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ABSTRACT 

Edible coatings have been developed to reduce postharvest deterioration of different crops. Nevertheless ,in some cases, 
when edible coatings are not adequately selected, they can cause anaerobic respiration. In this context, this work 
evaluated the effect of carnauba and mineral oil coatings on the anaerobic metabolism and production of volatile 
compounds of tomato fruits (cv. “Grandela”) at two maturity stages (breaker and pink) over 28 d of storage at 10 °C. The 
volatile compounds and the anaerobic metabolism assays included: aromatic compounds derived from lipids, amino 
acids and carotenoid, as well as, activity of alcohol dehydrogenase (ADH), lactate dehydrogenase (LDH), pyruvate 
decarboxylase (PDC) enzyme and concentrations of some metabolites such as ethanol, acetaldehyde, lactate and 
pyruvate during storage. The results of aromatic compounds showed a significant increase in hexanal, 6-methyl-5-
hepten-2-ona and a decrease in 2-methylbutanol, hexanol, cis-3-hexenol while maintaining 2-hexenal and pentanal, for 
all treatments. Edible coatings did not affect (p≤0.05) acetaldehyde and ethanol content of tomato fruit at both maturity 
stages. PDC activity increased during storage for both maturity stages. ADH enzyme activity was similar in all treatments 
measured in both maturity stages. LDH activity tends to decrease during storage for both maturity stages and the lactate 
concentrate is maintained during storage for both maturity stages. Edible coatings had a significant effect (p≤0.05) on 
the pyruvate content of tomato fruit at both maturity stages. However, the production of pyruvate is similar to those of 
control fruit. These data reveal that different coating methods not active the anaerobic metabolism of tomato fruits, 
without generating off-flavors, in fruits covered with some type of coating. 
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INTRODUCTION 
Tomato (Lycopersicon esculentum) is one of the most widely consumed fresh vegetables worldwide. 
However, its highly perishable nature limits its postharvest life [1]. The perishability of tomato requires 
the development of technologies that reduce their postharvest deterioration and extend their shelf life 
[2]. The use of edible coatings in conjunction with low temperature storage appears to be a promising 
approach to minimize these problems and preserve the freshness of tomatoes [3]. Edible coatings, is a 
semi‐permeable barrier of edible material (protein, polysaccharide and/or lipid) and is applied to the 
surface of fruit produce providing a semi permeable barrier against gases and vapor, decreasing the rate 
of physiological postharvest deterioration [4,5]. However, an inadequate selection of the materials and 
systems of application, edible coatings could cause anaerobic respiration or desiccation of the product 
affecting its overall quality [6]. 
The barrier formed by the edible coating can reduce respiration and form a modified atmosphere inside 
the commodity, reducing the internal O2 levels and causing a decrease in ethylene production, as was 
observed in tomato [7]. In addition, we have observed that the use of edible coatings does not affect the 
nutritional quality of tomatoes since it preserves the content of vit C and other antioxidants [8]. 
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Nonetheless, in order to have an overall picture of the efficacy of edible coatings to prolong the storage 
life of tomatoes, their effect on the anaerobic metabolism must to be tested.  
Edible coatings can cause anaerobic respiration [9]_ENREF_9, triggering the activity of some enzymes like 
alcohol dehydrogenase (ADH), pyruvate decarboxylase (PDC) and lactate dehydrogenase (LDH), since 
under this condition glycolysis is fundamental for the adaptation to anoxic environments [10,11]. This 
pathway is predominantly linked to ethanolic fermentation, involving the production of some metabolites 
from the anaerobic respiration, resulting in an undesirable flavor on the fruit [12]. Given the perishability 
of tomato and the lack of studies about the effect of edible coatings on their anaerobic metabolism, the 
purpose of the present study was to determine the effect of two types of commercial coatings which have 
showed good results on postharvest physiology and nutritional quality [7,8] on volatile production and 
the anaerobic metabolism (activity of ADH, LDH, PDC enzymes) and the change in concentrations of some 
metabolites such as ethanol, acetaldehyde, lactate and pyruvate during storage of tomato fruit.  
 
MATERIALS AND METHODS 
Plant Material 
Fresh tomato fruits (cv. “Grandela”) were evaluated in this study. The fruits were greenhouse‐produced in 
Obregón, Sonora, in the northwestern region of Mexico. Healthy fruit samples were sanitized with 
chlorine (200 ppm) and later classified for size, uniformity and color according to the USDA standard 
tomato color classification chart 7. Fruits at maturity stages 2 (those presenting a color other than green 
on less than 10% of the whole fruit) and 4 (those presenting a color other than green on 30 to 60% of the 
whole fruit) were selected. Fruits were divided into two batches according to maturity stage and 
subdivided into three groups (control, mineral oil, and carnauba). For each maturity stage, the edible 
coatings (carnauba or mineral oil, FMC Food Tech, Riverside, CA) were applied manually using ArtexMR 
brushes S‐1110ª No 9  México at a rate of 1 liter per ton. One hundred eighty fruits per maturity stage (60 
fruits per treatment) were evaluated and stored at 10 °C. Finally, physiological and physicochemical 
parameters, enzymatic activity and metabolites were recorded on days 0, 5, 10, 15, 21 and 28 of storage. 
Physiological and Physicochemical Parameters 
Respiration rate was measured placing individual fruits in plastic containers (1.8 L capacity) hermetically 
sealed. After 1 h a head space sample (1 mL) was taken using a hypodermic needle and injected into a 
Varian Star 3400 CX gas chromatograph (Varian, Mexico) equipped with a Haye Sep N column (200 mm, 3 
mm ID; 80/100 µm particle size) and two detectors (the thermal conductivity detector (TCD) for CO2 
quantification, and the flame ionization detector (FID) for ethylene. Temperature conditions were as 
follow: 50 °C for the column, 70 °C for the injector, 170 °C for the TCD detector and 205 °C for the FID 
detector. The concentration of each gas was quantified by determining the area under the curve and 
compared with that of known standards. The results are recorded as mL CO2/Kg‐h and L C2H4/Kg‐h.  
Skin color was determined in three points of equatorial area of the fruit using a Minolta colorimeter 
(model CR‐300; Minolta corp., Ramsey, NJ, USA). Values were obtained in CIELAB scale (L*, a*, b*) and 
Hue angle and chroma values were calculated.  
Weight loss was determined according to the initial weight using a digital balance (Mettler Toledo, New 
York, NY, USA) and the results were reported as percentage of weight loss. Tomato tissue firmness was 
measured by puncture method, using a Chatillon Penetrometer, Model DFM50 with an 8mm diameter 
flat‐head stainless‐steel cylindrical probe. Tissue’s opposition force against the penetration was 
registered on 3 points in the equatorial region of the fruit and results were reported in Newtons (N).  
Enzyme Activity Assays 
The enzymatic assays were measured following the oxidation of the NADH (nicotinamide adenine 
dinucleotide, reduced form) for unit of time at 340 nm in a Spectrophotometer, Cary 50 Bio (Varian Italy). 
The lectures in UV‐visible were registered, and monitored the change of absorbance of the NADH. The 
enzymatic activity was reported in specific activity (UI/mg protein). 
Isolation of alcohol dehydrogenase (ADH) and piruvate decarboxilase (PDC) was made using the 
methodology reported by Chang et al. [13] with slight modifications. Raw extraction were obtained from 
2 g of fresh tissue in a final volume of 5 mL of buffer containing Tris‐base 10 mM (pH 8.0), dithiothreitol 
(DTT) 5 mM and 0.5% polyvinylpyrrolidone (PVP). Fresh tissue was homogenized and centrifuged 
(Beckman Coulter Allegra 64‐R rotor C1015, USA) at 15000 xg for 15 min at 4 ºC. The supernatant was 
separated and the pellet was discarded. The supernatant was used to determine enzymatic activity and 
protein concentration. 
ADH was measured by mixing 0.8 ml of buffer containing Tris‐base 25 µM (pH 7.2), 0.05 ml of NADH 5 
mM, 0.1 ml of raw extract and 0.05 ml of acetaldehyde 80 mM. The decline of absorbance at 340 nm 
during at least 1 min of the reaction was obtained. PDC activity was assayed by mixing 2 ml of phosphate 
buffer 0.5 M (pH 6.2), 0.01 ml of MgCl2 50 mM, 0.1 mL of nicotinamide adenine dinucleotide (NAD) 1.25 
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mM, 0.1 mL of ADH 13.5 units, 0.3 mL of raw extract and 0.1 mL of Na‐pyruvate 50 mM. The decline of 
absorbance at 340 nm during at least 1 min of the reaction was obtained [13]. 
LDH was carried out according to Arulsekar and Parfitt [14] methodology. Raw extract was obtained from 
2 g of fresh tissue in 12 mL of buffer containing Tris‐base 0.05 M (pH 8.0), citric acid 0.007 M, cysteine‐
HCl 1%, ascorbic acid 1% and polyethylene glycol (PEG) 1%. The mix was homogenized and 8 µL of β‐
mercaptoethanol (1 mM) and 0.5 g of polyvinylpolypyrrolidone (PVPP) was added and centrifuged at 
10000 xg for 20 min at 4 °C. The supernatant was obtained and the pellet was discarded. The supernatant 
was used to determine enzymatic activity and protein concentration. 
LDH activity was measured in the reverse direction by following pyruvate‐dependent NADH oxidation at 
340 nm in the presence of 4‐methylpyrazole to inhibit ADH, and NaCN to lower the background rate of 
NADH oxidation; the standard assay mixture contained 1 ml of Tris‐HCl 0.13 M (pH 8.0), 150 µg NADH, 3 
µM 4‐methylpyrazole, 3 µM NaCN, 12 µM Na‐pyruvate, and 0.2 mL enzyme extract. LDH activities were 
reported in specific activity (UI/mg protein). The decline of absorbance at 340 nm during at least 3 min of 
the reaction was obtained [15]. 
Metabolites Extraction and Analysis 
The metabolites extraction were performed using the methodology previously reported by Good and 
Muench [16]. The raw extracts were obtained from 2 g of sample which was homogenized with 10 mL of 
buffer of HClO4 (6%). These extracts were centrifuged at   5000 rpm during 30 min at 0 °C in a centrifuge 
(Beckman Coulter USA). The pH of the supernatant was adjusted at 4.5 using a pH Meter TM 50 (Beckman 
instruments, Inc., Fullerton CA, USA) and maintained during 5 min in boiling water and centrifuged under 
the conditions previously described and then filtered. The metabolite`s extraction were performed by 
triplicate and the quantification twice, monitoring the oxidation of the NADH at 340 nm during 5 min in a 
Spectrophotometer Cary 50 Bio. 
The pyruvate concentration was measured using the reaction mix of 1 mL of buffer of triethanolamine 0.4 
M (pH 7.6), 2 mL of deproteinized sample, 5x10‐3 M of NADH, and 10 mg protein/mL of LDH in a final 
volume of 3 ml [17]. 
The concentration of lactate was measured using the reaction mix of glycine hydrazine buffer, containing 
0.4 M hydrazine, and 1M glycine (pH 9.5), 0.05 µL of deproteinized sample, 5x10‐2 M of NAD and 5 mg of 
protein/mL of LDH, in a final volume of 1.01 mL [17]. 
Off-flavor Analysis  
Ethanol and acetaldehyde determination were performed using the method previously described by 
González‐Aguilar et al. [2]. 10 g of sample were placed in 20‐mL container and incubated in a water bath 
(Precision Scientific, Chicago, IL, USA) at 70 °C for 15 min. Afterwards, 1 mL headspace sample was 
injected into a Varian Star 3400 CX gas chromatograph (Varian, Walnut Creek, CA equipped with a 2‐m x 
1/8‐inch Chromosorb stainless steel column, packed with 80/100 Am mesh Porapack 101). Ethanol and 
acetaldehyde in water solution were used as standards for peak identification and quantification. 
Aroma Volatiles 
Concentration of tomato volatile compounds were determined by gas chromatography (GC) using solid 
phase microextraction (SPME) technique. Tomato juice from six tomatoes per treatment were obtained 
with a food processor (Turmix). Then 20 mL of juice was placed in a 20 mL PTFE vial, frozen in liquid 
nitrogen and kept at ‐70 °C until analysis. An aliquot of 2 mL of thawed tomato juice was placed in a 4 mL 
vial containing 0.7 g of sodium chloride and stirred while a SPME fiber (65 m, PDMS‐DVB, Supelco USA) 
was exposed to the headspace of the sample for 1 h at room temperature (25 °C). The fiber was desorbed 
by splitless injection for 10 min into the injection port of an Agilent 7820 gas chromatograph [18].  
Chromatographic conditions were as follows: 200 °C injector temperature, splitless mode, 300 °C flame 
ionization detector (FID) temperature, and DB‐Wax capillary column (J&W Scientific, 60 m, 0.25 mm i.d. 
0.25‐rm film thickness). Oven program parameters were:  35 °C initial oven temperature held for 5 min, 
increased to 50 °C at 2 °C min‐1, increased to 200 °C at 5 °C min‐1 held for 5 min. Helium was used as the 
carrier gas with a linear velocity of 30 cm s‐1. Identification of volatile compounds of interest was made by 
matching their spectra with those of the NIST 98 MS library and by comparing the retention times 

against_ENREF_17 those of high purity standards (Sigma–Aldrich and ChemService) [18]. All values 

represent the average of triplicate samples consisting of six tomatoes. 
Statistical Analysis 
The data were analyzed as a randomized complete block design using the GLM procedure of the Number 
Cruncher Statistical System version 6.0 software (NCSS, LLC). Storage time was chosen as the blocked 
factor to observe the effect of the edible coatings on tomato physiological and physicochemical 
parameters. Differences between treatments were determined using Tukey’s comparisons test. p≤0.05 
was considered significant. 
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RESULTS AND DISCUSSION 
Physiological and Physicochemical Parameters 
Table 1 shows the initial data quality parameters of tomatoes in two stages. At the beginning of the study, 
CO2 production was reduced by 38 and 46% when applying the mineral oil coating on breaker and pink 
tomatoes, respectively. In addition, early during the study, the mineral oil coating showed suppression of 
ethylene biosynthesis at both maturity stages. At the end of storage, mineral oil coatings delayed color 
changes and reduced weight losses for 70 and 46% at the breaker and pink stages, respectively. In 
general, respiration rate, color, weight loss and enzyme activity were positively affected by mineral oil 
coating in both maturity stages. No effects on firmness, titratable acidity, and pH were found by coating 
application. These data were published in Dávila‐Aviña et al. [7], concluding that mineral oil coating could 
be a good alternative to preserve quality and extend postharvest life of tomato fruit. 
 

Table 1. Initial data of quality parameters of tomato fruits (cv. “Grandela”) at pink and breaker maturity 
stages treated with mineral and carnauba coatings. 

 

 
Enzyme Activity  
Figure 1 shows the change in the ADH activity of tomato fruits treated with mineral oil coating and 
carnauba coating in two maturity stages and over 28 days of storage at 10 °C. For fruits in breaker (p= 
0.24) in ADH activity; control, mineral and carnauba coating were 5.94, 5.22 and 6.08 UI/mg protein, 
respectively. On the other hand, the application of coatings had a significant effect in ADH activity, having 
5.44, 5.50, and 8.14 UI/mg protein in control, mineral and carnauba coatings. However, no significant 
differences were observed between control and treated fruits.  
The changes in the activity of PDC of tomato fruits treated with edible coatings are shown in Figure 1. In 
general, it was observed an increasing behavior for PDC during the storage in both maturity stages, 
showing significant differences within the treatments (p≤0.05). For breaker tomatoes activity was 32.19, 
40.11 and 37.90 UI/mg protein for control, mineral oil and carnauba coating, respectively, nevertheless: 
there was no difference between carnauba and mineral coatings. The activity of PDC in pink stage showed 
values of 37.33, 39.98 and 30.69 UI/mg protein for control, mineral and carnauba coating treatments, all 
three groups were statistically different. 
Figure 1 shows LDH activity in tomato fruits treated with mineral and carnauba coating in two maturity 
stages, during 28 days of storage at 10 °C. In general, LDH activity tended to decrease during the time of 

Treatments Parameters Breaker Pink 

  CO2 (mL/Kg.h) 17.88 21.23 
  Ethylene (µL/Kg.h) 2.39 5.73 

  L* 50.18 45.54 
Control a* ‐7.37 6.6 

  b* 28.51 35.85 
  Firmness (Newtons) 16.95 11.85 

  pH 4.18 4.05 
  Titratable acidity 

(%) 
0.54 0.49 

  CO2 (mL/Kg.h) 13.11 14.04 

  Ethylene (µL/Kg.h) 1.3 0 

  L* 49.75 44.74 
Mineral‐Oil Wax a* ‐6.52 6.15 

  b* 28.86 33.7 
  Firmness (Newtons) 12.9 8.15 
  pH 4.18 4.05 
  Titratable acidity 

(%) 
0.54 0.49 

 CO2 (mL/Kg.h) 22.07 28.53 
  Ethylene (µL/Kg.h) 4.48 5.9 
  L* 49.21 46.19 

Carnauba Wax a* ‐7.57 3.08 
  b* 29.06 34 
  Firmness (Newtons) 14.6 10.65 
  pH 4.18 4.05 
  Titratable acidity 

(%) 
0.54 0.49 
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storage in both breaker and pink stages. For breaker tomatoes, the activity of LDH was statistically 
different (p≤0.05) within the treatment with coatings with values of 17.87, 17.52 and 19.78 UI/mg 
protein for control, mineral wax, and carnauba, respectively. In pink tomatoes the values for LDH 
activities were 6.24, 5.77 and 7.92 for control, mineral wax, and carnauba, respectively. However, there 
was no difference between control and mineral based coating in breaker or pink stages.  
PDC activity increased (p≤0.05) with storage reaching the maximum (100‐120 UI/mg protein) on mineral 
oil and carnauba coatings, being significantly higher than LDH and ADH activity in both maturity stages. 
In general, ADH activity (2.5‐10 U/mg protein) was barely affected by coatings; only pink fruit had 
significant increase on ADH activity (from 3 to 20 U/mg protein) after 10 d. LDH activity significantly 
increased during the first 10 d in higher extent on fruits coated with mineral coating and decreased in a 
similar pattern than controls for both maturity stages. 
LDH and PDC enzymes share a simultaneous pathway competing for pyruvate and NADH under anaerobic 
conditions. In this work, the activity of LDH tends to decrease during storage for both maturity stages 
while PDC activity showed an increase. It is well established that the production of lactate causes a 
decrease in cytoplasmic pH resulting in the inhibition of LDH activity and the increase of PDC activity 
which is activated under low pH [19,20]. On the other hand, the activity of ADH enzyme was similar in all 
treatments measured in both maturity stages. However, pink tomato shows the highest values of ADH 
activity in carnauba coating on day 10th of storage. Afterwards, reached similar values than those 
obtained for breaker by the end of storage. In general ADH activity coincides with the production of 
ethanol which remains constant thought all storage time. 
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Figure 1. Activities of PDC, ADH and LDH (U/ mg protein) enzymes of tomato fruits (cv. “Grandela”) at 

pink and breaker maturity stages treated with mineral and carnauba coatings and stored for 28 days at 
10 °C. Each value is the mean of 6 replicates ±SE. 

Different letters represents significant difference (p<0.05) between treatments. 
The use of edible coatings prolong the shelf life of tomato fruit in both maturity stages, however; some 
negative effects such the production of end products can occur. In general, the application of carnauba 
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and mineral coating in breaker and pink tomatoes does not result in activation of anaerobic metabolism 
which was measured by enzymes and metabolites of this process. 
Metabolites 
The changes in pyruvate concentration of tomato fruit (two maturity stages) treated with mineral and 
carnauba coating, during 28 days of storage at 10 °C are shown in Figure 2. Pyruvate content was 
significantly (p≤0.05) affected by the edible coatings in both maturity stages. M
statistically different to carnauba coating and control, having pyruvate contents of 28.85, 30.50, 33.60 
µmol/g fw for control, mineral and carnauba coating, respectively. Control and carnauba coating doesn’t 
show significant differences. Stage pink tomatoes showed significant differences among edible coating 
treatments and control. The increase of pyruvate is consistent with the increase in the activity of PDC 
(Figure 1). This behavior was also observed by Kader [21] which report that PD
decrease in pH and increased concentration of pyruvate. Edible coatings result in increasing the levels of 
pyruvate during the storage, however; there was no difference compared with control at the end of 
storage suggesting the application of this coatings did not activate the anaerobic metabolism in tomato 
fruits. These results suggest that even after being coated, tomato fruit maintains aerobic conditions and 
preferable pyruvate entered the tricarboxyilic acid (TCA) cycle. 
The effect of edible coatings on lactate content was different depending on the maturity stages of fruits 
(Figure 2). This effect was significant for 
25.51, 30.94 and 27.24 µmol/ g fw for control, mineral w
differences were observed between control and treatment with carnauba coating. In addition, no 
significant differences (p=0.28) were observed in pink tomatoes between controls and treatments, being 
lactate content values  29.17, 27.02 and 27.89 µmol/g fw for control, mineral wax and carnauba, 
respectively. Studies on the possible toxicity of the fermentation end
lactic acid, acetaldehyde and ethanol [22].

Figure 2. Pyruvate, lactate (µmoles/ g fw) contents
maturity stages treated with mineral and carnauba coatings and stored for 28 days at 10 °C. 
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fruits. These results suggest that even after being coated, tomato fruit maintains aerobic conditions and 
preferable pyruvate entered the tricarboxyilic acid (TCA) cycle.  

of edible coatings on lactate content was different depending on the maturity stages of fruits 
(Figure 2). This effect was significant for breaker tomatoes (p≤0.05); where lactate content values were 
25.51, 30.94 and 27.24 µmol/ g fw for control, mineral wax and carnauba, respectively. No significant 
differences were observed between control and treatment with carnauba coating. In addition, no 
significant differences (p=0.28) were observed in pink tomatoes between controls and treatments, being 

ent values  29.17, 27.02 and 27.89 µmol/g fw for control, mineral wax and carnauba, 
Studies on the possible toxicity of the fermentation end‐products are mainly focused on 

lactic acid, acetaldehyde and ethanol [22]. 

µmoles/ g fw) contents of tomato fruits (cv. “Grandela”) at pink and breaker 
maturity stages treated with mineral and carnauba coatings and stored for 28 days at 10 °C. 

the mean of 6 replicates ±SE. 
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and mineral coating in breaker and pink tomatoes does not result in activation of anaerobic metabolism 

concentration of tomato fruit (two maturity stages) treated with mineral and 
carnauba coating, during 28 days of storage at 10 °C are shown in Figure 2. Pyruvate content was 

0.05) affected by the edible coatings in both maturity stages. Mineral coating was 
statistically different to carnauba coating and control, having pyruvate contents of 28.85, 30.50, 33.60 
µmol/g fw for control, mineral and carnauba coating, respectively. Control and carnauba coating doesn’t 

. Stage pink tomatoes showed significant differences among edible coating 
The increase of pyruvate is consistent with the increase in the activity of PDC 

(Figure 1). This behavior was also observed by Kader [21] which report that PDC is activated by a 
decrease in pH and increased concentration of pyruvate. Edible coatings result in increasing the levels of 
pyruvate during the storage, however; there was no difference compared with control at the end of 

ion of this coatings did not activate the anaerobic metabolism in tomato 
fruits. These results suggest that even after being coated, tomato fruit maintains aerobic conditions and 

of edible coatings on lactate content was different depending on the maturity stages of fruits 
0.05); where lactate content values were 
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Off-flavor Analysis  
Figure 3 shows the changes in the acetaldehyde contents of tomato fruit at two maturity stages treated 
with mineral and carnauba coatings over 28 days of storage at 10 °C. Edible coatings had not significant 
effect (p≤0.05) on the acetaldehyde content of tomato fruit at both maturity stages. For breaker tomatoes, 
the analysis of variance for acetaldehyde showed not significant differences (p=0.07) among treatments. 
A global effect showed mean values of 5.43‐3, 3.93‐3 and 5.05‐3 µL C2H4O/g fw for control, mineral and 
carnauba coatings, respectively. The acetaldehyde content showed not significant differences (p=0.87) for 
pink tomatoes; the values observed were 8.23‐3, 8.46‐3 and 8.066‐3 µL C2H4O/g fw  for control, mineral, 
and carnauba coatings, respectively. In general the acetaldehyde content tends to decrease during storage 
for both maturity stages. 
Figure 3 shows the changes in the ethanol content of tomato fruits at two maturity stages treated with 
mineral and carnauba coatings over 28 days of storage at 10 °C. For breaker tomatoes, no significant 
effect of the treatments on ethanol content was observed (P = 0.82); mean values for control, mineral wax 
and carnauba were 3.65‐3, 4.93‐3 and 3.86‐3 (µL C2H5OH/g fw), respectively. For pink tomatoes, the edible 
coatings did not had  significant effect on ethanol content; mean values were 5.04‐3, 4.93‐3, and 5.01‐3 (µL 
C2H5OH/g fw) for control, mineral wax and carnauba, respectively. No significant differences were 
observed between mineral wax and carnauba treatments.  
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Figure 3. Ethanol (μL C2H5OH/g fw) and acetaldehyde (μL C2H4O g−1 fw) production of tomato fruits (cv. 
“Grandela”) at pink and breaker maturity stages treated with mineral and carnauba coating  and stored 

for 28 days at 10 °C. Each value is the mean of 6 replicates ±SE. 
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Ethanol and acetaldehyde are by‐products of fruit fermentation, and their presence is associated with off 
flavours and odours, which reduce quality of produce. Previous reports on the use of edible coatings and 
modified atmospheres indicated that their inappropriate use could lead to formation of odours and 
flavours unpleasant to the consumer [23]. Baldwin et al. [24] evaluated the effect of two different edible 
coatings, based on polysaccharides and carnauba wax, on the volatile content of mango fruit. Both edible 
coatings decreased fruit deterioration, although the polysaccharide coating increased the ethanol and 
acetaldehyde contents as compared to the carnauba wax coating, and control fruits. This increase in off‐
flavor compounds was attributed to the low permeability of the edible coating used [24]. According to the 
sensory evaluation results made by the lab group, it appeared that those levels were not sufficient to 
cause off‐flavors that could affect the acceptability of the product. It has been reported that edible coating 
treatments increased the volatile concentration in fruits, due to the formed semi‐permeable barrier 
[24,25]. However, the material and concentration used to produce the edible coatings can affect their 
performance and functionality.  
Volatile Compounds 
The flavor volatiles are formed by several different pathways, including the deamination and 
decarboxylation of amino acids and lipid oxidation of unsaturated fatty acids [26,27]. Figure 4‐7 shows 
the areas of aromatic compounds derived from lipids, amino acid and carotenoid of tomato fruit at two 
maturity stages treated with mineral and carnauba coatings over 28 days of storage at 10 °C. 
The results showed a significant increase in hexanal, 6‐methyl‐5‐hepten‐2‐ona and a decrease in 2‐
methylbutanol, hexanol, cis‐3‐hexenol while the levels of 2‐hexenal and pentanal were maintained for all 
treatments. This trend was observed equally in both maturity stages; however, the concentration of the 
volatile compounds was higher (p≤0.05) in pink. 
Volatile Compounds Derived from Lipids 
Figure 4 shows the changes in the peak areas of the aldehyde hexanal tends to increase during storage for 
both maturity stages. For breaker‐stage tomatoes, the analysis of variance for hexanal areas showed 
significant differences (p≤0.05) among treatments. A global effect showed mean values of 155.605, 
160.095and 201.185 (pA) for control, mineral wax, and carnauba, respectively. However, there were no 
significant differences between control tomatoes and those treated with mineral‐based wax while the 
edible coatings’ effect on hexanal areas of pink tomatoes were not significant (p=0.11). Hexanal 
concentration values were 226.355, 215.315 and 239.275 (pA) for control, mineral wax and carnauba, 
respectively.  
In the case of trans‐2‐hexenal, this compound tends to kept during storage for both maturity stages 
(Figure 4). No significant differences among treatments (p>0.05) for both maturity stages were observed. 
For breaker tomatoes, mean values for control, mineral and carnauba coatings were 5.925, 6.395 and 6.255 
(pA), respectively. For pink tomatoes, mean values were 6.865, 6.745 and 6.815 (pA) for control, mineral 
wax and carnauba, respectively. 
Figure 5 shows the levels of the alcohols hexanol and cis‐3‐hexen‐1‐ol tends to decrease during storage 
for both maturity stages. The edible coatings’ effects on hexanol areas were different depending on the 
maturity stages of treated tomatoes (Figure 5). Breaker tomatoes showed significant differences among 
treatments (p≤0.05); however, there were no significant differences between control tomatoes and those 
treated with mineral coating. The values observed were 1.325, 1.455 and 2.565 (pA) for control, mineral 
wax, and carnauba, respectively. For pink‐stage tomatoes, nonetheless, significant differences were not 
observed (p=0.31), and the mean values were 2.035, 2.315 and 2.275 (pA) for control, mineral, and 
carnauba coatings, respectively. 
While for breaker tomatoes, the cis‐3‐hexen‐1‐ol areas were 4.265, 2.485 and 3.625 (pA) for control, 
mineral oil and carnauba wax, respectively. However, there were no significant differences in cis‐3‐hexen‐
1‐ol areas between control tomatoes and those treated with carnauba‐based wax. Pink tomatoes showed 
cis‐3‐hexenol areas values of 3.105, 3.485 and 2.725 (pA) for control, mineral, and carnauba treatments. 
Significant differences (p≤0.05) were observed between coatings treatment groups; but not when 
compared to control.  
In general pentanal compound tends to kept during storage for both maturity stages. For breaker‐stage 
tomatoes, the analysis of variance for pentanal areas showed significant differences (p≤0.05) among 
treatments. A global effect showed mean values of 3.255, 3.985 and 3.285 (pA) for control, mineral wax, 
and carnauba, respectively. No significant differences were observed between controls and carnauba 
wax‐treated breaker tomatoes. Significant differences (p≤0.05) were observed between control and 
carnauba coatings treatment; but not when they are compared to mineral‐based wax. The pentanal areas 
showed significant differences (p≤0.05) for pink tomatoes; the values observed were 3.425, 3.785 and 
4.165 (pA) for control, mineral and carnauba coatings, respectively. No significant differences were 
observed between control tomatoes and those treated with mineral coating.  
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Lipids are one of the most important main substrates for flavor formation [28]. Zhang et al. [29] reported 
that lipid‐derived compounds, hexanal and (E)‐2‐hexenal were the most crucial compounds contributing 
to the difference in volatile compositional characteristics of tomatoes at the fresh and stale storage phases 
and are also the characteristic volatile compounds of tomato. The trends in these compounds is that 
hexanal increased gradually during storage, whereas unsaturated (E)‐2‐hexenal decreased [29]. These 
results are consistent with those found in our study; we find a significant increase in hexanal and a 
decrease in hexanol, cis‐3‐hexenol while maintaining (E)‐2‐hexenal for all treatments. This tendency was 
observed equally in both maturity stages; however, the concentration of the volatile compounds in pink 
was significantly higher when compared to breaker. This could be due to the formation of the volatile 
compounds as a result of the lipid oxidation pathway with involvement of a series of enzymes such as 
lipase, lipoxygenase, lyase, isomerase and alcohol dehydrogenase, different expected rates of production 
of volatile compounds identified by the number of enzymatic steps required and the activity of specific 

enzymes [30]_ENREF_9. 
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Figure 4. Volatile compounds derived from lipids of tomato fruits (cv. “Grandela”) at pink and breaker 
maturity stages treated with mineral and carnauba coating and stored for 28 days at 10 °C.  Values are 
presented in pA 105. Means within a day followed by same letters are not significantly different at p ≤ 

0.05. 
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Figure 5. Volatile compounds derived from lipids of tomato fruits (cv. “Grandela”) at pink and breaker 
maturity stages treated with mineral and carnauba coating and stored for 28 days at 10 °C.  Values are 
presented in pA 105. Means within a day followed by same letters are not significantly different at p ≤ 

0.05. 
 
The first volatile compounds formed by the action of HPL are the aldehydes hexanal and (Z)‐3‐hexenal 
derivatives of linoleic and linolenic acids, respectively. Isomerase enzyme can convert the aldehyde (Z)‐3‐
hexenal to (Ε)‐2‐hexenal and both can be converted to the corresponding alcohols by the enzyme ADH 
[31].  Even if they are not identified these alcohols ADH enzyme product, we can assume that the 
production is low considering that the ADH enzyme shows no increase in activity at the concentration of 
hexanol continues to increase during storage at both maturity stages. While the decrease in (Z)‐3‐hexenal 
suggests low substrate in tomato and consequently low production of (Ε)‐2‐hexenal, this could explain 
the evolution of the trends observed in this study. However, for a specified conclusion would be necessary 
to quantify the concentrations of linoleic and linolenic acid contained in tomatoes studied, and specific 
enzyme activity for these substrates. 
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Figure 6. Volatile compounds derived from amino acids of tomato fruits (cv. “Grandela”) at pink and 
breaker maturity stages treated with mineral and carnauba coating and stored for 28 days at 10 °C. 

Values are presented in pA5. Means within a day followed by same letters are not significantly different at 
p ≤ 0.05. 

 
On the other hand, rate maturity stage at harvest is the second most important factor (after genotype) 
influencing flavor quality of fruits and vegetables [32], however, the temperature and atmospheric 
conditions have a direct effect on the fruit metabolism, leading to changes in the formation of flavour 
compounds, but there are a few studies on the effect of modified atmosphere storage on the volatile 
compounds of tomatoes. Maul et al. [33] conducted studies to describe flavor and aroma in ripe tomatoes 
stored at 5, 10, 12.5 and 20 °C. Found that fruit stored for 2 d below 20 °C were rated by trained sensory 
panelists as significantly lower (p≤0.05) in ripe aroma, tomato flavor, compared to those stored at 20 °C. 
The GC analysis showed that volatile compounds (hexanal, 2‐methylbutanol) had a lower concentration in 
the samples stored at 5 °C compared with those stored at 12.5 and 20 °C. While the concentration of the 
compounds trans‐2‐hexenal, cis‐3‐hexenol was significantly lower (p≤0.05) in tomatoes stored at 10 °C 
compared to those stored at 12.5 °C. The highest concentrations of volatile hexanal, 2 methylbutanol, 
methylbutanol, trans‐2‐hexenal, 6‐methyl‐5‐hepten‐2‐one, cis‐3‐hexenol were obtained from tomato 
fruits stored at 20 °C. They found that increased production of volatiles in tomato originated stored at 20 
°C and temperatures below 12.5 °C suppressed (p≤0.05) the synthesis of volatile and thus significantly 
reduces the aroma. These results are consistent with those found by Boukobza and Taylor [34] studied 
the effect of storage of tomato at different temperatures (6, 21, 35 and 45 °C) found lower levels of 
volatile at temperatures of 6 °C during storage. At 6 °C, the volatile methylbutanol showed an increase, 
but overall the production was low compared with production at 35 °C. While, Díaz de León‐Sánchez et al. 
[35] studied the effect of storage at 10 °C in 5 ripeness of fruit of tomato on the production of volatile 
compounds responsible for aroma of this fruit observing quantitative and qualitative changes on the 
production of volatile compounds responsible aroma after the sixth day of storage at 10 °C. Among the 
main changes, there is an increased ratio of 3‐metilbutanal/3‐metilbutanol and hexanal/hexanol, and an 
increase in the levels of trans‐3‐hexenol. Díaz de León‐Sánchez et al. [35] reported that these changes can 
be explained by a decrease in ADH enzyme activity.  
Considering these results, the storage temperature used in our study could be influencing the effect of 
using edible coatings and production of volatile compounds. However, under these conditions we can 
conclude that the use of edible coatings does not affect the trends of the volatile compounds studied and 
their concentrations during storage, as seen in the global‐effect concentrations of volatile compounds 
studied. 
Volatile Compounds Derived from Amino Acids  
Amino acids also represent an important source in the formation of volatile compounds that contribute to 
the aroma of tomato. The amino acid metabolism generates aliphatic, aromatic, branched alcohols, 
aldehydes, ketones, acids and esters. This aroma biosynthesis pathway comprises three enzymatic 
activities: aminotransferase, decarboxylase, and ADH [36,37]. The 2‐Methylbutanol compound tends to 
decrease during storage for both maturity stages (Figure 6). Breaker tomatoes showed significant 
differences (p≤ 0.05) among treatments. 2‐Methylbutanol areas values were 9.325, 8.865 and 8.145 (pA) 
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for control, mineral and carnauba coatings, respectively. Significant differences (P≤ 0.05) were observed 
between control and carnauba‐wax treatment; but not when compared to mineral coating. Statistical 
differences were also observed for pink tomatoes, which had mean values of 3.625, 4.135 and 4.235 (pA) 
for the control, mineral and carnauba coating groups, respectively. However, no significant differences 
were observed between coating treatment groups; differences were only evident when compared to 
control.  
A result from the literature indicates to lipid and amino acid metabolism as some of the synthetic 
pathways for aroma volatiles that were affected by low temperatures. Díaz de León‐Sánchez et al. [35] 
report that during storage at 10 °C, there was a significant increase in 3‐methylbutanal and a significant 
decrease in 3‐methylbutanol; resulting in an increase in the aldehyde/alcohol balance (i.e. the 3‐
methylbutanal/3‐methylbutanol quotient). This is consistent with the decrease found with alcohol 2‐
methylbutanol analyzed in this study, because, similar enzymatic transformations have been described 
for different amino acids leucine. These results suggest that at 10 °C, activity of ADH might be affected. 
Activity of this enzyme increased during tomato ripening and has been implicated in the interconversion 
of aldehyde and alcohol aroma volatiles [35]. In this study, the decreasing trend of the compound 2‐
methylbutanol is not affected by the use of edible coatings. However, the global effect shows significant 
differences between control and treated fruit with a coating edible but not between them, this may be 
because in general the fruits treated with a coating maintained a lower metabolism than the control. 
However it would be important to study the precursors of this compound to confirm the theory. 
Volatile Compounds Derived from Carotenoids 
The 6‐methyl‐5‐hepten‐2‐ona levels in tomato tends to increase during storage for both maturity stages 
(Figure 7). Breaker tomatoes showed significant differences (p≤0.05) among edible coating treatments 
and control fruits; however, no significant differences were observed between waxes. 6‐methyl‐5‐hepten‐
2‐ona areas were 66.125, 79.585 and 81.105 (pA) for control, mineral wax and carnauba, respectively. For 
pink‐stage tomatoes, however, significant differences were not observed (p=0.86), and the mean values 
were 105.835, 102.995 and 106.065 (pA) for control, mineral wax, and carnauba, respectively. 
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Figure 7. Volatile compounds derived from carotenoids of tomato fruits (cv. “Grandela”) at pink and 
breaker maturity stages treated with mineral and carnauba coating and stored for 28 days at 10 °C. 

Values are presented in pA5. Means within a day followed by same letters are not significantly different at 
p ≤ 0.05. 

 
In many cases the metabolic pathways involved in the synthesis of some compounds are unknown, as is 
the case of volatile compounds preceded by carotenoids [38]. However, knowing their chemical structure 
and correlating the high production of certain volatile compounds when there is accumulation of 
carotenoids in tomato fruit, one can predict the possible oxidative products division of carotenoids and 
the possible relationship between the volatiles and their possible precursors. For example, it is 
considered that the tomato aroma volatiles: 6‐methyl‐5‐hepten‐2‐ona, geranyl farnesyl acetone and 
acetone are the result of oxidative breakdown of carotenoids acyclic. Similarly, the α‐ionone, β‐ionone 
and β‐damascenone probably oxidative breakdown product of cyclic carotenoids and other terpenoids 
certainly may exist in plant tissue‐bound carbohydrates [38].  
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Simkin et al. [38], mentioned that Bouvier et al. [39] identified a lycopene‐specific 5, 6 (5´, 6´)‐cleavage 
dioxygenase (BoLCD) from Bixa orellana, responsible for the formation of bixin dialdehyde and a C7 
cleavage product previously identified as 6‐methyl‐5‐hepten‐2‐ona, and has been identified as an 
important contributor to tomato flavor. Schwab et al. [40], report the synthesis of β‐ionone, geranyl 
acetone and 6‐methyl‐5‐hepten‐2‐ona in tomato fruits increases 10–20‐fold during fruit ripening. The 
results of our study showed a significant increase of 6‐methyl‐5‐hepten‐2‐ona, during storage in both 
maturity stage, specifically of 6.8‐, 7.9‐, 7.8‐fold for control, mineral wax, and carnauba, respectively, and 
for pink tomatoes the increase is 2.4‐, 2.2‐, 2.3‐fold for control, mineral wax, and carnauba, respectively. 
6‐methyl‐5‐hepten‐2‐ona is a compound derived from lycopene, compound analyzed, but data not shown, 
however for breaker tomatoes, no significant effect of the treatments on lycopene content was observed 
(p=0.61) and for pink no significant differences of lycopene content were observed between mineral wax 
and carnauba treatments. This may relate to which there is no treatment effect in this compound. 
 
CONCLUSIONS 
Based on the results observed on the effect of edible coatings on the activity of the main enzymes and 
metabolites present in the anaerobic pathways, along with a organoleptic evaluation through sensorial 
analysis about acceptance/rejection of treated tomato fruits, (Random population as testers, data not 
shown), we can suggest that the use of edible coatings based on mineral wax and carnauba wax do not 
have a significant effect on the flavor of tomato fruits. 
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