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Abstract: The objective of this study consisted of evaluating the effect of the application of chitosan (Q), 1-methylcyclopropene (1-MCP) under two controlled temperatures on some physical, physiological, and chemical parameters contributing to the quality of Persian lime Citrus latifolia fruits. Eight treatments were evaluated, resulting from the combination of four senescence retardant applications (Q, 1-MCP, 1-MCP + Q, and without application) on fruits stored at two temperatures (12/20°C). Epidermis color (luminosity, chromaticity, and hue), fruit appearance, respiration, weight loss, total juice content, total soluble solids, and titratable acidity were registered during the study. The results indicate that the 1-MCP and Q combination favored fruit postharvest quality conditions such as reducing respiration rate; maintaining fruit good appearance, turgidity, and brighter fruit chromaticity; fruits treated with chitosan and stored at 12°C, favored total soluble solids. On the other hand, Variables such as weight loss, juice content, acidity, phenols, flavonoids, antioxidant activity, and hue values were favored by a 12°C storing temperature regardless of the treatment. In general, the use of modified atmospheres, senescence retardants, and refrigeration as postharvest methods, can increase Persian lime shelf life.
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1  Introduction

Mexico is one of the main world citrus producers ranking fifth in lemon and lime production of the Mexican lime (51%), Persian lime (45%), and Italian lemon (4%). The United States is the main exportation destiny with lesser proportions exported to Europe and Japan [1]. At postharvest, deficient harvesting, processing, transportation, and storing practices can produce Persian lime losses causing the presence of diseases, weight, and brightness loss, and changes in quality attributes such as total soluble solids and titratable acidity [2].

Because of its acidity in flavor, high nutrient content, and availability, Persian lime is a worldwide popular fruit. However, it is prone to become physically, physiologically, and microbiologically deteriorated after postharvest [3]; for instance, the loss of green color limits their quality as the fruits turn yellowish in postharvest [4]. Additionally, water loss has major implications concerning weight loss and appearance. After harvesting, it has been determined that water loss is four to six times greater on the peduncle than in other parts of the fruits, so it is advisable to use wax or modified atmospheres to reduce the water loss [5].

There are techniques used to increase the fruit’s postharvest life to reduce the oxygen and carbon dioxide partial pressure with modified atmospheres, and decreasing the temperature by storing fruits in cold chambers [4]. The use of edible films forms a continuous macromolecule matrix around the fruits to create modified atmospheres with macromolecules such as pectins, cellulose and collagen byproducts, and chitosan (Q) [4]. This latter is a crustacean by-product that forms a semipermeable barrier to keep fruits pathogenic-free in postharvest.

Ethylene, abscisic acids, and gibberellins are involved in chlorophyll and carotenoid metabolism in citrus flavedo which has a significant role in fruit pigmentation [6]. The use of ethylene, exogenous to harvested fruits induces chlorophyll expression and specific genes within carotenoid genesis that match up with chlorophyll deterioration and carotenoid accumulation [6]. Exogenous ethylene application to harvested fruits induces chlorophyllase and specific gene expression in carotene genesis, which correlate with chlorophyll degradation and carotenoid accumulation [6]. Likewise, produced ethylene in fruit maturation even in low levels or sensitivity changes, could be needed for external changes in pigmentation [6]. Application of 1-Methylcyclopropene (1-MCP) and chitosan (Q) was reported to improve banana’s postharvest life increasing fruit shelf life and suggesting that the combination of these products is more effective [7]. Methylcyclopropane (MCP) is a competitor for ethylene’s action sites and for that reason, it has been used to slow down some ethylene-induced processes. MCP effect on fruit quality has been reported on mango [8,9], apple [10], climacteric fruits [11] and cut rose [12].

Finally, there are reports that Persian lime produced under tropical climates can be stored under suitable conditions for about 4–8 weeks at 10°C to 12°C and relative humidity of 85% to 95%. In general, fruits require 30 days of shelf life [13] by using suitable transportation means that contribute to diminishing costs and increase competitiveness in international markets [13]. However, under these conditions and using adequate handling postharvest techniques, growers and exporters are still facing problems with fruit turgidity and losses in green color, which are key features for the final consumer [13].

As previously mentioned, this work evaluated the effect of chitosan, Methylcyclopropane, and two storage temperatures on some physical, physiological, and chemical parameters that contribute to Persian lime quality in order to propose the ideal combinations to increase Persian lime shelf life.

2  Materials and Methods

2.1 Vegetative Material

Persian lime fruits were collected between 8:00 and 9:00 h from five-year-old trees of an orchard located in the village of Cajones in the municipality of Amacuz, Morelos under a dry warm climate. The harvest was done when the fruits had a smooth and intense green epidermis on more than 90% of the surface. The fruits were manually harvested and transported to the lab where they were washed with running water and a 1% chlorine solution to eliminate dust and pathogens that could harm the fruit; then they were air-dried at room temperature and the treatments were applied later.

2.2 Experimental Design

The fruits were stored at 22°C and 12°C because 22°C is close to the environment temperature and the 12°C is applied to avoid burn damage of this tropical fruit. The eight treatments are shown in Table 1 and the data were taken at the beginning and every ten days, ending at thirty days. Data were taken on ten fruits at the beginning and at the end of the study and on six fruits at ten and twenty days.
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Chitosan application was done by dissolving 164 kDa in acetic acid and 1% distilled water. In addition, 1-MCP application was done placing the fruits in a 10 L capacity box and with a bag containing the product in a buffer for its liberation. Both products were used as immersion or epidermis coating as these treatments can be considered senescence retardants by reducing gas exchange.

A completely randomized experimental design was used with one fruit being the experimental unit. The fruit was marked to be analyzed with five, six, and ten replications for respiration, destructive, and color-weight loss measurements, respectively, on each treatment sampling. The following variables were evaluated.

2.2.1 Physical Variables

Epidermis color. Ten fruits per treatment were selected to evaluate epidermis color and equatorial cross-section of the fruit with the evaluation of L, a, and b parameters that were obtained with a sphere spectrophotometer (X-rite, USA). Subsequently, a and b values were used to estimate chromaticity 
(C ∗ = (a 2 + b 2))
and hue values (Arctan b/a) [14].

Appearance. In order to describe fruit appearance, photographs of the fruits were taken at the beginning of the study and every ten days, ending after thirty days. When more than 50% of the fruits had an appearance inadequate for the consumer, the treatments were not evaluated anymore.

2.2.2 Physiological Variables

Respiration. Measurements were taken daily, placing two fruits in hermetic recipients for two hours. After that, 1 mL of headspace was extracted with a hypodermic needle and then injected into a gas chromatograph (Agilent, USA), equipped with a flame ionization detector and thermal conductivity. Gasses were quantified using a 460 ppm CO2 standard [15].

Weight loss. This variable was measured daily by weighing the fruits in a digital balance the following equation was applied: %PP = ((initial weight − Final weight)/Initial weight)) × 100.

2.2.3 Chemical Variables

Total juice. Every ten days, the juice of six fruits was extracted with an industrial juicer extractor (Turmix, México), and the total fruit weight was obtained to have the percentage of juice per fruit.

Total soluble solids (TSS). Three juice drops were placed in a refractometer (ATAGO PAL-1, Japan) to determine the percentage of total soluble solids.

Titratable acidity was obtained from 5 mL of juice fruits, adding, twenty milliliters of distilled water, and then in a 5 mL aliquot three drops of phenolphthalein were added to titrate at 0.1N of sodium hydroxide [5].

Phenols content, total flavonoids, and antioxidant activity. These variables were obtained by the ABTS, DPPH, and FRAP methods by colorimetry, using the methodologies described by Brand-Williams et al. [16], Singleton et al. [17], Arvouet-Grand et al. [18] and Re et al. [19].

2.3 Data Analyses

One-way ANOVA and Tukey’s test means comparison were used to analyze the results as reported by [7]. Data were submitted to variance homogeneity and normalized distribution principles. When these principles were not fulfilled, data analysis went through a range test. The analyses were carried out with Sigma Plot V14.0 software [20].

3  Results and Discussion

3.1 Physiological Response

Respiration. All of the treatments had a respiration rate of 1.2 mL kg−1h−1 at the beginning of the study. After ten days, this value increased to 5.1 and 7.9 mL kg−1h−1 for fruits stored at 22°C, treated with chitosan, and untreated. It is important to point out that fruits on these treatments plus those treated with 1-MCP + Q and stored at 22°C presented inadequate conditions for the consumer before 20 days. In the rest of the treatments, the fruits had respiration values less than 4.0 mL kg−1h−1 and after 20 days, this value decreased slightly to less than 3.2 mL kg−1h−1. All the fruits stored at 12°C had respiration rates lower than 3.0 and even this value decreased to less than 2.5 for fruits treated with 1-MCP+Q and only with 1-MCP (Fig. 1).
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Figure 1: Respiration velocity in Persian lime fruits treated with senescence retardants, stored at two temperatures. Each point represents the mean from 6 to 10 observations and its standard error. *: Significant at 0.05 probability

During postharvest, Persian lime fruits go under stress because of harvest and postharvest handling, processes associated with respiration velocity increase [21,22]. Laureth et al. [3] observed that Persian lime fruits increase respiration velocity after three days of harvest. A similar behavior was observed in fruits covered up with various films of nanocomposites and some polymers, suggesting that plastic films are less effective in decreasing respiration. On the other hand, applications of 1-MCP reduce respiration velocity because it reduces ethylene production indirectly, a hormone known as a respiration promotor [23]. Chitosan as a film helps decrease gas exchange and for that reason can be considered to reduce respiration rate. Finally, refrigeration contributed to respiration rate as reported by Jomori et al. [23], who observed a significant respiration rate decrease by storing Persian lime fruits at 5°C, compared to fruits stored at 10°C. In this study, fruits stored at 12°C showed this decreasing respiration rate trend.

Weight loss. All fruits stored at 22°C, regardless of the treatment, lost more than 16% weight after ten days of treatment with those fruits treated with 1-MCP + Q reaching up to 22% weight loss. Fruits stored at 12°C, regardless of the treatment, lost less than 8% weight after ten days this value was between 10.5% and 13.5% after 20 days increasing to a range between 14.0% and 17.5% after 30 days of treatment. It is important to highlight that all fruits stored at 12°C reached 30 days with conditions adequate for the consumer (Fig. 2).
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Figure 2: Weight loss in Persian lime fruits treated with senescence retardants, stored at two temperatures. Each point represents the mean from 6 to 10 observations and its standard error. **: Significant at 0.01 probability. ns: Not significant

Caron et al. [13] reported fruit daily weight losses of 1.33%. In addition, Bassan et al. [2] indicated that weight loss in Persian lime is attributed to mechanical damage causing higher respiration and water loss. In this experiment, storing temperature caused a lesser weight loss by decreasing physiological and metabolic processes drastically.

3.2 Physical Response

Color parameters (L*, c, and h). Luminosity (L*). Luminosity values started between 34 and 39 and after ten days, this value increased slightly, particularly for the control and 1-MCP treatments, both stored at 22°C. A similar trend was observed for the control and Q treatments stored at 12°C. After 20 days only those fruits stored at 12°C and the ones treated with 1-MCP and stored at 22°C, kept conditions adequate to the consumer but the late treatment lost good conditions before 30 days. All the fruit stored at 12°C, regardless of the treatment had good consumer conditions with luminosity values between 38 and 43 after 30 days but the treatments were not statistically different (Fig. 3).
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Figure 3: Luminosity in Persian lime fruits treated with senescence retardants, stored at two temperatures. Each point represents the mean from 6 to 10 observations and its standard error. ** and ***: Significant at 0.01 and 0.001 probability. ns: Not significant

Chromaticity (c). This parameter showed differences among treatments during the complete evaluation period. Results using 1-MCP, alone or in combination with Q and stored at 12°C, presented a brighter color than those in the other treatments (Fig. 4). This information suggests that 1-MCP, at lower temperatures, helped the fruits to maintain their green color achieving greater purity color in Persian lime. This is attributed that during postharvest, ethylene is produced in small amounts and this substance triggers chlorophyll deterioration and carotenoids synthesis [6].
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Figure 4: Chromaticity in Persian lime fruits treated with senescence retardants, stored at two temperatures. Each point represents the mean from 6 to 10 observations and its standard error. **: Significant at 0.01 probability

Hue (h). Values of this variable started between 115 and 120 with statistical differences among treatments. After ten days these values remained similar except for those stored at 22°C and after 20 days only those fruits stored at 12°C and the one treated with 1-MCP at 22°C had good conditions for the consumer. However, only those treatments stored at 12°C kept adequate conditions for the consumer although there was no statistical difference among treatments after 30 days (Fig. 5). Blum et al. [24] reported that applications of 1-MCP decrease the loss of green.
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Figure 5: Hue in Persian lime fruits treated with senescence retardants, stored at two temperatures. Each point represents the mean from 6 to 10 observations and its standard error. **: Significant at 0.01 probability. ns: Not significant

Juice content. All the fruits had an initial value of 50% juice content and after ten days this value increased in the fruits treated with 1-MCP and stored at 12°C and those treated with Q and without treatment, both stored at 22°C. The juice content percentage diminished in the fruits treated with 1-MCP and 1-MCP + Q, both stored at 22°C. This last treatment had a juice content percentage of 31% after ten days and did not keep good conditions for the consumer before 20 days. The remaining treatments showed values similar to the initial juice content percentage. After 20 days the fruits showed an increase in the juice content percentage with values between 55% and 66%, except for the fruits treated with 1-MCP and stored at 12°C, which had values very close to the initial value. Finally, after 30 days, all the fruits stored at 12°C, regardless of the treatment, had juice content percentage values between 51% and 60% (Fig. 6). Juice content percentage is an important Persian lime quality characteristic. There are reports that for those fruits with a dark green epidermis, the juice content percentage is about 55.6% [25], even though Khan et al. [26] indicated that Persian lime can be harvested when having more than 30% juice. The higher juice content percentage is attributed to the weight loss occurring during postharvest.

[image: images]

Figure 6: Juice content percentage in Persian lime fruits treated with senescence retardants, stored at two temperatures. Each point represents the mean from 6 to 10 observations and its standard error. * and **: Significant at 0.05 and 0.01 probability. ns: Not significant

Appearance. Control treatment fruits, stored at 22°C, showed a good appearance on days seven and eight, but on the 10th day, they turned yellowish with brown-color spots and wilting epidermis (Fig. 7). Fruits stored at 22°C with applications of Q or 1-MCP + Q reached a shelf life of ten days; moreover, fruits treated with 1-MCP and stored at 22°C had a good appearance after 20 days (Fig. 7). Fruits stored at 12°C had a good appearance until day 20; when Q or 1-MCP were applied, fruit shelf life reached up to day 20 and fruits using 1-MCP + Q showed less yellowish and had a more turgid appearance (Fig. 7).
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Figure 7: Appearance in Persian lime fruits treated with senescence retardants, stored at two temperatures

Total soluble solids (TSS). The value of this variable started at 7.2°Brix and changed to values between 7.5 and 8.6°Brix for those treatments that included chitosan or 1-MCP, with the exception of fruits treated with chitosan and stored at 12°C. This treatment experienced a constant increase from the initial value to 11°Brix after 20 days and a decrease to 9.9°Brix after 30 days. This treatment (Q – 12°C), was statistically different than the rest of the treatments whose fruits were stored at 12°C and only reached a value of 8.1°Brix (Fig. 8). During postharvest, total soluble solids increase According to Maftoonazad et al. [27] who stored lime fruits at temperatures between 5°C and 25°C and the accumulation was between 11.5 and 12.7°Brix after 8 to 32 storing days.
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Figure 8: Total soluble solids in Persian lime fruits treated with senescence retardants, stored at two temperatures. Each point represents the mean from 6 to 10 observations and its standard error. **: Significant at 0.01 probability

Titratable acidity. The value of this variable initiated at 5.1% and after ten days its behavior was variable but the lowest value was for the fruits treated with chitosan and stored at 22°C. On the other hand, the control at 22°C had the highest value with 6.7%. These two treatments did not have adequate conditions for the consumer before 20 days. Treatments that reached the 20 days (those with storing temperature of 12°C and 1-MCP at 22°C) had values between 6.0% to 7.0% and this range decreased to 6.1% to 6.7% after 30 days (Fig. 9). Khan et al. [26] indicated that the main quality of lime is acidity, reporting values between 8% and 9%. During postharvest storage, acidity decreases because of respiration, which is part of the fruits’ normal maturation process [27]. Blum et al. [24] observed that titratable acidity had a lineal increment in Persian lime stored at 24°C with 70% of HR, While accumulation was quadratic in fruits treated with 1-MCP, with an initial reduction and posterior-increment.
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Figure 9: Titratable acidity in Persian lime fruits treated with senescence retardants, stored at two temperatures. Each point represents the mean from 6 to 10 observations and its standard error. * and **: Significant at 0.05 and 0.01 probability

Total phenols. Total phenols started for all the fruits with a value of 816 mg EAG 100 g−1 and after ten days, their behavior was variable with values between 748 and 1071 mg EAG 100 g−1. For all fruits stored at 12°C, regardless of the treatment, these values decreased to a range between 561 and 718 mg EAG 100 g−1 after 20 days and increased to a range between 789 and 844 mg EAG 100 g−1, after 30 days, without statistical difference. According to this, lower temperatures keep good total phenol levels. The presence of 112 mg 100 g−1 of dry-weight total phenols is reported when they are extracted in maceration but reaches up to 580 mg 100 g−1 when extracted by assisted ultrasound [28]. Studies suggest that phenols in citrus are great candidates for nutraceutical and functional foods development, oriented to cancer and diabetes control [29]. Refrigeration is a key method to retard phenols deterioration in Persian lime fruits (Fig. 10).
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Figure 10: Total phenols in Persian lime fruits treated with senescence retardants, stored at two temperatures. Each point represents the mean from 6 to 10 observations and its standard error. **: Significant at 0.01 probability. ns: Not significant

Flavonoids. Flavonoid content followed a similar trend to total phenols, starting at 16.1 mg EQ 100 g−1 and showing a variable behavior (14.4 to 22 mg EQ 100 g−1) after ten days. Fruits stored at 12°C regardless of the treatment had flavonoid values between 17 and 18 mg EQ 100 g−1 after 20 days and between 17.7 and 20.4 mg EQ 100 g−1 after 30 days (Fig. 11). According to this, lowering storing temperatures, favor flavonoids conservation. Flavonoids and phenolic acids are the most prominent citrus components of total phenols, whose antioxidant activity protects cells against oxidative stress caused by free radicals [30]. Medina-Torres et al. [28] reported the presence of eriocitrin, diosmin, hesperid, sinapic acid, catechin, p-camaric acid, neohesperidin, and naringenin in Persian lime.
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Figure 11: Flavonoid content in Persian lime fruits treated with senescence retardants, stored at two temperatures. Each point represents the mean from 6 to 10 observations and its standard error. *: Significant at 0.05 probability. ns: Not significant

Antioxidant activity (DPPH, ABTS, and FRAP methods). The antioxidant activity showed a variable behavior when the DPHH and ABTS methods were used. However, when the FRAP method was used, fruits treated with chitosan and stored at 12°C antioxidant activity after 30 days, had values higher than 12,000 mg EAA 100 g−1 and the remaining treatments with 12°C storing temperature had values between 8600 and 10,200 mg EAA 100 g−1 with statistical difference between these treatments (Fig. 12). The results indicate that low temperatures contribute to keeping antioxidant activity lasting more time.
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Figure 12: Antioxidant activity by DPPH (A), ABTS (B) and FRAP (C) methods in Persian lime fruits treated with senescence retardants, stored at two temperatures. Each point represents the mean from 6 to 10 observations and its standard error. * and **: Significant at 0.05 and 0.01 probability. ns: Not significant

4  Conclusions

Fruits stored at 12°C, regardless of the treatment, reached 30-day shelf life meaning that only storing the fruits at a temperature lower than room temperature, helps to lengthen the time fruits are in good condition for the consumer. In total soluble solids, fruits treated with chitosan and stored at 12°C, were statistically superior to the rest of the treatments, showing a high increase trend from the beginning of the study to the 20 days after treatment. Fruits stored at 22°C and treated with 1-MCP, reached 20 days shelf life when evaluated for respiration, weight loss, juice content, TSS, and flavonoids. According to this treatment with MCP represents an alternative when it is not possible to lower temperature below 22°C. Even though in some variables such as respiration, TSS, and Titratable acidity there were statistical differences among treatments, in general, the effect of reducing temperature from 22°C to 12°C was enough for fruit shelf life to reach 30 days. The combination of 1-MCP and Q favors not only better physical and physiological responses but also some biochemical parameters that define quality. On the other hand, lowering the storing temperature to 12°C helps to keep functional molecules and their antioxidant activity for a longer time. Generally, the use of modified atmospheres, senescence retardants, and cold storage, are postharvest methods that help to increase Persian lime shelf life.
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Table 1: Treatments applied in the study

Treatment Chitosan 1-MCP Temperature (°C) Abbreviation

1 No No 22 22°C

2 No No 12 12°C

3 Yes No 22 Q 1% a 22°C

4 Yes No 12 Q 1% a 12°C

5 No Yes 22 1-MCP a 22°C

6 No Yes 12 1-MCP a 12°C

7 Yes Yes 22 1-MCP + Q a 22°C
8 Yes Yes 12 1-MCP + Q a 12°C
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