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Abstract: Rot disease is a serious disease in pomegranate (Punica granatum L.) plantations in China.
This disease usually weakens tree vigor, and seriously reduces the ornamental value, fruit yield, and
quality. A better understanding of the pathogen that causes a disease is important for its control. Thus,
the aims of this study were to isolate and identify the pathogen causing rot disease and to explore
substances for its biological control. In this study, the morphology of the hyphae and spores of the
pathogens was observed, and the pathogens were identified by morphological characteristics and the
internal transcribed spacer (ITS) regions of their rDNA. Furthermore, the activity of an aqueous garlic
extract as antifungal treatment for the identified pathogens was assessed. The results showed that
the pathogens causing soft rot and dry rot in ‘Xinjiang Big Seed” pomegranate were most probably
Aspergillus niger and Botryosphaeria dothidea, respectively. In addition, the pathogenicity of A. niger
was stronger than that of B. dothidea. The aqueous garlic extract had a strong antifungal effect on
both pathogens by inhibiting mycelium growth in vitro, and the minimum inhibitory concentrations
against A. niger and B. dothidea were 7.5 mg/mL and 10 mg/mL, respectively.

Keywords: pomegranate; rot disease; pathogen identification; antifungal activity; garlic extract

1. Introduction

Pomegranate (Punica granatum L.) trees have a long cultivation history. This species has strong
adaptability and a wide cultivation area. They are widely planted in Shandong, Shaanxi, Henan, and
Xinjiang provinces in northern China, and there is also a certain amount of pomegranate cultivation
in southern China [1]. The pomegranate tree is one of the preferred trees for landscape greening
and has high ornamental value. The pomegranate fruit, which is usually consumed either as fresh
fruit or fruit juice, is nutritious with a high content of carbohydrates, flavonoids, vitamins, folic acid,
potassium, iron, and other mineral substances [2,3]. In addition, the pomegranate fruit has relatively
high amounts of pharmacologically and medicinally bioactive compounds, which contribute to the
hypolipidemic, antioxidant, antiviral, anticancer, antibacterial, and vascular protection effects [3-6].
A recent study has also shown that the pomegranate metabolite Urolithin A(UroA) can alleviate
inflammatory bowel disease [7]. Therefore, pomegranate fruit is increasing popular with consumers,
and the market demand has recently risen. Nevertheless, pomegranate trees and fruit are susceptible
to either bacterial or fungal diseases during growth. Of these diseases, rot disease is possibly the most
serious one in China. The rot disease weakens tree vigor and leads to lower ornamental and greening
value. In addition, the fruit yield and quality can be seriously reduced in the pomegranate cultivations.
On the whole, the ecological and economic benefits of pomegranate trees are severely restricted by
rot disease
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ARTICLE INFO ABSTRACT

Keywords: Recently ozone has been used to decrease postharvest disease in different fruits. The effects of different pre-
Apple storage ozone treatments combined with cold storage on concentrations of triterpenes, phenolic compounds as
Triterpenes well as quality attributes in two apple cultivars, ‘Amorosa’ and ‘Santana’, were investigated. The results showed

Phenolic compounds
Ozone treatment
Storage

that overall the changes caused by ozone treatment were within the range of fluctuations normally occurring in
untreated apples during storage. Ursolic acid concentration in the apple peel of both cultivars was not affected
by any ozone treatment, while oleanolic acid showed cultivar-specific changes. After one month of storage, the

concentration of total phenols in the peel of both cultivars was decreased 11 to 16% by gaseous ozone as well as
ozonated water treatment, mainly due to decreased total flavonols concentration; while no differences were
found in the concentration of total phenols in the apple flesh by ozone treatments. Procyanidin B2 and
(-)-epicatechin were only detectable in ‘Amorosa’ but not in ‘Santana’.

1. Introduction

In recent years, there has been growing interest in health benefits
from plant food and increasing number of investigations of plant
bioactive compounds (Barbieri et al., 2017; Pandey et al., 2017). Apples
(Malus domestica Borkh), as one of the most popular fruits in the world,
contain different kinds of phytochemicals, including triterpenes and
various phenolic compounds (Andre et al., 2012; Rysman et al., 2016).
In apple peel, oleanolic acid and ursolic acid account for 0.28% and
1.43% of the dry weight respectively (Jager et al., 2009). A study on
109 cultivars of apples, originating from both New Zealand and Lux-
embourg, showed that the polyphenolics in apple peel analyzed by
high-performance liquid chromatography (HPLC) ranged from 29 to
7882 mgkg ! fresh weight; while in the flesh, the polyphenolics con-
centration was in average lower (733-4868mgkg~! fresh weight)
(Andre et al., 2012). Many studies have linked dietary intake of poly-
phenols and triterpenes to reductions in the risk of different chronic
diseases, such as different types of cancers and cardiovascular disease
(Del Rio et al., 2013; Koeberle et al., 2018; Leem et al., 2018). Different
investigations have shown that the concentration of phenolics and tri-
terpenes in apples varies with cultivar, the part of the fruit, maturity
stage, environmental conditions during growth, storage and processing
conditions (Kevers et al., 2011; Carbone et al., 2011; Boyer and Liu,
2004; Lv et al., 2016).

Ozone is a strong oxidant and antimicrobial agent (Kim et al., 1999)
and it has been approved for use as a food additive by the Food and
Drug Administration (USFDA) in the United States (USFDA, 2001).
Previously, it has been suggested that ozone can be used as an alter-
native sanitizer to replace the traditional chlorine (Bott, 1991). The
advantages of ozone include a more effective function against a wide
range of microorganisms and the fact that it does not result in any
chemical residues (Graham, 1997; Xu, 1999); therefore, ozone is ac-
cepted by many organic grower organizations (Horvitz and Cantalejo,
2014). Recent investigations have shown that suitable level of ozone in
storage can control pathogenic diseases and extend the shelf life of
fruits and vegetables, such as kiwifruit, mulbeery, citrus, tomato and so
on. (Barboni et al., 2010; Boonkorn et al., 2012; Garcia-Martin et al.,
2018; Minas et al.,, 2014; Tabakoglu and Karaca, 2018). However,
ozone as a highly reactive compound might cause physiological
changes in crops, including tissue damage, induction of defense me-
chanisms, induced ethylene production and increased respiration
(Forney, 2003). Besides, human might get ccute and chronic health
effects when exposured to ozone (Heidi et al., 2018). Therefore, the
World Health Organization (WHO) has provided a guideline value of
100 pg/m? as the maximum 8 h mean ozone concentration in order to
protect human health (WHO, 2006). When the zone applied in the
practice, the health guideline should be concerned. According to pre-
vious studies, two main application modes of ozone are treating
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Exogenous y-Aminobutyric Acid Treatment That Contributes to
Regulation of Malate Metabolism and Ethylene Synthesis in Apple

Fruit during Storage

Shoukun Han, Yuyu Nan, Wei Qu, Yiheng He, Qiuyan Ban, Yanrong Lv,* and Jingping Rao*
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ABSTRACT: Organic acid is an important indicator of fruit quality, and malate is the predominant organic acid in apple fruit.
However, the regulation of malate metabolism in postharvest fruit is rarely reported. Here, we found that, compared with a
control treatment, a 10 mM y-aminobutyric acid (GABA) treatment remarkably delayed the loss of tiftratable acidity and malate
and increased the succinate and oxalate contents in “Cripps Pink” fruit stored in polyethylene bags at room temperature. The
higher malate levels in GABA-treated fruit were accompanied by higher activities of cytosolic nicotinamide adenine
dinucleotide-dependent malate dehydrogenase (cyNAD-MDH) and phosphoenolpyruvate carboxylase (PEPC) but lower
cytosolic NAD phosphate-dependent malic enzyme (cyNADP-ME) and phosphoenolpyruvate carboxykinase (PEPCK)
activities than those seen in control fruit. Notably, ethylene production was significantly reduced by GABA treatment,
paralleling the downregulation of MdACS, MdACO, and MdJERF expression. Meanwhile, GABA treatment also enhanced the
activity of the GABA shunt and promoted the accumulation of GABA. This study provides new insights into the regulation of
malate metabolism and reports for the first time the possible interplay between GABA and ethylene signaling pathways in apple

fruit during postharvest storage.

KEYWORDS: apple, y-GABA, malate metabolism, ethylene, postharvest storage

B INTRODUCTION

Organic acids are important indicators of fruit taste and,
together with sugars and aromatic volatiles, determine flavor
quality." Generally, the level of organic acids in fruits increases
gradually during the process of fruit growth and development
but decreases continuously during ripening and postharvest
storage.”” In most fruits, malate and citrate, which technically
are the conjugate bases of malic acid and citrate acid and are
used to refer to all physiological forms of each compound, are
considered the main organic acids.”

Malate is the predominant organic acid in apple fruit® and is
involved in various metabolic pathways in fruit cells, including
glycolysis, the tricarboxylic acid (TCA) cycle, gluconeogenesis,
the glyoxylate cycle, and the synthesis of complex secondary
metabolites.’ Previous studies showed that malate appeared to
have a wide range of important functions, such as regulating
cytosolic pH, controlling stomatal aperture, balancing cellular
energy supply, and increasing resistance to heavy metal
toxicity.”'® Notably, malate tends to play an important role
in postharvest softening and susceptibility to bacterial
infection."" In recent years, studies on the accumulation and
metabolism of malate in fruit cells confirmed that cytosolic
nicotinamide adenine dinucleotide-dependent malate dehydro-
genase (cyNAD-MDH) and phosphoenolpyruvate carboxylase
(PEPC) dominated malate biosynthesis by catalytic reactions,
whereas malate degradation was attributed to cytosolic NAD
phosphate-dependent malic enzyme (cyNADP-ME) and
phosphoenolpyruvate carboxykinase (PEPCK), which would
encourage phosphoenolpyruvate (PEP) formation from oxaloa-

-4 ACS Publications  © 2018 American Chemical Society

cetate (OAA), thereby allowing malate to synthesize
OAA 561213

Many studies have been carried out to identify the factors that
influence the formation of fruit acidity. Environmental temper-
ature, water supply, and mineral fertilization have all been shown
to regulate the metabolism and accumulation of organic acids
during the process of fruit growth and development.”'*~'
However, the regulation of malate metabolism in postharvest
fruit is still unclear. Liu et al.'” and Bekele et al.'® reported that 1-
methylcyclopropene (1-MCP) treatment significantly retains
the level of malate in apple fruit during storage. Similarly,
exogenous ethylene application leads to an increase in malate
degradation relative to the untreated apple fruit during storage,
which is attributed to the increase in respiratory consumption."’
More extensive studies are urgently needed.

y-Aminobutyric acid (GABA), a nonprotein amino acid, is
recognized as a plant signaling molecule.”” GABA is synthesized
via the GABA shunt pathway, which extends from the TCA
cycle. To date, studies have shown that glutamate decarboxylase
(GAD), GABA transaminase (GABA-T), and succinate semi-
aldehyde dehydrogenase (SSADH) are all involved in GABA
metabolism.”"*” In the cytosol, GABA synthesis from glutamate
is irreversibly catalyzed by GAD, and GABA is then transported
into the mitochondria, where it is oxidized by GABA-T and
SSADH to produce succinate, which finally flows back to the
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