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Abstract

Poor exocarp colour development is a common postharvest problem for early
harvested “Hass” avocado fruit during ripening, which affects fruit quality
and consumer preference. Therefore, measures to improve “Hass” avocado
fruit colour developments are of great importance in the industry. This study
investigated the effectiveness of postharvest methyl jasmonate treatment to
improve early matured “Hass” avocado fruit exocarp colour during ripening.
The results showed that T1 (10 pmol-L™") and T2 (100 pmol-L™") MeJA treat-
ment increased visual colour, and decreased objective colour parameters (L¥,
C* and A°) during ripening when compared with control fruit. Moreover,
MeJA treated “Hass” avocado fruits had lower total chlorophyll content and
higher total anthocyanin and cyanidin-3-O-glucoside concentration during
ripening. In conclusion, “Hass” avocado fruit post-harvest treated with either
T1 (10 umol-L™") or T2 (100 umol-L™') MeJA concentration improved exocarp
quality attributes such as colour parameters (L*, C* A °and visual colour) and
pigments (total anthocyanin and cyanidin-3-O-glucoside) during ripening,
therefore, can be recommended for avocado fruit.
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1. Introduction

Avocado “Hass” fruit exocarp colour change is a physical ripeness determinant
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and contributes significantly to fruit marketing [1] [2]. However, “Hass” avo-
cado fruit from South Africa has been showing poor exocarp colouration during
ripening, therefore, compromising quality fruit and consumer preferences.
Mathaba et al [2] found that “Hass” avocado fruit harvested at early maturity
tended to show poor exocarp colour development during ripening. In general,
“Hass” avocado fruit changes exocarp colour from green to purple and eventu-
ally black, mainly owing to chlorophyll degradation and synthesis and antho-
cyanin accumulation [1] [3]. In “Hass” avocado fruit exocarp, cyanidin-3-
O-glucoside is the most abundant specific anthocyanin pigment during ripening
[1]. According to Ashton et al [4], cyanidin-3-O-glucoside is an anthocyanin
compound responsible for the purple and black colour development during the
ripening of “Hass” avocado fruit. Recently, there is an interest in exploring
postharvest treatment which triggers the enhancement of anthocyanin synthesis
and accumulation, consequently, leading to improved early matured “Hass” fruit
exocarp colour development during ripening.

In this context, methyl Jasmonate (MeJA), a member of the cyclopentanone
compound, has been established as a signalling molecule with a positive impact
on the colour development of various fruits [5]. In the literature, it has been re-
ported that preharvest or postharvest treatment with MeJA can influence colour
development by enhancement of anthocyanin biosynthesis and accumulation in
numerous crops including apple [5], pepper [6], grape [7], blueberries [8], egg-
plant [9] and tomato [10].

In table grapes, postharvest MeJA treatment at 1, 0.1 and 0.01 mM accelerated
ripening and increased total phenolic and anthocyanin concentration [11]. In
Blackberries, Wang, Bowman [12] showed that preharvest MeJA treatment sig-
nificantly increased anthocyanin, total phenolic content and antiproliferative ac-
tivity. Furthermore, Muengkaew ef al [13] found that dipping mango fruit in
MeJA at 80 uL-mL™" resulted in higher phenylalanine ammonia-lyase (PAL) en-
zyme activity, phenolic compound concentration and higher anthocyanin con-
centration when compared control fruit. Therefore, the objective of this study
was to investigate the effectiveness of postharvest MeJA treatment applied at
different concentrations for enhancing anthocyanin concentration, subsequently,
to improve purple colour development of early matured “Hass” avocado fruit

during ripening.
2. Materials and Methods

2.1. Chemicals

The methanol, acetonitrile, acetone, acetic acid, potassium chloride, hydrochlo-
ric acid, sodium acetate and the standard were cyanidin-3-O-glucoside chloride,

were from Sigma-Aldrich chemical, Merck company, South Africa.

2.2. Plant Materials

In 2018, avocado fruit “Hass” were harvested from Nico Swart Farm in Kiepersol
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(25°4'0"S, 31°2'0"E), Mpumalanga Province, South Africa at commercial matur-
ity (21% dry matter) by measuring the weight difference of the mesocarp sam-
ples taken from the equatorial region of five fruit after harvest. Harvested fruits
were transported to the Agricultural Research Council, Tropical and Subtropical
Crops (ARC-TSC) (25°45'18"S; 30°96'97"E) postharvest laboratory for MeJA

treatment, storage, ripening, evaluation, and analysis.

2.3. Postharvest Me]JA Treatment

The experiment was conducted as a completely randomized design (CRD) with
three replications per treatment. The concentration of MeJA for the treatment
T1 and T2 were 10 pmol-L™" and 100 umol-L™, respectively. Ninety fruits for
each treatment were dipped in MeJA (Sigma-Aldrich, Chemical, Company,
South Africa) solution containing the above concentration in each case for 15
minutes. A control (C) was also included where fruits were not treated with
MeJA solution. The treated fruits were allowed to dry at room temperature
(25°C) for 1 hour. Thereafter, treated and control fruits were further packed in
plastic crates and stored at 5.5°C with relative humidity (RH) of 98% for 28 days.
After 28 days, fruits were removed from cold storage and transferred to room
temperature at 25°C and allowed to ripen. Five fruits from each treatment were
randomly sampled at every evaluation day (0, 2, 4 and 6 at 25°C), subsequently,
exocarp tissues of the samples were frozen in liquid nitrogen and cold-stored at

—21°C until further analysis.

2.4. Quality Analysis

Exocarp Colour

Avocado fruit “Hass” exocarp colour change was determined subjectively us-
ing visual colour (1—emerald green, 2—forest green, 3—olive green, 4—violet;
5—purple, and 6—black) as previously described by Mathaba et al [2]. The
same fruit samples were also used for objective colour assessment using Minolta
chromameter (Model: CR-400, Konica Minolta, Sensing Incorporation, Japan)
with a white calibration plate (Y = 87.00; x = 0.3146; y = 0.3215) L* = lightness,
a* = greenness/redness and b* = yellowness/blueness and thereafter, converted
to chroma and hue angle (47 using the necessary equations according to
McGuire [14].

Total Chlorophyll Analysis

Total chlorophyll was extracted according to Lichtenthaler [15]. Briefly, 0.5 g
powder exocarp tissues were extracted with 10 ml of 80% acetone, kept on ice for
30 minutes then centrifuged at 6000x g for 5 minutes. Total chlorophyll contents
were estimated by reading the absorbance at 470, 646 and 663 nm in a
UV-visible spectrophotometer (Jenway, UK). The total chlorophyll contents

were calculated by adding C, and C, using equations as follows:
C, =12.25A44; —2.79 A5 (1)
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C, =21.504,, —5.104, )

where C, and C, represents chlorophyll a and b.

Total Anthocyanin and Cyanidin-3-O-Glucoside Analysis

Extraction was done according to Cox, McGhie [1], avocado exocarp tissues
were milled to powder under liquid nitrogen and 0.5 g was extracted with 5 ml
of 10% acetic acid/methanol (v/v) at room temperature. Therefore, centrifuga-
tion at 3000x g for 10 minutes, the supernatant was diluted 1:1 with metha-
nol:water:acetic acid (50:50:10, v/v/v). The pH differential method previously
described by Giusti and Wrolstad [16] was used to determine total anthocyanin
content. The diluted 1:1 supernatant was filtered through 0.45 pm nylon filters
into clean vials and diluted with 1 pl of potassium chloride buffer (pH, ;) and so-
dium acetate buffer (pH,;). The mixtures were allowed to settle in the dark for
10 minutes, subsequently, absorbance values of each buffer mixture were meas-
ured at 530 and 700 nm in a UV-visible spectrophotometer (Jenway, UK). The

total anthocyanin was calculated using the equation.

A:(Aslo_Amo)le,o _(ASIO —A700)pH4‘5 (3)

Total anthocyanin (mg/mL) = (A4xMW x DF )/(g x L) (4)

where A = Absorbance, £ = Cyd-3-glucoside molar absorbance (26,900), MW =
anthocyanin 164 molecular weight (449.2), DF = dilution factor, L = cell path
length (1 cm).

Furthermore, cyanidin-3-O-glucoside concentration was measured by high-
performance liquid chromatography (HPLC, Agilent Technologies 1200 series
gradient, Germany). Extraction of cyanidin-3-O-glucoside from “Hass” exo-
carp tissues were perfumed following the above-described method by Cox et al
[1]. The HPLC system was equipped with JASCO units (LG-980-02 ternary gra-
dient controller, AS-950 autosampler, and a UV-975 UV/Vis detector). The chro-
matography column was a Phenomenex AQUA 5u C18 125A 5 um PR-18e
4.6 x 150 mm (California, United States of America), maintained at 35°C. Mo-
bile phases were: (A) 1.5% H;PO, and (B) acetic acid:acetonitrile:H,PO water
(20:24:1.5:54.5, v/v/v/v). The solvent program started with solvent (B) at 20%,
increasing to 70% after 25 minutes, then 90% at 30 minutes. After 35 minutes,
the solvent composition was returned to the initial 20% solvent (B) and ready for
the next injection. The sample injection volume was 2 pl and detection was at
530 nm.

Fruit Firmness

Fruit firmness was measured using a non-destructive Sinclair IQ™ automated
desktop firmness machine (51DFTB, International LTD, Jorrold, Bowthorpa,
Norwich, NR5, 9D, England) at 0, 2, 4 and 6 days to ripening until were fully ri-
pen. The firmness of each fruit was measured at three points along the equatorial
region of the fruit and was expressed as Newton (N). The same fruits were

measured over time.
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2.5. Statistical Analysis

The analysis of variance (ANOVA) was performed with Genstat 16th version
(VSN International, UK). The Least Significant Difference (LSD) was used to
calculate the p-value at 95% confidence interval around the difference between
treatments. Furthermore, Pearson correlation analysis was performed to deter-
mine the relationship between firmness, colour parameters, and exocarp pig-

ments.

3. Results and Discussion
3.1. Colour (Subjective and Objective Parameters)

As “Hass” avocado fruit ripens, it is supposed to acquire a purple exocarp col-
our, which later develops to black colour while the green colour is degraded. In
this study, there was a significant difference (p = 0.0228) in subjective (visual
colour) between studied treatments during ripening. In general, there was an in-
crease in exocarp visual colour for T1 (10 umol-L™") and T2 (100 umol-L™") MeJA
treatment when compared with control fruit (Figure 1(a)). In this study, MeJA
treated fruit showed higher visual colour (5-purple), while control showed lower
visual colour (4-violet) on day 6 at 25°C. In terms of objective exocarp colour
change, MeJA treated and control fruit showed no significant difference for L*
(p = 0.3997), C* (p = 0.0665) and A° (p = 0.0647) during ripening (Figures
1(b)-(d)). However, the objective exocarp colour parameters (L¥*, C* and A°)
decreased for all the treatments during ripening. Moreover, control fruits
showed higher L* values than Me]JA treated fruit on day 6 at 25°C, which corre-
sponded with green colour maintenance.

The C*values did not differ between MeJA treated and control fruit on day 6
at 25°C. However, the A values for control were higher when compared with
MeJA treated fruit on day 6 at 25°C. In addition, the correlations obtained be-
tween visual colour and objective colour parameters were negative and signifi-
cant (p < 0.001), which could mean that exocarp colour change was dependent
on decreased objective colour parameters (L*, C* and A °) (Table 1). Our results
were in agreement with previous researchers on “Hass” avocado fruit [1] [2] [4]
who found that objective exocarp colour parameters (L*, C* and 4 °) decrease to
their lowest values during ripening. Furthermore, objective exocarp colour pa-
rameters (L*, C* and A°) of MeJA treated fruit were lower than those of control
fruit on days 4 and 6 at 25°C. Such results indicated that MeJA treatment stimu-
lated exocarp purple colour development for “Hass” avocado fruit during ripen-
ing. These results could be attributed to the role of MeJA in regulating antho-
cyanin biosynthesis and implied that an improved exocarp colour development
was enhanced by MeJA treatment when compared with control fruit. Methyl
jasmonate promotes anthocyanin biosynthesis by up-regulating the transcription
of related genes [11]. This could be the reason for the total anthocyanin to be
highly and positively correlated (p < 0.001) with cyanidin-3-O-glucoside for
Me]J A treated fruit but not for control fruit.

DOI: 10.4236/as.2021.128056

879 Agricultural Sciences


https://doi.org/10.4236/as.2021.128056

K. Shikwambana et al.

p=0.0228, LSD = 0.459

6 A

- ]
=#—T1 (10 umol-L™")
T2 (100 pmol-L™)

Visual colour (1-6)
S

Days at 25°C

(a)

39
p=0.3997, LSD = 1.186

37

35 e

33 1
31

29

27

Lightness (L*)

25
0 2 4 6
Days at 25°C
(®)
180
160 1 p=0.0665, LSD = 20.994

0 2 4 6
Days at 25°C
()
250
p=0.0647, LSD = 10.869
200 4,
~ &
£
2 150 A
S
; 100 :
==
0 | T
0 v
0 2 4 6
Days at 25°C

(d)

Figure 1. Change in (a) Visual colour; (b) L* values; (c) C* values; (d) A °values of con-
trol, T1 (10 pmol-L™") and T2 (100 pmol-L™") MeJA treated “Hass” avocado fruit during
ripening at 25°C. Values are means of 3 replicates of 15 fruits. Error bars indicate +SE of
means at p<0.05.
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Table 1. Pearson correlation coefficient between objective colour parameters (L% C* A°)
and subjective (visual colour) of “Hass” avocado fruit exocarp colour measurement/firmness
and total anthocyanin, cyanidin-3-O-glucoside during ripening as influenced by control,
T1 (10 umol-L™") and T2 (100 pmol-L™") MeJA treatment.

Control T1 (10 umol-L™) T2 (100 umol-L™)

Correlation
R

Firmness x L* 0.848*** 0.931** 0.906***
Firmness x C* 0.881%** 0.972%** 0.959%**
Firmness x A° 0.978*** 0.964*** 0.985%**
Firmness x Visual —0.889*** —0.909*** —0.885***
Visual x L* —0.978%** —0.988*** —0.994***
Visual x C* —0.923*** —0.922%** —0.896%**
Visual x A° —0.896%** —0.887*** —0.901***
Visual x Total anthoc 0.799*+* 0.846*** 0.823%**
Total anthoc x L* —0.748*** —0850%** —0.758***
Total anthoc x C* —0.819*** —0.905*** —0.738***
Total anthoc x A° —0.967*** —0.918*** —0.699*
Total anthoc x Cyandin-3-O-gluc 0.532" 0.793*** 0.825%%*
Cyandin-3-O-gluc x L* —0.797*** —0.941%%% —0.782%%*
Cyandin-3-O-gluc x C* —0.611** —0.848*** -0.571™
Cyandin-3-O-gluc x A° —0.579** —0.798*** —0.589*
Cyandin-3-O-gluc x total chlor —0.944*** —0.625% —0.739***
Total chlor x L* 0.939*** 0.733*%** 0.967***
Total chlor x C* 0.820*** 0.861*** 0.929***
Total chlor x A° 0.782%%* 0.887%** 0.955***

*represent significant difference at *p < 0.05, **p < 0.01, ***p < 0.001 and ns = not significant.

3.2. Total Chlorophyll Content

In this study, the total exocarp chlorophyll content in all fruit decreased con-
tinuously during ripening, however, different contents were observed among the
three treatments (Figure 2). Our findings showed that T1 (10 umol-L™") MeJA
concentration markedly accelerated this trend, with a significant difference (p <
0.0001) between MeJA treated and control fruit. After 6 days at 25°C, mean
chlorophyll degradation for control fruit was 2.67 mg 100 g' DW, while in T1
(10 pmol-L™") and T2 (100 pmol-L™") MeJA treated were 2.38 and 3.36 mg 100 g™
DW, respectively. However, fruit treated with T2 (100 umol-L™") MeJA concen-
tration exhibited higher total chlorophyll contents, while lower contents were
found in control and T1 (10 umol-L™") MeJA treated fruit after 4 and 6 days at
25°C, respectively. Chlorophyll degradation for “Hass” avocado fruit often re-

lates to colour development during ripening [1]. As the fruit ripen and soften,
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=#—T1 (10 pmol-L ")

5 T2 (100 pmol-L™")
4
y W

Days at 25°C

Total chlorophyll (mg 100 g' DW)
w

Figure 2. Change in total chlorophyll content of control, T1 (10 pmol-L™") and T2 (100
pmol-L™") MeJA treated “Hass” avocado fruit during ripening at 25°C. Values are means
of 5 fruits. Error bars indicate +SE of means at p < 0.05.

chlorophyll content is degraded, while anthocyanin accumulates in the exocarp,
consequently, colour changes from green to purple [1] [2] [17]. In this study,
chlorophyll degradation was lower in fruit treated with T1 (10 pmol-L™") MeJA
than in T2 (100 umol-L™") MeJA treated and control fruit. Accordingly, the
change in chlorophyll content correlated (p < 0.001) with subjective (visual col-
our) and objective colour parameters (L*, C* and /) during ripening in all three
treatments (Table 1).

3.3. Total Anthocyanin and Cyanidin-3-0-Glucoside

Colour development of “Hass” avocado exocarp during ripening involves the
accumulation of anthocyanin and cyanidin-3-O-glucoside [1]. A general signifi-
cant (p < 0.0001) increase in total anthocyanin content was exhibited in all three
treatments over the course of the ripening period. However, the increase in an-
thocyanin content was higher in MeJA treated when compared with the control
fruit (Figure 3(a)). Notably, the total anthocyanin content for T1 (10 umol-L™")
and T2 (100 umol-L™") MeJA treated fruit at the end of the ripening period (day
6) was 25.33 and 16.74 mg 100 g~' DW higher than 3.05 mg 100 g~' DW meas-
ured in control fruit, respectively. In relation to cyanidin-3-O-glucoside, a general
significant (p < 0.0001) increasing trend was displayed in all three treatments
during ripening (Figure 3(b)). Moreover, T1 (10 umol-L™") MeJA treated fruit
exhibited higher exocarp cyanidin-3-O-glucoside content during ripening. In all
treatments, cyanidin-3-O-glucoside content did not differ in the first days into
ripening (day 0 to 2), however, increased over the remaining days (day 2 to 6) at
25°C, with exceptional for T1 (10 pmol-L™") MeJA treated fruit.

The relationship between MeJA treatment and increased anthocyanin accu-
mulation was also reported in other fruit species [18] [19]. It has been reported
that preharvest and postharvest MeJA treatment increased activities of phenyla-
lanine ammonia-lyase (PAL) enzyme which is responsible for polyphenol syn-

thesis including anthocyanin [20]. For instance, treatment of MeJA combined
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Figure 3. Change in (a) total anthocyanin and (b) cyanidin-3-O-glucoside content of
control, T1 (10 umol-L™") and T2 (100 umol-L™") MeJA treated “Hass” avocado fruit dur-
ing ripening at 25°C. Values are means of 5 fruits. Error bars indicate +SE of means at p <
0.05.

with sucrose stimulated phenylalanine ammonia-lyase (PAL), chalcone synthase
(CHS), stilbene, UDP-glucose: Flavonoid-O-glucosyltransferase (UFGT), pro-
teinase inhibitors and Chitinase, therefore, triggering the accumulation of an-
thocyanin in grapevine [21]. In strawberry and blackberry, bioactive compounds
including; total phenolic, anthocyanin and carotenoids were enhanced by
post-harvest MeJA treatment [19] [22]. In mango fruit, MeJA treatment induced
higher PAL activity, in turn, increased phenolic and anthocyanin synthesis and
accumulation [13]. In our current research work, MeJA supposedly induced PAL
activity, and thereby, cyanidin-3-O-glucoside synthesis and accumulation, con-
sequently, improved early matured “Hass” avocado exocarp colour development

during ripening.

3.4. Fruit Firmness

Fruit firmness loss of avocado is an important ripeness indicator and directly af-

fects shelf-life. A significant (p = 0.0371) decreasing trend in fruit firmness was
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found amongst all the treatments. In the present work, firmness loss was in-
creased gradually with days to ripening, regardless of treatment (Figure 4).
However, postharvest application with MeJA contributed collaboratively to ac-
celerated firmness loss for “Hass” avocado fruit during ripening when compared
with control fruit. Similar results have been reported by Cao et al [23], who ob-
served that firmness level decreased for loquat (Eriobotrya japonica Lindl.) fruit,
regardless of treatment during storage. In the present study, fruit treated with
MeJA exhibited the lowest firmness values throughout the days to ripening ex-
cept at day 6 when compared with control. The fruit treated with T1 (10
pmol-L™") and T2 (100 pmol-L™") MeJA treated fruit had higher firmness values
on day 6 compared to control. The accelerated firmness loss with the postharvest
application of MeJA treatment may be due to the effect of MeJA on increasing
activities of fruit softening enzymes mainly polygalacturonase (PG), cellulase
and pectin methylesterase (PME) which account for hydrolysing glycosidic
linkage in the cell wall integrity which is directly related to ripening and senes-
cence. In some studies, contrary results have been reported for the effect of
MeJA treatment on firmness where it was dependent on the fruit type [24] [25].
For instance, Baswal et al. [25] investigated the postharvest application of methyl
jasmonate (MeJA), 1-Methylcyclopropene (1-MCP) and salicylic acid (SA) to
extend the cold storage and maintain the quality of “Kinnow” mandarin ( Citrus
nobilis L. X C. deliciosa L.) fruit. The authors found that application of MeJA
(0.001 pmol-L™"), 1-MCP (1.5 pL-L™") and SA (0.002 umol-L™") were effective to
maintain fruit quality by decreasing weight loss, firmness, juice content and re-
tarded the activities of enzymes mainly cellulase and PME. Reduced firmness
loss by the inhibition of the activities of cell wall degrading enzymes such as cel-
lulase, PG and PME and p-galactosidase has also been reported for postharvest
application of MeJA in “Beauty” blueberry fruit [26].

p=0.0371, LSD = 2.813

2 —&-C

@ —&—T1 (10 pmol-L")
g T2 (100 pmol-L™")
€4,

=

Days at 25°C

Figure 4. Change in firmness of control, T1 (10 pmol-L™") and T2 (100 umol-L™") MeJA
treated “Hass” avocado fruit during ripening at 25°C. Values are means of 3 replicates of
15 fruits. Error bars indicate +SE of means at p < 0.05.
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4. Conclusion

This study revealed that MeJA treatment improved the exocarp colour develop-
ment of “Hass” avocado fruit during ripening. The results demonstrate that
post-harvest treatment with MeJA improved exocarp attributes such as colour
chromaticity (L*, C* A °and visual colour) and pigments (total anthocyanin and
cyanidin-3-O-glucoside) during ripening, therefore, can be recommended for

avocado fruit.
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