
Article Not peer-reviewed version

Development of Nanostructured

Chitosan Coating with Coffee Peels

Extract for Preservation of Tomato

Quality and Control Pre and Postharvest

Disease Caused by Rhizopus stolonifer

Laura Leticia Barrera Necha * , Andrea Mendoza Juárez , Mariana Pérez García , Monica Hernández López ,

Zormy Nacary Correa Pacheco , Silvia Bautista-Baños

Posted Date: 2 October 2024

doi: 10.20944/preprints202410.0179.v1

Keywords: coffee by-product; nanoparticles; nanostructured coating; fungi; tomato

Preprints.org is a free multidiscipline platform providing preprint service that

is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons

Attribution License which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.

https://sciprofiles.com/profile/2884217
https://sciprofiles.com/profile/897056
https://sciprofiles.com/profile/1384734


 

Article 
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CEPROBI, No 8 Col. San Isidro, Yautepec, Morelos, México CP 62731.sbautis@ipn.mx 

* Correspondence: lbarrera@ipn.mx  

Abstract: The antifungal efficacy of coffee residues extracts (CRE) and chitosan nanoparticles (CNP) alone and 

with coffee residue extracts (CNP-CRE) were assessed on growth of Rhizopus stolonifer. Two nanostructured 

edible coatings, one based on chitosan nanoparticles (CCNP) another on coffee residue extracts encapsulated 

in chitosan nanoparticles (CCNP-CRE), were elaborated, characterized and applied on inoculated Naples 

tomatoes to evaluate their fungicidal activity and the effect on fruit quality. The tests consisted of evaluating 

physicochemical variables in tomato previously sprayed with CCNP and CCNP-CRE for 30 days preharvest 

and 14 days at 10°C postharvest. A CNP with a spherical shape and particle size of 2.4 ± 0.24 nm with a Z 

potential of −1.62 mV was observed, while CNP-CRE showed irregular and spherical shapes of 3.9 ± 0.55 nm 

with a Z potential of −0.89 mV. The FTIR spectrum showed the integration of CRE into the CCNP-CRE. A 

synergistic effect between CNP and 1 % CRE was observed since the greatest inhibition of mycelial growth 

(43%) was obtained. In the preharvest trials, the CCNP and CCNP-CRE showed differences with respect to the 

control in the variables of color, total carotenoids and ethylene. In the postharvest test, both coatings showed 

differences in color and CO2 production. The severity of the infection decreased 33% in tomatoes with coatings.  

Keywords: coffee by-product; nanoparticles; nanostructured coating; fungi; tomato  

 

1. Introduction 

Coffee is one of the most consumed beverages in the world. Consequently, millions of tons of 

coffee by-products, such as coffee pulp, mucilage and silverskin, are produced every year. Therefore, 

with increasing coffee production and the environmental impact of waste accumulation, this needs 

to be properly managed [1]. In recent years, much research has been carried out to identify new coffee 

residue applications. Recent studies have evidenced that coffee residues contain a complex mixture 

of components, such as proteins, carbohydrates, lipids and bioactive compounds, including caffeine, 

trigonelline, chlorogenic acids and diterpenes, giving this product unique characteristics [2,3].  Viñas 

et al. [4] identified chlorogenic acid, caffeolquinic acid, feruloquinic acid and p-coumaroquinic acid 

as the main polyphenols and proanthocyanidins, as well as glycosides and epicatechin as flavonoids. 

Some of the phenolic compounds and alkaloids identified in coffee residues have been reported to 

have biological activity against different species of fungi [5] which allows for the potential application 

of this extract as an antimicrobial agent. These applications require a preliminary separation of 

bioactive molecules from coffee by-products; thus, it is important to develop simple and efficient 

extraction methods to obtain extracts with high levels of bioactive compounds such as solid–liquid 

extraction [6]. However, the fungi of the genus Rhizopus are causal agents of deterioration during the 

marketing of fruit and vegetable products [7] which is mainly responsible for the reduction of the 

useful life of the tomato [8]. Control with agrochemicals causes resistance in phytopathogens against 

the few authorized fungicides, and efforts have been made to replace these products with materials, 
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such as the use of natural residues contain bioactive compounds derived from plant extracts and 

mango by-products that have demonstrated the notable control exerted on various postharvest fungi 

[9]. Chitosan is used in the preparation of edible coatings because it contributes to preserving the 

sensory quality and nutritional content of vegetables during storage [10]. This polymer has a broad 

antimicrobial spectrum and can incorporate functional substances to reduce the damage caused by 

pathogens. Chitosan-based coating can be structured on micro- and nanometric scales to increase 

their effectiveness [11]. Nanostructured coatings significantly improve shelf life and preserve the 

bioactive components in fruits [12], have greater antimicrobial activity and barrier properties [13].  

The objective of this research was to extract bioactive compounds from coffee residues, identify 

chemical compounds in the extract using chromatographic techniques, and evaluate their efficiency 

in vitro and in vivo in the control of postharvest fungi when encapsulated in chitosan nanoparticles 

incorporated into nanostructured coatings as substitutes for synthetic fungicides. 

2. Materials and Methods 

2.1. Coffee Residue Extracts (CRE) and Chemical Profile by High-Resolution Liquid Chromatography and 

Mass Spectrometry (HPLC/MS) 

The plant species Coffea arabica was collected in Nepantla, Mexico State, Mexico. The fruit was 

submerged in a 0.03% citric acid solution to retard oxidation. The peels were separated, weighed and 

macerated in a 1:5 ratio of ethanol at 96% for 24 h in the dark at 27°C. It was filtered and concentrated 

on a rotary evaporator (Buchi R-300, Labortechnik, Switzerland) under the conditions reported by 

Istúriz-Zapata [36]. 

The compounds were identified using HPLC-MS analysis with Ultimate 3000 equipment 

(Dionex Corp., CA) equipped with an array of diodes and a micrOTOF Q-II analyzer in electrospray 

ionization (ESI) system mode (Bruker Daltonics, Billerica, MA) was used. Chromatograms were 

obtained at 280 nm, the data were analyzed with Data Analysis 4.0 software (Bruker Daltonics) to 

obtain the detected compounds and their concentrations [14].  

2.2. Nanoparticle Elaboration and Characterization 

The nanoprecipitation method proposed by Luque-Alcaraz et al. [15] was employed for chitosan 

nanoparticle elaboration. Chitosan was dissolved in glacial acetic acid (1% v/v) and distilled water to 

form the chitosan solution (0.05% w/v); the solution was adjusted to pH 5.6 with 1N NaOH. Using a 

peristaltic pump (MasterFlex C/L, Thermo Fisher Scientific, USA), 18.75 mL of 0.05% chitosan was 

passed at a rate of 0.05 mL/minute into a 300 mL solution of 96% cane ethanol (Milab Distribuidora) 

and 0.3% v/v Tween 80. Subsequently, the nanoparticle solution was concentrated in a Rotavapor® 

R-300. The same procedure was used to prepare the nanoparticles with the coffee residue extract 

(CNP-CRE) at a concentration of 0.05, 0.5, 1, 1.5 and 2.0 % v/v, adding the extract to the ethanol and 

Tween solution. 

The average size distribution of CNP and CNP-CRE and their charge (Zeta potential) were 

determined using a Zetasizer Nano-ZS90 (Malvern Instruments, United Kingdom). Samples were 

sonicated for 15 min at 64 Hz before analysis. With Confocal Micro-Raman Spectroscopy equipment 

coupled with Fourier Transformed Infrared (FTIR) (CRAIC Technologies, USA), a reflection spectrum 

of the functional groups in the residue extract, CNP and CNP-CRE samples was obtained. For TEM 

analysis and with the purpose of obtaining a homogeneous emulsion of nanoparticles, 500 μL of 

samples were centrifuged for 8 minutes at 8000 rpm. The supernatant was removed, and 500 μl of 

ethanol was added. The sample was shaken until the pellet was dissolved with the help of a vortex, 

and 20 μL of CNP or CNP-CRE was placed on a copper grid. The shape, aggregation and size of the 

particles were observed using a JEM 2010 transmission electron microscope (JEOL, USA) at an 

acceleration voltage of 200 kV. The particle size was reported as the average of the samples observed, 

which was calculated using IMAGEJ version 1.46 software. 

2.3. Nanostructured Coating Elaboration 
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Two coatings were prepared according to the procedure of Correa-Pacheco et al. [16], and 

Istúriz-Zapata [36]. Coating with chitosan nanoparticles (CCNP) and coating with nanoparticles with 

coffee residues extract (CCNP-CRE), at a concentration of 1.0% of CRE were elaborated. 

2.4. In Vitro Assays 

To evaluate the residue extracts, PDA medium was prepared, sterilized, mixed with coffee 

residue extracts at concentrations of 2.5, 5, 7.5 and 10%, and poured in Petri plates (60 × 15 mm2). A 5 

mm diameter cylindrical fragment from actively growing R. stolonifer was placed in the center of each 

box. The boxes were incubated in darkness for 3 days at 28 ± 2°C. The equatorial diameter of the 

mycelial growth of each fungus was measured with a digital vernier every 24 h until the growth of 

the fungus reached the edge of the box in the control group.  

The germination inhibition (GI) and morphological changes on R. stolonifer were evaluated by 

the technique described by Black-Solís et al. [17] for the different concentrations. To visualize the 

changes in the structures, the conidia were observed with a confocal laser microscope (Carl Zeiss, 

model LSM 800, Germany) and Zen 2.5 blue edition software. The conditions were as follows: laser 

at 488 nm, 8% intensity, detection wavelength of 450–700 nm, PinHole 0.50, AU/18 μm, with a 40× 

apochromatic objective (40×/ 1.3).  

For the in vitro evaluation, each of the solutions of nanoparticles was added to PDA culture 

medium in volumes of 50, 100, 200 and 300 μl/mL, the control contained PDA only. Measurements 

of mycelial growth were made every four hours until the control treatment reached the edge of the 

box. A database was built to plot the equation of the line and obtain the slope (growth rate). 

The percentage of mycelial inhibition was calculated using equation 1:  

% mycelial inhibition = (A − B / A) × 100 (1) 

where A and B are the mycelial growth of the fungus in the control group and the treatments, 

respectively.  

2.5. Preharvest Assay 

Naples tomatoes were grown in the greenhouse at a temperature of 26°C in cycles of 12 h of light 

and 12 h of darkness. Inorganic fertilization was applied and three experimental groups were tested, 

spraying the fruit with 500 μL of the following solutions for each bath: CCNP, CCNP-CRE and sterile 

distilled water (control). These were applied 20 d after flowering. The tomatoes were evaluated at 0, 

15 and 30 d after the application of the coating at ambient temperature.  

2.6. Postharvest Assay 

The coatings were applied to Naples tomatoes of homogeneous size, harvested at commercial 

maturity stage 4 (USDA). The fruit was disinfected with 1% v/v sodium hypochlorite for 30 s, rinsed 

with distilled water, and dried at room temperature (28 ± 2°C). After this period, the fruit was sprayed 

with 500 μL of the nanocoating solutions of CNP, CNP-CRE, distilled water (control) and allowed to 

dry. Six fruits per treatment, per evaluation day (3), were used. The fruit was incubated at 10 ± 2°C 

and 96% RH. The tomatoes were evaluated at 0, 10 and 14 d after the application of the nanocoating.  

2.6.1. Quality Variables: Weight Loss, Firmness, Color, Total Soluble Solids (TSS) and Titratable 

Acidity (TA). 

Weight loss was determined as the weight difference between the initial day and the evaluation 

day using a digital balance (Ohaus CS2000, USA), and the results were expressed as a percentage. 

Firmness was measured in two equidistant areas of the fruit using a digital penetrometer (T.R. Turoni, 

Italy), equipped with a cylindrical tip of 8 mm in diameter, the result was reported in newtons (N). 

The color indices that were measured in the fruit were hue angle (°Hue) and color purity (CHROMA). 

The results were calculated from the a* and b* coordinates obtained with a digital colorimeter (Konica 

Minolta Sensing, Tokyo, Japan) from the measurement of two equidistant areas of the same fruit. A 

fruit was considered a repetition. Each treatment had six repetitions. 
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Equation to calculate the angle °Hue: 

𝒉 = 𝒕𝒂𝒏−𝟏 (
𝒃∗

𝒂∗
)  (2) 

Equation to calculate color purity (CROMA): 

√(𝒂 ∗)𝟐 + (𝒃 ∗)𝟐 (3) 

Total Soluble Solids (TSS) was measured by placing a drop of fruit juice directly on the sensor of 

the handheld refractometer (Atago N-1E, Japan). Previously, the equipment was calibrated with 

distilled water in the sensor, each treatment had three repetitions.  

Titratable acidity was determined using the method of the Association of Official Analytic 

Chemists [18]. This consisted of taking 10 g of tomato, adding 50 mL of distilled water, and grinding 

the sample with a mixer-type homogenizer (Taurus, Mexico) until it had a homogeneous appearance. 

The mixture was then filtered; subsequently, 5 mL was titrated with 0.1N NaOH (Fermont, Nuevo 

León) until a pH of 8.3 was attained. The percentage of titratable acidity was reported as a function 

of citric acid (0.0064 g) as the predominant organic acid in the sample.  

2.6.2. Biochemical Variables 

The extraction of carotenoids was based on the technique described by Rodriguez-Amaya [19] 

with some modifications. One gram of tomato was weighed and macerated in 5 mL of a 

hexane/acetone/ethanol solution (50:25:25 v/v). The macerate was centrifuged (Prism Labnet, USA) at 

6500 rpm for 10 min. The hexane phase was recovered and made up to 10 mL with hexane. The 

absorbance of the hexane samples was measured in a Genesys 10s UV-Vis spectrophotometer 

(Thermo Scientific, USA) at 450 nm. Absorbance values were substituted into the following formula 

to calculate the total carotenoid content: 

Total carotenoids = (A450nm)(gauging volume)(106)/(β-carotene molar extinction 

coefficient)(sample weight)(100) 
(4) 

Molar extinction coefficient β-carotene = 2505 nM−1) cm−1 

This process was carried out for each tomato, with three repetitions for each fruit. 

2.6.3. Physiological Variables 

The fruit (2) was placed in hermetically sealed containers for 1 h at room temperature (three 

containers for each treatment). A 5 mL sample was collected with a syringe and placed in vacutainer 

tubes at 8°C until use. One milliliters of each sample was taken and injected into a model 7890B GC 

gas chromatograph (Agilent Technologies, USA) with helium as the carrier gas at a flow rate of 10 

mL/min. The equipment had two columns: HP-PLOT/Q and CP-MOLSIEVE 5A (Agilent 

Technologies, USA), a flame ionization detector (FID) at 300°C, and a thermal conductivity detector 

(TCD) at 250°C. The injector was kept at 200°C in split mode 1:10 for CO2 and in splitless mode for 

ethylene. The content of CO2 was expressed as mL CO2 kg−1 h−1 and the ethylene gas content was 

expressed in mg C2H4 kg−1 h−1.  

2.6.4. Disease Incidence and Severity Index of R. stolonifer on Tomato 

The tomato fruit was disinfected with sodium hypochlorite (1%) for 30 s and rinsed again with 

distilled water. The fruit was allowed to dry at room temperature (28 ± 2°C) and further inoculated 

as a curative treatment (before treatment applications). Thus, the tomato was injured with a sterile 

dissecting needle in the equatorial part of the fruit and inoculated in two wounds per fruit with 10 

μL of spore suspension of R. stolonifer (105 spores/mL). All fruit was placed individually in a high 

moisture chamber and incubated at room temperature for 24 h (28 ± 2°C). After this period, the 

disinfected and inoculated fruit was sprayed with 500 μL of CCNP and CCNP-CRE. The same 

procedure was performed with the control fruit, which was immersed only in distilled water. The 

disease incidence and severity index were determined after 3 days of incubation using the following 

formula:  
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Incidence = Number of infected fruits / Number of treated fruits × 100 (5) 

The severity index was determined by the affected surface.  

2.7. Statistical Analysis 

In vitro and in situ experiments were performed using a randomized experimental design. 

Parametric data were analyzed with a two-way repeated measures analysis of variance and Tukey 

test (P<0.05). Data analysis was carried out using Sigma Plot 12.0.  

3. Results and Discussion 

3.1. Characterization of CRE by HPLC-MS 

In total, 9 compounds, which belong to seven functional groups, namely carboxylic acids 

(40.92%), polyphenols (2.27%), alkaloids (42.97%), monosaccharide (3.64%), purine base (5.52%), 

amino acid (2.86%), and amides (0.01%) (Table 1), were identified.  

Table 1. Compounds identified by HPLC-SM in CRE. 

Compounds 
Retention rate 

(min) 
Area m/z CAS 

Gallic acid  0.6 774266 171.0276 149-91-7 

Chlorogenic acid   0.9  11205094 354.095 202650-88-2 

Catechin 1.2 664332 291.0857 154-23-4 

Caffeine 4.7 12575120 195.0883 58-08-2 

Hexose 5.0 1065646 295.1057 579-36-2 

Xanthine 10.8 460794 534.2627 69-89-6 

Vulgaxanthine-II 11.6 1156401 341.0981 135438600 

Glutamide 11.8 838086 810.5688 2013-17-4 

Benzamide 15.1 524634 780.6378  

Caffeine was the most abundant compound belongs to the group of nitrogenous secondary 

metabolites and has been widely identified in coffee [20,21]. Sangta et al. [22] reported 71% inhibition 

of the mycelial growth of Alternaria bassicicola in the presence of caffeine and catechin. Gallic acid is 

a compound from the group of polyphenols that has been recorded in coffee pulp residues, although 

the amount and presence of this compound depend on the cultivar. Gallic acid and catechin inhibited 

the development of Penicillium digitatum 100% [23]. Chlorogenic acid inhibits the development of R. 

stolonifer 89% and the germination of Sclerotinia spores 100% [24,25]. Xanthine and vulgaxanthine 

molecules were observed, which are responsible for the pigmentation of yellow tones and have 

antimicrobial activity. 

3.2. Nanoparticle Characterization 

The morphology of the nanoparticles is shown in Figure 1. TEM micrographs showed a spherical 

shape and were well dispersed in CNP (Figure 1a) and CNP-CRE (Figure 1b). The average size was 

2.4 ± 0.24 nm and 3.9± 0.55 nm for CNP and CNP-CRE, respectively. The average diameter increased 

after CRE incorporation. It has been reported in the literature that the incorporation of essential oils 

[12,19] or plant extracts increases the size of chitosan nanoparticles. 
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Figure 1. TEM micrographs of : (a) CNP and (b) CNP-CREC. 

The micrographs obtained with TEM showed that CNP-CRE was agglomerated, which agrees 

with the low Z potential value obtained for the CNP-CRE of −0.89 mV. It has been reported that 

chitosan nanoparticles added to cinnamon oil with low Z potential values −1.32 mV had an effect in 

reducing the growth of Fusarium solani [12] it was also observed in this study. The results for the 

particle size distribution calculated by the DLS are shown in Figure 2. The distribution for CNP was 

unimodal, with 88.3% of the population of nanoparticles between 3 and 4 nm (Figure 2a), and a Z 

potential of −1.62 mV was obtained. For CNP-CRE, a bimodal size distribution was observed, with 

83.1% of the population being between 2.69 and 8.72 nm for nanoparticles with a higher diameter; 

16.9% were between 0.53 and 0.83 nm for small nanoparticles (Figure 2b), with a Z potential value of 

0.89 mV. The differences in size between the CNP and CNP-CRE may be related to a stabilization in 

the suspension of CNP-CRE due to the anionic components in the extract, which prevents its 

agglomeration and precipitation. In this study, the values of particle size obtained by TEM were 

smaller than the values reported by DLS. Particle size and distribution depend on the preparation 

method and characterization technique used for the measurement [26,27]. 

 

Figure 2. Particle size distribution for (a) CNP and (b) CNP-CRE. 

 

(a) (b

) 
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The functional groups of CNP and CNP-CRE were determined by FTIR analysis (Figure 3). The 

characteristic absorption bands are at 1600 cm−1, corresponding to the amino groups (NH2) of chitosan 

[27]. Barrios-Rodríguez et al. [28] reported a broad band with a peak at 3280 cm−1 corresponding to 

(OH) groups. An analogous band between 3000 and 3648 cm−1 is seen in the CRE spectrum. Peaks are 

also observed between 2823 and 3000 cm−1 corresponding to the methyl group (CH), which is present 

in the caffeine alkaloid (2800–3000 cm−1) [29]. Akbar et al. [30] pointed out that an absorbance between 

2800 and 2900 cm−1 is associated with the presence of the methyl group in an ethanolic extract of 

Arabica coffee. 

 

Figure 3. FTIR Spectrum of CNP (Black), CRE (Red) and CNP-CRE (Blue). 

The peaks between 1500 and 1000 cm−1 are due to the presence of residual acids (C-O), 

carbohydrates (CHO) and nitriles (C-N). Furthermore, the peak at 1408 cm−1 could be related to 

chlorogenic acid. Within this functional group, Cortés & Guzmán[31] reported the presence of quinic 

acid at 1053 cm−1. A peak at 1048 cm−1 was observed in this study and can be attributed to the presence 

of quinic acid. The green circles indicate the presence of the coffee extract in the chitosan 

nanoparticles. The integration of amino groups at 1600 cm−1 was observed in the CNP-CRE spectrum. 

However, the biomolecules present in the CRE were coupled with chitosan nanoparticles, as the same 

peaks were observed in the CNP-CRE spectrum. 

3.3. In Vitro Assays 

Significant differences were observed between the concentrations of Nepantla CRE. The lowest 

mycelial growth was from a concentration of 5 to 10% compared to the control. Peñuelas-Rubio et al. 

[32] reported that the application of ethanolic extracts of Larrea tridentata at a concentration of 250 

ppm inhibited the growth of Rhizopus oryzae 100%, and at a concentration of 2000 ppm, it reduced the 

growth from 5 to 1.15 cm in Penicillium polonicum. Germination of 1% was obtained with CRE at a 

concentration of 10% after 8 h of incubation (Table 2). Similar results were reported by Alvarado-

Hernández et al. [33] when applying clove essential oil at 0.1 mg/mL on Rhizopus spores; the 

germination percentage was 32%, and when increasing the dose to 0.3 mg/mL, the germination 

percentage decreased to zero. 

Table 2. Effect of coffee residues extract of Neplanta on growth of R. stolonifer. 

Treatment Mycelial growth mm % Germination 

CRE 2.5  25.5 A 99.0  BC 

 

A
b

so
rb

an
c

e 
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CRE 5.0 6.43 B 95.5  B 

CRE 7.5 3.78 B 97.0  BC 

CRE 10  1.00 B 1.0  A 

Control 49.91 C 99.0  BC 

Means with capital letters indicate significant differences between treatments Tukey (p<0.05)  

The micrographs obtained by laser confocal microscopy for the spores of R. stolonifer at 8 hours 

of incubation in CRE showed the inhibition of the development of the germinative tube at a 

concentration of 5%, compared to the spores of the control, which after 8 hours emitted a germ tube 

and had hyphal development (Figure 4). With increasing concentrations and secondary metabolites 

of CRE, spore germination decreased. The spores that were in contact with the extracts of CRE 

exhibited changes in size and structure conformation, as well as deformation and internal spore 

degradation. Some authors have reported that most oils stop spore germination. However, none of 

the treatments caused deformation in the spores of Colletotrichum gloeosporioides [34]. The essential 

oils and extracts of aromatic species with biological activity against phytopathogens are related to 

the damage to the cytoplasmic membrane, the degradation of the cell wall, damage to proteins, 

filtration of cell content, coagulation to the cytoplasm or a decrease in the motive force of the cell [35]. 

 

Figure 4. The spores of R. stolonifer at 8 hours of incubation in CRE. 

In previous works to prepare CNP and extracts, it has been reported that by decreasing the 

concentration of the extract, the biological activity is more efficient [36], for this razon concentration 

of CRE 1% was used in this research. The growth of the pathogen in the CNP-CRE 1% treatment was 

slower than in the control. The growth rates of CNP100 CRE at 0.05% and CNP50 CRE at 1% (0.0749 

and 0.0748, cm/h, respectively) had the lowest values compared to the control (0.1426). This same 

effect was observed in the mean mycelial growth (MG), where both treatments decreased MG (1.138 

and 0.967 cm, respectively) compared to the control (2.184 cm). Mycelial growth inhibition (MGI) was 

41.85% with CNP100 CRE at 0.05% and 42.7% with CNP50 CRE at 1% (Table 3). By encapsulating the 

coffee residue extract in the nanoparticles, lower concentrations of the extract can be used and greater 

efficiency of inhibition of mycelial growth and spore germination can be obtained compared to the 

Control
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application of the unencapsulated extract. Hernández-Lauzardo et al. [37] reported that for a 

concentration of 2 mg/mL of chitosan, a MGI of 20% was observed. In this study, the chitosan 

concentration for the preparation of nanoparticles was four times lower (0.5 mg/mL), and a MGI of 

31% was obtained. The inhibitory effect was possibly due to the electrostatic interactions between the 

CNP, which has a positive charge given by the amino groups (NH2), and the negative charges of the 

phospholipids present in the fungal membrane, which affects its integrity [38] and allows the polymer 

to enter the cell cytoplasm, damaging the rest of the organelles. 

Table 3. Effect of CNP and CNP-CRE on the development R. stolonifer at 2 days. 

Treatment (µl/ml) 
Grow Rate 

(cm/hr) 
R2 MG (cm) MGI (%) 

Control 0.142 0.980 2.184 ± 1.748a 0.00a 

CNP50 0.095 0.996 1.257 ± 1.422ab 31.40b 

CNP50-CRE .05% 0.134 0.991 2.171 ± 1.686a 0.18a 

CNP100-CRE.05% 0.074 0.984 1.138 ± 1.525b 41.85b 

CNP50 CRE 0.5%   0.112 0.991 1.745 ± 1.612ab 14.62a 

CNP50 CRE 1%             0.074 0.940 0.967 ± 1.151b 42.70b 

CNP50 CRE 1.5%           0.096 0.994 1.570 ± 1.399ab 20.70ab 

CNP50 CRE 2% 0.123 0.989 1.860 ± 1.581ab 4.81a 

Data represent mean mycelial growth (MG) ± SD, Standard Deviation. Values with different 

lowercase letters in the same column are statistically different (p<0.001). Mycelial Growth Inhibition, 

MGI (p<0.008).  

3.4. Preharvest Assay 

3.4.1. Effect of Coatings on the Quality and Physiological Parameters of Fruit 

The firmness results did not show significant differences between the treatments (F=8.658) (Table 

4). On day 30 of the evaluation, fruit treated with CCNP-CRE had higher firmness with significant 

differences (p>0.05) compared to the control. The intensity of the colour reported with the variable 

CHROMA and the Hue angle showed significant differences at the end of the evaluation between the 

control and the treatments, attributed to the effect of the treatment (p<0.001). Tomatoes coated with 

CCNP-CRE on day 30 had negative values in the hue variable, indicating that they were not in the 

red tones within the chromaticity diagram. These values corresponded to maturity index grade 4, 

with less than 60% of the fruit surface in yellow, orange or red colors, while the fruit of the control 

group was at maturity index grade 5 (INTA 2013). The percentage of TSS in preharvest tomatoes 

treated with CCNP-CRE was statistically different (p<0.05) from the control and presented the highest 

values of TSS on day 30. The high percentage of TSS in tomatoes treated with CCNP-CRE indicates 

that the application of the coatings could be related to the high concentration of sucrose, which later 

formed starch in the fruit [39]. TSS also covers organic acids and other compounds, such as minerals 

and amino acids [40]. Titratable acidity expresses the presence of organic acids in the fruit mesocarp. 

Citric acid and malic acid are very abundant in tomato fruit [41,42]. High concentrations of these 

acids indicate the beginning of ripening [43].  

In this study, the low percentage of acidity in fruit with nanostructured coatings refers to the 

slow assimilation of these organic acids. Chitosan coatings reduce the respiration rate of fruit. In turn, 

this affects the slowness of the metabolic processes in the tomato. This occurs in the degradation of 

TSS, which is mediated by the respiration of the fruit [44]. Chitosan coatings with oregano essential 

oil moderated the metabolism of Cherry tomatoes and therefore their flavor, given by the acid–sugar 

ratio, remained in balance for longer [45]. 

Table 4. Effect of nanostructured chitosan coatings with and without CRE on Naples tomatoes in 

preharvest after 30 days at (28°C). 
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                     Firmness (N) 

Day  Control          CCNP       CCNP-CRE 

0 55.9 ± 13.7aA 44.6 ± 11.7aA 53.8 ± 10.2aA 

15 55.5 ± 16.7aA 49.6 ± 14.5aA 65.9 ± 10.9bB 

30 38.2 ± 09.8bA 31.6 ± 14.1bA 43.7 ± 12.8aA 

                     Croma  

0 23.8 ± 2.7aA 24.6 ± 0.9aA 26.8 ± 2.3aA 

15 23.1 ± 2.2aA 24.4 ± 2.5aA 25.1 ± 1.5aA 

30 25.0 ± 4.5aA 29.6 ± 4.8bB 26.7 ± 2.6aAB 

                       Heu  

0 -67.5 ± 0.7aA -67.2 ± 0.5aA -68.1 ± 0.7aA 

15 -66.8 ± 0.7aA -67.4 ± 0.4aA -67.6 ± 0.5aA 

30 75.8 ± 15.5bA 10.4 ± 66.3bB -51.6 ± 51.4aC 

                    TSS  

0 4.3 ± 0.3aA        4.6 ± 0.3aB  4.5 ± 0.3aAB 

15 4.1 ± 0.1bA        4.8 ± 0.4aB  4.7 ± 0.3abB 

30 4.5 ± 0.4aA        4.6 ± 0.4aA  4.9 ± 0.1bB 

                CO2 (ml CO2 Kg-1 h-1)  

0 74.2 ± 6.2aA     74.1 ± 3.7aA  60.4 ± 1.4aB 

15 41.9 ± 2.1bA     40.1 ± 2.6bA  44.1 ± 5.9bA 

30 49.3 ± 1.1bA     50.6 ± 7.0bAB    59.0 ± 4.8aB 

                  C2 H4 mg Kg-1 h-1  

0 33.1 ± 3.6aA 37.3 ± 2.0aA  35.2 ±0.5aA 

15 08.8 ± 1.7bA 09.3 ± 2.1bA  07.7 ± 1.6bA 

30 04.6 ± 1.0bA 07.5 ± 5.9bA  02.6 ± 2.2bA 

Different lowercase letters between columns indicate statistical differences between the 

evaluation days (p<0.001). Different capital letters between rows indicate statistical differences 

between treatments (p<0.001). 

The respiratory rate of the tomatoes treated with the nanostructured coatings had a slight 

decrease in contrast to the control, and it was attributed to the effect of the coatings together with the 

evaluation time (p<0.05). The ethylene synthesis of tomatoes reached its maximum point on day 15 

of the evaluation (Table 4). However, on the last day of evaluation that corresponded to the fruit 

cutting time (maturity stage grade 4), ethylene synthesis was higher in the control group (p>0.05). On 

day 30 of the evaluation, the tomatoes treated with the nanostructured coatings had the percentage 

of titratable acidity lower and statistically different with respect to the control (p<0.05) (Figure 5A). 

Regarding the evaluation time, an increase in titratable acidity was observed in all treatments. The 

fruit treated with both coatings exhibited a lower content of carotenoids, and it was different (p<0.05) 

with respect to the control (Figure 5B). 

The coloration in the tomatoes treated with CCNP-CRE was related to the low amounts of total 

carotenoids in the fruit compared to the control group. The synthesis of carotenoids begins with the 

degradation of chlorophyll and the intervention of enzymes, such as lycopene cyclases [46]. These 

metabolic processes are mediated by the presence of ethylene. In this study, the results corresponding 

to the ethylene values in tomatoes with CCNP and CCNP-CRE were lower compared to the control, 

which could justify the low accumulation of carotenoids in the coated fruit. The effect of 

nanostructured chitosan coatings to preserve carotenoid content in tomato fruit agrees with that 

reported by Migliori on the retention of carotenoids when applying a chitosan solution preharvest in 

tomato fruit [42]. 
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Figure 5. A) Titratable acidity percentage B) Total carotenoids in the fruits. Different lowercase letters 

indicate statistical differences between the day of evaluation. Different capital letters indicate 

statistical differences between treatments on the same evaluation day (p<0.001). 

3.5. Postharvest Assay 

3.5.1. Effect of Coatings on the Quality and Physiological Parameters of Fruit 

The application of the nanostructured coatings on the tomatoes did not significantly influence 

the percentage of weight loss of the fruit with respect to the control (p=0.1). Regarding the storage 

time, no significant differences (p>0.05) were observed between the control and both coatings. The 

firmness of the tomatoes in the postharvest stage decreased in the control group and in the 

nanostructured coatings (Table 5). However, fruit covered with CCNP-CRE was firmer compared to 

the control (p<0.05). 

In tomatoes with coatings, the color intensity (CHROMA) was lower and statistically different 

compared to the control (Table 5). The values of the hue angle (Hue) decreased in the fruit control 

group and in the fruit with coating and were not statistically different (p>0.05). The CHROMA values 

increased in the fruit stored from day 10, while Hue values decreased; this is attributed to the effect 

of storage time (p<0.001). According to Gutiérrez-Molina et al. [47] the color change of postharvest 

tomatoes was not affected by the application of treatments based on chitosan nanoparticles with 

nanche extract (Byrsonima crassifolia). The TSS content of the fruit in the postharvest stage did not 

show differences between the treatments (F=0.163); however, the refractive index increased on days 

10 and 14 due to the ripening process of the tomatoes (F=715.202) (Table 5). Athayde et al. [41] 

reported an increase in the TSS content of tomatoes with a coating of chitosan and oregano essential 

oil; however, the evaluation was carried out at room temperature, to which the change in TSS in the 

fruit could be attributed. However, chitosan coatings applied to Cherry tomatoes did not cause 

significant changes in TSS during fruit storage at cold temperatures [44]. These data are similar to 

those obtained in this investigation.  

Table 5. Effect of nanostructured chitosan coatings with and without CRE on Naples tomatoes 

stored at 10 °C ± 2°C, 96 % RH in postharvest. 

                Firmeza (N) 

Day  Control         CCNP      CCNP-CRE 

0 27.5 ± 4.4aA 26.5 ± 3.4aA 27.2± 4.6aA 

10 01.7-± 1.3bA 01.5 ± 0.2bA 2.0 ± 1.0bA 

14 01.7 ± 0.9bA 01.8 ± 0.7bA 5.2 ± 1.8cB 

             Croma  

0 26.3 ± 1.2aA 24.3 ± 1.1aA 23.5 ± 2.2aB 

10 29.8 ± 1.4bA 28.0 ± 1.1bA 28.3± 1.5bA 

14 31.1 ± 1.5bA 28.9 ± 2.0bB 28.4 ± 1.5bB 

              Hue  

0 80.5 ± 4.4aA 74.5 ± 8.5aA 76.2 ± 6.6aA 

10 47.9 ± 2.8bA 47.8 ± 6.1bA 47.5 ± 3.1bA 
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14 42.6 ± 1.3bA 41.2 ± 2.5cA 41.9 ± 2.7bA 

                 TSS  

0 4.0 ± 0.0aA        4.0 ± 0.0aA  4.0 ± 0.0aA 

10 4.8 ± 0.1bA        4.8 ± 0.1bA  4.8 ± 0.0bA 

14 4.9 ± 0.1bA        4.9 ± 0.1bA  4.9 ± 0.1bA 

          CO2 (ml CO2 Kg-1) h-1)  

0 74.2 ± 6.2aA 74.1 ± 3.7aA 60.4 ± 1.4aB 

10 41.9 ± 2.1bA 40.1 ± 2.6bA 44.1 ± 5.9bA 

14 49.3 ± 1.1bA 50.6 ± 7.0bAB 59.0 ± 4.8aB 

            C2 H4   mg Kg-1 h-1  

0 33.1 ± 3.6aA 37.3 ± 2.0aA 35.2 ±0.5aA 

10 08.8 ± 1.7bA 09.3 ± 2.1bA 07.7 ± 1.6bA 

14 04.6 ± 1.0bA 07.5 ± 5.9bA 02.6 ± 2.2bA 

 

Different lowercase letters between columns indicate statistical differences between the 

evaluation days (p<0.001). Different capital letters between rows indicate statistical differences 

between treatments (p<0.001).  

The respiration rate and production of ethylene gradually decreased during storage, 

independently of the applied nanostructured coatings. Previous research has shown that chitosan 

coatings can reduce the speed of ripening by decreasing the respiratory rate of fruit, such as 

tangerines [48], apricots [49] and strawberries [50]. However, nanostructured coatings combined with 

nanche extract (Brysonima crossifolia) applied on tomatoes [47] as well as the application of chitosan-

surfactant nanostructures on tomatoes [51] did not have significant repercussions (p>0.05) on the 

respiration rate of the fruit. A possible explanation is that due to the nanometric size, the coating was 

absorbed by the surface of the fruit, and this left areas without coating. Therefore, it is suggested that 

future research review the proportion of nanoparticles in the coating [19].  

In this investigation, the CCNP-CRE coating on the fruit in the preharvest stage reduced their 

respiration throughout the evaluation period (Table 5), while in the postharvest stage, the respiration 

of the tomatoes treated with CCNP-CRE was higher with respect to the control (Table 5). The 

application of nanostructured chitosan coatings at preharvest can delay the metabolic processes in 

tomatoes by controlling the rate of respiration of the fruit, which is important for increasing its shelf 

life. In line with these results, some authors have indicated that spraying chitosan on tomatoes in the 

preharvest stage preserved the physicochemical properties of fruit stored at room and controlled 

temperatures; therefore, their shelf life was prolonged [52]. A study carried out on table grapes also 

reported that the preharvest foliar spraying of chitosan and aloe vera increased the shelf life of the 

fruit [53].  

The percentage of titratable acidity in tomatoes from the control group decreased gradually 

(p=0.06), while the results corresponding to the treatments had no changes (Figure 6A). According to 

Guerra et al. [54] the application of chitosan coatings with the essential oil of oregano decrease in 

titratable acidity could be justified by the import of organic acids into the Krebs cycle (respiration). 

Organic acids have various destinations; they are precursors of amino with postharvest coatings 

decreased during cold storage (Figure 6A); similarly, the TSS tomatoes, which is convenient because 

the fruit is in the consumption stage [55]. 
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Figure 6. A) Titratable acidity percentage of tomatoes. B) Total carotenoids in the fruits. Different 

lowercase letters indicate statistical differences between the day of evaluation of the same treatment. 

Different capital letters indicate statistical differences between treatments on the same evaluation day. 

Figure 6. B shows that the carotenoid content did not change in the fruit covered with CCNP or 

CCNP-CRE in relation to the control (p>0.05). The trend of carotenoid content increased according to 

storage time and was statistically different between treatments (p<0.05). Chitosan coatings are 

recognised as largely preventing the degradation of antioxidant compounds, such as carotenoids 

[42,49]. This effect is linked to the decrease in respiration due to the formation of a barrier that limits 

the availability of O2 and CO2, thus mitigating the oxidative effect. Gutierrez-Molina et al. [47] 

reported that the carotenoid content in tomatoes treated with chitosan nanostructured coatings did 

not show a clear trend. This could be because the fruit was in a state of maturity for consumption. 

3.5.2. Incidence and Severity of Rhizopus stolonifer 

The incidence of the disease in the control was 100%, in the fruit treated with CCNP was 93% 

and with CCNP-CRE, was 86%. The control group had the largest lesion diameter at the end of the 

evaluation and was statistically different from the tomatoes treated with CCNP and CCNP-CRE 

(p<0.05), as shown in Figure 7. The application of CCNP-CRE reduced the incidence and severity of 

R. stolonifer in tomato, which agrees with the antifungal effect observed in the in vitro study. The 

CCNP and CCNP-CRE coatings prevented disease development on tomatoes. Possibly the particle 

size distribution in the coating or the synergistic effect of chitosan and CRE was responsible for this.  

Similar results have been reported by Correa Pacheco et al. [19] for nanostructured coatings of 

chitosan with thyme essential oil applied in avocados cv. Hass and inoculated with C. gloesporioides. 

 

Figure 7. Severity of soft rot disease in covered and uncovered tomatoes previously inoculated with 

Rhizopus stolonifer. Data represent the mean diameter of the lesion on tomatoes (p<0.001). 
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5. Conclusions 

The lowest mycelial growth and spore germination of R. stolonifer was observed at 

concentrations of 5% to 10% of CRE, with inhibition of the development of the germinative tube. The 

average diameter of nanoparticles increased after incorporation of the coffee residue extract, and the 

mycelial growth inhibition was 42.7% with CNP50 CRE at 1%. During the preharvest stage, the 

application of both coatings showed significant differences at the end of the evaluation in the intensity 

of the color and exhibited a lower carotenoid content. In the postharvest stage, the application of both 

coatings had no effect on the quality or physiological parameters of the fruit. The use of 

nanostructured coatings as food preservation technology decreased the incidence of the disease (86 

%) in the fruit treated with CCNP-CRE and the severity index (33%) which improve the safety and 

shelf life of tomatoes. 
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etanólico de café Gayo Arábica mediante FTIR-PCA. En Serie de conferencias IOP: Earth and 

Environmental Science 2021, 66 12-41. https://doi.org/10.1088/1755-1315/667/1/012041  

31. Cortés, C.A.M.; Guzmán, N.G. Evaluación del proceso de clasificación de café (Coffee arabica L.) por el 
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32. Peñuelas-Rubio, O.; Arellano-Gil, M.; Vargas-Arispuro, I.C.; Lares-Villa, F.; Cantú-Soto, E.U.; Hernández-
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