Food Chemistry: X 19 (2023) 100769

ELSEVIER

Contents lists available at ScienceDirect
Food Chemistry: X ey

journal homepage: www.sciencedirect.com/journal/food-chemistry-x —=

CHEMISTRY: @

Prolong the postharvest shelf life of spinach through the antioxidative

ability of melatonin

Mingying Wang “, Jin Xu?®, Zhaoyang Ding >, Jing Xie ®>"

@ College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306, China

Y National Experimental Teaching Demonstration Center for Food Science and Engineering, Shanghai Ocean University, Shanghai 201306, China
¢ Shanghai Engineering Research Center of Aquatic-Product Processing & Preservation, Shanghai 201306, China

ARTICLE INFO ABSTRACT

Keywords:

Spinach

Melatonin

Shelf life
Antioxidative ability

Spinach is also known as Persian cuisine, it is rich in nutrients such as protein, vitamin C and minerals, and has
high nutritional value. In this study, Spinach was treated with melatonin in order to prolong its shelf life.
Melatonin has strong antioxidant effects as an endogenous free radical scavenger. The spinach was sprayed with
0.10, 0.20 and 0.30 mg/mL melatonin solution after harvesting, and distilled water was used as control for low
temperature storage at 4 °C. The results showed that melatonin spraying Spinach delayed the degradation of

chlorophyll, especially the treatment of 0.20 mg/mL melatonin was the most effective. The content of soluble
sugar and soluble protein in spinach tissue was kept high, the accumulation of malondialdehyde (MDA) was
reduced, and the activities of superoxide dismutase (SOD), catalase (CAT) and peroxidase (POD) were increased.
These findings suggested that melatonin treatment may be a useful technique to prolong the postharvest life of

spinach and improve its quality.

Introduction

Spinach is known as Persian lettuce, red root lettuce and parrot let-
tuce. It is rich in carotenoids, vitamin C and abundant minerals. Because
of its large leaf area and many stomata, spinach is susceptible to infec-
tion by pathogenic bacteria(Gadallah et al., 2022). In addition, spinach
leaves have high water content and delicate tissues, with vigorous res-
piratory metabolism after harvesting(Mir et al., 2017), which can easily
lose water and wilt, rot and deteriorate, seriously affecting the sensory
quality and nutritional value of spinach to make its storage and pres-
ervation very difficult. There are many studies on spinach storage and
preservation, such as the use of vacuum pre-cooling technology and
chemical reagents(Aslam et al., 2016), but there are problems such as
high costs and food safety hazards in some methods, so it is important to
develop safe and low-cost methods to improve the storage and preser-
vation of spinach for its industrial development.

Melatonin (MT) first discovered in the bovine pineal gland, also
known as N-acetyl-5-methoxy-tryptamine, is an indole derivative of
tryptophan. It is involved in circadian and photoperiodic responses in
animals, which can improve sleep and treat neurasthenia, MT is allowed
to be used as raw material of health food in China. While it is also
signaling molecule that plays a role in immune regulation, scavenging
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free radicals and antioxidants, and cell protection(Guerra & Devesa,
2021). As a new, natural and safe preservative, MT has no bad smell
compared with other essential oils. It can effectively maintain the
postharvest quality of fruits and vegetables, slow down the aging pro-
cess, and has a good application prospect. MT has the highest antioxi-
dant effect as an endogenous free radical scavenger(D.-X. Tan et al.,
2015), with higher antioxidant activity than vitamin E, vitamin C ca-
rotenoids and glutathione, etc. It has a very strong effect on the scav-
enging of oxygen radicals such as hydrogen peroxide, peroxyl radicals,
hydroxyl radicals, singlet oxygen and superoxide anion radicals in living
organisms (Gwozdzinski, Pieniazek, & Gwozdzinski, 2021). It has been
reported that MT can delay degradation of chlorophyll in wheat seed-
lings and maize under drought stress and improve the cold resistance
and salt stress tolerance of plants (Jiang et al., 2016).

Numerous studies have been reported on the application of MT for
plant preservation. Liu(Liu et al., 2018) used strawberries treated with
different concentrations of MT and showed by comparing the color,
hardness, soluble solids content and titratable acidity of strawberry
fruits that 0.1 or 1 mmol-L'* MT treatment significantly delayed the
senescence of strawberry fruits. Luo et al. (Luo et al., 2018)used MT to
treat fresh broccoli and MT treatment delayed the yellowing of broccoli
by 4 days compared to the control, and the protective effect of MT
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treatment on vitamin C and carotenoids was significant. In addition,
exogenous MT treatment can also improve cold damage symptoms in
peach and tomato(Aghdam et al., 2019; Onik et al., 2021), and can
suppress cold damage in strawberry, sweet cherry, and apple to delay
fruit senescence by reactive oxygen levels, and also induce tomato to
improve fruit disease resistance(S. Li et al., 2019), inhibit postharvest
pear and banana fruit softening-related enzyme activities that maintain
membrane integrity, maintaining fruit hardness and thus prolonging the
storage period of fruits(Li et al., 2019).

It has been suggested that MT acts in several ways: enhancing the
efficiency of mitochondrial oxidative phosphorylation, reducing elec-
tron leakage, activating antioxidant enzyme activity, directly scav-
enging reactive oxygen species, and enhancing the remaining
antioxidant actions(Shi et al., 2018). MT may enhance enzyme activity
by increasing the transcriptional levels of protective enzymes, MT also
contributes to the production of antioxidants, while MT can be self-
synthesized in fruits and vegetables. Other studies have pointed out
that the main mechanism by which MT exerts its antioxidant protective
effect is through an electron-donating reaction, providing electrons to
electron-deficient molecules (Galano, Tan, & Reiter, 2011). MT is the
only known antioxidant that reacts in this way, both by scavenging free
radicals and by reducing some oxidized biomolecules during the elec-
tron reaction, thus maintaining their structure(Galano & Reiter, 2018).

In order to prolong the shelf life of spinach and reduce the loss of
nutrients during storage. Based on the MT strong antioxidant properties,
the present study was conducted to investigate the effects of different
concentrations of MT on the appearance and intrinsic quality of spinach
as well as its post-harvest storage and preservation by spraying spinach
before and after harvest. In this study, MT was used to keep spinach
fresh, and the optimum amount of compound preservative suitable for
spinach storage was put forward, so as to provide technical reference
and theoretical basis for spinach storage and preservation.

Materials and methods
Materials

Melatonin was purchased from Aladdin Reagent (Shanghai) Co., Ltd.
Spinach was selected as the test material for this paper. The spinach was
purchased from Lotus Supermarket in Shanghai in December 2022.
Spinach was selected according to the requirements of freshness, uni-
formity of size, absence of mechanical damage, and absence of pests and
diseases. Sodium chloride, calcium carbonate powder and quartz sand
were purchased from Sinopharm Chemical Reagent Co., Ltd. MDA and
SOD kits are from Nanjing Jiancheng Company.

Methods

Material treatment

Fresh Spinach was washed with distilled water and the washed
spinach was randomly divided into four groups as control and
melatonin-treatment groups. The control group was sprayed with 200
mL of distilled water and the control group was sprayed with 200 mL
0.10, 0.20 and 0.30 mg/mL of melatonin solution. After air drying at
25 °C for 60 min, the spinach was individually bagged in unsealed
polyethylene bags and then stored at 4 °C for 12 days. During the
chilling process, several spinach leaves were randomly taken from each
group at 2-day intervals to determine the indicators.

Determination of quality indicators

Determination of color: The color of spinach leaves evaluation was
performed using a colorometer (Minolta, Osaka, Japan, model-NH310).
The instrument was aligned with a black and white standard and
observed experimental data for L. *, a * and b *.

Determination of weight loss: using the weighing method.

Weight loss rate (%) = (initial mass of spinach - mass of spinach after
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each storage period)/initial mass of spinach x 100.

Determination of optical structures: The cut leaf sections were
immediately immersed in distilled water and covered with coverslips.
Bright-field imaging was performed on a microscope (Axio Vert.Al)
with a 10x objective.

Sensory quality analysis was recorded using characteristics based on:
muscular tissue, smell, and appearance. The evaluation team consisted
of 10 people with rich experience in the sensory evaluation of each
sample reasonably during the experiment. The full score of the three
indicators is 10. The specific evaluation criteria are shown in Table 1.

Determination of physiological and biochemical indicators

Chlorophyll determination: Wash and dry the sample, take 0.5 g of
the green leaf part, avoid the stem and large leaf veins, add 1-2 mL of
extract (95% ethanol) with a small amount of quartz sand and calcium
carbonate to the mortar, grind into a homogenate, then add an appro-
priate amount of extract and continue grinding until the tissue is white.
Filter, moisten the filter paper with the acetone solution, wash the
Spinach leaf residue, wash all the chlorophyll on the filter paper into a
volumetric flask, fix the volume to 50 mL with the extraction solution,
and shake well. The absorbance was measured at 652 nm, and then the
chlorophyll content in the sample was calculated according to the
following formula: Calculation of chlorophyll (mg/g).

Chlorophyll content (mg/g) =mesx¥ (1).

Where Dgsy denotes the absorbance of the extract at 652 nm; V de-
notes the volume of chlorophyll extract, (mL); W denotes the weight of
fresh spinach (g).

The vitamin C content of spinach samples was determined by the 2,
6-dichloroindophenol titration method. Samples were taken for deter-
mination on the day of harvesting and on days 2, 4, 6, 8, 10 and 12. The
sample was weighed about 1 g, placed in a mortar and poured through a
funnel with about 0.5 mL of 2% oxalic acid.

The sample was poured into a 10 mL volumetric flask through a
funnel, and the mortar and rod were rinsed with 2% oxalic acid, and the
washings were poured into the flask together with 2% oxalic acid and
filtered. Take 1 mL of standard ascorbic acid solution into a small conical
flask and titrate with 2, 6-dichloroindophenol until pink and the color
does not fade within 30 s as the end point. Calculate the number of mg of
1 mL dye equivalent to ascorbic acid. Take 10 mL of sample filtrate in a
small conical flask and titrate with calibrated. The sample was titrated
with calibrated 2, 6-dichloroindophenol and a blank was made at the
same time. The amount of vitamin C in the sample was calculated ac-
cording to the following formula.

Table 1
Sensory-evaluation project.
Tissue Smell Appearance
10  Excellent shape, firm Spinach is Fresh and shiny, green and
and smooth stems, flat inherently full, without browning

leaves and no wilting
and rot

8 The shape is good, the
stem is still firm and
smooth, and the leaves
are flat

6 The shape is general,

fragrant, fragrant
and odorless
Spinach has an
inherent smell and
no peculiar smell

The freshness is good, but
the color is a little poor,
and there is no yellowing
and browning

No fragrance, Not too fresh, part of the

the stems are soft and slightly peculiar color is dim
smooth

4 Leaf edges rarely curl Have a rotten Not too fresh, yellow part
and wilt smell

The rotten smell is
strong

2 The vegetable body is
slightly softened, the
leaves are curled and
wilted

0 The vegetable body is
severely softened, with
obvious curly leaves
and many wilts

The color is dull, partly
yellow and brown

Have a bad smell
of corruption

The yellowed part has an
area of > 30% and is dull
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Vitamin C content of the sample (mg/g) :W x)% %100 (2).

Where Vj represents the number of m L of dye used to titrate the
sample; V; the number of mL of dye used to titrate the blank; A the
number of mg of ascorbic acid equivalent to 1 mL of dye, mg/mL; B
represents the mass of the product, g; Z represents the total volume of
the sample solution after fixing, mL; X represents the volume of solution
drawn during the titration of the sample, mL.

CAT enzyme activity was performed according to Periyar Selvam
with some modifications (Sellamuthu et al., 2013). Analysis of the re-
action mixture consisted of sodium phosphate buffer, HyO5 and spinach
extract (50 pL), after which hydrogen peroxide decomposition was
observed at 240 nm (Multiskan GO microplate spectrophotometer,
Finland). Enzyme activity was reported as units per milligram of protein
(U/mg protein). One unit represents the amount of catalase required to
convert U/mg protein (Perumal, Nambiar, Sellamuthu, & Emmanuel,
2021).

POD enzyme activity was analyzed by following the method of Jiang
with minor modifications reported by Periyar Selvam (Sellamuthu et al.,
2013). The spinach extracts were mixed with a buffer solution con-
taining sodium phosphate solution and guaiacol and incubated at 20 °C
for 5 min. Subsequently, HyO, was added and the increase in absorbance
at 460 nm was measured for 120 s (Multiskan GO microplate spectro-
photometer, Finland). One unit of enzyme activity was expressed as the
number of enzymes causing a change in absorbance per milligram of
protein (U/mg protein). For each treatment, three enzyme assays were
performed for each sample.

Soluble sugars, soluble solids content, MDA, and SOD were measured
using kits. The contents soluble sugars were calculated as milligrams
contained in each gram of fresh tissue (mg/g); MDA content was
calculated as the content in each milligram of protein (nmol/mg);

Control

N

0d

4d

12d
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Data processing

One-way analysis of variance (ANOVA) was performed using SPSS
20.0 (SPSS, Chicago, Illinois, USA). Results were expressed as mean +
standard deviation (SD). All experiments were performed in at least
three independent trials.

Results
Effect of melatonin treatment on the appearance and quality of spinach

As shown in Fig. 1, with the increase of storage time, the leaves of
fresh spinach gradually turned yellow and the tops of the leaves grad-
ually decayed, whereby the control spinach leaves showed the highest
degree of decay and the best results were obtained with 0.20 mg/mL MT
treatment. As shown in Fig. 2, the initial spinach cells were structurally
intact, neatly arranged, relatively full, with high water content, almost
unchanged cell morphology, and high cell integrity. With the increase of
storage days, the spinach cell structure was significantly deformed and
began to fold and curl, and the cell gap gradually increased. This indi-
cated that the cellular integrity of spinach was damaged. The combi-
nation of cell morphology, water content, and pore space showed that
0.20 mg/mL MT treatment was the most effective, which may be due to
the antioxidant effect of MT, thus maintaining cell structure(Lin et al.,
2022).

During storage, spinach leaves were susceptible to yellowing, which
was mainly due to the degradation of chlorophyll. The results showed
that the chlorophyll content of both control and treated groups showed a
decreasing trend (Fig. 3b), and on day 12, the chlorophyll content of
control spinach leaves was 0.17 mg/g, while the chlorophyll content of
spinach treated with 0.10, 0.20, and 0.30 mg/mL MT was 0.33, 0.53,
and 0.47 mg/g. According to Fig. 1 and Fig. 3a, it was shown that with

0.10 mg/mL MT 0.20 mg/mL MT 0.30 mg/mL MT

Fig. 1. The effect of melatonin treatment on spinach during storage at 4 °C.
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Fig. 3. The effect of different concentrations of melatonin treatment on the color difference(a) and chlorophyll content (b) on spinach during storage at 4 °C. (A:
control group, B: 0.10 mg/mL MT, C: 0.20 mg/mL MT, D: 0.30 mg/mL MT).

the extension of the storage period, the color difference of spinach The sensory quality of spinach gradually deteriorated and rotted during
treated with 0.20 mg/mL melatonin was the least. This may also be storage. At the initial stage of storage, the spinach in each group has
related to the degradation of spinach chlorophyll(Jiang et al., 2016). green color, full leaves and excellent shape, and has the inherent
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fragrance of spinach. As shown in Fig. 3c, the sensory score of spinach in
the control group decreased rapidly from O to 8 days and lost its com-
mercial value at 8 days. However, after 8 d storage, the sensory score of
spinach treated with 0.20 mg/mL MT was 8.5, and the sensory score
decreased slowly. This shows that 0.20 mg/mL MT treatment can keep
the appearance, shape and smell of postharvest spinach and improve its
commercial value.

Effect of melatonin on antioxidant enzyme activity and malondialdehyde
in spinach

SOD can scavenge superoxide anion, generate H,O2 and Oz, maintain
the balance of reactive oxygen metabolism and play a role in cell pro-
tection. In Fig. 4a, the overall trend of SOD activity increased in all four
spinach groups during storage, promoting the increase in SOD activity in
the pre-storage treatment group and delaying the decrease in SOD ac-
tivity in the post-storage treatment group, with the highest activity in
the 0.20 mg/mL MT treatment group by the end of storage.

Spinach POD activity increased and then decreased during storage,
with significant differences appearing between the 0.20 mg/mL MT
treatment and control groups (Fig. 4b). CAT catalyze the decomposition
of Hy0, into water and molecular oxygen, and the trend of CAT activity
in the control and treated groups was similar, both showed a gradual
increase, while the highest CAT activity was observed in the 0.20 mg/
mL MT treated group at 12d (Fig. 4c). As shown in Fig. 4d, the MDA
content of spinach continued to increase throughout the storage period
and was lower in the 0.10, 0.20, and 0.30 mg/mL treatment groups than
in the control group. The effect of the 0.20 mg/mL MT treatment group
was the most significant throughout the storage period, indicating that
the 0.20 mg/mL MT treatment group effectively controlled the degree of
cell membrane damage and thus inhibited the occurrence of cold dam-
age symptoms.

Food Chemistry: X 19 (2023) 100769

Analysis of water loss, vitamin C, soluble sugars and soluble solids content
of spinach

The storage quality of leafy vegetables can be reflected in the weight
loss rate. As shown in Fig. 5a, the overall weight loss rate showed an
increase. The Weight loss in the 0.20 mg/mL MT treatment group was
significantly lower than in the control group and the 0.10 and 0.30 mg/
mL MT treatment groups. From Fig. 5b, the VC content of spinach in the
0.10, 0.20 and 0.30 mg/mL MT treatment groups were significantly
higher than that of the control group. Moreover, the slowest decrease in
VC content was observed in the 0.20 mg/mL MT condition, with a more
pronounced effect in the treatment group with 0.20 mg/mL MT
concentration.

As shown in Fig. 5c, the soluble solids content of spinach in both
control and treated groups gradually decreased, and after 4 d of storage,
the soluble solids content of the treated group was significantly higher
than that of the control group. On day 12, the soluble solids content of
control spinach decreased to 2.79 mg/g, while the soluble solids content
of 0.10, 0.20 and 0.30 mg/mL MT treated stems were 2.95,3.01 and
2.93 mg/g, respectively. Similarly, the soluble sugar content of spinach
decreased with storage time as shown in Fig. 5d. 0.20 and 0.30 mg/mL
MT treatments significantly delayed the decrease in soluble protein
content of spinach.

Discussion

Both color and texture are important attributes that affect the
acceptability of the product. During storage, vegetable color is very
susceptible to changes(Chu et al., 2021). MT treatment significantly
inhibited the increase in color difference values, indicating that MT has a
delaying effect on chlorophyll degradation during decay. The effect of
MT on the degradation of chlorophyll during the aging process was
delayed. At the same time, MT, which is reactive oxygen species scav-
enger can effectively remove the excessive production of reactive oxy-
gen species in plant cells, reduce the cell wall hydrolase activity, and
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Fig. 4. Effect of melatonin treatment on spinach SOD (a), POD (b), CAT activity (c) and MDA content (d) during storage at 4 °C. (A: control group, B: 0.10 mg/mL
MT, C: 0.20 mg/mL MT, D: 0.30 mg/mL MT).
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Fig. 5. Effect of melatonin treatment on weight loss (a), vitamin c content (b), soluble solids content (c), and soluble sugars content (d) of spinach during storage at
4 °C. (A: control group, B: 0.10 mg/mL MT, C: 0.20 mg/mL MT, D: 0.30 mg/mL MT).

thus inhibit cell wall degradation to maintain the integrity of cell
structure.

MT is an intrinsic antioxidant substance in plants. In this study, MT
was selected for treatment of spinach under low temperature storage
conditions. The experimental results showed that MT treatment inhibi-
ted leaf chlorophyll degradation. The color change of green leafy veg-
etables was closely related to the yellowing rate and chlorophyll
content. Exogenous MT has been reported to slow down chlorophyll
degradation in leaves, broccoli, and wheat leaves(F. Wang et al., 2019;
H. Wang et al., 2021). Compared with the control group, MT treatment
at 0.20 mg/mL maintained relatively good color, delayed the onset of
yellowing and chlorophyll content, maintained better appearance of
spinach, which significantly delayed the aging of spinach. As excess
melatonin is harmful to post-harvest fruits, high concentrations can
negatively affect the quality of fruits and vegetables(Aghdam & Fard,
2017). Tan et al (X.-l. Tan et al., 2020) used 100 pmol/L MT to soak
cabbage to delay the degradation of chlorophyll. It has been reported
that exogenous MT treatment delayed chlorophyll degradation in apple
isolated leaves, postharvest cycads degradation of chlorophyll(P. Wang
et al., 2012). It can be seen that MT treatment can effectively delay the
chlorophyll content of plant leaves.

POD can catalyze the oxidation of phenolics by HoO3 to produce
quinones(Dong et al., 2022). It has been demonstrated that MT treat-
ment of plants can reduce plant oxidative damage under stress by
increasing the activity of plant POD oxidative damage under stress(Yang
et al., 2022). Similar results were obtained for maize treated with MT,
which removed excess HpOy through the MT scavenging cascade and
promoted the expression and activity of antioxidant enzyme genes such
as POD and CAT, significantly reducing reactive oxygen species levels
(Chen et al., 2018). And treatment of cassava with MT protected cassava
from oxidative stress(Bai et al., 2020). MT also significantly reduced
malondialdehyde and electrolyte leakage levels in senescing leaves
(Ahmad et al.,, 2020). MDA content responded to the level of cell
membrane peroxidation. MDA is the end product of peroxidation of cell
membrane lipids, and the level of MDA content of spinach during

storage can reflect the degree of aging of fruit tissues to a certain extent.

MT is the most powerful antioxidant among known endogenous free
radical scavengers. Because of its high lipophilicity MT can also act as an
intracellular free radical scavenger due to its high lipophilicity and can
also cross the cytoplasm into the nucleus to exert antioxidant effects due
to its partial hydrophilicity (Kruk, Aboul-Enein, & Duchnik, 2021).
Studies have shown that MT can directly scavenge free radicals such as
H20,, and NO in living organisms(Yong et al., 2021). MT has the ability
to directly scavenge reactive oxygen species outside, thus achieving
enhanced antioxidant capacity of plants.

The enzymatic antioxidant system is the main way to control the
production of ROS, which regulates the extent of lipid peroxidation.
SOD, CAT and POD are the key antioxidant enzymes that scavenge ROS.
MT treatment can induce disease resistance in spinach by consistently
increasing the activity of POD, SOD, and CAT. MT treatment up-
regulated the antioxidant enzyme activity and reduced 0%~ and Hy0,
levels in spinach, thus maintaining the balance of ROS metabolism,
reducing lipid peroxidation, and delaying the aging of spinach(Duan
et al., 2022).

Fruits and vegetables rot after harvest. Postharvest diseases or
senescence of fruits and vegetables produce a lot of active oxygen, which
leads to lipid peroxidation and postharvest decay(Huang et al., 2021).
MT is mainly used as a powerful free radical scavenger, which can
remove excess active oxygen in postharvest fruits and vegetables by
increasing the contents of antioxidant enzymes, non-enzymatic antiox-
idants and enzymes related to oxidative protein repair. Subsequently,
the contents of hydroxyl radicals and hydrogen peroxide are reduced,
and the degree of membrane lipid peroxidation is reduced, thus pro-
tecting cells from oxidative damage and prolonging shelf life (Xu, Chen,
& Kang, 2019).

The soluble sugar and soluble solids contents are an important index
for determining the storage characteristics of fruits and vegetables, as
well as the main factor for judging the quality of postharvest vegetables.
Spinach contains 70% to 90% water, which is fresh and tasty, and
contains many nutrients such as VC, minerals, sugars, organic acids and
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crude fiber. VC is one of the parameters of nutritional quality of spinach.
three concentrations of melatonin treated spinach showed significantly
higher VC content than the control. The results of this experiment may
be attributed to the difference in the effect of MT on VC metabolism in
spinach. This indicated that the pre-harvest spraying of MT significantly
improved the quality of spinach. Zahed et al(Zahedi et al., 2020) showed
good effects of weekly MT sprays on soluble solids, total acidity, VC and
sugars in strawberry fruits; Miao et al (Miao, Zeng, Zhao, Wang, &
Wang, 2020) maintained high VC content using MT treatment on
broccoli. Similar results were obtained in the present study, where MT
treatment maintained high levels of soluble sugars, soluble solids and
VG, resulting in better nutritional quality of spinach.

The content of chlorophyll is mainly limited by chlorophyllase, and
MT reduces the activity of chlorophyllase(Santos, 2004). MT affected
the color, chlorophyll degradation and chloroplast structure of spinach
during storage. MT treatment can delay the decline of chlorophyll
content in spinach and maintain a more complete chloroplast. At the
same time, MT also inhibited the activities of chlorophyll catabolic en-
zymes, such as chlorophyllase (CLH) and red chlorophyll catabolic
reductase (RCCR)(Song et al., 2023).

MT reduces color change and maintains titratable acidity. It can also
improve the activities of glutathione reductase, ascorbic acid peroxidase
and dehydroascorbic acid reductase in jujube, and increase the contents
of ascorbic acid and dehydroascorbic acid(Tang et al., 2020). MT re-
duces color change and maintains titratable acidity. It can also improve
the activities of glutathione reductase, ascorbic acid peroxidase and
dehydroascorbic acid reductase in jujube, and increase the contents of
ascorbic acid and dehydroascorbic acid. Besides, MT has been proved to
inhibit the activities of pectin methyl esterase, cellulase and p -glucosi-
dase and the production of water-soluble pectin, and keep the content of
water-insoluble pectin, thus delaying the softening and spoilage of
spinach, and improving the quality of spinach during storage(Cao et al.,
2021).

Conclusions

This study evaluated the effect of different concentrations of MT on
the quality of fresh spinach. The results showed that MT as an antioxi-
dant effectively extended the shelf life of spinach and maintained the
quality of spinach under the storage temperature at 4 °C. The spinach
treated with MT showed lower weight loss rate and color difference, and
maintained higher activities of soluble sugar, soluble solid, VC, chloro-
phyll content and antioxidant enzymes, especially in the treatment of
0.20 mg/mL MT. Therefore, MT treatment may be a useful technique to
prolong the postharvest life of spinach and improve its quality.
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