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Abstract Postharvest browning is the primary cause of a de-
crease in the shelf life of the white button mushroom
(Agaricus bisporus). This study investigated the effect of post-
harvest brassinolide (BL) treatment on metabolism in relation
to browning of the white button mushroom. Each harvested
mushroom was dipped into one of three solutions containing
0, 1, or 3 μM BL for 5 min and stored in darkness at 4 °C for
16 days. Our results indicated that treatment with BL restrains
browning development and reduces the total phenolic content
and polyphenol oxidase activity. In addition, BL treatment
maintains lower weight loss, electrolyte leakage, and
malondialdehyde content and inhibits any increase in
lipoxygenase activity compared with those of the control
mushrooms. Furthermore, BL treatment significantly de-
creases the accumulation of reactive oxygen species (ROS)
and induces the antioxidant enzyme system. Compared with
1 μM BL, treatment with 3 μM BL is more effective in re-
ducing cap browning. The reduction of membrane oxidative
damage and ROS levels induced by BL inhibits enzymatic

browning reaction in the white button mushroom. These find-
ings suggest that treatment with BL could have the potential of
inhibiting browning and thus maintaining the mushroom’s
commercial value.

Keywords Agaricus bisporus (J.E. Lange) Imbach . Cap
discoloration . Brassinosteroids . Phenols .Membrane
oxidative damage

Introduction

The white button mushroom (Agaricus bisporus) is consid-
ered the most extensively cultivated edible mushroom in the
world (Meng et al. 2012). However, it has a short postharvest
life, of only less than 3 days at room temperature, mainly due
to browning, senescence, high respiration, water loss, and mi-
crobial attack (Ye et al. 2012). In particular, browning deter-
mines the marketability and consumer acceptability of mush-
rooms (Qin et al. 2015). Postharvest browning of mushrooms
is mainly presumed to occur through the oxidation of phenolic
substances into quinones by enzymatic action, such as the
polyphenol oxidase (PPO), which ultimately polymerize to
produce the browning appearance (Mohapatra et al. 2008).
To a lesser extent, some surface discoloration is also caused
by microbial contamination (Jahangir et al. 2011). Therefore,
delaying or reducing browning could be an important means
of extending the shelf life and maintaining the quality of the
white button mushroom.

Enzymatic browning is associated with membrane integrity
loss during tissue deterioration and senescence (Zhu et al.
2009).Membrane integrity is negatively correlated with mem-
brane lipid peroxidation, which is catalyzed by lipoxygenase
(LOX) and leads to malondialdehyde (MDA) production (Gill
and Tuteja 2010; Sharma et al. 2012). Lipid peroxidation
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alters membrane properties and causes cell defects, such as
electrolyte leakage and cellular decompartmentation (Yang
et al. 2009; Chomkitichai et al. 2014). Reactive oxygen spe-
cies (ROS), such as superoxide anion (O2

·−) and hydrogen
peroxide (H2O2), play a critical role in increasing lipid perox-
idation and causing membrane oxidative damage (Thompson
et al. 1987; Scandalios 1993). A natural defense system, such
as an enzymatic antioxidant, has the ability to protect the plant
from the toxic effect of ROS. It has been shown that superox-
ide dismutase (SOD) catalyzes the dismutation of the super-
oxide free radicals into H2O2 and that H2O2 can be scavenged
as a result of catalase (CAT) and ascorbate peroxidase (APX)
enzyme activities (Sevillano et al. 2009). Reduced oxidative
damage to the membrane apparently maintains the compart-
mentation of enzymes and substrates and, thereby, lessens
enzymatic browning (Chomkitichai et al. 2014).

Various strategies have been attempted to retard browning
and prolong shelf life of fresh whole or sliced mushrooms.
Heretofore desirable results have been obtained through some
chemical treatments and/or physical methods, such as citric
acid (Brennan et al. 2000), hydrogen peroxide (Cliffe-
Byrnes and O’Beirne 2008), calcium chloride (Miklus and
Beelman 1996), ethylenediaminetetraacetic acid (EDTA)
(Sapers et al. 1994), sorbitol (Anantheswaran et al. 1996),
modified atmosphere packaging (Simón et al. 2010),
electron-beam irradiation (Koorapati et al. 2004), and ultra-
sound treatment (Lagnika et al. 2014). However, the response
of white button mushroom to citric acid, hydrogen peroxide,
or electron-beam irradiation suggests that the alleviation of
discoloration was mainly due to antibacterial activity, rather
than inhibition of enzymatic browning (Brennan et al. 2000;
Koorapati et al. 2004). Recently, several researchers have fo-
cused onmethyl jasmonate (MeJA, a naturally occurring plant
growth regulator) treatments of white button mushroom for
long-term preservation. Possible mechanisms of browning al-
leviation by such treatments generally involve maintenance of
membrane integrity, improvement of antioxidant system, and
low gene expression and enzymatic activity of PPO (Jahangir
et al. 2011; Meng et al. 2012).

Brassinosteroids (BRs) are a group of naturally occurring
plant steroidal hormones that are important for plant growth
and development and plant responses to biotic and abiotic
stresses (Bajguz and Hayat 2009). BRs have also attracted
much attention in the preservation of postharvest horticultural
products. Treatment with brassinolide (BL) (Fig. 1), the first
member of BRs isolated and shown to have biological activity,
induced disease resistance and delayed senescence in jujube
fruit (Zhu et al. 2010). Exogenous BL maintained membrane
integrity and mitigated chilling injury in mangos and toma-
toes, thus improving their storage quality (Li et al. 2012;
Aghdam and Mohammadkhani 2014). Wang et al. (2012) re-
ported that BL increased the resistance of green bell pepper to
low temperature stress, possibly in conjunction with improved

membrane stability and increased activities of antioxidant
enzymes. Recently, Gao et al. (2015, 2016) found that 24-
epibrassinolide (EBL), an active form of BR, inhibited flesh
browning of eggplant and peach fruit in relation to phenol
metabolism during cold storage.

To the best of our knowledge, no research work has been
conducted to study the effects of BL postharvest treatment on
browning of the white button mushroom during storage.
Therefore, the aim of this study was to investigate the effects
of BL on phenol metabolism, membrane oxidative damage,
and ROS accumulation that have been linked to browning
development of mushroom caps.

Materials and Methods

Chemicals

BL (≥90 %) was obtained from Aladdin Industrial Co., Ltd.,
Shanghai, China. Folin-Ciocalteu’s phenol reagent (Vetec™
reagent grade) and thiobarbituric acid (≥98 %) were obtained
from Sigma-Aldrich, Shanghai, China. All other chemicals
were of analytical reagent-grade purity and obtained from
Beijing Solarbio Science & Technology Co., Beijing, China.

Mushrooms and Treatment

White button mushrooms (Agaricus bisporus (J.E. Lange)
Imbach stain A-15) from the first flush were harvested at
commercial maturity stage (approximately 3–4 cm) from
Liaoyuan Agricultural Co., Ltd., Beijing, China. The mush-
rooms were transported to the laboratory within 1 h and stored
in darkness at 4 °C and 80–90 % relative humidity (RH) for
24 h. Themushrooms were selected based on color uniformity
and absence of mechanical damage and then randomly divid-
ed into three lots of 300 sporophores each. Two lots were
dipped in aqueous solutions of either 1 or 3 μMBL (prepared
in ethanol/distilled water (1:1000, v/v) containing 0.1 % (v/v)
Tween-20) for 5 min at 25 °C. A third lot was dipped in
ethanol/distilled water (1:1000, v/v) with 0.1 % (v/v) Tween-

Fig. 1 Structural formula of brassinolide (BL). (Cited from Lei et al.
2015)
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20 under the same conditions and used as a control. Each
treatment was replicated three times. The mushrooms were
allowed to completely dry at 25 °C for 1 h and packed in
low-density polyethylene bags (ten intact sporophores for
each bag). The samples were stored in darkness at 4 °C and
80–90% RH for 16 days. Twenty sporophores per replicate of
each treatment were taken immediately following treatment
(time 0) and after 4, 8, 12, and 16 days. Ten mushroom caps
per replicate of each treatment were selected to assess surface
color. Another ten mushroom caps per replicate of each treat-
ment were diced, frozen in liquid nitrogen, and stored at
−80 °C to assess total phenolic content, MDA content, ROS
levels, and enzyme activity.

Cap Color

Mushroom cap browning was assessed by measuring the sur-
face color using a Minolta Chroma Meter CR-400 (Konica
Minolta Sensing, Inc., Osaka, Japan). The lightness (L*) value
was determined after 0, 4, 8, 12, and 16 days of storage at 4 °C
according to the method of Meng et al. (2012).

Total Phenolic Content

Total phenolic content was determined according to Folin-
Ciocalteu’s method (Singleton and Rossi 1965) with modifi-
cations. One gram of frozen tissue was homogenized at 4 °C
with 5 mL of ice-cold methanol, centrifuged, and filtered, and
the filtrate was diluted with 5 mL of distilled water. A sample
of 150 μL was transferred in a test tube and added 750 μL
Folin-Ciocalteu’s phenol reagent and 600 μL sodium carbon-
ate solution (7.5 %, w/v); the tube was vortexed and incubated
at 25 °C for 1 h, after which the absorbance was measured at
760 nm using a TU-1901 spectrophotometer (Beijing Purkinje
General Instrument Co. Ltd., Beijing, China). Gallic acid was
used as the calibration standard, and the data were expressed
as gallic acid equivalents in mg g−1 fresh weight (FW).

Weight Loss

Weight loss was determined at time 0 and after 4, 8, 12, and
16 days of storage at 4 °C. Weight loss was expressed as a
percentage using Eq. (1), whereW0 andW1 are the initial and
final sample weights, respectively.

Weight loss %ð Þ ¼ W0� W1Þ = W0 � 100ð ð1Þ

Electrolyte Leakage

Electrolyte leakage was measured using the method of Meng
et al. (2012) with minor modifications. Disks (3 mm thick) of
the pileus tissue were excised using a stainless steel cork borer

(1 cm in diameter) from the top and middle part of the cap.
Five disks of each replicate, excised from five caps, were
washed with distilled water and put into 30 mL deionized
water in a 50-mL plastic centrifuge tube. The electrical con-
ductivity of the suspended solution was measured immediate-
ly (P0) and again after being shaken for 2 h (P1) with an
MP513 conductivity meter (Sanxin, Shanghai, China). The
samples were then boiled for 10 min and cooled to room
temperature, and a final conductivity measurement (P2) was
taken. Electrolyte leakage was expressed as a percentage
using Eq. (2):

Electrolyte leakage %ð Þ ¼ P1−P0ð Þ
.

P2−P0ð Þ

� 100 ð2Þ

MDA Content

MDAcontent wasmeasured using the thiobarbituric acid (TBA)
method described by Ding et al. (2007) with modifications. One
gram of frozen tissue was homogenized with 3 mL of 10 %
(w/v) trichloroacetic acid and then centrifuged at 12,000×g for
30 min at 4 °C. One milliliter of the supernatant was mixed with
3mL of 0.6% (w/v) TBA. Themixture was heated to 100 °C for
20 min, cooled and centrifuged at 12,000×g for 15 min at 4 °C.
The absorbance of the supernatant was determined at 560 nm
and subtracted from the absorbance at 600 nm. MDA concen-
tration was calculated using the extinction coefficient
155 mM−1 cm−1 and expressed as μmol g−1 FW.

O2
·− Production Rate

O2
·− production rate was determined according to the method

of Jiang et al. (2010) with modifications. One gram of frozen
tissue was homogenized in 6 mL 65 mM potassium phosphate
buffer (pH 7.8), 2 mL 10 mM hydroxylamine hydrochloride,
and 2 mL 0.1 M EDTA at 4 °C. The homogenate was centri-
fuged at 12,000×g for 30 min at 4 °C. Two milliliters of super-
natant was mixed with 2 mL 17 mM 4-aminobenzenesulfonic
acid and 2 mL 7 mM α-naphthylamine. After incubation at
40 °C for 15 min, 2 mL ehylether was added and the mixture
was centrifuged at 3000×g for 15 min. The absorbance was
recorded at 530 nm. A standard curve with potassium nitrite
was used to calculate the O2

·− production rate from the reaction
equation of O2

·−with hydroxylamine. O2
·− production rate was

expressed as nmol min−1 g−1 FW.

H2O2 Content

H2O2 content was determined according to the method de-
scribed by Patterson et al. (1984). One gram of frozen tissue
was homogenized at 4 °C with 2 mL ice-cold acetone. The
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homogenate was centrifuged at 12,000×g for 30 min at 4 °C,
after which 1 mL supernatant was mixed with 0.1 mL of 5 %
(w/v) titanium sulfate and 0.2 mL 17 M ammonia. The pre-
cipitate was washed five times with ice-cold acetone by resus-
pension, drained, and dissolved in 5 mL 2 M H2SO4. The
absorbance was measured at 410 nm. H2O2 content was cal-
culated using H2O2 as a standard curve and then expressed as
μmol g−1 FW.

Enzyme Assessment

Enzyme extracts for enzyme activity assays were prepared
according to the method of Zhao et al. (2011) with modifica-
tions. The enzyme extraction procedure was conducted at
4 °C. Five grams of frozen tissue was extracted with 10 mL
50mMpotassium phosphate buffer (pH 7.0) containing 1 mM
EDTA and 5 % (w/v) polyvinyl polypyrrolidone. After
centrifuging the homogenate at 12,000×g for 30 min at 4 °C,
the supernatant was used for the enzymatic assays.

PPO (EC1.10.3.1) activity was determined according to the
method of Yingsanga et al. (2008). One unit of enzyme activ-
ity was defined as a 0.01 increase in absorbance at 420 nm per
minute and was expressed as units (U) mg−1 protein. LOX
(EC 1.13.1.12) activity was determined according to the meth-
od of Todd et al. (1990). One unit of LOX was defined as a
0.01 increase in absorbance at 234 nm per minute and was
expressed as U mg−1 protein. SOD (EC 1.15.1.1) activity was
determined according to the method of Dhindsa et al. (1981).
One unit of SOD activity was defined as the amount of en-
zyme that caused 50 % inhibition of nitroblue tetrazolium and
was expressed as U mg−1 protein. CAT (EC 1.11.1.6) was
determined according to the method of Aebi (1984). One unit
of CAT activity was defined as the amount of enzyme that
caused a 0.01 decrease in absorbance at 240 nm per minute
and was expressed as U mg−1 protein. APX (EC 1.11.1.11)
activity was determined according to the method of Nakano
and Asada (1981). One unit of APX activity was defined as
the amount of enzyme that caused a 0.1 decrease in absor-
bance at 290 nm per minute and was expressed as U mg−1

protein.
The activity of each enzyme was expressed based on the

amount of protein, and protein content was determined
according to Bradford (1976) using bovine serum albumin
as a standard.

Statistical Analyses

The experiments were arranged in a completely randomized
design with three replicates. Error bars showed standard errors
(SE) of the means for three replicates. The data were analyzed
statistically with one-way analysis of variance (ANOVA)
using SPSS (version 19.0) statistical analysis software (IBM
SPSS, Inc., Chicago, IL, USA). Differences between means

were assessed by Duncan’s multiple range tests. Correlation
analysis was carried out using Pearson’s test (two-tailed). A
difference was considered to be statistically significant when
P<0.05.

Results and Discussion

Cap Color

Mushrooms with an L* value <80 or <69 were considered as
unacceptable from a whiteness point of view at wholesale or
consumer levels, respectively (Gormley 1975; Meng et al.
2012). The L* value in the control mushrooms sharply de-
creased from 89.71±1.80 at day 0 to 79.03±1.28 at day 8
and then to 68.78±1.43 at day 16, which might not be con-
sidered as wholesale acceptable (Fig. 2a). Compared with the
control, the 1 μM BL treatment significantly inhibited mush-
room cap browning as the L* value for these mushrooms was
79.94±1.17 at day 12. Finally, the application of 3 μM BL
remarkably retarded the decrease in L* value, as the luminos-
ity remained above the acceptance limit until day 16, with a
value of 80.13±1.42. These results were also supported by

Fig. 2 Lightness (L*) evolution (a) and browning appearance (b) of
control and BL (1 and 3 μM)-treated white button mushrooms during
storage at 4 °C. Data represent the means ± SE, n= 3
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visual inspection at day 16 (Fig. 2b). As noted in this figure,
the treatment with 3 μMBL leads to a mushroom cap that was
lighter in color than either the control or those treated with
1 μM BL.

Total Phenolic Content

The total phenolic content in the control mushrooms peaked at
day 8 and then gradually decreased (Fig. 3). Compared with
the control, both 1 and 3 μM BL-treated mushrooms main-
tained lower levels of total phenolic content from day 8 till the
end of the storage period, which were 8 and 13 % lower than
those in the control mushrooms at day 16, respectively. These
data reveal that the accumulation of phenolic compounds in
white button mushrooms during storage is effectively
inhibited by BL. Gao et al. (2015) also reported that EBL
treatment reduced total phenolic content in eggplant fruits
during the postharvest period.

PPO Activity, Weight Loss, Membrane Oxidative
Damage, and ROS Levels

PPO activity in all mushrooms progressively increased
throughout the storage. However, the PPO activities were still
19 and 30% lower in the mushrooms treated with 1 and 3 μM
BL, respectively, than that in the control mushrooms at day 16
(Table 1). Our results are in conformity with the findings of
earlier researchers who reported that phytohormone MeJA
was effective in decreasing PPO activity in white button
mushrooms (Jahangir et al. 2011; Meng et al. 2012). The L*
value was negatively correlated with the PPO activity after
3 μM BL treatment with Pearson’s coefficient of 0.95
(P < 0.05). The concomitant reduction of total phenols
(Fig. 3) suggests that the inhibition of browning could be
due to the lower level of phenols available to be oxidized in
conjunction with reduced PPO activity.

The percentage of weight loss with respect to storage time
and treatments in the mushrooms was calculated from Eq. (1).
The weight loss in both the control and BL-treated mush-
rooms increased gradually with storage duration (Table 1).
The mushrooms treated with 1 and 3 μMBL showed relative-
ly lower weight loss in comparison with the control after
8 days of storage, especially the mushrooms treated with
3 μM BL (P<0.05). The reason for low weight loss in the
BL-treated mushrooms might be due to the enhancing effects
of BL to membrane integrity that could slow down the dehy-
dration process (Maalekuu et al. 2006; Aghdam and
Mohammadkhani 2014). Our results are consistent with find-
ings in composite chemical-pretreated button mushrooms
(Khan et al. 2014).

Electrolyte leakage of the control and BL-treated mush-
rooms during storage was calculated from Eq. (2). The elec-
trolyte leakage increased rapidly in the control mushrooms
over the entire storage period, indicating a reduction in mem-
brane integrity of flesh cells. Even when the electrolyte leak-
age in the mushrooms treated with 1 and 3 μMBL presented a
similar trend, the increase in electrolyte leakage in the BL-
treated mushrooms was only 71 and 44 %, respectively, of
that in the control mushrooms at day 16 (Table 1). Similar
results were reported for green bell peppers, mangos, and egg-
plant fruits treated with BRs under chill stress (Wang et al.
2012; Li et al. 2012; Gao et al. 2015). Meng et al. (2012) also
pointed out that 100 μM MeJA slowed the increase rate in
electrolyte leakage of white button mushrooms. The L* value
was negatively correlated with the electrolyte leakage after
3 μM BL treatment with Pearson’s coefficient of 0.96
(P<0.05). These results show that the reduced electrolyte
leakage found in BL-treated mushrooms is indicative of BL
assisting in maintaining membrane integrity and thereby
inhibiting membrane permeability. It is possible that this de-
creases cellular contact between enzymes and substrates (such
as phenols) and further contributes to improved color
maintenance.

MDA content and LOX activity in all the treatments in-
creased continuously during storage. Treatment with 3 μM
BL slowed down the formation of MDA and the increase of
LOX activity during the storage. One micro-molar BL treat-
ment was not as effective in inhibiting this increase as 3 μM
BL treatment during the whole storage period, but MDA con-
tent and LOX activity in the 1 μM BL-treated mushrooms
were significantly lower than those in the control mushrooms
from day 8 till day 16 (Table 1). This indicates that BL re-
duced membrane lipid peroxidation of white button mush-
rooms by inhibiting LOX activity, resulting in decreased
MDA production. Similar results were also mentioned by
Aghdam and Mohammadkhani (2014) in BL-treated tomato
fruits at low temperature. The L* value was negatively corre-
lated with MDA content and LOX activity after 3 μM BL
treatment with Pearson’s coefficients of 0.91 and 0.93,

Fig. 3 Total phenolic content of control and BL (1 and 3 μM)-treated
white button mushrooms during storage at 4 °C. Data represent the
means ± SE, n = 3
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respectively (P<0.05). These results suggest that the reduced
membrane lipid peroxidation by BL might contribute to inhi-
bition of cap browning in white button mushrooms.

In general, the O2
·− production rate in all the samples in-

creased with storage time. Consistently lower O2
·− production

was observed in the BL-treated mushrooms compared with
that of the control, especially in mushrooms treated with
3 μM BL. H2O2 content in both the control and BL-treated
mushrooms showed a pattern similar to O2

·− production
throughout the storage period (Table 1). Such decreases in
both O2

·− production rate and H2O2 content are also reported
in the mushrooms treated with MeJA (Jahangir et al. 2011).
These results indicate that BL helps to reduce ROS levels that
are directly involved in the oxidation process and actively
participate in cell degradation. The L* value was negatively

correlated with O2
·− production rate and H2O2 content after

3 μM BL treatment with Pearson’s coefficients of 0.90 and
0.91, respectively (P<0.05). The results indicate that inhibi-
tion of ROS generation by BL might be correlated with re-
duced cap browning of white button mushrooms.

Antioxidant Enzyme Activities

As shown in Fig. 4a, an increase in SOD activity in all the
samples was observed during the first 4 days of storage, after
which it gradually decreased. SOD activity in the mushrooms
treated with 1 and 3 μM BL was 11 and 19 % higher, respec-
tively, than that of the control at day 8. CAT activity in the
control mushrooms gradually decreased since day 4 till day
16(Fig. 4b). BL treatments enhanced CAT activity during the

Table 1 PPO activity, weight loss, membrane oxidative damage, and ROS levels of control and BL (1 and 3 μM)-treated white button mushrooms
during storage at 4 °C

Treatment Storage days

0 4 8 12 16

PPO activity (U mg−1 protein)

Control 16.22 ± 0.55eA 22.43 ± 0.37dA 31.56 ± 1.37cA 35.20 ± 1.19bA 43.06± 2.21aA

1 μM BL 16.56 ± 0.39eA 20.21 ± 0.05 dB 28.15 ± 1.16cB 32.76 ± 0.58bB 34.83± 1.52aB

3 μM BL 16.78 ± 0.08cA 17.81 ± 1.41cC 24.72 ± 1.81bC 30.35 ± 0.52aC 30.08± 1.57aC

Weight loss (%)

Control — 0.60± 0.02dA 1.57 ± 0.09cA 2.34± 0.21bA 2.63 ± 0.15aA

1 μM BL — 0.57± 0.07dA 1.19 ± 0.18cB 2.04± 0.05bB 2.37 ± 0.03aB

3 μM BL — 0.42± 0.03 dB 0.76 ± 0.06cC 1.69± 0.04bC 1.84 ± 0.04aC

Electrolyte leakage (%)

Control 7.45 ± 0.69eA 26.51 ± 4.49dA 41.36 ± 6.29cA 51.49 ± 6.47bA 65.35± 5.97aA

1 μM BL 7.01 ± 1.40eA 22.60 ± 1.91dA 30.29 ± 3.29cB 38.62 ± 4.68bB 46.42± 4.52aB

3 μM BL 7.67 ± 0.69dA 15.11 ± 2.43cB 19.89 ± 1.99bC 27.50 ± 2.79aC 28.49± 6.68aC

MDA content (μmol g−1 FW)

Control 2.66 ± 0.32dA 4.11 ± 0.26cA 4.76 ± 0.41bcA 5.38± 0.38bA 6.67 ± 0.50aA

1 μM BL 2.67 ± 0.55dA 3.82± 0.12cA 3.98 ± 0.30bcB 4.50± 0.29bB 5.17 ± 0.38aB

3 μM BL 2.69 ± 0.36bA 3.03± 0.04bB 2.96 ± 0.38bC 3.74± 0.28aC 4.19 ± 0.37aC

LOX activity (U mg−1 protein)

Control 1.98 ± 0.37eA 3.53± 0.40dA 4.78 ± 0.37cA 5.60± 0.18bA 7.56 ± 0.43aA

1 μM BL 1.93 ± 0.44eA 3.38± 0.41dA 4.13 ± 0.20cB 5.02± 0.25bB 6.47 ± 0.31aB

3 μM BL 1.84 ± 0.37cA 2.24± 0.47cB 2.51 ± 0.23cC 3.71± 0.30bC 5.29 ± 0.40aC

O2
·− production rate (nmol min−1 g−1 FW)

Control 1361.08± 384.01eA 2304.62 ± 398.96dA 3400.73± 481.79cA 5633.20 ± 420.51bA 7312.56± 420.45aA

1 μM BL 1376.78± 156.15dA 1961.23 ± 72.04cA 2368.92± 338.56cB 3384.93 ± 199.84bB 4824.57± 435.54aB

3 μM BL 1417.32± 192.50cA 1512.84 ± 138.56cB 1608.77± 132.18cC 2664.74 ± 230.62bC 3464.71± 349.72aC

H2O2 content (μmol g−1 FW)

Control 4.63 ± 0.54dA 10.49 ± 1.01cA 11.09± 0.11cA 16.17 ± 1.21bA 23.46± 1.23aA

1 μM BL 4.71 ± 0.22dA 9.03± 0.58cA 9.56 ± 0.82cB 13.32 ± 0.93bB 18.40± 0.93aB

3 μM BL 4.67 ± 0.72dA 7.63± 0.40bB 6.77 ± 1.01cC 11.11 ± 0.97bC 14.18± 1.75aC

Values within a row followed by different lowercase letters or within a column followed by different capital letters are significantly different at P< 0.05.
Data represent the means ± SE, n = 3
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postharvest storage period, and notably higher levels of the
enzyme were present in the mushrooms treated with 3 μM
BL. The control mushrooms showed a slight increase in
APX activity at day 4 and a constant decrease thereafter
(Fig. 4c). APX activity was elevated in the mushrooms treated
with 1 and 3 μM BL and was maintained at relatively high
levels, which were 42 and 79 % higher, respectively, than
those of the control at day 16. Likewise, Zhu et al. (2010)
found that BL enhanced SOD activity and induced disease
resistance in jujube fruit, and Wang et al. (2012) reported that
BL increased the activities of CAT and APX and induced an
antioxidant response to chill stress in pepper fruit. In this
study, reduction of ROS by BL during cap browning might
be due to BL-induced enhancement of the antioxidant defense
system.

Conclusions

Reduced ROS accumulation and membrane oxidative damage
induced by BL retards the reaction between PPO and phenolic
compounds and leads to the alleviation of enzymatic brow-
ning in white button mushrooms. Compared with 1 μM BL,
treatment with 3 μM BL is more effective in reducing discol-
oration on the mushroom caps. Thus, application of BL could
be an important strategy in maintaining the color and extend-
ing the storage life of postharvest white button mushrooms.
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