A. auricula is shown in
Figure 1. It was observed that the rehydration ratio
increased with enhanced in the temperature and time of
soaking. Highest soaking temperature of 100oC showed
the increased in rehydration ratio was higher than at 40°C,
60°C respectively. This is in agreement with the
investigation of others researcher when an increased in
bath temperature frequently gives a higher rehydration
ratio for dried food products ([13,23,24,25]). It was
examined that the higher the temperature, the higher the
rehydration ratio this may possibly be due to the fact that
the high soaking water temperature resulted in loss of

elastic properties of cell tissues moderately than causing
an opening up of the pores, which invariably reduced the
rate of rehydration. The result are agreement with [26],
showing that increasing drying temperature leads to the
increase of water liberation rate, then promoting important
structure deformations in the biological material. Finding
of the others research stated that the rehydration ratio used
to express the rehydration of the dehydrated food such as
carrots, mushrooms, pears, potatoes, and coriander leaves
([27,28,29,30,31]) As the temperature of the soaking
water increased, rehydration became faster this may be
due to the rapid absorption of water as a consequence of a
more open structure which favored rapid rehydration A.
auricula-judae. This is similar to the observation of [32]
that reconstitutes ability of food products. Rehydration
characteristics was found that there is a dissimilarity
between the time and temperature of A. auricula-judae
temperature showed an obvious effect on rehydration
(Figure 1).

Rehydration Ratio (%)

with a HP-5 Silica capillary column (30 m × 0.32 X 0.5
um.) High-purity helium was used as the carrier gas and
maintained at 1.2 mL/min.
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Figure 1. Rehydration ratio of Auricularia auricular Mushroom

3.2. Polysaccharides Loss
The polysaccharide contents of rehydrated samples of
A. auricula-judae are indicated in Figure 2. The residual
quantity of polysaccharide leached in the rehydrated
samples increased with an increased in soaking water
temperature. Polysaccharide content in larger quantity was
leached into the soaking water at high temperature of
80°C and 100°C respectively (Figure 2). Experiment
result showed that a maximum polysaccharides loss found
12.62% at 100°C soaking for 60min was higher than
4.23% at 60°C soaking for 30 min correspondingly. A
significant increase in polysaccharide content was
observed within the differential temperature. The
polysaccharides loss was different from each temperature
and time throughout the rehydration, numerous changes
can occur at extensive soaking times, rehydration in carrot
cubes found higher loss of solids at the temperatures of
95°C, it was maybe due to the loss of integrity of the
material and damaged the structure which influenced
water mass flow [33]. Results are further in agreements
with the [34,35,36], high temperature generates a loss of
solids or diffusion of soluble components. Carrot
rehydration generates several changes as the increased in
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the soaking temperature into the dried material, enhanced
the swelling and leaching of soluble solid from dried
foods ([7,37]). Several other studies illustrated water
uptake and solids dissolution occurred at the same time
during the rehydration of food products as dried apple
slices [38], dried chickpea [34], puffed breakfast cereals
[39]. Their study observed that the amount of solids
discharge was significant even for short periods of time,
leaching of solids during rehydration of hot air and freeze
dried particulate carrots. ([3,34]) reported that rehydration
of chickpea at low temperature of 25°C effect loss of
solids.
13
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Figure 2. Polysaccharideloss of Auricularia Auricula Mushroom

3.3. Storage of Rehydrated A. auricula-judae
and COLONY FORMING UNIT (CFU)
Storage life

ambient temperature 30°C ± 2°C. A. auricula-judae
samples affected by bacteria during storage and produces
off ﬂavor, shelf life ranges from 4 to 7 days respectively at
the different temperature and time soaking. Mushrooms
have a short shelf life of 3–4 days compared to most
vegetables at ambient temperatures, due to mushroom
don’t have cuticle to protect them from physical or
microbial attack or water loss [36]. Analysis of Variance
indicates that there were a significant effect of temperatures on
storage p- <0.005.

3.4. Morphology and Bacterial Count
Colony forming units of rehydrated A. auricula-judae
are presented in Table 1. The total bacterial count of A.
auricula-judae was counted after 48 hours that ranged
from 2.5x105 (cfu/g) to 6.75x107 (cfu/g) respectively. The
CFU count of A. auricula-judae rehydrated on different
temperature of soaking 40°C, 60°C and 80°C were ranged
from 3.2x104 to 1.9x104cfu/g, 6.45x106 cfu/g
correspondingly. Number of colonies that appeared on the
different plates was counted by colony counter and
expressed as colony forming units per gram (cfu/g).
Bacterial colonies were differentiated and recognized as
described by [40]. Morphology of the colony was
identified on the basis of morphological demonstration i.e.
color, shape, size, opacity, degree of growth and
consistency. It was observed that the most of the medium
plates were found to be light yellow in color, circular in
shape, small in size and moderate in growth. The results of
Gram’s staining showed that the two bacteria isolated
from A. auricula-judae were gram positive, bacillus and
staphylococcus. Research findings are in agreements with
the finding of [41] he described that A. auricula-judae
were affected by three kinds, Citrobacter, staphylococcus
and bacillus species during storage.
Table 1. Colony-forming units of affected A. auricula-judae
Temperature

Colony-Forming Units (CFU/g)

25°C

2.5 x105

40°C

3.2 x104

60°C

1.95 x104

80°C

6.45 x106

100°C

6.75 x107

7.5
7.0

Storage life (Days)

6.5
6.0

3.5. GC Chromatography

5.5
5.0
4.5
4.0
3.5
3.0
25oC

40oC

60oC

80oC

100oC

Figure 3. Storage life Auricularia Auricula Mushroom

Storage life of rehydrated samples of A. auricula-judae
are presented in Figure 3. Rehydration samples of
different temperature soaking were kept in glass
containers and sealed with polyethylene and stored at

Figure 4, showed the GC results of A. auricula-judae
sample and the GC chromatogram of Fructose, rahmnose,
xylose, arabinose, mannose, glucose and galactose.
Whereas as the Figure 4 showed monosaccharide
standards Peaks: (1) fructose (2) rahmnose (3) xylose (4)
arabinose (5) mannose (6) glucose and (7) galactose. The
peaks for all monosaccharides were sharp and
symmetrical in the chromatogram. The retention times of
F-Fructose, Rham (rhamnose), Xyl (xylose), Ara
(arabinos), Man (mannose), Glu (glucose), and Gal.
(galactose), were 2.959, 10.709, 11.533, 11.173, 16.840
17.115 and 18.089 min, respectively. The investigation of
the results from GC showed that the predominant
monosaccharide in A. auricula-judae were galactose,
glucose and mannose. The use of a 30 m×0.32 mm
capillary column demonstrate in good resolution with a
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run time of 34 min. The regression equation and
correlation coefficient (R2) of each temperature and all the
standards were determined with an SPSS statistical
software system. The regression equations for different
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temperatures 25°C, 40°C, 60°C, 80°C and 100°C were
y=0.748X0.1956, y=0.414X0.1654, y=0.758X 0.2626 y=
0.916X0.121 y= 0.809 X0.2154 y=0.962 X 0.1725
respectively and R2 0.963.

Figure 4. GC chromatogram of monosaccharides of rehydration of sample on different soaking temperautres from A. auricula mushroom (A)
rehydration at 25℃, (B) rehydration at 40℃, (C) rehydration at 60℃ (D) rehydration at 80℃ (E) rehydration at 100℃

4. Conclusions
Rehydration ratio and polysaccharide content were
higher during treatment at high soaking temperatures.
Higher temperature showed a soluble component was
leached during processing. Rehydration on the soaking

temperature of 60°C and 40min were found to be good.
The rehydration quality during storage was also not stable
and affected by bacteria. In order to understand the effect
of temperature on rehydration quality further study
required, therefore it is most important to carry further
study on a rehydration experiment for assembles efficient
method for rehydration of mushroom.
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