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Phenolic compounds are secondary metabolites and widely distributed in higher plants.
When plants are subjected to injury stress, the rapid synthesis of more phenols is
induced to result in injury defense response for wound healing and repair. Fresh-cut fruits
and vegetables undergo substantial mechanical injury caused by pre-preparations such
as peeling, coring, cutting and slicing. These processing operations lead to activate the
biosynthesis of phenolic compounds as secondary metabolite. Phenolic compounds
are important sources of antioxidant activity in fresh-cut fruits and vegetables. The
wound-induced biosynthesis and accumulation of phenolic compounds in fresh-cut
fruits and vegetables have been widely reported in recent years. This article provides
a brief overview of research published over the last decade on the phenolic compounds
and antioxidant activity in fresh-cut fruits and vegetables. It is suggested that fresh-cut
processing as mechanical wounding stress can be used as an effective way to improve
the nutritional composition and function of fresh-cut produces.
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INTRODUCTION

Phenolic compounds are widely found in various amounts in fruits, vegetables, cereals, and
beverages such as wine, coffee, cocoa, and tea (Papuc et al., 2017). Phenolic compounds are
secondary metabolites from plant. It has the function with reducing reactive oxygen species
and inhibiting lipid peroxidation in human (Fenga, 2016; Villarreal-García et al., 2016; Hu
et al., 2021). It also has high pharmaceutical value and other biological activities as the main
contributors to the total antioxidant capacity of fruits and vegetables. The main phenolic substances
include monophenol, phenolic acid, hydroxyl cinnamic acid derivatives and flavonoids in plant.
Flavonoids include also flavonols, anthocyanins, and isoflavones. Phenols has some biological
and pharmacological activities function including the antioxidant, anti-inflammatory, anti-tumor,
anti-viral and anti-allergic substances with potential health benefits, especially in the prevention
and treatment of chronic diseases in humans, including neurodegenerative and diabetes diseases,
prostate cancer and cardiovascular diseases (Bahadoran et al., 2013; Sahpazidou et al., 2014;
Nikolaos et al., 2015). The survey shows the higher daily intake with proportion of fruit and
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vegetables can induce lower risk of disease including mental
disorders, cardiovascular disease and various cancers in the
aspect of health and nutrition survey (Stanner et al., 2004;
Lee et al., 2019). Some studies have also shown that fresh
fruits and vegetables contain rich phenolic compounds. There
were important health benefits for maintaining human health,
increasing the body’s resistance to oxidative damage, preventing
disease including cardiovascular diseases and cancer by moderate
intake of phenolic compounds in daily diets (Chu et al., 2002;
Reyes et al., 2007; Wolfe and Liu, 2008; Costa et al., 2017).
The chemical compounds with function of pharmaceutical
and nutraceutical have been studied in plant in these years
(Becerra-Moreno et al., 2012). Plants as the biofactory of
phenolic compounds could produce much more phenolics by
simply increasing wounded stress treatment and intensity (Liu,
2004; Becerra-Moreno et al., 2012). Therefore, wounding stress
is an effective method which increase phenolic content of
postharvest fruits and vegetables. Fresh-cut processing operation
induces significantly increase in phenolic content and antioxidant
capacity of these fresh-cut fruits and vegetables, such as fresh-
cut carrot, fresh-cut potato, fresh-cut onion and fresh-cut
dragon fruit, indicating that it was universal phenomenon
of synthetic accumulation of phenols in fresh-cut fruits and
vegetables induced by mechanical wounding stress (Surjadinata
and Cisneros-Zevallos, 2012; Berno et al., 2014; Torres-Contreras
et al., 2014; Li et al., 2017).

PHENOLIC COMPOUNDS IN
FRESH-CUT FRUITS AND VEGETABLES

Fresh-cut fruits and vegetables were also known as semi-
processed fruits and vegetables, minimally processed fruits, and
vegetables. Fresh-cut fruits and vegetables have the advantage
of fresh, convenience, ready-to-eat, and ready-to-use. There are
more numerous phenolic compounds which are considered as
the main contributors to the total antioxidant capacity of fruits
and vegetables (Li et al., 2019; Guan et al., 2021a). The cutting
activates the biosynthesis of phenolic compounds of fresh-cut
fruits and vegetables, which defend and heal the wounding
damage at the injured site or site adjacent (Reyes and Cisneros-
Zevallos, 2003; Cisneros-Zevallos and Jacobo-Velazquez, 2020).
Many studies reported significant increases in content of phenolic
compounds and antioxidant activity after wounding in different
types of fresh-cut fruits and vegetables such as lettuce, celery,
mushroom, broccoli, carrot onions, and mangoes (Vina and
Chaves, 2006; Oms-Oliu et al., 2010; Surjadinata and Cisneros-
Zevallos, 2012; Zhan et al., 2012; Benito Martinez-Hernandez
et al., 2013; Maribel Robles-Sanchez et al., 2013; Berno et al.,
2014; Torres-Contreras et al., 2014). The cutting processing of
fresh-cut produces induces the rapid synthesis and accumulation
of phenolics in short time. The accumulation of phenolic
compounds may improve the functional value of these fresh-cut
products. Table 1 showed the differences in phenolic contents of
whole and fresh-cut fruits and vegetables.

According to the above results, fresh-cut carrots, fresh-cut
dragon fruits, fresh-cut broccoli have 5.2 times, 2.1 times, and

1.9 times than the content of whole fruit (Surjadinata and
Cisneros-Zevallos, 2012; Torres-Contreras et al., 2014; Guan
et al., 2021a). Therefore, wound-induced can be used as an
effective way to improve the nutritional composition of fresh-
cut produces (Jacobo-Velázquez et al., 2011). The greater the
wound area of fresh-cut fruits and vegetables, the greater the
damage intensities to cells of fruit and vegetable, which will
lead to a series of more significant changes in physiological, and
biochemical. These physiological changes and reactions will cause
rapid increase in metabolic reactions such as rapid increase in
respiration, decline in quality, loss of fresh quality, especially
in the accumulation of phenolics. The cutting styles affect the
accumulation of phenolic compounds which have bioactive
function in broccoli. It indicated that broccoli was considered
as resource of promoting more health nutrient properties when
broccoli was treated with certain cutting intensities (Torres-
Contreras et al., 2017). The phenolic content of dragon fruit with
different cutting types increased significantly within 2 days, i.e.,
the whole fruit increased by 34%, the slice increased by 63%,
the half slice increased by 78% and the equal slice increased by
90% (Li et al., 2017). Table 2 showed the differences in contents
of phenolic compounds in fresh-cut fruits and vegetables with
different cut-wounding intensities.

According to Table 2, the content of phenols is 54.59 mg
100 g−1 in fresh-cut roccoli florets (10 × 10 cm) tissues, up to
65.59 mg 100 g−1 in the shreds tissue. The content of phenolic
compounds is 39.04 mg 100 g−1 in the fresh-cut carrot slices,
up to 57.87 mg 100 g−1 in the shreds tissue. It indicated
that the content of phenolic substances in fresh-cut fruits and
vegetables was enhanced with cutting intensities produced by
different cutting styles.

BIOSYNTHESIS OF PHENOLIC
COMPOUNDS IN FRESH-CUT FRUITS
AND VEGETABLES

Phenolic compounds in wounded fresh-cut fruits and vegetables
are produced quickly in part to produce lignin as wounding stress
response. The activation of phenylpropanoid metabolism and the
content of phenolic compounds can be stimulated with different
cutting intensity (Jacobo-Velázquez et al., 2015). Some factors
including wounding intensity, cut methods, storage temperature,
and gas composition can promote the mechanism during storage
time (Padda and Picha, 2008; Jacobo-Velázquez and Cisneros-
Zevallos, 2009; Surjadinata and Cisneros-Zevallos, 2012; Pérez-
López et al., 2018).

It has been proven that the primary metabolites of plant
as defense compounds, carbon source and signaling molecules
can induce the increasing with secondary metabolite products
(Jacobo-Velázquez et al., 2015). The study demonstrated that the
increasing of some bioactive compounds involving with phenolic
compounds and glucosinolates of broccoli was enhanced with the
method of cutting (Torres-Contreras et al., 2017).

It was reported the rapid production of reactive oxygen species
(ROS) after fresh cutting of dragon fruit, as well as the subsequent
improvement of phenylalanine ammonia-lyase (PAL) activity and
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TABLE 1 | Comparison of phenolic contents of whole and fresh-cut fruits and vegetables.

Fruits and
vegetables types

Content of phenolics
(mg 100 g−1)

Fresh-cut fruits and
vegetables

Content of phenolics
(mg 100 g−1)

Increase times References

Carrot 48 Fresh-cut carrot 250 5.21 Surjadinata and Cisneros-Zevallos, 2012

Potato 50 Fresh-cut potato 95 1.90 Becerra-Moreno et al., 2012

Dragon 602 Fresh-cut dragon 1,250 2.08 Guan et al., 2021a

Broccoli 150 Fresh-cut broccoli 280 1.87 Martínez-Hernández et al., 2011

Onion 298 Fresh-cut onion 451 1.51 Berno et al., 2014

Lettuce 20 Fresh-cut lettuce 29 1.45 Reyes et al., 2007

Celery 23 Fresh-cut celery 26 1.13 Reyes et al., 2007

Sweet potato 90 Fresh-cut sweet potato 110 1.22 Reyes et al., 2007

the accumulation of phenolics, proved that ROS as a signaling
molecule induced and initiated the operation of phenylpropane
metabolic pathways and the synthesis of phenolics in fresh-cut
fruits and vegetables (Jacobo-Velázquez et al., 2011; Li et al.,
2017; Torres-Contreras et al., 2017; Guan et al., 2020a). ROS
as signaling molecules play an important role in increasing
of phenolic compounds of cutting carrot tissues (Padda and
Picha, 2008; Torres-Contreras et al., 2014). ROS are produced
with the occurrence of wounded plant tissue and its action
is regulating wounded defense response. Some reports have
demonstrated that primary metabolism lays the foundation for
secondary metabolism in fruits and vegetables stimulated by
wounding stress. The content of chlorogenic acid isomers in
damaged potato tubers is accompanied by a significant increase
in reducing sugar levels, indicating a close relationship between
primary metabolism of carbohydrate and secondary metabolism
of phenylalanine (Torres-Contreras et al., 2014). The increase
of shikimic acid and phenylalanine which are related to the
primary metabolism, cause the producing of individual phenolic

TABLE 2 | Comparison contents of phenolic compounds in fresh-cut fruits and
vegetables with different cut-wounding intensities.

Fruits and
vegetables

Cutting
styles

Content of
phenolic

(mg 100 g−1)

Increase
times

References

Broccoli Florets
10 × 10 cm

54.95 1.27 Torres-Contreras
et al., 2017

Florets
5 × 5 cm

56.77 1.31

Florets
2.5 × 2.5 cm

63.29 1.46

Shreds 65.59 1.51

Carrot Slices 39.04 1.67 Guan et al., 2020a

Pies 60.94 2.60

Shreds 112.9 5.21

Onion Slices 47.23 1.35 Jacobo-Velázquez
and

Cisneros-Zevallos,
2009

Pies 50.06 1.44

Shreds 57.87 1.66

Pitaya Slices 1012.31 1.43 Li et al., 2017

Half-slice 1130.19 1.59

Quarter-slice 1250.35 1.76

compounds in carrot tissues treated with cutting (Liu, 2004;
Becerra-Moreno et al., 2015). Furthermore, the generation of
signal was activated by fresh-cutting operation, which induced
PAL activity to synthesis more phenolic compounds. The activity
of PAL, a key enzyme of phenylpropane metabolic pathway,
affects the accumulation of phenolic compound generated by
phenylalanine among the phenylpropane metabolic pathway.
The promotion of PAL enzyme in wounded tissues would
to enhance cellular antioxidant activity of fresh-cut product
(Bozin et al., 2008). As shown in Table 3, the enhancement
of PAL activity and total phenols content was greater as the
intensity of wounding increased with different cutting styles
(Table 3). Cutting or minimally processed can enhance nutrition
of fresh fruits and vegetables, such as garlic and ginger must
be mechanical mashed or chopped to induce the production of
more phenolics and bactericidal action, and can undergo some
reactions of biochemical in plant in vivo to produce special
flavor substances (Nuutila et al., 2003; Benkeblia, 2004; Cardelle-
Cobas et al., 2005; Queiroz et al., 2009; Guan et al., 2020b).
Rapid response induced by fresh cutting of fruits and vegetables

TABLE 3 | Comparison of PAL enzyme activity of fresh-cut fruits and vegetables
with different cutting styles.

Fruits and
vegetables

Cutting
styles

PAL enzyme
activity (U kg−1)

Increase
times

References

Broccoli Florets
10 × 10 cm

54.95 1.27 Guan et al.,
2020a

Florets
5 × 5 cm

56.77 1.31

Florets
2.5 × 2.5 cm

63.29 1.46

Shreds 65.59 1.51

Carrot Slices 39.04 1.67 Surjadinata and
Cisneros-
Zevallos,

2012
Pies 60.94 2.60

Shreds 112.9 5.21

Onion Slices 560 3.73 Han et al., 2016

Pies 790 5.27

Shreds 1,060 7.06

Pitaya Slice 150.32 1.43 Li et al., 2017

Half-slice 167.13 1.70

Quarter-slice 184.99 1.86
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not only induces physiological and biochemical changes such
as large number of wounded ethylene production and rising
respiratory rate, but also by activating defense gene transcription
and expression in plant cells, synthetic defense enzyme system,
including superoxide dismutase (SOD), catalase (CAT), ascorbate
peroxidase (APX), lipoxgenase (LOX), polyphenol oxidase
(PPO), peroxidase (POD). These enzymes can scavenge reactive
oxygen free radical to prevent its attack on the cell membrane and
then avoid membrane lipid peroxidation. Wounding stress also
induces the activation defense response genes in fresh-cut fruits
and vegetables, and synthesizes and accumulates more phenolic
substances in their injured sites and their adjacent sites, such
as chlorogenic acid, ferulic acid, caffeic acid, lignin, and other
secondary metabolites (Saltveit, 2004; Reyes et al., 2007). These
secondary metabolites are biosynthesized by using essential
carbon sources and frameworks mainly from the glycolytic
pathways of phosphoenolpyruvate and pentose phosphate in the
process of oxygen uptake decomposition of sugar. The plant
produces a series of signaling substances in its body after being
subjected to mechanical stress-wounded signaling molecules,
which activate the transcription and expression of functional
genes in the local and undamaged sites or away from the
injured sites, mainly including the generation, transfer, induction,
signal transduction and amplification of the injured signaling
molecules, and ultimately the expression of the wound-induced
genes (Li et al., 2018).

In general, mechanical cutting processing induces wounded
tissue of fresh-cut fruit and vegetable to accelerate the respiratory
oxidation of sugar-primary metabolism, such as glucose
metabolism, respiratory metabolism, and energy metabolism in
short time. But the relationship between the primary metabolism
and wound-induced secondary metabolism and the precursor of
phenolic compound synthesis and how much energy is required
to provide are rarely reported. There are few studies on the
mechanism and regulation of phenolics induced by mechanical
wounded stress after cutting, especially the relationship between
primary metabolism and secondary metabolism, molecular
biology-transcriptional, proteomics, and metabolomics analyses
of phenylpropane metabolic pathways induced by mechanical
wounded stimulation signal (Hodges and Toivonen, 2008; Han
et al., 2017a; Li et al., 2018).

The biosynthesis pathways of phenolics in fresh-cut fruits
and vegetables were showed in Figure 1. In plants, glycolysis
and pentose phosphate pathways can provide carbon source
for the synthesis of secondary metabolites, including phenolic
compounds (Hodges and Toivonen, 2008). During the process
of cutting, the tissue of fruits and vegetables will produce
kinds of injury signals and then further accelerate the oxidative
decomposition of sugar into erythrose 4-phosphate (E4P) and
phosphoenolpyruvate (PEP) (Dixon and Paiva, 1995; Jacobo-
Velázquez and Cisneros-Zevallos, 2012). With the catalytic
action of enzymes, E4P and PEP could degrade to produce
shikimic acid and phenylalanine, which ended the primary
metabolic process. The phenylalanine accumulation from the
primary metabolic process provides precursors for the synthesis
of phenolic compounds through phenylpropane metabolism. For
example, the wounding stress up-regulated the genes including

the conversion of reducing sugar to phenylalanine phenolic
compound in fresh-cut carrots (Han et al., 2017b). Phenylalanine
could convert into phenols, phenolic acids, anthocyanins,
flavonoids, isoflavones, and other polyphenolic metabolites
with several enzymatic reactions. Phenylpropane metabolism
includes several branches such as the central metabolic pathway,
anthocyanin, flavonoid, and isoflavone synthesis pathways. In the
central metabolic pathway, 4-coumarin coenzyme A ligase (4CL),
cinnamate 4-hydroxylase (C4H), and phenylalanine ammonia-
lyase (PAL) were considered the critical enzymes, which could
catalyze phenylalanine into phenolic acids such as shikimic acid,
caffeic acid, chlorogenic acid, and ferulic acid (Li et al., 2017). It
was reported that PAL, C4H, and 4CL enzymes activities were
increased obviously which contributed to the result of catechin,
hydroxybenzoic acid, chlorogenic acid, caffeic acid, sinapic acid,
and cinnamic acid accumulation in fresh-cut broccoli (Guan
et al., 2019). Furthermore, similar results were founded in fresh-
cut onion, lettuce, carrot, celery, and pitaya (Vina and Chaves,
2006; Reyes et al., 2007; Surjadinata and Cisneros-Zevallos, 2012;
Berno et al., 2014; Li et al., 2017). p-coumaroyl CoA could be
used as an important precursor to enter the flavonoid metabolism
and further product flavanones, flavanonol, anthocyanin, and
other phenols (Torres-Contreras et al., 2018). Therefore, more
antioxidant activities, drug-active substances, health promoters
could be activated though cutting or wounding stress. That is a
convenient way to keeping healthy and physiology in business
and at home. Meanwhile, according to different biological
characteristics and cutting styles, could make suggestions on
cutting method of fresh-cut fruits and vegetables suitable for
application of commercial and domestic.

ANTIOXIDANT ACTIVITY OF PHENOLIC
COMPOUNDS IN FRESH-CUT FRUITS
AND VEGETABLES

The accumulation of secondary metabolites in plant with wound-
induced can be applied as effective method to produce more
bioactive compounds in fresh-cut fruits and vegetables, which
have significant health function and antioxidant effects because
they are rich in phenolics, anthocyanins, carotenoids, vitamins,
and other antioxidant substances. For instance, fresh-cut carrots
respond to wounding stress producing and accumulating
caffeoylquinic acids, which are phenolic compounds (PC)
with potential applications in the treatment and prevention
of chronic-diseases including hepatitis B, diabetes, obesity,
cardiovascular diseases, neurodegenerative diseases, and HIV
(Surjadinata and Cisneros-Zevallos, 2012). It has been reported
that the antioxidant activity of vitamin C in apple is less than
0.4% of the antioxidant activity of whole fruit (Cheong et al.,
2002). The phenolics in fruits and vegetables have much more
antioxidant capacity than that of vitamin C (Santana-Gálvez et al.,
2019). When the balance between oxidants and antioxidants
in the human body is destroyed by many free radicals, it can
lead to oxidative stress and DNA damage, making human cells
cancerous (Costa et al., 2017). The antioxidants such as phenols
in fruits and vegetables mainly maintain human health and
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FIGURE 1 | The biosynthesis pathways of phenolics in fresh-cut fruits and vegetables. β-D-F, β-D-fructose; α-D-G, α-D-glucose; β-D-G, β-D- glucose; α-D-G6P,
α-D-glucose 6-phosphate; β-D-G6P, β-D-glucose 6-phosphate; β-D-F6P, β-D-fructose 6-phosphate; G2P, 2-phosphoglycerate; PEP, Phosphoenolpyruvate; E4P,
Erythrose 4-phosphate; DAHP, 3-deoxy-D-arabino-heptulosonic Acid 7-Phosphate; CQAs, Caffeoylquinic acid; p-CSA, p-coumarin shikimic acid; CSA, Coumarin
shikimic acid. FK, Fructose kinase; HK, Hexose kinase; G6P1E, Putative glucose-6-phosphate 1-epimerase; AIE, Aldose 1-epimerase; G6PI, glucose-6-phosphate
isomerase; TK, transketolase; EL, enolase; DAHP syntnase, Phospho-2-dehydro-3-deoxyheptonate aldolase syntnase; 3DQ synthase, 3-dehydroquinate synthase;
3DD, SD, 3-dehydroquinate dehydratase shikimate dehydrogenase; SK, Shikimate kinase; EPSP synthase, 5-enolpyruvylshikimate-3-phosphate synthase; CS,
Chorismate synthase; CM, Chorismate mutase; AAT,PAT, Arogenate dehydratase/prephenate dehydratase; ADT, PDT, Bifunctional aspartate aminotransferase and
glutamate/aspartate-prephenate aminotransferase; AA, Aspartate aminotransferase; TA, Aminotransferase; HPT, Histidinol-phosphate aminotransferase; PAL,
Phenylalanine ammonia-lyase; C4H, Cinnamate 4-hydroxylase; 4CL, 4-coumarin coenzyme A ligase; HCT, Hydroxycinnamoyl transferase; C3’M, Cytochrome; CSE,
Caffeoylshikimate esterase; COMT, Bergaptol O-methyltransferase; CHI, Chalcone isomerase; F3H, Flavanone-3-hydroxylase; LDOX, Leucoanthocyanidin
dioxygenase.

prevent cancer by reducing oxidative damage, scavenging free
radicals, inhibiting oxidative stress response, and reducing the
probability of cardiovascular disease, coronary heart disease,
and stroke (Aune et al., 2017; Guan et al., 2021b). Common
fruits and vegetables such as apples, spinach, cabbage, red
peppers, onions and broccoli have been shown to have significant
inhibitory effects on hepatocellular carcinoma cells in HepG2,
also suggesting that about 32% of cancers can be prevented
by diet change (Gillman et al., 1995; Eberhardt et al., 2000;
Chu et al., 2002).

Cutting damage can induce broccoli, carrots, potatoes, onions,
dragon fruit, celery, lettuce, to produce a large number of
phenolic compounds, resulting in increase of antioxidant activity
of fresh-cut fruits and vegetables (Saltveit, 2004; Vina and Chaves,
2006; Martinez-Hernandez et al., 2013; Berno et al., 2014; Torres-
Contreras et al., 2014; Han et al., 2017b; Li et al., 2017). The
prevention of chronic diseases such as obesity, diabetes, hepatitis,
cardiovascular disease, neurodegenerative diseases, and HIV have
potential applications by using fresh-cut products (Robinson
et al., 1996; Morton et al., 2000; Balasubashini et al., 2004; Kim
et al., 2005; Thom, 2007; Wang et al., 2009). It has been proved
that the cellular antioxidant activity of flower cluster, flower,

1/2 flower, and shred broccoli was reached at 1.15, 1.20, 1.24,
and 1.41 µmol QE kg−1, which was increased by 52.7, 59.2,
64.8, and 86.5% compared to the whole broccoli, respectively,
which indicated that the nutrients of fruits and vegetables
could be enhanced through fresh cutting and preprocessing
(Bozin et al., 2008). Meanwhile, the kinds of different individual
phenolic compounds have the effect on antioxidant activity, it has
been reported that caffeic acid, cinnamic acid, and sinapic acid
contribute to the increase of the antioxidant activity of wounded
broccoli (Bahadoran et al., 2013), whereas, the quercetin, caffeic
acid and vanillic acid were the critical carrier of antioxidant
activity in fresh-cut onion (Padda and Picha, 2008).

Moreover, the content of phenols compound and antioxidant
capacity in fresh-cut products could be affected obviously
with different cutting intensities. Studies on fresh-cut broccoli
and pitaya have demonstrated that total phenols content and
the ability of scavenging reactive oxygen species in vitro was
enhanced with cutting intensity increase (Martinez-Hernandez
et al., 2013; Li et al., 2017). However, this result was inconsistent
with the results of a previous study in fresh-cut red cabbage and
potato, which indicated that the increase in antioxidant capacity
after wounding depends on the type of fruit or vegetable tissue
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(Reyes et al., 2007). These studies suggested that the application
of fresh-cut processing operations as postharvest wounded stress,
whether commercially or in the home, is an easy way to get more
healthy, physiological and drug-active phenolic substances and
antioxidant activity.

AUTHOR CONTRIBUTIONS

WH: conceptualization, writing (original draft preparation),
supervision, and project administration. Sarengaowa and KF:

investigation. Sarengaowa and YG: resources. Sarengaowa, YG,
and KF: writing (review and editing). All authors contributed to
manuscript revision, read, and approved the submitted version.

FUNDING

This research was supported by the Zhuhai College of Science and
Technology “Three Levels” Talent Construction Project the “13th
Five-Year Plan” for the National Key Research and Development
Program (Grant No. 2016YFD0400903).

REFERENCES
Aune, D., Giovannucci, E., Boffetta, P., Fadnes, L. T., Keum, N., Norat, T., et al.

(2017). Fruit and vegetable intake and the risk of cardiovascular disease, total
cancer and all-cause mortality-a systematic review and dose-response meta-
analysis of prospective studies. Int. J. Epidemiol. 46, 1029–1056. doi: 10.1093/
ije/dyw319

Bahadoran, Z., Parvin, M., and Fereidoun, A. (2013). Dietary polyphenols as
potential nutraceuticals in management of diabetes: a review. J. Diabetes Metab.
Disordors. 12:43. doi: 10.1186/2251-6581-12-43

Balasubashini, M. S., Rukkumani, R., Viswanathan, P., and Menon, V. P. (2004).
Ferulic acid alleviates lipid peroxidation in diabetic rats. Phytother. Res. 18,
310–319. doi: 10.1002/ptr.1440

Becerra-Moreno, A., Benavides, J., Cisneros-Zevallos, L., and Jacobo-Velázquez,
D. A. (2012). Plants as biofactories: glyphosate-induced production of shikimic
acid and phenolic antioxidants in wounded carrot tissue. J. Agric. Food Chem.
60, 11378–11386. doi: 10.1021/jf303252v

Becerra-Moreno, A., Redondo-Gil, M., Benavides, J., Nair, V., Cisneros-Zevallos,
L., and Jacobo-Velázquez, D. A. (2015). Combined effect of water loss and
wounding stress on gene activation of metabolic pathways associated with
phenolic biosynthesis in carrot. Front. Plant Sci. 6:837. doi: 10.3389/fpls.2015.
00837

Benito Martinez-Hernandez, G., Artes-Hernandez, F., Gomez, P. A., Formica,
A. C., and Artes, F. (2013). Combination of electrolysed water: UV-C and
superatmospheric O2 packaging for improving fresh-cut broccoli quality.
Postharvest Biol. Technol. 76, 125–134. doi: 10.1016/j.postharvbio.2012.09.013

Benkeblia, N. (2004). Antimicrobial activity of essential oil extracts of various
onions (Allium cepa) and garlic (Allium sativum L.). LWT 37, 263–268. doi:
10.1016/j.lwt.2003.09.001

Berno, N. D., Tezotto-Uliana, J. V., Santos Dias, C. T., and Kluge, R. A. (2014).
Storage temperature and type of cut affect the biochemical and physiological
characteristics of fresh-cut purple onions. Postharvest Biol. Technol. 93, 91–96.
doi: 10.1016/j.postharvbio.2014.02.012

Bozin, B., Mimica-Dukic, N., Samojlik, I., Goran, A., and Igic, R. (2008). Phenolics
as antioxidants in garlic (Allium sativum L., Alliaceae). Food Chem. 111,
925–929. doi: 10.1016/j.foodchem.2008.04.071

Cardelle-Cobas, A., Moreno, F. J., Corzo, N., Olano, A., and Villamiel, M. (2005).
Assessment of initial stages of Maillard reaction in dehydrated onion and garlic
samples. J. Agric. Food Chem. 53, 9078–9082. doi: 10.1021/jf051302t

Cheong, Y. H., Chang, H. S., Gupta, R., Wang, X., Zhu, T., and Luan, S.
(2002). Transcriptional profiling reveals novel interactions between wounding,
pathogen, abiotic stress, and hormonal responses in Arabidopsis. Plant Physiol.
129, 661–667. doi: 10.1104/pp.002857

Chu, Y. F., Sun, J., Wu, X. Z., and Liu, R. H. (2002). Antioxidant and
Antiproliferative Activities of Common Vegetables. J. Agric. Food Chem. 50,
6910–6916. doi: 10.1021/jf020665f

Cisneros-Zevallos, L., and Jacobo-Velazquez, D. A. (2020). Controlled abiotic
stresses revisited: from homeostasis through hormesis to extreme stresses
and the impact on nutraceuticals and quality during pre- and postharvest
applications in horticultural crops. J. Agric. Food Chem. 68, 11877–11879. doi:
10.1021/acs.jafc.0c06029

Costa, C., Tsatsakis, A., Mamoulakis, C., Teodoro, M., Briguglio, G., Caruso, E.,
et al. (2017). Current evidence on the effect of dietary polyphenols intake on

chronic diseases. Food Chem. Toxicol. 110, 286–299. doi: 10.1016/j.fct.2017.
10.023

Dixon, R. A., and Paiva, N. L. (1995). Stress-induced phenylpropanoid metabolism.
Plant Cell 7:1085. doi: 10.1105/tpc.7.7.1085

Eberhardt, M. V., Lee, C. Y., and Liu, R. H. (2000). Antioxidant activity of fresh
apples. Nature 405, 903–904. doi: 10.1038/35016151

Fenga, C. (2016). Occupational exposure and risk of breast cancer. Biomed. Rep. 4,
282–292. doi: 10.3892/br.2016.575

Gillman, M. W., Cupples, L. A., Gagnon, D., Posner, B. M., Ellison, R. C., Castelli,
W. P., et al. (1995). Protective effect of fruits and vegetables on development of
stroke in men. JAMA 273, 1113–1117. doi: 10.1001/jama.1995.03520380049034

Guan, Y. G., Hu, W. Z., Jiang, A. L., Xu, Y. P., Sa, R. G. W., Feng, K., et al. (2019).
Effect of methyl jasmonate on phenolic accumulation in wounded broccoli.
Molecules 24:3537. doi: 10.3390/molecules24193537

Guan, Y. G., Hu, W. Z., Jiang, A. L., Xu, Y. P., Yu, J. X., and Zhao, M. R. (2020a).
Influence of cut type on quality, antioxidant substances and antioxidant activity
of fresh-cut broccoli. Int. J. Food Sci. Tech. 55, 3019–3030. doi: 10.1111/ijfs.
14567

Guan, Y. G., Hu, W. Z., Jiang, A. L., Xu, Y. P., Zhao, M. R., Yu, J. X., et al.
(2020b). The effect of cutting style on the biosynthesis of phenolics and cellular
antioxidant capacity in wounded broccoli. Food Res. Int. 137:109565. doi: 10.
1016/j.foodres.2020.109565

Guan, Y. G., Hu, W. Z., Xu, Y. P., Sarengaowa, Ji, Y. R., Yang, X. Z., et al. (2021a).
Proteomic analysis validates previous findings on wounding-responsive plant
hormone signaling and primary metabolism contributing to the biosynthesis
of secondary metabolites based on metabolomic analysis in harvested broccoli
(Brassica oleracea L. var. italica). Food Res. Int. 145:110388. doi: 10.1016/j.
foodres.2021.110388

Guan, Y. G., Hu, W. Z., Xu, Y. P., Yang, X. Z., Ji, Y. R., and Feng, K. (2021b).
Metabolomics and physiological analyses validates previous findings on the
mechanism of response to wounding stress of different intensities in broccoli.
Food Res. Int. 140:110058. doi: 10.1016/j.foodres.2020.110058

Han, C., Ji, Y., Li, M. L., Li, X. A., Jin, P., and Zheng, Y. H. (2016). Influence of
wounding intensity and storage temperature on quality and antioxidant activity
of fresh-cut Welsh onions. Sci. Hortic. 212, 203–209. doi: 10.1016/j.scienta.2016.
10.004

Han, C., Jin, P., Li, M. L., Wang, L., and Zheng, Y. H. (2017a). Physiological and
Transcriptomic Analysis Validates Previous Findings of Changes in Primary
Metabolism for the Production of Phenolic Antioxidants in Wounded Carrots.
J. Agric. Food Chem. 65, 7159–7167. doi: 10.1021/acs.jafc.7b01137

Han, C., Li, J., Jin, P., Li, X. A., Wang, L., and Zheng, Y. H. (2017b). The effect
of temperature on phenolic content in wounded carrots. Food Chem. 215,
116–123. doi: 10.1016/j.foodchem.2016.07.172

Hodges, D. M., and Toivonen, P. M. (2008). Quality of fresh-cut fruits and
vegetables as affected by exposure to abiotic stress. Postharvest Biol. Technol.
48, 155–162. doi: 10.1016/j.postharvbio.2007.10.016

Hu, W. Z., Guan, Y. G., Ji, Y. R., and Yang, X. Z. (2021). Effect of cutting styles
on quality, antioxidant activity, membrane lipid peroxidation, and browning in
fresh-cut potatoes. Food Biosci. 44:101435. doi: 10.1016/j.fbio.2021.101435

Jacobo-Velázquez, D. A., and Cisneros-Zevallos, L. (2009). Correlations of
antioxidant activity against phenolic content revisited: a new approach in data
analysis for food and medicinal plants. J. Food Sci. 74:R107–R113. doi: 10.1111/
j.1750-3841.2009.01352.x

Frontiers in Microbiology | www.frontiersin.org 6 May 2022 | Volume 13 | Article 906069

https://doi.org/10.1093/ije/dyw319
https://doi.org/10.1093/ije/dyw319
https://doi.org/10.1186/2251-6581-12-43
https://doi.org/10.1002/ptr.1440
https://doi.org/10.1021/jf303252v
https://doi.org/10.3389/fpls.2015.00837
https://doi.org/10.3389/fpls.2015.00837
https://doi.org/10.1016/j.postharvbio.2012.09.013
https://doi.org/10.1016/j.lwt.2003.09.001
https://doi.org/10.1016/j.lwt.2003.09.001
https://doi.org/10.1016/j.postharvbio.2014.02.012
https://doi.org/10.1016/j.foodchem.2008.04.071
https://doi.org/10.1021/jf051302t
https://doi.org/10.1104/pp.002857
https://doi.org/10.1021/jf020665f
https://doi.org/10.1021/acs.jafc.0c06029
https://doi.org/10.1021/acs.jafc.0c06029
https://doi.org/10.1016/j.fct.2017.10.023
https://doi.org/10.1016/j.fct.2017.10.023
https://doi.org/10.1105/tpc.7.7.1085
https://doi.org/10.1038/35016151
https://doi.org/10.3892/br.2016.575
https://doi.org/10.1001/jama.1995.03520380049034
https://doi.org/10.3390/molecules24193537
https://doi.org/10.1111/ijfs.14567
https://doi.org/10.1111/ijfs.14567
https://doi.org/10.1016/j.foodres.2020.109565
https://doi.org/10.1016/j.foodres.2020.109565
https://doi.org/10.1016/j.foodres.2021.110388
https://doi.org/10.1016/j.foodres.2021.110388
https://doi.org/10.1016/j.foodres.2020.110058
https://doi.org/10.1016/j.scienta.2016.10.004
https://doi.org/10.1016/j.scienta.2016.10.004
https://doi.org/10.1021/acs.jafc.7b01137
https://doi.org/10.1016/j.foodchem.2016.07.172
https://doi.org/10.1016/j.postharvbio.2007.10.016
https://doi.org/10.1016/j.fbio.2021.101435
https://doi.org/10.1111/j.1750-3841.2009.01352.x
https://doi.org/10.1111/j.1750-3841.2009.01352.x
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/microbiology#articles


fmicb-13-906069 May 25, 2022 Time: 11:42 # 7

Hu et al. Biosynthesis of Phenolic Compounds

Jacobo-Velázquez, D. A., González-Agüero, M., and Cisneros-Zevallos, L. (2015).
Cross-talk between signaling pathways: the link between plant secondary
metabolite production and wounding stress response. Sci. Rep. 5:8608. doi:
10.1038/srep08608

Jacobo-Velaìzquez, D. A., and Cisneros-Zevallos, L. (2012). An alternative use
of horticultural crops: stressed plants as biofactories of bioactive phenolic
compounds. Agriculture 2, 259–271. doi: 10.3390/agriculture2030259

Jacobo-Velaázquez, D. A., Martinez-Hernandez, G. B., Rodriguez, S., Cao, C. M.,
and Cisneros-Zevallos, L. (2011). Plants as biofactories: physiological role
of reactive oxygen species on the accumulation of phenolic antioxidants in
carrot tissue under wounding and hyperoxia stress. J. Agric. Food Chem. 59,
6583–6593. doi: 10.1021/jf2006529

Kim, S. S., Park, R. Y., Jeon, H. J., Kwon, Y. S., and Chun, W. (2005).
Neuroprotective effect of 3,5-dicaffeoylquinic acid on hydrogen peroxide-
induced cell death in SHSY5Y cells. Phytother. Res. 19, 243–249. doi: 10.1002/
ptr.1652

Lee, Y. R., Chen, M., Lee, J. D., Zhang, J. F., Lin, S. Y., Fu, T. M., et al.
(2019). Reactivation of PTEN tumor suppressor for cancer treatment through
inhibition of a MYC-WWP1 inhibitory pathway. Science 364:0159. doi: 10.1126/
science.aau0159

Li, D., Zhang, X. C., Li, L., Aghdam, M. S., Wei, X., Liu, J., et al. (2019). Elevated
CO2 delayed the chlorophyll degradation and anthocyanin accumulation
in postharvest strawberry fruit. Food Chem. 285, 163–170. doi: 10.1016/j.
foodchem.2019.01.150

Li, X. A., Li, M. L., Wang, J., Wang, L., Han, C., Jin, P., et al. (2018). Methyl
jasmonate enhances wound-induced phenolic accumulation in pitaya fruit by
regulating sugar content and energy status. Postharvest Biol. Technol. 137,
106–112. doi: 10.1016/j.postharvbio.2017.11.016

Li, X. A., Long, Q. H., Gao, F., Han, C., Jin, P., and Zheng, Y. H. (2017). Effect
of cutting styles on quality and antioxidant activity in fresh-cutpitaya fruit.
Postharvest Biol. Technol. 124, 1–7. doi: 10.1016/j.postharvbio.2016.09.009

Liu, R. H. (2004). Potential synergy of phytochemicals in cancer prevention:
mechanism of action. J. Nutr. 134, 3479S–3485S. doi: 10.1093/jn/134.12.3
479S

Maribel Robles-Sanchez, R., Alejandra Rojas-Gratue, M., Odriozola-Serrano, I.,
Gonzalez-Aguilar, G., and Martin-Belloso, O. (2013). Influence of alginate-
based edible coating as carrier of antibrowning agents on bioactive compounds
and antioxidant activity in fresh-cut kent mangoes. LWT 50, 240–246. doi:
10.1016/j.lwt.2012.05.021

Martinez-Hernandez, G. B., Artes-Hernandez, F., Gomez, P. A., Formicac,
A. C., and Francisco, A. F. (2013). Combination of electrolysed water, UV-
C and superatmospheric O2 packaging for improving fresh-cut broccoli
quality. Postharvest Biol. Technol. 76, 125–134. doi: 10.1016/j.postharvbio.2012.
09.013

Martínez-Hernández, G. B., Gómez, P. A., and Pradas, I. (2011). Moderate UV-
C pretreatment as a quality enhancement tool in fresh-cut Bimi Broccoli.
Postharvest Biol. Technol. 62, 327–337. doi: 10.1016/j.postharvbio.2011.
06.015

Morton, L. W., Caccetta, R. A. A., Puddey, I. B., and Croft, K. D. (2000).
Chemistry and biological effects of dietary phenolic compounds: Relevance to
cardiovascular disease. Clin. Exp. Pharmacol. Physiol. 27, 152–159. doi: 10.1046/
j.1440-1681.2000.03214.x

Nikolaos, G., Dimitrios, S., Ypatios, S., Maria, L., and Anna, A. (2015).
Polyphenolic composition of grape stem extracts affects antioxidant activity in
endothelial and muscle cells. Mol. Med. Rep. 12, 5846–5856. doi: 10.3892/mmr.
2015.4216

Nuutila, A. M., Pimia, R. P., Aarni, M., and Caldenty, M. O. (2003). Comparison
of antioxidant activities of onion and garlic extracts by inhibition of lipid
peroxidation and radical scavenging activity. Food Chem. 81, 485–493. doi:
10.1016/s0308-8146(02)00476-4

Oms-Oliu, G., Aguilo-Aguayo, I., Martin-Belloso, O., and Soliva-Fortuny, R.
(2010). Effects of pulsed light treatments on quality and antioxidant properties
of fresh-cut mushrooms (agaricus bisporus). Postharvest Biol. Technol. 56,
216–222. doi: 10.1016/j.postharvbio.2009.12.011

Padda, M. S., and Picha, D. H. (2008). Effect of style of cut and storage on phenolic
composition and antioxidant activity of fresh-cut sweet potatoes. HortScience
43, 431–434. doi: 10.21273/hortsci.43.2.431

Papuc, C., Goran, G. V., Predescu, C. N., Nicorescu, V., and Stefan, G. (2017).
Plant polyphenols as antioxidant and antibacterial agents for shelf-life extension

of meat and meat products: classification, structures, sources, and action
mechanisms. Compr. Rev. Food Sci. F. 16, 1243–1268. doi: 10.1111/1541-4337.
12298

Pérez-López, U., Sgherri, C., Miranda-Apodaca, J., Micaelli, F., Lacuesta, M.,
Mena-Petite, A., et al. (2018). Concentration of phenolic compounds is
increased in lettuce grown under high light intensity and elevated CO2. Physiol.
Biochem. 123, 233–241. doi: 10.1016/j.plaphy.2017.12.010

Queiroz, Y. S., Emília, Y. I., and Deborah, H. M. B. (2009). Garlic (Allium sativum
L.) and ready-to-eat garlic products: In vitro antioxidant activity. Food Chem.
115, 371–374. doi: 10.1016/j.foodchem.2008.11.105

Reyes, L. F., and Cisneros-Zevallos, L. (2003). Wounding stress increases the
phenolic content and antioxidant capacity of purple-flesh potatoes. J. Agricul
Food Chem. 51, 5296–5300. doi: 10.1021/jf034213u

Reyes, L. F., Villarreal, J. E., and Cisneros-Zevallos, L. (2007). The increase in
antioxidant capacity after wounding depends on the type of fruit or vegetable
tissue. Food Chem. 101, 1254–1262. doi: 10.1016/j.foodchem.2006.03.032

Robinson, W. E., Cordeiro, M., and Abdel-Malek, S. (1996). Dicaffeoylquinic acid
inhibitors of human immunodeficiency virus integrase: inhibition of the core
catalytic domain of human immunodeficiency virus integrase. Mol. Pharmacol.
50, 846–855.

Sahpazidou, D., Geromichalos, G. D., Stagos, D., Apostolou, A., Haroutounian,
S. A., Tsatsakis, A. M., et al. (2014). Anticarcinogenic activity of
polyphenolic extracts from grape stems against breast, colon, renal and
thyroid cancer cells. Toxicol. Lett. 230, 218–224. doi: 10.1016/j.toxlet.2014.
01.042

Saltveit, M. E. (2004). Effect of 1-methylcyclopropene on phenylpropanoid
metabolism, the accumulation of phenolic compounds, and browning of whole
and fresh-cut ‘iceberg’ lettuce. Postharvest Biol. Technol. 34, 75–80. doi: 10.1016/
j.postharvbio.2004.05.001

Santana-Gálvez, J., Santacruz, A., Cisneros-Zevallos, L., and Jacobo-Velázquez,
D. A. (2019). Postharvest wounding stress in horticultural crops as a tool for
designing novel functional foods and beverages with enhanced nutraceutical
content: carrot juice as a case study. J. Food Sci. 84, 1151–1161. doi: 10.1111/
1750-3841.14588

Stanner, S., Hughes, J., Kelly, C., and Buttriss, J. (2004). A review of the
epidemiological evidence for the antioxidant hypothesis. Public Health Nutr.
7, 407–422. doi: 10.1079/phn2003543

Surjadinata, B. B., and Cisneros-Zevallos, L. (2012). Biosynthesis of phenolic
antioxidants in carrot tissue increases with wounding intensity. Food Chem.
134, 615–624. doi: 10.1016/j.foodchem.2012.01.097

Thom, E. (2007). The effect of chlorogenic acid enriched coffee on glucose
absorption in healthy volunteers and its effect on body mass when used long-
term in overweight and obese people. J. Int. Med. Res. 35, 900–908. doi: 10.1177/
147323000703500620

Torres-Contreras, A. M., Nair, V., Cisneros-Zevallos, L., and Jacobo-Velaìzquez,
D. A. (2014). Plants as biofactories: stress-induced production of chlorogenic
acid isomers in potato tubers as affected by wounding intensity and
storage time. Ind. Crops Prod. 62, 61–66. doi: 10.1016/j.indcrop.2014.
08.018

Torres-Contreras, A. M., Nair, V., Cisneros-Zevallos, L., and Jacobo-Velázquez,
D. A. (2017). Stability of bioactive compounds in broccoli as affected by
cutting styles and storage time. Molecules 22:636. doi: 10.3390/molecules2204
0636

Torres-Contreras, A. M., Senés-Guerrero, C., Pacheco, A., González-Agüero, M.,
Ramos-Parra, P. A., and Cisneros-Zevallos, L. (2018). Genes differentially
expressed in broccoli as an early and late response to wounding stress.
Postharvest Biol. Technol. 145, 172–182. doi: 10.1016/j.postharvbio.2018.07.010

Villarreal-García, D., Nair, V., Cisneros-Zevallos, L., and Jacobo-Velázquez, D. A.
(2016). Plants as biofactories: postharvest stress-induced accumulation of
phenolic compounds and glucosinolates in broccoli subjected to wounding
stress and exogenous phytohormones. Front. Plant Sci. 7:45. doi: 10.3389/fpls.
2016.00045

Vina, S. Z., and Chaves, A. R. (2006). Antioxidant responses in minimally processed
celery during refrigerated storage. Food Chem. 94, 68–74. doi: 10.1016/j.
foodchem.2004.10.051

Wang, G. F., Shi, L. P., and Ren, Y. D. (2009). Anti-hepatitis B virus
activity of chlorogenic acid, quinic acid and caffeic acid in vitro and
in vivo. Antivir. Res. 83, 186–195. doi: 10.1016/j.antiviral.2009.05.
002

Frontiers in Microbiology | www.frontiersin.org 7 May 2022 | Volume 13 | Article 906069

https://doi.org/10.1038/srep08608
https://doi.org/10.1038/srep08608
https://doi.org/10.3390/agriculture2030259
https://doi.org/10.1021/jf2006529
https://doi.org/10.1002/ptr.1652
https://doi.org/10.1002/ptr.1652
https://doi.org/10.1126/science.aau0159
https://doi.org/10.1126/science.aau0159
https://doi.org/10.1016/j.foodchem.2019.01.150
https://doi.org/10.1016/j.foodchem.2019.01.150
https://doi.org/10.1016/j.postharvbio.2017.11.016
https://doi.org/10.1016/j.postharvbio.2016.09.009
https://doi.org/10.1093/jn/134.12.3479S
https://doi.org/10.1093/jn/134.12.3479S
https://doi.org/10.1016/j.lwt.2012.05.021
https://doi.org/10.1016/j.lwt.2012.05.021
https://doi.org/10.1016/j.postharvbio.2012.09.013
https://doi.org/10.1016/j.postharvbio.2012.09.013
https://doi.org/10.1016/j.postharvbio.2011.06.015
https://doi.org/10.1016/j.postharvbio.2011.06.015
https://doi.org/10.1046/j.1440-1681.2000.03214.x
https://doi.org/10.1046/j.1440-1681.2000.03214.x
https://doi.org/10.3892/mmr.2015.4216
https://doi.org/10.3892/mmr.2015.4216
https://doi.org/10.1016/s0308-8146(02)00476-4
https://doi.org/10.1016/s0308-8146(02)00476-4
https://doi.org/10.1016/j.postharvbio.2009.12.011
https://doi.org/10.21273/hortsci.43.2.431
https://doi.org/10.1111/1541-4337.12298
https://doi.org/10.1111/1541-4337.12298
https://doi.org/10.1016/j.plaphy.2017.12.010
https://doi.org/10.1016/j.foodchem.2008.11.105
https://doi.org/10.1021/jf034213u
https://doi.org/10.1016/j.foodchem.2006.03.032
https://doi.org/10.1016/j.toxlet.2014.01.042
https://doi.org/10.1016/j.toxlet.2014.01.042
https://doi.org/10.1016/j.postharvbio.2004.05.001
https://doi.org/10.1016/j.postharvbio.2004.05.001
https://doi.org/10.1111/1750-3841.14588
https://doi.org/10.1111/1750-3841.14588
https://doi.org/10.1079/phn2003543
https://doi.org/10.1016/j.foodchem.2012.01.097
https://doi.org/10.1177/147323000703500620
https://doi.org/10.1177/147323000703500620
https://doi.org/10.1016/j.indcrop.2014.08.018
https://doi.org/10.1016/j.indcrop.2014.08.018
https://doi.org/10.3390/molecules22040636
https://doi.org/10.3390/molecules22040636
https://doi.org/10.1016/j.postharvbio.2018.07.010
https://doi.org/10.3389/fpls.2016.00045
https://doi.org/10.3389/fpls.2016.00045
https://doi.org/10.1016/j.foodchem.2004.10.051
https://doi.org/10.1016/j.foodchem.2004.10.051
https://doi.org/10.1016/j.antiviral.2009.05.002
https://doi.org/10.1016/j.antiviral.2009.05.002
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/microbiology#articles


fmicb-13-906069 May 25, 2022 Time: 11:42 # 8

Hu et al. Biosynthesis of Phenolic Compounds

Wolfe, K. L., and Liu, R. H. (2008). Structure-activity relationships of flavonoids
in the cellular Antioxidant activity assay. J. Agric. Food Chem. 56, 8404–8411.
doi: 10.1021/jf8013074

Zhan, L. J., Li, Y., Hu, J. Q., Pang, L. Y., and Fan, H. P. (2012).
Browning inhibition and quality preservation of fresh-cut romaine lettuce
exposed to high intensity light. Innovative Food Sci. Emerg. Technol. 14,
70–76.

Conflict of Interest: KF was employed by company LiveRNA Therapeutics Inc.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Hu, Sarengaowa, Guan and Feng. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Microbiology | www.frontiersin.org 8 May 2022 | Volume 13 | Article 906069

https://doi.org/10.1021/jf8013074
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/microbiology#articles

	Biosynthesis of Phenolic Compounds and Antioxidant Activity in Fresh-Cut Fruits and Vegetables
	Introduction
	Phenolic Compounds in Fresh-Cut Fruits and Vegetables
	Biosynthesis of Phenolic Compounds in Fresh-Cut Fruits and Vegetables
	Antioxidant Activity of Phenolic Compounds in Fresh-Cut Fruits and Vegetables
	Author Contributions
	Funding
	References


