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Fresh-cut taros are prone to browning even though they are stored at low temperatures, which leads to the quality deterioration and markedly limits the shelf life. The browning control of fresh-cut food with natural substances has received much attention. This study evaluated anti-browning potential of peppermint extracts in fresh-cut taro during cold storage. The results showed that both peppermint leaf and shoot extract (LE and SE) treatments could effectively retard the browning of fresh-cut taros. Furthermore, LE and SE treatments reduced the activities of phenylalanine ammonialyase and lipoxygenase, the contents of total phenolic compound (TPC), total flavonoids, soluble quinones, malondialdehyde and hydrogen peroxide, enhanced peroxidase activity and antioxidant capacity in taro slices. The TPC contents were reduced by 4.05 and 17.71%, and the T-AOC was enhanced by 28.73 and 28.82% as compared to the control at 12 d. These results together suggested that peppermint extract treatments reduced phenolic biosynthesis but enhanced antioxidant activity. However, LE and SE treatments did not inhibit polyphenol oxidase (PPO) activity, suggesting that peppermint extract treatments reduced taro browning was not through inhibition of phenolic oxidation. More than 240 phenolic-related compounds including caffeic acid, ferulic acid and p-Coumaric acid were identified in peppermint extracts through UPLC–MS/MS analysis, suggesting that phenolics may be bioactive substances reducing taro browning. In conclusion, this study demonstrates that peppermint extract is a promising natural anti-browning ingredient and phenolic compounds may function on taro browning inhibition.
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Introduction

Taro (Colocasia esculenta), a member of the Araceae family, is cultivated worldwide, including in Africa, Asia, Oceania, and Americans (Xiao et al., 2022). Taro is a kind of staple food or root vegetable; the corm is the major edible part (Wang et al., 2022b). In 2021, the global production of taro corms amounted over 12 million tons, with China was one of the largest producers in the world and the total production in China exceeded 1.9 million tons a year (FAOSTAT, 2021). In addition to providing dietary energy by being rich in starch, fresh taro and its processed products are also an excellent source of amino acids, polyphenols, dietary fibers, polysaccharides, and minerals (Bellinger et al., 2020), which have numerous beneficial effects on human health.

Due to its convenient preparation, the market demand for fresh-cut taro is increasing annually (Xiao et al., 2022). However, the fresh-cut taro is prone to decay after peeling and cutting, even storage or consumption under low temperatures. The brought undesirable side effects by peeling and cutting mainly include surface browning, stale taste, cellular content leakage, and harmful microbe growth on the cut surface (Padrón-Mederos et al., 2020). Among those negative effects, surface browning is the most significant issue in preserving and consuming fresh-cut taro (Wang et al., 2022a), which significantly reduces its shelf life and affects consumer acceptance. Therefore, it is an urgent task to develop more effective technologies to prevent the browning of fresh-cut taro.

The browning mechanisms of fresh-cut products were suggested to be related to several enzymes (Arnold and Gramza-Michałowska, 2022). Phenylalanine ammonia lyase (PAL), peroxidase (POD) and polyphenol oxidase (PPO), are considered as three major enzymes involving in enzymatic browning reactions (Chen et al., 2021). PAL is a key enzyme in the regulation of the biosynthesis of phenolics and flavonoids through the phenylpropanoid pathway (Wang et al., 2021). The enhanced PAL activity may accelerate the phenolic biosynthesis and contribute to the browning in fresh-cut products (Remorini et al., 2015). POD and PPO are oxidoreductase enzymes that promotes the oxidation of phenolic compounds to produce dark-pigment products, quinones and other melanins, when oxygen is present in fresh-cut foods (Sikora et al., 2020). In addition, the browning of fresh-cut products may be caused by the peroxidation of membrane lipid triggered by reactive oxygen species (ROS), and the enhancement of ROS scavenging activity could restrain browning development (Pan et al., 2020; Zhu et al., 2022). These studies indicate that the modification of the activity of enzymes related to browning via postharvest treatments could regulate the browning process of fresh-cut products.

Postharvest treatments that could restrict the browning process of fresh-cut produces mainly include physical and chemical methods (Oms-Oliu et al., 2010). Although physical methods have some advantages, such as being cost-effective and offering high security, their ability to inhibit enzymatic browning is unsatisfactory due to their inability to directly inactivate the activity of enzymes related to browning. More importantly, a large number of physical treatments result in unwanted changes in color, flavor, and texture (Moon et al., 2020; Xu et al., 2022). Compared with physical treatments, chemical methods used to inhibit browning are more effective and stable. For example, sulfite, one of the extensively used PPO inhibitors, has been well demonstrated that it could effective inhibit the browning of most fresh-cut products (Pundir and Rawal, 2013). However, chemical anti-browning agents may cause some harmful effects such as asthma, hypersensitivity and neurological damages on human health (Ullah et al., 2022). In this regard, consumer demands for new food options are increasing, especially those containing natural and biologically active ingredients (Pateiro et al., 2021). Therefore, developing natural browning inhibitors with additional health benefits is of great interest to researchers in the food industry.

It is known that plant extracts contain high levels of phenolic compounds (Soysal, 2009). It has been reported that the application of several plant extracts especially those rich in compounds to fresh-cut foods is effective for the browning inhibition (Liu et al., 2019; Dias et al., 2020; Sikora et al., 2020; Zhang et al., 2022). The phenolic compounds in plant extracts not only provide health benefits for the consumption of fresh-cut foods, but also contribute to the maintenance of color and flavor (Sukhonthara et al., 2016). Therefore, the use of plant extracts as browning inhibitors is a sustainable and suitable method while producing safe and nutritional fresh-cut products (Moon et al., 2020). Peppermint (Mentha piperita L.) is an edible wild herb in the family of Lamiaceae (mintfamily), which is generally used in traditional medicine for its antioxidant, anti-inflammatory, antitumor and other properties (Mahendran and Rahman, 2020). In addition, peppermint plants are condiments to be used in day-to-day cooking in many countries due to its characteristic flavor and odor (Vining et al., 2017). In most cases, peppermint plant is generally used to extract essential oil for industrial use. However, whether methanolic extracts of peppermint plant could serve as an anti-browning alternative to control fresh-cut food browning is unknown.

The main goal of the present study was to evaluate the inhibitory effects of peppermint methanolic extracts on enzymatic browning of fresh-cut taros during cold storage. In addition, possible mechanisms of peppermint extracts on taro browning inhibition were proposed and phenolic compounds in peppermint extracts were profiled using UPLC–MS/MS analysis. This study would provide a glimpse into the use of methanolic extracts from medicinal plant and the development of safe and natural additives in food, especially in ready-to-eat fruit and vegetables.



Materials and methods


Materials

Peppermint (Mentha piperita cv. hengjing gaoyou) was planted in a garden of Shaoguan University, China (Wang et al., 2023). About 2 month old peppermint plants were harvested in May 2021, and fresh plants were used for the preparation of peppermint extracts.

Taro (Colocasia esculenta cv. Binglang) corms at a commercially ripe stage were harvested (Xiao et al., 2022), and purchased from a local farm in Shaoguan, China. Taros were immediately transported to the lab (Guangdong Provincial Key Laboratory of Utilization and Conservation of Food and Medicinal Resources in Northern Region) within 1 hour. At this phase, the growth of taro corm halts entirely, while nutrients are entirely amassed, the leaves above the ground tend to yellow and some to wither. Taros used for investigations were selected based on the standard of uniform sizes (800 g–1,000 g for each corm), free of physical and biotic damages. Any putrid or broken corms were excluded.



Preparation of peppermint extracts

Peppermint leaf and shoot were separately collected and were freeze-dried using a vacuum freeze-dryer (Scientz-100F). The freeze-dried samples were milled with a mixer mill (MM 400, Retsch) and then screened past a 50 mesh sieve. 1 g lyophilized powders were homogenized with 10 mL 70% methanol solution by using an overhead stirrer at 200 × g, 4°C overnight. The homogenate was then centrifuged at 11000 × g, 4°C for 10 min. The supernatants were collected and defined as leaf extract (LE) or shoot extract (SE) and chlorophyll in the extracts was removed by method of coprecipitation with molysite before treating fresh-cut taros. LE and SE were used for evaluating inhibitory effects on the browning of taro slices, and were stored at 4°C before further treatment and analysis.



Fresh-cut taro preparation and experiment design

Taro corms were peeled and cut into 1 cm thickness. The taro slices were washed with cool water and then were sterilized with ozone for 30 min. The sterilized taro slices were subsequently placed in a plastic basket to remove residual water.

The prepared slices were immersed in 2 and 5% LE or SE for 30 min at ambient temperature. The control slices were immersed in sterilized distilled water (DW, pH 7.0) for 30 min. After treatment, fresh-cut taro slices were left to drain naturally for 10 min and were hermetically wrapped with plastic bags (0.02 mm thickness). The packages with taro slices were stored at 90 to 95% RH and 5°C for 12 days.



Browning degree evaluation

The browning degree on the surface of fresh-cut taros was quantitatively evaluated using a CR-400 Chroma meter (KONICA MINOLTA, Japan). Four color parameters (L*, a*, b*, and ∆E) were employed. In which, ∆𝐸 = [(∆L*)2 + (∆a*)2 + (∆b*)2]1/2. Moreover, browning index (BI) was also used as an indicator to evaluate the browning severity of fresh-cut taros. The BI formula was described in our former study (Wang et al., 2022b).



Determination of enzyme activity

The PAL activity was determined according to the generation of trans-cinnamate (Xiao et al., 2020). 1.0 g taro samples (derived from three slices) were ground with 5.0 mL borate buffer (pH 7.8, 0.2 M) in a mortar. Then the homogenates were centrifuged at 12000 × g, 4°C for 10 min. The supernatants were collected for the measurement of PAL activity. After centrifugation, 0.5 mL supernatants were reacted with 1.5 mL 0.1 mM sodium borate (pH 8.8), 0.5 mL 0.02 M L-phenylalanine and 0.5 mL 5.0 mM dithiothreitol for 2 h at ambient temperature. At last, the absorbance of mixtures was recorded at 290 nm to determine PAL activity.

The crushed extracts were prepared with 0.05 M sodium phosphate buffer (SPB, pH 7.0). 1.0 g taro samples (derived from three slices) were ground with 5.0 mL phosphate buffer (pH 7.8, 0.1 M) in a mortar. The homogenized samples were centrifuged at 12000 × g, 4°C for 10 min. The supernatants were regarded as crushed extracts and were used to determine enzyme activity.

Enzyme activities were assayed according to the methods we described previously (Xiao et al., 2021). Here, one unit of POD, PPO, and lipoxygenase (LOX) were defined as an increase in A470, A398, and A234 of per minute, respectively.



Antioxidant capacity assay

1.0 g taro samples were first grind with 5.0 mL normal saline in a mortar. Then, the homogenate was centrifuged at 12,000 × g for 10 min at 4°C. The supernatants were collected into a new tube to assay antioxidant capacity.

The scavenging effect of taro samples for hydroxyl radical (OH) was determined with the Fenton reaction (Gutteridge, 1987). The scavenging activity of taro samples for 1,1-Diphenyl-2-picrylhydrazyl free radical (DPPH) were monitored according to the method of the previous report (Duan et al., 2016). Scavenging capacity of taro samples for superoxide anion radical (O2−) was determined with pyrogallic reagent (Zhang et al., 2016).

Total antioxidant capacity (T-AOC) of taro samples was evaluated using the ferric reducing antioxidant power (FRAP) method (Zhu et al., 2022). T-AOC was calculated with a standard curve generated by different concentrations of trolox, and the results were expressed as mg kg−1 fresh weight (FW).



Measurement of total phenolics, total flavonoids, soluble quinones, malondialdehyde, and hydrogen peroxide contents

The contents of total phenolic compound (TPC), total flavonoid (TF), soluble quinone (SQ), malondialdehyde (MDA), and hydrogen peroxide (H2O2) in fresh-cut taro slices were detected using the method that we described previously (Wang et al., 2022a). TPC content was calculated with a standard curve produced by different concentration of gallic acid. TPC content was expressed as milligrams of gallic acid equivalent (GAE) per kilogram of fresh samples.



UPLC–MS/MS analysis

Peppermint extracts were filtrated through a 0.22 μm membrane filter (SCAA-104, ANPEL, China) before LC–MS analysis. Chemical compounds in the filtrates were analyzed using an UPLC-ESI-MS/MS system (UPLC, SHIMADZU Nexera X2; MS, Applied Biosystems 4,500 Q TRAP).

The filtrates were separated at 40°C and the flow rate of 0.35 mL/min with an Agilent SB-C18 UPLC column (1.8 μm, 2.1 mm × 100 mm). The injection volume was 4 μL. Solvent A (pure water with 0.1% formic acid) and solvent B (acetonitrile with 0.1% formic acid) composed the mobile phase. The gradient program was started at conditions of 95% A, 5.0% B. A linear gradient to 5.0% A, 95% B was programmed within 9 min, and a composition of 5.0% A, 95% B was hold for 1 min. Then, a composition of 95% A, 5.0% B was adjusted within 70 s, hold for 2.9 min. The effluent was alternatively connected to an ESI-triple quadrupole-linear ion trap (Q TRAP)-MS.

(Q TRAP)-MS analysis was carried out according to the procedures and conditions described previously by a former study (Qu et al., 2021).



Statistical analysis

The experiment was randomly designed. All values were reported as mean ± standard deviation (SD) (n = 3). Statistically significant differences (p ≤ 0.05) between the control and treatments were detected by Duncan’s multiple range tests in the SPSS software (version 25). The statistical differences were marked in all figures using different lowercase letters above the bars.




Results


Effects of peppermint extracts on the browning performance of fresh-cut taros

Instrumental color analysis using CIE L*, a*, and b* system indicates a process of product browning (Gao et al., 2017). As shown in Figure 1A, L* values were decreased with the evaluation of storage duration regardless of treatments. L* values in the control (DW) were steady decreased from 88.33 at 0 d to 82.02 at 12 d. Treatments of peppermint extracts (LE and SE) significantly repressed the reduction of L* values, and L* values in LE and SE treatments were 2.06–2.60% higher than that in the control after 12 days of cold storage. L* values between different concentrations of peppermint extract treatments did not show significant differences (Figure 1A).
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FIGURE 1
 Effects of different concentrations of peppermint extract treatments on the surface browning of fresh-cut taro during cold storage. (A) L* value, (B) a* value, (C) b* value, (D) ∆𝐸 value, (E) browning index (BI), and (F) the representative images of fresh-cut taro stored at 5°C for12 days. DW, distilled water; LE, leaf extract; SE, shoot extract. Each value is presented as mean ± standard deviation (SD, n = 3). Statistical differences (p ≤ 0.05) between treatments at the same time point are analyzed and indicated using lower case letters above the bars.


An opposite trend was observed for a*, b*, ∆E, and BI values during cold storage in relative to L* trend (Figures 1B–E). The values of these four parameters were increased over storage time. During 12 days of cold storage, these four color parameters (a*, b*, ∆E, and BI) increased faster in the control than that in LE and SE treatments. At 12 d, the values of four color parameters in LE and SE treatments were significantly lower than that in the control, and no significant differences between different concentrations (2 and 5%) of LE and SE treatments were detected (Figures 1B–E). To go along with this, LE- and SE-treated taros remained brighter than the control (Figure 1F). As the conditions of the control and extract treatments were same excepting that the concentration of peppermint extracts was different, suggesting that the different color changes of the control and extract treatments were caused by peppermint extracts.

To confirm inhibitory effects of LE and SE solutions on taro browning, a repeated experiment was conducted using 5% LE and 5% SE solutions. The results showed that both LE and SE treatments resulted in significantly higher L* values, but lower b*, ∆E, and BI values when compared with the control (Figures 2A–D). The browning process on the surface of fresh-cut taros in LE and SE treatments was evidently slower than that in the control. Some slight, visible browning symptoms on the surface were observed at day 6 in the control, but no obvious browning appeared in the LE- and SE-treated samples at the same time. At day 12, the control displayed severe browning symptoms on taro surface, while the browning was slight in both SE and LE treatments (Figure 2E). Therefore, it is reasonable to believe that peppermint extracts have functions on browning inhibition in fresh-cut taro, and the results suggest that peppermint extracts may be a good source of natural anti-browning agents.

[image: Figure 2]

FIGURE 2
 Effects of 5% leaf extract (LE) and 5% shoot extract (SE) treatments on the surface browning of fresh-cut taro during cold storage. (A) L* value, (B) b* value, (C) ∆𝐸 value, (D) browning index (BI), and (E) the development of browning symptoms of fresh-cut taro during cold storage at 5°C. DW, distilled water. Each value is presented as mean ± standard deviation (SD, n = 3). Statistical differences (p ≤ 0.05) between treatments at the same time point are analyzed and indicated using lower case letters above the bars.




Effects of peppermint extracts on the biosynthesis and oxidation of phenolics in fresh-cut taros

As the biosynthesis and oxidation of phenolics may contribute to the discoloration of fresh-cut products (Siddiqui et al., 2020; Chen et al., 2022). We further analyzed the effects of 5% LE and 5% SE treatments on the biosynthesis and oxidation of phenolics in fresh-cut taros during cold storage.

PAL activity in the control progressively increased with the extension of storage time, whereas that in LE and SE treatments increased much less during the entire cold storage (Figure 3A). The PAL activities in LE and SE treatments were significantly lower than that in the control with an exception at 3 d. After 12 d cold storage, PAL activities in LE and SE treatments were reduced by 11.20 and 13.52%, respectively, as compared to the control (Figure 3A). These results suggested that peppermint extract treatments had inhibitory effects on PAL activity.

[image: Figure 3]

FIGURE 3
 Effects of 5% leaf extract (LE) and 5% shoot extract (SE) treatments on the biosynthesis and oxidation of phenolics in the fresh-cut taros cold-stored at 5°C. (A) PAL activity, (B) total flavonoid (TF) content, (C) total phenolic content, (D) POD activity, (E) PPO activity, and (F) soluble quinone (SQ) content. Each value is presented as mean ± standard deviation (SD, n = 3). Statistical differences (p ≤ 0.05) between treatments at the same time point are analyzed and indicated using lower case letters above the bars.


TF contents in all groups were markedly increased at 3 d (Figure 3B), suggesting that minimal processing (fresh-cut and peeling) induced TF biosynthesis. TF contents in all treatments first increased and then declined. TF contents in the control increased to a peak at 9 d whereas that in both LE and SE treatments, at 6 d. TF contents in LE and SE treatment groups were significantly lower than that in the control during the last 9 days of storage (Figure 3B). When compared with the control, LE and SE treatments reduced TF contents by 26.32 and 31.73%, respectively, at 12 d (Figure 3B).

TPC contents in all groups showed an overall downward trajectory during cold storage (Figure 3C). TPC contents in the control decreased much less than that in the extract treatments. Compared with the control, TPC contents in both LE and SE treatments were significantly lower than that in the control during the entire cold storage period (Figure 3C).

POD activity in the control gradually decreased, while that in LE and SE treatments increased during the first 9 days of cold storage (Figure 3D). As a consequence, POD activity in LE and SE treatments was significantly higher than that in the control with an exception at 12 d. These results suggested that peppermint extract treatment enhanced POD activity in fresh-cut taros under cold condition. In addition, the induction intensity for POD activity by SE treatment was stronger than other treatments (Figure 3D).

PPO activity in all groups progressively rose along with the elevation of storage duration (Figure 3E). Compared with the control, both LE and SE treatments caused higher PPO activity in taro slices, suggesting that LE and SE treatments could not inhibit PPO activity. SQ contents in the control increased over storage time, while that in LE treatment only increased at first 6 days and that in SE treatment did not significantly changed when compared with pre-storage (0 d) (Figure 3F). At day 12, SQ contents in LE and SE treatments were 32.60 and 24.18% lower than that in the control slices (Figure 3F).



Effects of peppermint extracts on the antioxidant activity of fresh-cut taros

Oxidative damage caused by minimal processing was also suggested to be related to the browning occurrence of fresh-cut products (Zhu et al., 2022). Therefore, representative antioxidant-related parameters were analyzed. LOX activity, MDA and H2O2 contents in all treatments showed similar increased trend during cold storage (Figures 4A–C). LOX activity, MDA, and H2O2 contents in both extract treatments were significantly lower than that in the DW during storage, with an exception at 6 d for LOX activity (Figures 4A–C). They did not show significant differences between two extract treatments.
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FIGURE 4
 Effects of 5% leaf extract (LE) and 5% shoot extract (SE) treatments on antioxidant capacity of fresh-cut taros during cold storage. (A) LOX activity, (B) malondialdehyde (MDA) content, (C) hydrogen peroxide (H2O2) content, (D) scavenging activity of hydroxyl radical (·OH), (E) scavenging activity of superoxide anion radical (O2−), and (F) total-antioxidant capacity (T-AOC). Each value is presented as mean ± standard deviation (SD, n = 3). Statistical differences (p ≤ 0.05) between treatments at the same time point are analyzed and indicated using lower case letters above the bars.


For radical scavenging capacity, ·OH scavenging rate in LE and SE treatments were significantly higher that in the control during the last 6 days, O2- scavenging rate in LE and SE treatments were significantly higher that in the control during the last 9 days, T-AOC in LE and SE treatments were significantly higher than that in the control at 3 d, 6 d, and 12 d of storage (Figures 4D–F). However, the DPPḤ scavenging rate between treatments did not have significant differences (Supplementary Figure S2). These results suggest that peppermint extract treatment enhanced the radical scavenging capacity of taro slices, especially ·OH and O2− radicals.



The compounds in peppermint leaf and shoot extracts

As the results mentioned above, peppermint extracts could significantly restrain the browning of cold-stored fresh-cut taros. However, which compound functions on browning inhibition and what compounds contained in the peppermint extracts are unknown. Therefore, we profiled the components in peppermint leaf and shoot extracts using UPLC–MS/MS analysis.

Three principal components PC1, PC2, and PC3 (74.95, 7.94, and 6.58%) were extracted in both leaf and shoot extract, respectively (Supplementary Figure S1), indicating the reproducibility and reliability of the data. A total of 732 metabolites in peppermint tissues were identified and they were classed into 34 classes based on HMDB_taxonomy (Figure 5). Prenol lipids (60.00% in LE and SE, respectively) were the most abundant compounds, followed by flavonoids (7.00% in LE, 8.00% in SE) and phenols (7.00% in LE, 6.00% in SE) in two extracts (Figure 5).
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FIGURE 5
 Classes of chemical compounds in leaf extracts (A) and shoot extracts (B). Chemical compounds were identified by UPLC–MS/MS analysis. The classification of chemical compounds was implemented in HMDB database (https://hmdb.ca).


Some studies have demonstrated that phenolic-related compounds are the major components in plant extracts inhibiting the browning development of fresh-cut food (Sukhonthara et al., 2016; Liu et al., 2019; Zhang et al., 2022). Therefore, we laid special stress on analyzing phenolic-related compounds in peppermint extracts.

A total of 107 carboxylic acids and derivatives, 103 flavonoids, 20 cinnamic acids and derivatives, 8 phenols and 7 isoflavonoids were found in peppermint extracts, respectively (Supplementary Data 1). Among 107 carboxylic acids and derivatives composition, L-Serine, L-Valine, succinic acid, pipecolic acid, L-Glutamic acid, L-Tyrosine, isocitric acid, and citric acid have relative high amount. Diosmetin, salvigenin, jaceosidin, 5-Hydroxy-6,7,3′,4′-tetramethoxyflavone, retusin and acerosin were most abundant among those 103 flavonoids. Ethyl rosmarinate, caftaric acid and 2-(7-Dihydroxyl)-benzofuranyl-ferulic acid were the three most abundant compositions in the identified cinnamic acids and derivatives. Prunetin and sodium valproate were the major components in isoflavonoids and phenols, respectively (Supplementary Data 1). These results suggested that phenolic-related compounds were rich in peppermint extracts, and the inhibitory effects of extracts on taro browning were probably due to phenolics.



Total phenolic and total flavonoid contents in fresh peppermint leaves and shoots

We also detected total phenolic and total flavonoid contents in fresh peppermint leaves and shoots. The results were shown in Figure 6. Total phenolic contents in fresh leaves and shoots were about 183.07 mg/kg and 216.58 mg/kg, respectively (Figure 6A). Total flavonoid contents in fresh leaves and shoots were about 90.00 mg/kg and 121.89 mg/kg, respectively (Figure 6B). Both total phenolic and flavonoid contents in shoots were higher than that in leaves. These results again demonstrated that peppermint tissues contained a relative high amount of phenolic and flavonoid compounds, which signifies that peppermint may be a source of natural anti-browning medicaments.

[image: Figure 6]

FIGURE 6
 Total phenolic and flavonoid contents in fresh peppermint leaf and shoot. (A) total phenolic content and (B) total flavonoid (TF) content. Each value is presented as mean ± standard deviation (SD, n = 3). Statistical differences (p ≤ 0.05) between leaf and shoot are analyzed and indicated using lower case letters above the bars.





Discussion

The cell structure and integrity of fresh-cut foods were severely destroyed after peeling and cutting, which sent direct contact between enzymes and substrates, accelerated the respiration rate, and increased the activity of endogenous metabolism (Yu et al., 2021). Thus, fresh-cut taros brown rapidly after processing and during storage (Wang et al., 2022a). Study on brown stain prevention techniques has received a lot of attention in recent years. However, due to the low operability or potential hazard concerns, the applications of some chemical methods in the fresh-cut food industry are largely limited (Moon et al., 2020). Hence, the development of browning inhibitors with natural, safe, low-cost, and health properties is of great interest for researchers in the food industry. It has been reported that many plant extracts such as ginger extract (Weerawardana et al., 2020), apple pomace, and peel extracts (Dias et al., 2020) and potato peel extract (Venturi et al., 2019) have strong anti-browning effects. In this study, the browning of fresh-cut taros were significantly reduced after the addition of peppermint leaf and shoot extracts, as compared to the control (Figures 1, 2). These results suggest that peppermint extracts could act as a reliable and effective natural anti-browning substance. The application of peppermint extracts to fresh-cut food may be a promising and sustainable preservation method in the food industry attributing to its natural and health properties.

Due to the higher sensitivity, UPLC–MS/MS analysis has been recognized as a powerful way to identify the metabolites in plant (Zhan et al., 2023). The compounds contained in the extracts actually are peppermint metabolites. So, UPLC–MS/MS analysis was employed to identify what compounds contained in peppermint extracts in this study. The results presented here showed that more than 730 metabolites were identified in peppermint extracts and phenolic-related compounds were abundant in them (Figure 5; Supplementary Data 1). In a previous study, caffeic acid, chlorogenic acid, gallocatechin, and gallic acid were identified as the major polyphenols in Hibiscus acetosella leaves (Lyu et al., 2020). The TPC and TFC levels in peppermint leaves and shoots ranged from 183.07 to 216.58 mg/kg, and 90.00 to 121.89 mg/kg, respectively, with the highest level in shoots (Figure 6). A former study on peppermint young plant, investigating cadmium stress response under hydroponic conditions, reported lower TPC and TFC levels in peppermint leaves (Wang et al., 2023). These results suggest that their contents are varied by plant species, plant organs or tissues, cultivation conditions and harvesting time. With the increase in evidences linking health, phenolic rich foods have emerged as possessing potential health benefits (Veiga et al., 2020). Therefore, the addition of peppermint extracts into fresh-cut taros could additionally improve the nutritional quality.

The phenolics in various plant extracts play a major role in the browning inhibition of fresh-cut fruit and vegetables (Zhang et al., 2022). It has been reported that phenolic treatments show strong inhibitions on fresh-cut product browning (Jiang and Penner, 2022). In previous studies, we demonstrated that the application of ferulic acid and cinnamic acid, two cinnamic acids, could effectively reduce the browning of fresh-cut taro during cold storage (Xiao et al., 2022; Wang et al., 2022a). The addition of p-Coumaric acid, a cinnamic acid, significantly inhibited the browning of potato juice (Zolghadri et al., 2019). Dipping fresh-cut apples into citric acid, a arboxylic acid, improved the color appearance during 7 days of storage at 4°C (Adam et al., 2022). In this study, ferulic acid, 2-Hydroxycinnamic acid and p-Coumaric acid, and other cinnamic acids and derivatives were all abundant in peppermint extracts (Supplementary Data 1). These results suggested that phenolic-related compounds, especially cinnamic acids and derivatives, were bioactive compounds in peppermint extracts. In addition to cinnamic acids and derivatives, numerous other phenolic compounds including carboxylic acids and derivatives, flavonoids, isoflavonoids and phenols were successfully identified in the extracts (Supplementary Data 1). It is necessary to clear whether other phenolic compounds have anti-browning effects.

The biosynthesis of phenolics and flavonoids may be one of important mechanisms of surface discoloration in fresh-cut produces (Chen et al., 2022). PAL involves in the biosynthesis of free phenolics, and its activity was positively correlated with the surface browning of fresh-cut products (Nguyen et al., 2003). In this study, the application of two kinds of peppermint extracts to fresh-cut taros significantly reduced PAL activity, the contents of TPC and TF in fresh-cut taro slices (Figures 3A–C), suggesting the extracts reduced the de novo biosynthesis of phenolics and flavonoids thus resulting in a reduction on taro browning. Phenolic compounds synthesized through the phenylpropanoid pathway have feedback regulations on the phenolic biosynthesis. For instance, caffeic acid in sugarcane plants is a feedback inhibitor on PAL activity (de Armas et al., 2007). It is demonstrated that cinnamic acid treatment could significantly reduce taro browning and PAL activity at both protein and gene levels (Xiao et al., 2022). These results suggested that peppermint extracts reduced phenolic biosynthesis via a feed-forward manner.

ROS is an important factor causing the browning of fresh-cut products (Dou et al., 2021). Peeling and cutting operations induce ROS burst and destroy the balance in intracellular ROS metabolism, and the reduction of ROS level in the body is crucial to the functions of biological macromolecules (Mittler et al., 2022). In this study, LOX activity and contents of MDA and H2O2 were significantly reduced in peppermint extract treatments, suggesting that the treatment reduced membrane lipid peroxidation of taro slices. Moreover, the extract treatments showed stronger ·OH and O2− scavenging capacity and T-AOC (Figure 4). These results together suggested that the treatment reduced oxidative damages on taro cell by directly scavenging ROS, especially ·OH and O2− radicals. Phenolic compounds in plant extracts possess strong radical scavenging ability (Zhang et al., 2022). For instance, the antioxidant activity of the extracts of Hibiscus acetosella varied from the lowest value of 57.47% to the highest values of 84.02% in different cultivars, and the authors supposed that the antioxidant effects of the extracts were probably attributed to flavonoids and anthocyanins (Lyu et al., 2020). These results suggest that the enhancement of antioxidant activity in fresh-cut taros was attributed to a large number of phenolic compounds in peppermint extracts, and thus resulting in a slight browning in taro slices.

Many studies demonstrate that the discoloration of fresh-cut products is mainly caused by enzymatic browning (Zhang et al., 2022). In the enzymatic browning reaction, phenolase catalyze phenols to form quinones under aerobic condition. PPO and POD are two key phenolases in the oxidation process of phenols (Tinello and Lante, 2018), and restricting PPO and POD activities could reduce the browning performance of fresh-cut foods in many cases. For example, in the previous studies, postharvest applications of several chemicals that could inactive PPO or POD activities effectively reduced the browning of fresh-cut taros under low temperature condition (Xiao et al., 2022; Wang et al., 2022a, b). However, compared with the control, PPO and POD activities were not reduced by LE and SE treatments although SQ contents were significantly reduced (Figures 3D–F). These results suggested that peppermint extract treatments reduced taro browning through other mechanisms, rather than through the inhibition of phenolic oxidation. The current results indicated that the suppressed browning may mainly attribute to strong antioxidant activity of peppermint extracts. In addition to being involved in the phenolic oxidation, POD also plays a pivotal role in intracellular ROS balance (Sellami et al., 2022). The enhanced POD activity may also contribute to lower levels of H2O2 in taro slices. However, the mysterious roles of POD in taro browning needs in-depth investigations, because the actions of postharvest treatments that could reduce taro browning during cold storage on POD activity are contradictory in our previous studies.



Conclusion

The application of different concentrations of peppermint extracts significantly reduced the browning of fresh-cut taros during cold storage, suggesting that peppermint extracts could be a natural browning inhibitor. Peppermint extract treatments enhanced antioxidant capacity, reduced the contents of TPC, TF, SQ, MDA, and H2O2, reduced the activities of PAL and LOX, but did not reduce the activities of POD and PPO in taro slices, suggesting that peppermint extract treatment reduced taro browning through restricting phenolic biosynthesis and improving ROS scavenging activity to alleviate oxidative damages. LC–MS analysis showed the presence of phenolic-related compounds in abundance in two kinds of extracts, suggesting that peppermint extracts reduced taro browning and enhanced antioxidant activity of taro slices partly given the credit to rich phenolic compounds.
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