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Abstract

Kombucha is sweetened, slightly alcoholic, and lightly effervescent tea drink. Its acidity inhibits the growth of harmful
bacteria. Here, we studied effect of kombucha on post-harvest preservation of pear. The Hosui pears were soaked with the
kombucha for 15 minutes, and in distilled water as the control, respectively. Superoxide dismutase (SOD), peroxidase (POD),
malondialdehyde (MDA), hydrogen peroxide (H,O,), proline content, electric conductivity, weight loss rate and good fruit
rate in pear were measured during storage at room temperature. The results showed that the kombucha could effectively
prolong the storage time of pear fruit. The fruit quality of the treated group was 1.5 times higher than that of the control pear
fruit when stored at room temperature for 18 days. The weight loss rate, MDA content and electric conductivity of the
treatment group were lower than those of the control group during the whole storage period, indicating that kombucha can
inhibit the transformation of polysaccharides such as starch and pectin, and delay the degradation of nutrients in the fruit,
resulting in a decrease in weight loss rate, inhibition of membrane lipid peroxidation, reducing MDA content, electric
conductivity, maintaining cell membrane stability, delaying pear fruit senescence. Kombucha can inhibit the content of H,O,
and proline, increase the activity of POD and SOD increase the storage stability of fruits. The purpose of this study was to
clucidate the physiological mechanism of post-harvest preservation of pear by kombucha. The use of kombucha can prolong

the supply period of pear, increase economic benefits and expand the market of pear.
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Introduction

Pyrus pyrifolia is a deciduous fruit tree of the Rosaceae.
Pear was one of the five major fruits of China, and the
various resources are very rich. China was also one of the
origins of pear, and there was distribution and cultivation of
pear trees throughout the country (Huang ez 4l., 2009). Pear
fruit was crispy, fine pulp, low sclereid content, high juice
content, excellent flavor, soluble solid content as high as 8-
15%, aroma, and high quality (Itai and Tanahashi, 2008).
Pear has strong disease resistance and develops rapidly. Its
fruit yield increases yearly, but it has poor storage capacity.
Under normal temperature conditions, its disease resistance
decreases after its fruits are harvested, and mechanical
damage occurs during storage and transport. Pathogenic
microbial breeding and growth in fields and infection in
fruits cause decay and commodity loss, resulting in fruit

wastage and economic losses (Huang ez al., 2009). Pear
ripening season occurs in summer in a high—temperature
zone with a short harvest period and easy to cause sales
concentration. Pears are respiratory climacteric fruits with
strong metabolism. They are prone to respiratory peak after
harvest, thereby accelerating senescence, leading to a decline
in quality of pears and an increase in rot rate, and resulting
in a decrease in shelf life (Fan er a4l, 2016). Therefore,
studies on the post-harvest preservation technology of pears
can play an important role in extending the delivery period,
reducing fruit loss, increasing economic benefits, and
increasing market share.

With continuous advancements in pear storage and
preservation technology, fresh-keeping materials, including
plastic wrapes, preservatives, and fresh-keeping packaging,
have been continuously developed. With the development
of society, customers have focused on problems associated
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with chemical residues in fruits and vegetables. As such, the
use of pollution-free fresh-keeping methods of pear
preservation had been extensively investigated. The main
methods of storing and preserving pears include gas
absorption, heat treatment, preservative coating, 1-MCP
treatment, and biological preservation. Preservative coating
was low cost and had a good anti-corrosion effect, but it
produces a large chemical reagent residue and harms the
human body, possibly causing cancer, teratogenicity, and
mutagenicity in serious cases (Groppa and Benavides, 2008;
Moon et al, 2008; Li et al, 2013; Liu et al, 2013).
Biological preservatives are extracted from animals, plants,
and microorganisms and applied to preserve fruits through
immersion, coating, and other methods (Sharma ez 4,
2009; Aziz and Karboune, 2018). The preservation
mechanism involves the use of active antibacterial
substances to kill spoilage bacteria in fruits, inhibiting
enzyme activities to form a protective film and preventing
microbial infection (Pareek er al, 2011). The types of
biological preservatives can be classified into plant, animal,
microbial, and biological enzyme preservatives based on
their different sources. Holmes ez 4/. (2008) found that
plant-based biological preservatives include hydrocinnamyl
compounds, sucﬁl as flavonoids, flavonols, coumarins,
chromones, and alkaloids, and they have a good inhibitory
function of Aspergillus flavus, which can promote fruit
storage and preservation time. The most prevalent animal
preservatives are chitosan, propolis, and collagen, which
generally have sterilization, antisepsis, and other functions.
In microbial preservation technology, microbial cells are
used to treat bacteria. Zahvai et 4/ (2000) studied the
inhibitory effect of Candida guilliermondii on rot caused by
Botrytis cinerea and Aspergillus niger, and found that
treatment with yeast can reduce the loss of decay by 16.81%
and 60%, respectively. Kombucha, as one of the microbial
cells, was a substance beneficial to the human body and
produced by sugar fermentation, tea, and water. Its acidity
can inhibit the growth of harmful bacteria and benefit
human health (Dufresne and Farnworth, 2000). Kombucha
had a good effect on the treatment of atrophic gastritis,
gastric ulcer, and other serious diseases (Abshenas ez 4,
2012). It can also regulate blood pressure, improve sleep,
prevent, and treat various diseases (Mayser ¢f al., 1995;
Dufresne and Farnworth, 2000). Greenwalt ez 4. (1998)
and Sreeramulu ez 4/. (2001) demonstrated that kombucha
fermentation broth strongly inhibits some common
pathogenic Gram-positive and Gram-negative bacteria and
common food spoilage bacteria. Bacterial analysis had
revealed that kombucha was mainly a commensal of yeast,
lactic acid bacteria, and acetic acid bacteria. Many reports on
yeast have been presented. For example, Yan ez a/. (2014)
studied the prevention and control of Rhodotorula glutinis
in combination with rhamnolipids and found that the
combination of R. glutinis with rhamnolipid can
significantly enhance the activities of peroxidase, polyphenol
oxidase, and phenylalanine ammonia-lyase in cherry
tomatoes. Lu e# al. (2014) investigated the antagonistic
effect of chitin combined with Marine red yeast on
Penicillium extended to apple fruit and observed that chitin
can increase the activity of polyphenol oxidase and
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superoxide dismutase in apples. Microbial preservation
technology is safe, nontoxic, and nonpolluting and had been
widely explored for the storage and preservation of fruits
and vegetables. However, the application of the storage and
preservation of kombucha on fruits and vegetables had not
yet to be reported. To further study the application of
kombucha in fruit post-harvest preservation, we used
kombucha to treat post-harvest pear fruits, and its effect was
reflected by determining the activities of superoxide
dismutase (SOD), peroxidase (POD), malondialdehyde
(MDA), hydrogen peroxide (H,O.), and proline contents,
electric conductivity, fruit weight loss rate, and good fruit
rate. This study provided a theoretical and practical basis for
the storage and preservation of pear fruit.

Materials and Methods

Preparation of kombucha

Kombucha was preserved in the laboratory. Preparation
of kombucha fermentation broth: 1 g of tea, 10 g of sucrose
and 2 g of kombucha species are added per 100 mL of
distilled water. The black tea was boiled in distilled water for
20 min, sucrose was added, and the whole solution was
stirred. After cooling to 25 °C, the strain of kombucha was
inoculated, shaken, sealed with 6 layers of gauze, and
transferred to 30 °C electric heating incubator for
fermentation. The fermentation broth was fermented for 2
weeks, and the kombucha membrane and other large
impurities was removed by filtration, and the filtrate was the

kombucha.

Materials and treatment

Pear samples (Pyrus pyrifolia Nakai cv. ‘Hosui’) was
harvested from the pear germplasm resources of the
deciduous fruit tree base of Yangtze University. Hosui was a
pear native of Japan and belongs to early maturing cultivar.
Fruit of visible damage or decay and with similar size were
selected. Then the pears were randomly divided into two
groups of 36 fruits cach. According to the preliminary test
in the previous period, it was selected to be immersed in
distilled water for 15 min as the control group (water), the
kombucha tea was immersed in kombuc%la tea for 15 min
for the treatment group. The treated pear fruits were stored
at room temperature (27+1 °C) for 18 d. Fruit of each
group was sampled for analysis at 3-day intervals of the
storage life.

Measurement of weight loss rate and good fruit rate

Weight loss rate (100%) = (Pre storage quality—Quality
after storage) / (pre storage quality) x 100%

Good fruit rate (100%) = (good fruits)/ (total fruits) x
100%

Measurement of antioxidant enzyme activity

Frozen peel tissue (5 g) was homogenized in 40 mL of
0.05 M phosphate buffer (pH 6.8) containing 6% (w/v)
PVP containing 1% (w/v) insoluble polyvinylpyrrolidone
(PVP). The homogenate was filtered through four layers of
gauze removes flesh fragments. The supernatant was then
centrifuged at 10,000 x g for 20 min at 4 °C, and the
supernatant was sampled as the crude extract for assays of



Tan ] etal / Not Bot Horti Agrobo, 2019, 47(3):668-675

670

SOD and POD activities. SOD activity was estimated by
recording the decrease in 560 nm absorbance of nitro-blue
tetrazolium dye (Oberley ez al, 1984). POD activity was
measured as described by Jung ez 4. (2004), using guaiacol
colorimetric method to determine the change in absorbance
at 470 nm wavelength.

For H:O: determination, 4 g of fresh tissue was
homogenized with 10 ml of chilled 100% acetone and then
centrifuged at 10,000xg for 20 min at 4 °C, the supernatant
was collected immediately for H.O: analysis. (Patterson et

al., 1984)

Measurement of MDA contents

The MDA content was determined by the
thiobarbituric acid (TBA) method (Li e 4/, 2010). Frozen
pear meat (0.5 g) was homogenized in 5 ml of 5% (w/v)
trichloroacetic acid (TCA). The homogenate was
centrifuged for 10 min at 3,000 x g To 2 ml of the
supernatant was added equal amount of 0.67%
thiobarbituric acid (with 5% trichloroacetic ~acid
preparation), The reaction solution was held for 30 minina
boiling water bath, cool quickly, and centrifuged at 3,000 x
g for 10 min. The absorbance levels of the supernatant at
450, 532, and 600 nm were determined. The MDA content
was calculated by the following formula: MDA (umol L") =
6.45% (ODs3-ODe0o)-0.56x ODsso

Measurement of proline contents

The proline content was determined by the ninhydrin
method (Zhao ez al,, 2009). Frozen peel tissue (0.5 g) was
extracted from 5 mL of 3% (w/v) sulfosalicylic acid at 100
°C for 10 min with frequent shaking, after cooling, filter
into a clean beaker. Two ml of the extract was sampled and
added to equivalent glacial acetic acid and 2 mL of
ninhydrin, the mixture was then boiled at 100 °C for 30
min. After cooling, the reaction mixture was extracted from
4 mL of toluene and the absorbance of the organic phase at
520 nm was determined, and the content of proline was
calculated according to a standard curve.

Measurement of electric conductivity

Electric conductivity was determined as described by
Feng ez al. (2005). The sample was rinsed with double
distilled water, and dry with filter paper moisture. Thirty
skin pieces of 1 cm diameter and 1mm thick were incubated
in 100 mL double-distilled water for one hour. A
conductivity meter was used for measurement of electric
conductivity. The initial electric conductivity was measured
as S1. Then heat the beaker in boiling water for 5 min and
cooled, S2 was measured as final electric conductivity. The
electric conductivity of the sample was calculated accordin
to following equation: Electric Conductivity (%%

=51/52x%100%.

Statistical analysis

Data were reported was mean + SD for triplicate
determinations along with standard errors of means. Data
were further subjected to analysis of variance, and means
were compared using least significance difference (LSD) test
(SAS Institute, Cary, USA). Statistical significance was
declared at P < 0.05.

Results

Changes in weight loss rate and good fruit rate during
storage

Respiration and transpiration in fruits after harvest
cause them to lose water and weight, thereby affecting their
appearance and quality. As shown in Fig, 1, as storage time
was extended, the weight loss rate of pear fruits gradually
increased because nutrients and water supplied by the pear
tree and soil were lost after the fruits were harvested, leading
to the natural loss of fruits because of the respiration and
transpiration of fruits during storage. The increase in the
weight loss rate of the contro?group was significantly higher
than that of the treated groups during early storage stage.
After 12 days, respiration and transpiration weakened, and
the weight loss rate gradually decreased. During the whole
storage, the weight z%cr)ss rate of the treatment group was
lower than that of the control group. In 6-18 days, the
difference was significant. The results showed that
kombucha could delay transpiration in pear fruits, reduce
their weight loss rate, and prolong their delivery period.

Changes in good fruit rate during storage

The good fruit rate of storage was a key indicator used to
evaluate the effect of fruit storage. The good fruit rate of the
treatment group and the control group decreased with time,
but the good fruit rate of the treatment grouped was higher
than that of the control group (Fig. 2). In 6-18 days, the
difference was significant. On the 18th day of the treatment,
the healthy fruit rate of the treatment group reached
69.44%, whereas the good fruit rate of the control group
was only 41.67%. The effect of the pear storage on the

treatment group was better than that on the control group.

Changes in antioxidant enzyme activity during storage

SOD served as a naturally occurring superoxide radical
scavenging factor in the body and mainly functions in the
removal of free radicals and reactive oxygen species
produced by fruits and vegetables in vigorous acrobic
respiration and chloroplast photosynthetic e%ectron transfer
to reduce membrane lipids.
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Fig. 1. The weight loss rate in the pears affected by kombucha.
The green line plus the solid circle represents the water
treatment, and the red line plus the hollow circle represents the
kombucha treatment. The data are displayed with mean + SD
(bars) of three replications of 6 fruits each
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Fig. 2. The good fruit rate in the pears affected by kombucha.
The green line plus the solid circle represents the water
treatment, and the red line plus the hollow circle represents the
kombucha treatment. The data are displayed with mean + SD
(bars) of three replications of 6 fruits each

As shown in Fig 3A, the SOD activity of pear fruit
decreased at the carly stage, increased at the middle stage,
and decreased again at the later stage. The SOD activity
increased slightly within 6-9 days after harvest, and the
storage times was extended. After 9 days, the activity of
pears gradually decreased, and the SOD activity
continuously decreased. The data in each period indicated
that the SOD activity of the treatment group was higher
than that of the control group, and the SOD activities of the
treatment group and the control group was significantly
different on days 3-12. At the later stage, these activities
slightly varied.

POD was a highly active oxidoreductase ubiquitous in
fruits and vegetables. It was closely related to the respiration,
photosynthesis, and auxin oxidation of fruits and vegetables.
The POD activity of post-harvest pears initially increased
and then decreased during the whole storage period (Fig.
3B). This activity further decreased after it peaked on day
15. The POD activity data of the treatment group was
higher than that of the control group. This difference was
significant at the early stage but was not significant after day
15. Therefore, kombucha increased the activity of fruit
peroxidase.

Changes in hydrogen peroxide content during storage

Fruit aging was caused by reactive oxygen accumulation.
When the accumulation of excessive hydrogen peroxide in
fruits was not removed by the scavenging system, the ability
of the defense system to scavenge free radicals gradually
decreases during storage. As a resul, H.O, contents
increase, OH™ elicits toxic effects on fruits, and fruit
senescence accelerates. As shown in Fig 4, the H.O,
content of pear fruit increased in the pre-storage period and
decreased after 15 days. The difference in the H>O; content
was significant on days 12-15. During the whole storage, the
H,O; content of the treatment group was lower than that
the control group, possibly delaying fruit senescence.
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Fig. 3. The SOD (A) and POD (B) activities in the pears
affected by kombucha. The green line plus the solid circle

represents the water treatment, and the red line plus the
hollow circle represents the kombucha treatment. The data are
displayed with mean + SD (bars) of three replications of 6
fruits each

Changes in MDA and proline during storage

MDA was a cell membrane peroxidation product, and
its content determines the degree of damage to the cell
membrane. The MDA content increased during the whole
storage, peaked on day 15, and decreased (Fig. SA). The
MDA content of the treatment group was lower than that
of the control group. The difference between the control
group and the treatment group was not significant on days
9-15. Therefore, kombucha treatment could inhibit the
membrane lipid peroxidation of pear fruit cells.

Proline was an important osmotic regulator in plants,
and an increase in its content was strongly related to the
degree of damage to plants. As shown in Fig. 5B, the content
of free proline in pear initially increased significantly and
then decreased with time. This parameter sis-:-(l)wed a single
peak change, peaked on day 15, and decreased after 15 days.
The proline content of the treatment group was
significantly lower than that of the control group, and the
difference between the two groups was significant on days 9-
18.
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Fig. 4. The hydrogen peroxide content in the pears affected by
kombucha. The green line plus the solid circle represents the
water treatment, and the red line plus the hollow circle
represents the kombucha treatment. The data are displayed
with mean + SD (bars) of three replications of 6 fruits each
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Fig. 5. The malondialdehyde (MDA) and proline contents in
the pears affected by kombucha. The green line plus the solid
circle represents the water treatment, and the red line plus the
hollow circle represents the kombucha treatment. The data are
displayed with mean + SD (bars) of three replications of 6
fruits each

Changes in electric conductivity during storage

Conductivity was an important indicator to reflect cell
membrane permeability. The higher the cell tissue
conductivity was, the greater the cell membrane
permeability and the greater the damage to cell membrane
integrity will be. The conductivity of pulp tissue changes as
the storage time was extended. The conductivity showed a
wavy fluctuation during the whole storage (Fig6). The
conductivity of the treatment group was lower and relatively
more stable than that of the control group. The difference
in the conductivities between the two groups was significant

ondays 12 and 18.
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Fig. 6. The conductivity content in the pears affected by
kombucha. The green line plus the solid circle represents the
water treatment, and the red line plus the hollow circle
represents the kombucha treatment. The data are displayed
with mean + SD (bars) of three replications of 6 fruits each

Discussion

Abundant microbial species can produce various
biologically active substances, which had an important effect
on the physiological and biochemical reactions of plants and
animals. Therefore, screening safe and residue-free
biopreservatives had great potential. Since Gutter and
Littauer (1953) reported that Bacillus subtilis have an
antagonistic effect on the post-harvest pathogens of citrus
fruits,  researchers  have  extensively  investigated
biopreservatives. Meng ¢t al. (2010) showed that pre-harvest
spraying of antagonistic yeast combined with post-harvest
chitin coating can reduce the weight loss rate of grapes
during storage. Castillo ez /. (2010) found that the pre-
harvest application of Aloe vera juice can alleviate the post-
harvest disease of fruit, reduce the respiration and weight
loss rates of fruits, delay the deepening of fruit color, and
decrease the hardness of fruits. Our results confirmed that
the application of kombucha treatment could maintain the
quality of pear fruit during storage. After kombucha
treatment was administered, the weight loss rate of the pear
fruits during storage could be reduced to effectively extend
their storage time. The healthy fruit rate of the treatment
group was 69.44% when the fruits were stored at room
temperature for 18 days, whereas the healthy fruit rate of
the control group was only 41.67% when the fruits were
stored for 18 days.
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The ripening and senescence of fruits are closely related
to the levels of reactive oxygen metabolism and energy
metabolism. In the post-harvest ripening and senescence of
fruits, the accumulation of active oxygen destroys cell
membrane integrity and causes cellular senescence and
death (Brennan and Frenkel, 1977; Jimenez ez al., 2002). In
this study, kombucha treatment could inhibic the
production of H,O, and delay fruit senescence. The
metabolic disorders of reactive oxygen can trigger free
radicals in cells to produce toxic effects on biomembranes
and biomacromolecules, causing structural collapse and loss
of function of plant cell membrane systems (Du and
Bramlage, 1994). Under normal circumstances, the
production and elimination of active oxygen was in
equilibrium, and a low level of intracellular reactive oxygen
unlikely induces damage to fruits. Once the capacity of the
active oxygen scavenging system was reduced, this balance
was destroyed, eventually causing fruit senescence (Ben et
al., 1999). In the reaction to climinate reactive oxygen, SOD
functions as antioxidant enzyme. During storage, the SOD
activity decreased, indicating that the ability of plants to
climinate active oxygen decreased and membrane lipid
peroxidation increased. However, as the storage time was
prolonged, the free radical content might exceed the ability
of SOD to climinate free radicals, thereby decreased the
enzyme activity (Dhindsa ez a/., 1982). The SOD activity of
pear fruit of the treatment group was higher than that of the
control group, suggesting tl%gt kombucha could increase the
SOD activity. POD was a highly active and adaptive enzyme
widely distributed in different organelles of various plants
and involved in multiple functions (Takahama and Oniki,
2000). In reactive oxygen metabolism involving POD,
H,O: can be decomposed into O, and H>O to reduce the
toxic effects of reactive oxygen on plants and delay the
body’s aging. When fruits are ageing, a decrease in the POD
activity leads to a reduction in the body’s ability to eliminate
peroxide toxins. POD participates in different mechanisms
of the ripening and storability of fruits and vegetables. At
the carly stage of senescence and storage, POD can increase
the storability of fruits. Conversely, it reduces the storability
of fruits and vegetables at the later stage of senescence and
storage (Zhang and Kirkham, 1994). The results of this
study indicated that the POD activity in the post-harvest
pear fruit significantly peaked on day 15. Afterward, the
POD activity declined, and the fruits began to age. The
treatment group was compared with the H.O,, SOD, and
POD activities of the control group, kombucha could delay
the increase in H>O; contents, enhance the SOD and POD
activities in pear fruit, maintain its ability to eliminate
superoxide anion, and reduce the damage of reactive oxygen
to biomembranes to delay fruit deterioration. This
observation was consistent with that of Xu and Liu (2017)
on the storage quality and antioxidant activity of blueberry
after harvesting and Ippolite ez 4/. (2000) on the change in
quality index of Aureobasidium pullulans as a biological
fresh-keeping agent for apple. The previous results of this
group showed that the experimental results of exogenous
ALA treatment of peach and chamomile showed that it
could enhance the antioxidant activity of plants and delay
aging, which was consistent with the treatment effect of
Kombucha on pears (Ye ez al., 2016; Liu ez al., 2018).
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Reactive oxygen can directly or indirectly initiate
membrane lipid peroxidation, and MDA, the final product
of membrane lipid peroxidation, can alter the structure of
amino acids in proteins, thereby forming Schiff alkali,
generating oxidative free radicals, and causing cell
membrane structure impairment (Cao ¢t 4l., 2008). The
accumulation of MDA indicates the enhancement of
membrane peroxidation, which can reflect the increase in
cell membrane permeability and the acceleration of fruit
senescence. Therefore, changes in MDA contents can
correspond to the degree of lipid peroxidation in the body
and indirectly indicate the degree of cell damaged.
Generally, the higher the MDA contented means the more
serious the degree of cell damaged in fruits (Li and Yi,
2012). During the storage of pear fruit, when MDA largely
accumulates, the cell membrane leaks, and membrane
permeability increases, leading to electrolyte extravasation in
cells and increasing cell conductivity. The change in
conductivity reflects the degree of softening and rot of fruits
to a certain extent. In this study, during storage, the MDA
content of the treatment group was lower than that of the
control group possibly %)recause of the attachment of
kombucha to the pear peel, which hindered gas exchange,
reduced the degree of peroxidation, and decreased the effect
on cells. The low MDA contented in the treatment group
also decreased the conductivity of this group compared with
that of the control group, indicating that kombucha could
delay the softening and decay of the fruits and extend the
storage time. Proline, as an important osmotic regulator in
plants, can stabilize the metabolic processes in protoplasts
and tissues and prevent cell dehydration. When plants are
stressed, their proline content increases, thereby regulating
intracellular osmotic potential, maintaining water %l;.lance,
and protecting the enzyme activity required for intracellular
metabolic activity (Wyllie ez 4., 1996; Cao et al., 2012).
Therefore, the increase in proline content was related to the
degree of damage to plants. During the whole storage, the
proline content in the treatment group was lower than that
in the control group, implying that fruit was less damaged in
the whole storage. Therefore, kombucha could inhibit the
MDA content, proline content, and conductivity, reduces
the damage encountered during storage, and prolongs
storage time.

Conclusions

Kombucha had a certain preservation effect on pear fruit
during storage at room temperature. It can also prolong the
storage time of pear fruits, delay fruit rot and softening,
increase fruit storability, and delay their senescence.
Biological preservatives combined with other exogenic
substances have an enhanced effect. Further studies should
focus on the preservation of pear fruits by combining
exogenic substances and applying heat treatment.
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