
Food Chemistry: X 14 (2022) 100301

Available online 6 April 2022
2590-1575/© 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Phomopsis longanae Chi causing the pulp breakdown of fresh longan fruit 
through affecting reactive oxygen species metabolism 

Jing Yu a,b,1, Yazhen Chen a,b,1, Hetong Lin a,b,*, Yifen Lin a,b, Mengshi Lin c, Yi Zheng a,b, 
Zhongqi Fan a,b,* 

a Institute of Postharvest Technology of Agricultural Products, College of Food Science, Fujian Agriculture and Forestry University, Fuzhou, Fujian 350002, China 
b Key Laboratory of Postharvest Biology of Subtropical Special Agricultural Products, Fujian Province University, Fuzhou, Fujian 350002, China 
c Food Science Program, Division of Food, Nutrition & Exercise Sciences, University of Missouri, Columbia, MO 65211-5160, USA   

A R T I C L E  I N F O   

Keywords: 
Fruit spoilage 
Longan 
ROS scavenging enzyme 
Phomopsis longanae Chi 
Pulp breakdown 
ROS metabolism 

A B S T R A C T   

Phomopsis longanae Chi is a crucial pathogen causing fruit spoilage in postharvest fresh longan. The influence of 
P. longanae invasion with a suspension containing 1 × 104 P. longanae spores per mL on the breakdown 
occurrence and ROS metabolism in pulp of longan cv. Fuyan during storage at 28 ◦C was explicated. Compared to 
control group, more severe development of pulp breakdown (PB), higher PB index, O2

–. generation rate, H2O2 
and MDA content, but lower SOD, APX and CAT activities, GSH, AsA, flavonoid and total phenolics amounts, 
ability of scavenging DPPH radical, and reducing power were displayed in the pulp of P. longanae-infected fruit 
during days 0–5. In this context, P. longanae induced breakdown of longan pulp by reducing the scavenging 
ability of ROS and increasing the cumulation of ROS, thereby enhancing the structural collapse and lipid per-
oxidation of cell membrane, which were responsible for the PB of harvested longans.   

1. Introduction 

Longan is planted in tropical and subtropical countries, especially in 
China, Vietnam and Thailand. The longan fruit is famous for its rich 
nutrition (Zhang, Guo, Ho, & Bai, 2020). After harvest, longan fruit is 
prone to spoilage such as fruit disease development, fruit decay, pulp 
breakdown (PB), and pericarp browning, which highly affects their 
storage period, transportation and economic value (Chen et al., 2022; L. 
J. Lin et al., 2019a; Y.F. Lin et al., 2019b; Y.Z. Lin et al., 2020b; Liu, Lin, 
Lin, Lin, & Fan, 2021). More importantly, PB caused by the pathogenic 
fungal infection in the harvested longans is regarded as the most 
important factor leading to a rapid spoilage of longan fruit. Thus, in 
order to control the occurrence of breakdown in longan pulp, the most 
critical imperative is to reveal the mechanism of pathogenic fungal 
infection induced-breakdown in longan pulp. 

Phomopsis longanae Chi (P. longanae) is found to be a crucial pathogen 
fungus causing postharvest spoilage in longan (Chen et al., 2022; Wang 
et al., 2018). The appropriate temperatures for P. longanae mycelial 

growth and spore germination are 28 ◦C (Chen et al., 2020; Zhang et al., 
2013). Especially during the growth process of P. longanae, the color of 
its mycelia is white flocculent and the colony is round. 

Recent studies have demonstrated that ROS (reactive oxygen spe-
cies), e.g., O2

–. and H2O2, may stimulate browning of harvested longan 
pericarp (Intarasit & Saengnil, 2021; Lin et al., 2014). Excessive ROS 
accumulation will further boost the membrane lipid peroxidation of cell 
and lead to the de-compartmentalization of cell, which can destroy 
cellular membrane structures (Ellouzi, Oueslati, Hessini, Rabhi, & 
Abdelly, 2021; Lin et al., 2016; Li et al., 2019). Additionally, the work of 
Lin et al. (2014) has reported that H2O2 could aggravate the pericarp 
browning of fresh longan through reducing the ability of scavenging 
ROS. On the contrary, the application of propyl gallate, a ROS exoge-
nous scavenger that inhibits the accumulation of ROS, could effectively 
lengthen storage-life and inhibit pericarp browning of postharvest lon-
gans via increasing ROS scavenging ability (Lin et al., 2015). In addition, 
H2O2 could destroy cellular membrane structure and cause PB in longan 
fruit (Lin et al., 2019c). However, postharvest longans treated with 
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propyl gallate presented a slower PB development and better quality 
properties (Lin et al., 2020a). These findings indicate that ROS genera-
tion system is just as important as ROS scavenging system, and that it 
may be critical in PB, pericarp browning and fruit quality of fresh 
longans. 

Additionally, pathogenic fungal infection may lead to the energy 
shortage, the disorder of ROS generation-scavenging system, the 
browning occurrence, and the disruption of cellular membranes struc-
ture in pericarp tissue of postharvest longans (Lin et al., 2017). How-
ever, the literatures involving P. longanae infection affecting breakdown 
occurrence and ROS metabolism in fresh longan pulp have not been 
reported. Therefore, this work aimed to illuminate how P. longanae 
infection affected PB index, O2

–. generation rate, H2O2 amount, amount 
of MDA (a metabolite in the lipid peroxidation of cell membrane), 
enzyme activities (APX, CAT, SOD) for scavenging ROS, amounts of non- 
enzyme antioxidant substances (GSH, AsA, flavonoid, total phenolics), 
level of reducing power and ability for scavenging DPPH radical in 
longan pulp. This study also aimed to elucidate the role of ROS meta-
bolism in the PB of fresh longan fruit caused by P. longanae. 

2. Materials and methods 

2.1. Materials and treatments 

P. longanae used this experiment was isolated from the rotten ‘Fuyan’ 
longans, which was isolated and identified in our laboratory in Fuzhou, 
China. Oat bran medium was applied to cultivate P. longanae at 28 ◦C for 
15 d to obtain mature spores (Chen et al., 2014). The suspension with 1 
× 104 P. longanae spores per mL was prepared as reported by Chen et al. 
(2014) and Chen et al. (2020) and used for the subsequent experiment. 

The fresh ‘Fuyan’ longan, at commercial maturity stage with a light- 
yellow of longan peel and with 49.14 of chromaticity value L* in fresh 
longan fruit appearance, were harvested from Fujian Nan’an orchard of 
China and immediately transported to the lab in Fuzhou, China. After 
removing the longan stalks, healthy fruit in homogeneous size, color, 
maturity, and without damage, disease spots or insect pests were 
selected for this experiment. 

The selected ‘Fuyan’ longans were immersed in the solution of NaClO 
(0.5 %, v/v) about ten seconds for disinfection, then dipped in distilled 
water for 15 min, followed by air-drying. A total of 3150 disinfected 
‘Fuyan’ longans were divided into two groups: one for P. longanae 

Fig. 1. Effect of P. longanae infection on pulp breakdown development of harvested longan fruit.  
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inoculation (1500 fruit) and one served as the control (1500 fruit). The 
150 ‘Fuyan’ longans were selected to analyze the indices on day 0. The 
group of P. longanae inoculation was immersed in the suspension with 1 
× 104 P. longanae spores per mL for five minutes, followed by air-drying, 
while the other group without P. longanae inoculation was taken as a 
control. After the postharvest handling, ‘Fuyan’ longans were packed in 
polyethylene film bags (fifty longans per bag), then stockpiled at 28 ◦C 
and 90% relative humidity. Three bags (150 ‘Fuyan’ longans) of each 
group were collected on every day of storage to evaluate PB index, and 
to measure physio-biochemical parameters of ROS metabolism of 
longans. 

2.2. Assessment of PB index 

Fifty ‘Fuyan’ longans were applied to appraise PB index according to 
Lin et al. (2019a). 

2.3. Determination of O2
–. generation rate, MDA and H2O2 amounts 

Pulp tissues (5 g) of longan fruit were gathered separately to deter-
mine the generation rate of O2

–. (Lin et al., 2014; Lin et al., 2017), the 
amounts of MDA (Duan et al., 2011) and H2O2 (Chen et al., 2019). The 
unit of H2O2, MDA amounts and O2

–. generation rate were mol kg− 1, 
μmol kg− 1 and mmol kg− 1 min− 1, separately. 

2.4. Assessment of APX, CAT and SOD activities 

Pulp tissues (5 g) of longans were used for APX, CAT and SOD ac-
tivity assays following the protocol described by Duan et al. (2011). 
Protein content was determined by the method of Bradford (1976), 
using bovine serum as the standard. The units of the above enzyme 
activities were U kg− 1 protein. 

2.5. Assessment of the amounts of endogenous antioxidant substances 

Pulp tissues (5 g) of longan fruit were applied to determine the GSH 
and AsA content in the light of the protocols of Jiang et al. (2018) and 
Lin et al. (2021). The GSH and AsA amounts were expressed in g kg− 1. 

Five grams of pulp tissues were sampled to quantify the contents of 
total phenolics and flavonoid following the descriptions by Jiang et al. 
(2018) and Lin et al. (2020a); Lin et al. (2021). Catechin (CE) and gallic 
acid (GA) were the standards for flavonoid and total phenolics, respec-
tively. The total phenolics and flavonoid amounts were expressed in g 
GA kg− 1 and g CE kg− 1, respectively. 

2.6. Assay of the reducing power and ability of scavenging DPPH radical 

Pulp tissues (5 g) of longans were collected to determine the scav-
enging ability of DPPH radical and reducing power with reference to the 
protocol of Lin et al. (2020a). The reducing power unit was displayed as 
g kg− 1, while scavenging ability of DPPH radical was %. 

2.7. Statistical analysis 

The evaluation of all indicators was executed in triplicate. The sta-
tistical analysis was accomplished by IBM SPSS Statistics. 

3. Results 

3.1. Pulp appearance 

Longan pulp is the nutritious, succulent and edible aril of the longan 
fruit. As seen in Fig. 1A and a, longan pulp presented a white, semi-
transparent and turgid appearance on day 0 of storage. However, as 
storage progressed, the breakdown of longan pulp occurred and wors-
ened gradually, which was primarily manifested as opaqueness, 

yellow–brown color and softening of the pulp. This phenomenon of PB 
in longan fruit started from the fleshy part near the pericarp and grad-
ually developed inward (Fig. 1C–F). At the end of the storage, quite 
severe PB was observed in all pulp of the control group (Fig. 1F). 

Fig. 2. Effects of P. longanae infection on the rate of O2
–. production (A), the 

content of H2O2 (B) and MDA (C) in pulp of harvested longan fruit. Value 
presented in figure equals mean ± standard error of triplicate analyses, vertical 
bars express the standard error of mean (n = 3). ○, control; ●, P. longanae. The 
symbol (* and **) indicated the significantly difference (P < 0.05 and P < 0.01, 
separately) between the control longan fruit and the P. longanae-inoculated 
longan fruit on each storage day. 
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Correspondingly, the breakdown index of longan pulp went up with the 
extension of storage day (Fig. S1). Whereas, compared to control sam-
ples, PB occurred more rapidly and developed more severely after 
inoculation with P. longanae (Fig. 1c–f), and the PB index was clearly 
higher on days 2–5 than control longan (P < 0.01, Fig. S1). Therefore, 
P. longanae infection could significantly stimulate the occurrence of PB 
in longans, and consequently accelerate the quality deterioration of 
longans during postharvest storage. 

3.2. O2
–. generation rate, H2O2 and MDA amount 

The pulp O2
–. generation rate in postharvest longan fruit raised with 

the extension of storage day (Fig. 2A). The pulp O2
–. generation rate in 

the control group raised slowly throughout the entire storage, while the 
O2

–. generation rate in the pulp of P. longanae-infected group enhanced 
quickly from the start of storage to day 2, slowly from days 2–3, and 
quickly on days 3–5. The data analysis demonstrated that conspicuously 
higher (P < 0.05) O2

–. generation rate was shown in the pulp of 
P. longanae-infected fruit relative to the control group throughout the 
whole storage time, except for the day 3 (Fig. 2A). 

The H2O2 content in longan pulp kept increasing over the entire 
storage (Fig. 2B). The pulp H2O2 content in the control group displayed a 
slight increment at storage day 0–1, then tardily went up until the end of 
storage. Whereas, H2O2 amount in the pulp of P. longanae-infected group 
enhanced quickly during 0–4 days, then enhanced slightly from days 
4–5. Furthermore, trial analysis demonstrated that, compared to the 
control, conspicuously higher pulp H2O2 content was found in the 
P. longanae-infected fruit during 1–5 days (P < 0.05, Fig. 2B). 

The MDA content of longan pulp, a substance from membrane lipid 
peroxidation, went up with the prolonged day of storage (Fig. 2C). A 
slow increase of MDA content was found in the pulp of the control group. 
Nevertheless, the pulp MDA content after infection with P. longanae 
raised sharply during 0–2 days, then raised slowly within the next three 
storage days. Significance analysis presented that, contrasted to the 
control group, conspicuously higher pulp MDA amount was appeared in 
the P. longanae-infected fruit within the storage days 2–5 (P < 0.05, 
Fig. 2C). 

The above-mentioned data showed that P. longanae infection could 
raise pulp O2

–. production rate as well as increase the amounts of pulp 
H2O2 and MDA in postharvest longan. 

3.3. ROS scavenging enzymes activities 

The pulp SOD activity in postharvest longans manifested an incre-
ment trend from the beginning of storage to day 2, then a downward 
trend until the end (Fig. 3A). The activity of SOD in the control group 
raised progressively from days 0–2, and declined slowly during 2–5 
days, while the SOD activity in the P. longanae-infected group exposed a 
rapid increment during 0–2 days, then a quick decrement until the final 
storage time (Fig. 3A). Significance analysis elucidated that notably 
higher (P < 0.01) pulp SOD activities were observed during the storage 
day 0 to 2 in P. longanae-infected fruit contrasted to the control, but 
conspicuously lower (P < 0.05) on the days 4 and 5 (Fig. 3A). 

The CAT activity in longan pulp demonstrated an upward trend and 
then a decreasing trend with the increase of storage day (Fig. 3B). The 
pulp CAT activity in the control group manifested a slight change from 
the storage day 0 to 1, but a rapid increment in the next two storage 
days, then a sharp decrement during the storage days 3–5. The pulp CAT 
activity in the fruit infected with P. longanae enhanced quickly during 
0–2 days, but quickly dropped in the next two days. It was also obtained 
that conspicuously higher (P < 0.05) pulp CAT activities on the second 
storage day, but conspicuously lower (P < 0.05) pulp CAT activities 
during the storage day 3 to 4 were found in the fruit infected with 
P. longanae in comparison to the control (Fig. 3B). 

The pulp APX activity went up and then dropped as the storage time 
extended. The pulp APX activity in the control increased slowly on days 
0–3, then dropped moderately on days 3–5 (Fig. 3C). Whereas, pulp APX 
activity in the group infected with P. longanae raised quickly in the first 
two days, but dropped sharply in the next two days, then dropped slowly 
until the end of storage. Data analysis demonstrated that, contrasted to 
the control group, conspicuously higher (P < 0.05) pulp APX activities 
on the second storage day, but conspicuously lower (P < 0.01) pulp APX 
activities on the fourth storage day were found in the group infected 
with P. longanae (Fig. 3C). 

These data revealed that P. longanae infection could notably change 

Fig. 3. Effects of P. longanae infection on the activities of SOD (A), CAT (B) and 
APX (C) in pulp of harvested longan fruit. Value presented in figure equals 
mean ± standard error of triplicate analyses, vertical bars express the standard 
error of mean (n = 3). ○, control; ●, P. longanae. The symbol (* and **) indi-
cated the significantly difference (P < 0.05 and P < 0.01, separately) between 
the control longan fruit and the P. longanae-inoculated longan fruit on each 
storage day. 
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longan pulp ROS scavenging enzymes activities. 

3.4. The levels of endogenous antioxidant substances 

The longan pulp AsA amount displayed a decreasing trend with the 
extension of storage day (Fig. 4A). The pulp AsA amount in the control 

samples reduced quickly within days 0–2, then dropped slowly during 
days 2–4, and reduced quickly during the storage day 4 to 5. Whereas 
the pulp AsA amount in the P. longanae-inoculated group declined 
quickly over the entire storage. Importantly, compared to control lon-
gan, fruit infected with P. longanae had lower pulp AsA content for the 
entire storage period, with a clearly (P < 0.05) difference on day 4 and 

Fig. 4. Effects of P. longanae infection on the content of AsA (A), GSH (B), flavonoid (C) and total phenolics (D) in pulp of harvested longan fruit. Value presented in 
figure equals mean ± standard error of triplicate analyses, vertical bars express the standard error of mean (n = 3). ○, control; ●, P. longanae. The symbol (* and **) 
indicated the significantly difference (P < 0.05 and P < 0.01, separately) between the control longan fruit and the P. longanae-inoculated longan fruit on each 
storage day. 

Fig. 5. Effects of P. longanae infection on the DPPH radical scavenging activity (A) and reducing power (B) in pulp of harvested longan fruit. Value presented in figure 
equals mean ± standard error of triplicate analyses, vertical bars express the standard error of mean (n = 3). ○, control; ●, P. longanae. The symbol (* and **) 
indicated the significantly difference (P < 0.05 and P < 0.01, separately) between the control longan fruit and the P. longanae-inoculated longan fruit on each 
storage day. 
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day 5 (Fig. 4A). 
The GSH amount in longan pulp showed a dropping trend with the 

prolonged storage time (Fig. 4B). GSH content in the control longan pulp 
reduced slowly on the first day of storage, but decreased promptly until 
the end of storage. However, the pulp GSH amount in the P. longanae- 
inoculated group dropped quickly during entire storage period. More-
over, a lower GSH amount was shown in the pulp of P. longanae-infected 
fruit in contrast to the control during days 1–5 of storage, with a con-
spicuous discrepancy (P < 0.05) on days 3–5 (Fig. 4B). 

The flavonoid content of longan pulp kept decreasing throughout the 
storage process (Fig. 4C). The pulp flavonoid content in control group 
exhibited a slight change on days 0–1, followed by a gradual decrease. In 
the group inoculated with P. longanae, rapid and gradual declines were 
observed on days 1–2 and 3–5, respectively. A marked decrease (P <
0.05) in flavonoid amount was found in pulp of P. longanae-inoculated 
group within days 1–5 in comparison to control longan (Fig. 4C). 

The total phenolics content of longan pulp dropped with storage time 
(Fig. 4D). The total phenolics amount in the pulp of control longan 
declined promptly on days 0–3, then changed slightly on days 3–4, after 
that it declined again. In the group infected with P. longanae, the trend of 
total phenolics content changed similarly to the control group, but a 
clearly lower total phenolics content was observed on days 3–5 
(Fig. 4D). 

The above data confirmed that P. longanae infection could reduce the 
levels of longan pulp endogenous antioxidant substances. 

3.5. DPPH radical scavenging ability and reducing power 

As displayed in Fig. 5A, longan pulp DPPH radical scavenging ability 
dropped throughout the whole storage period. The pulp DPPH radical 
scavenging ability in control longan dropped gradually during days 0–3, 
and reduced rapidly in the next two storage days. The pulp DPPH radical 
scavenging ability in fresh longan inoculated by P. longanae declined 
mildly from the onset to day 3 of storage, and declined quickly in the 
following two days. Significant analysis revealed that, contrasted to the 
control group, a lower pulp DPPH radical scavenging ability was shown 
in P. longanae-inoculated group during days 1–5, with a conspicuous 
discrepancy (P < 0.05) on day 4 and day 5 (Fig. 5A). 

The pulp reducing power in postharvest fruit showed a reducing 
trend during the period of storage (Fig. 5B). The pulp reducing power in 
the control group manifested a slow declination during the storage day 
0 to 3, then a quick decrement from the storage day 3 to 5. Whereas, the 
reducing power of longan pulp after P. longanae inoculation dropped 
gradually from days 0–3, then declined sharply during days 3–5. The 
data analysis clearly showed that the reducing power of longan pulp 
infected with P. longanae was lower on days 1–5 relative to the control, 
with conspicuous discrepancy (P < 0.05) on day 4 and day 5 (Fig. 5B). 

The above data illustrated that P. longanae infection could signifi-
cantly lower the ability to scavenge DPPH radical and the value of the 
reducing power in pulp of fresh longan after harvest. 

4. Discussion 

4.1. Changes in ROS scavenging enzymes activities caused by P. longanae 
infection and their association with PB of harvested longans 

Under normal conditions, there is a balance between the ROS gen-
eration and ROS scavenging activities to prevent plant tissue from the 
attack by excessive ROS. The ROS scavenging system contains two 
components: ROS scavenging enzymes and non-enzymatic endogenous 
antioxidant substances (Chen & Ko, 2021; Lin et al., 2021). 

ROS scavenging enzymes include SOD, APX and CAT (Lin et al., 
2021; Mandal, Mitra, & Mallick, 2008). O2

–. is transformed to H2O2 and 
O2 by the action of SOD (Mandal et al., 2008). The other two functional 
enzymes, CAT and APX, stimulate the production of H2O and O2 from 
H2O2 (Zrig et al., 2021). Whereas, the stress conditions induce the 

disorder in ROS scavenging and ROS generation, which may enhance the 
accumulation of ROS and lead to an imbalance of ROS generation- 
scavenging system. These activities can bring about an excessive accu-
mulation of ROS, resulting in stimulated lipid peroxidation of cell 
membrane and causing accelerated cell de-compartmentalization and 
eventually quality deterioration and disease progress (Sun et al., 2018; 
Zrig et al., 2021). Evidence is found that pathogen invasion is capable of 
enhancing the SOD, APX and CAT activities at early stage of pathogen 
inoculation to remove excessive ROS in postharvest produces (Mandal 
et al., 2008). Whereas, SOD, APX and CAT activities decreased as the 
storage extended, which resulted in an increment of the ROS content and 
expedited lipid peroxidation, and consequently caused the quality 
deterioration and disease occurrence of fresh products (Jiang et al., 
2018). Altogether, ROS scavenging enzymes may be crucial in the 
quality and storability of postharvest products. 

In this work, PB development (Fig. 1), PB index (Fig. S1), generating 
rate of O2

–. (Fig. 2A), H2O2 amount (Fig. 2B) and MDA amount (Fig. 2C) 
in the pulp of control group manifested an increasing trend with the 
extension of storage days. It was further revealed that the raised PB 
index (Fig. S1) was positively related to the increased rate of O2

–. pro-
duction (Fig. 2A), the increased content of H2O2 (Fig. 2B) and MDA 
(Fig. 2C) in the control group during storage, with correlation coefficient 
r of 0.899, 0.912 and 0.881, separately (P < 0.05). The results implied 
that PB in longan was closely related to an increment in O2

–. generating 
rate as well as an increase in H2O2 and MDA content. Additionally, 
contrasted to the control group, P. longanae-inoculated fruit manifested 
more severe PB (Fig. 1), higher index of PB (Fig. S1), rate of O2

–. pro-
duction (Fig. 2A), and levels of pulp H2O2 (Fig. 2B) and MDA (Fig. 2C), 
implying that P. longanae-accelerated breakdown of longan pulp was 
highly linked to the increments of ROS production and ROS accumula-
tion, and expedited lipid peroxidation of longan pulp. 

In addition, the SOD, APX and CAT activities in the pulp of 
P. longanae-inoculated fruit manifested an upward trend within the early 
stage of storage (Fig. 3), while the production rate of O2

–. and H2O2 
content increased rapidly (Fig. 2A, B). These data indicated that the 
oxidative burst activating-enzymes (APX, CAT, SOD) in the early stage 
of storage might be a defense response against the infection of 
P. longanae, which helped to scavenge ROS. Besides, the activities of 
enzymes (APX, CAT, SOD) in the group of P. longanae infection dropped 
rapidly at the late stage (Fig. 3), while the production rate of O2

–. and 
H2O2 content still increased (Fig. 2A, 2B). These findings demonstrated 
that, during the last stage of storage, the reduced enzyme activities for 
scavenging ROS in P. longanae-inoculated fruit could result in an 
imbalance between the generation of ROS and the scavenging of ROS, 
which led to an enhanced ROS generation and an accelerated ROS 
accumulation, expedited lipid peroxidation of cellular membrane, and 
consequently caused structural damaged of the membrane and the 
breakdown of the pulp of postharvest fresh longans. 

The above data indicated that ROS-scavenging enzymes play a vital 
role in PB of longan. P. longanae infection could stimulate PB occurrence, 
accelerate O2

–. generating rate, and increase amounts of H2O2 and MDA 
in longan pulp tissue, which were resulted from decreased activities of 
ROS-scavenging enzymes (APX, CAT, SOD). 

4.2. Changes in the content of endogenous antioxidant substances caused 
by P. longanae infection and their association with PB of harvested longans 

Non-enzymatic endogenous antioxidant substances in postharvest 
fresh produces such as total phenolics, flavonoid, GSH and AsA are also 
essential for scavenging ROS and can effectively prevent the build-up of 
ROS (Xue et al., 2020). Previous investigation has demonstrated that a 
decrease in the content of endogenous antioxidant substances acceler-
ates the dysfunction of ROS generation-scavenging system, which leads 
to disease occurrence and quality deterioration in fresh produces (Lin 
et al., 2017). Thus, keeping higher levels of endogenous antioxidant 
substances facilitates the maintenance of ROS production-scavenging 
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system, thereby suppressing quality deterioration and disease develop-
ment, and consequently enhances the shelf life and storability of post-
harvest produces (Xu et al., 2019). 

In this work, during postharvest storage, the levels of pulp flavonoid, 
GSH, AsA, and total phenolics (Fig. 4) in control longan dropped with 
accelerated PB development (Fig. 1), increased PB index (Fig. S1), raised 
O2

–. generation rate (Fig. 2A) and enhanced content of H2O2 (Fig. 2B) 
and MDA (Fig. 2C). Further analyses demonstrated that the raised PB 
index (Fig. S1) during storage was negatively related to the reduced 
content of GSH (Fig. 4B) and flavonoid (Fig. 4C) in the control pulp, with 
r of − 0.853 and − 0.817, separately (P < 0.05). Besides, the rise in pulp 
O2

–. generation rate. (Fig. 2A) was negatively related to the declined 
content of pulp AsA (Fig. 4A), GSH (Fig. 4B), flavonoid (Fig. 4C) and 
total phenolics (Fig. 4D) in the control group, with r of − 0.938 (P <
0.01), − 0.995 (P < 0.01), − 0.977 (P < 0.01) and − 0.907 (P < 0.05), 
respectively. The enhanced level of H2O2 (Fig. 2B) was negatively linked 
to the reduced AsA (Fig. 4A), GSH (Fig. 4B), flavonoid (Fig. 4C) and total 
phenolics (Fig. 4D) content in the control pulp, with r of − 0.914 (P <
0.05), − 0.987 (P < 0.01), − 0.957 (P < 0.01) and − 0.873 (P < 0.05), 
respectively. Similar negative correlations were found between the 
elevated MDA content and the reduced amounts of endogenous anti-
oxidant substances (-0.958 for ASA, − 0.995 for GSH, − 0.986 for 
flavonoid, − 0.927 for total phenolics). Thus, the decrement of antioxi-
dant substances in longan pulp contributed to an increased generating 
rate of O2

–. and a raised H2O2 amount, which finally led to lipid 

peroxidation and PB. 
Furthermore, more severe development of PB (Fig. 1), higher PB 

index (Fig. S1), higher generating rate of O2
–. (Fig. 2A), higher H2O2 

(Fig. 2B) and MDA (Fig. 2C) content, and lower GSH, AsA, flavonoid and 
total phenolics content (Fig. 4) were observed in the P. longanae-inoc-
ulated group relative to the control during days 0–5. Those findings 
illustrated that P. longanae infection could reduce the amounts of longan 
pulp antioxidant substances (flavonoid, GSH, AsA, total phenolics), 
which led to an excessive accumulation of ROS, disrupted the membrane 
structure and boosted breakdown of longan pulp. 

4.3. Changes in antioxidant activities caused by P. longanae infection and 
their association with PB of harvested longans 

The evaluation parameters of antioxidant activities such as reducing 
power and ability to remove DPPH radical are usually used in post-
harvest fresh produces (Chen et al., 2018). Several investigations indi-
cated that the decrement of antioxidant activity was associated with the 
accumulation of ROS, which resulted in the disease occurrence and the 
quality deterioration of fresh litchi (Yi et al., 2010) and longan (Sun 
et al., 2018). Whereas, an increment of antioxidant activity was highly 
associated with the lowered ROS cumulation, which was concomitant 
with the decreased disease incidence and the suppressed spoilage of 
fresh litchi (Jiang et al., 2018) and longan (Lin et al., 2018). Thus, the 
antioxidant activity may be closely connected with the quality and 

Fig. 6. The probable mechanism of P. longanae-induced pulp breakdown of postharvest longan fruit via acting on ROS metabolism.  
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storability of fresh products after harvest. 
In the current observation, the reducing power and ability to scav-

enge DPPH radical (Fig. 5) in the control pulp manifested a decreasing 
trend with the aggravated PB (Fig. 1), the raised PB index (Fig. S1), the 
enhanced generating rate of O2

–. (Fig. 2A) and the raised H2O2 content 
(Fig. 2B) during storage. Further correlation analyses revealed that the 
raising PB index (Fig. S1) was negatively related to the declined ability 
to scavenge DPPH radical (Fig. 5A) and the decreased level of the 
reducing power (Fig. 5B) in control pulp during postharvest storage, 
with r of − 0.949 and − 0.942, separately (P < 0.01). Besides, during 
postharvest storage, the enhanced generating rate of O2

–. (Fig. 2A) was 
negatively associated with the declined ability to scavenge DPPH radical 
(Fig. 5A) and the decreased value of the reducing power (Fig. 5B) in 
control longan, with r of − 0.977 and − 0.983, separately (P < 0.01). The 
enhanced H2O2 content (Fig. 2B) was negatively associated with the 
declined ability to scavenge DPPH radical (Fig. 5A) and the decreased 
value of the reducing power (Fig. 5B) in the control pulp during post-
harvest storage, with r of − 0.989 and − 0.993, respectively (P < 0.01). It 
was speculated that the decrease of antioxidant activity, including the 
declination in reducing power and the decrement in the ability to 
remove DPPH radical, led to the raised generating rate of O2

–. and H2O2 
content, which was the primary cause of PB in longan. 

In comparison with the control, more serious PB development 
(Fig. 1), higher PB index (Fig. S1), generating rate of O2

–. (Fig. 2A) and 
H2O2 content (Fig. 2B), but a lower ability of scavenging DPPH radical 
(Fig. 5A), and a lower level of the reducing power (Fig. 5B) were found 
in the pulp of P. longanae-infected fruit within days 0–5. It could be 
inferred that P. longanae infection was able to decrease the pulp anti-
oxidant activity of postharvest longans, which suppressed the ability to 
scavenge free radical and resulted in over-accumulation of ROS, and 
ultimately boosted breakdown of its pulp. 

Overall, the possible mechanism of P. longanae-stimulated longan PB 
involved the metabolism of ROS, which was elucidated in Fig. 6. 
Whereas, the probable molecular and biochemical mechanisms of 
P. longanae-accelerate longan PB remains unclear. Therefore, it is 
necessary to further explore the mechanism of P. longanae-accelerate 
longan PB, referring to the omics methods such as the analyses of 
metabolomics, transcriptomics and proteomics in the research of post-
harvest fresh produces (Chen et al., 2019; Li et al., 2021; Lin, Lin, Lin, 
Fan, & Lin, 2021; Wen et al., 2022). 

5. Conclusion 

In short, it could be confirmed that the PB in longan was resulted 
from a disorder of reactive oxygen generation-scavenging system. The 
increase of O2

–. production rate and the increments of H2O2 and MDA 
amounts in the longan pulp inoculated by P. longanae were closely 
relevant to the declined ability of enzymes to scavenge ROS, the 
declined content of non-enzymatic antioxidant substances and the 
decrement of antioxidant activity. This led to the reduced self-defensive 
ability against pathogen infection, and facilitated lipid peroxidation and 
structural collapse of cellular membranes, consequently accelerating PB 
in longan. 
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