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Abstract
K The effects of artificial and natural ripening approaches on the quality
eywords ] , . : .
of ‘Monthong’ durians harvested at various maturity stages were
. — investigated. The fruits were harvested at the maturity stages of 110

(~ 80% maturity), 115 (~ 85% maturity) and 120 (~ 90% maturity) days
ethephon; after anthesis (DAA) and were then artifically ripened by smearing
ethephon on peduncle cut surfaces, or were allowed to naturally ripen
at room temperature (28+2°C). The ripening period and quality of the
bioactive compounds ripened durians were determined and compared with the tree-ripened
durians (130 DAA). The fruits harvested at 110, 115 and 120 DAA
fruits were naturally ripened on days 9, 6 and 4, respectively, after
harvesting. All fruits treated with ethephon had ripened on 3 days.
Durians at more mature stages had higher pulp yellowness and
carotenoid content while the ripening approach had no influence on both
parameters. Pulp firmness of naturally ripened durians was lower than
artifically ripened fruits. The starch content of thel30 DAA fruits was
high and similar to durians harvested at 120 DAA, after ripening. The
tree-ripened durians had the highest soluble solids content (SSC) and
total sugars contents (TSC). The values of SSC and TSC of naturally
ripened fruits were higher than those of artificially ripened fruits.
Durians harvested at more maturity had higher antixodant capapcity
compared to yourger durians. Natural ripening induced antioxidants
more than artifical ripening. In conclusion, artificial ripening hastened
the ripening period, and the quality of 120 DAA durians after ripening
was close to that of 130 DAA fruit.

eating quality;
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1. Introduction

Durian (Durio zibetfunus, Murray) is a famous commercial tropical fruit that has its geographical
origins in Southeast Asia (Borneo, Sumatra, and Peninsular Malaysia) [1]. It has been claimed as
the King of tropical fruits. Durians are mainly produced in Thailand, Malaysia and Indonesia [2].
Recently, Thailand has become the biggest durian producer and exporter to the world market [3].
The demand for durians in both domestic and export markets has continuously increased. The main
country importing durians from Thailand is China [4]. The most popular cultivars of Thai durians
are ‘Monthong’ and ‘Chanee’ [S]. The demand for ‘Monthong’ fruit in both domestic and export
markets is higher than ‘Chanee’ fruit. The quality of durians depends on maturity stage and
postharvest practice. In Thailand, durians are typically harvested at 75-85% maturity whilst in
Malaysia and Indonesia, the fruits are left to ripen on the tree [2]. The full maturity of ‘Monthong’
durians (100% maturity) refers to the stage at which the fruits are ready to fall off the tree, or the
days after anthesis (DAA) of the fruits, which is about 130 days [2]. ‘Monthong’ durian for domestic
market is generally harvested at 90% of maturity (120-125 DAA) and for export by shipping, the
fruitat 110-115 DAA (75-85% maturity) is harvested [2]. The time to ripeness of the fruit and eating
quality depended on fruit maturity. Artificial ripening by brushing the active ingredient of ethephon
at a concentration of 48% onto the cut surface of the peduncle is a typical practice in packinghouses
to hasten the ripening period and uniformity in ripening of durians [6]. It has been shown that fruit
maturity influences quality of fruit after artificial ripening. Cheyglinted [7] reported that ‘Chanee’
durians harvested at 75% maturity failed to ripen after artificial ripening (ethephon treatment) whilst
the fruit at 85 % maturity had good quality after ethephon treatment. Thongkum et al. [8] reported
that ethephon treatment evidently induced ethylene production of ‘Monthong’ durians harvested at
112 DAA, and the time to ripeness at 25°C was 3 days. Moreover, in banana, artificial ripening by
immersion into 500 ppm ethrel (ethephon) hastened time to ripeness to 6 days at 20°C and provided
good eating quality and peel color [9]. In avocado, artificial ripening using ethrel and CaC; reduced
the ripening period by 5 days and the fruit quality after ripening was similar to the naturally ripened
fruits [10]. Kunjet ef al. [11] reported that dry weight, soluble solids, starch and lipid content of
durians treated with ethephon did not differ from those of untreated fruit. However, the influence of
maturity stages on quality of ‘Monthong’ durians after commercially artificial ripening compared
with on-tree ripened fruit had not been found. Therefore, this work was aimed to compare the quality
of ‘Monthong’ durians harvested at various maturity stages after commercially artificial ripening
with the quality of naturally ripened fruits.

2. Materials and Methods
2.1 Plant materials

‘Monthong’ durians were derived from a commercial orchard at Pathio District, Chumphon
province. The average temperature during the fruit development was approximately 33-34°C, data
which was obtained from Chumphon meteorological station. The durians were gathered at the
maturity of 110 (~ 80% maturity), 115 (~ 85 % maturity), 120 (~ 90% maturity) and 130 (fruits
which were left to ripen on the tree) DAA. The maturity of the durians was screened using DAA
and again selected by an expert durian harvester before being delivered to Horticultural Laboratory,
Department of Agricultural Technology, Prince of Chumphon’s campus, KMITL. The average size
of the durians was in the range of 3-4.5 kg per fruit. The fruits were cleaned using air injection and
brushing. Ten fruits of each maturity stage were artificially ripened by brushing with 48% (active
ingredient) ethephon on the cut-surface of the peduncle at room temperature. Another ten fruits were
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naturally ripened at room temperature. The time to ripeness of the fruits, that is the time to when the
fruit had desirable eating qualities (soft texture and desirable ripe durian smell), was recorded. The
arils having similar quality which screened by pulp color and texture of each lodicule in a fruit were
sampled. Physicochemical qualities of ripened fruits, such as color, texture, soluble solids content
(SSC), total sugars content (TSC), starch content and antioxidants of the fruit pulp were monitored.

2.2 Pulp color measurement

The color of fruit pulp was measured using a Minolta CR-000 colorimeter (Minolta Inc., USA).
Three measurements were taken at 3 different parts on the fruit pulp. Lightness (L *) and yellowness
(b*) values were recorded.

2.3 Texture measurement

The firmness of durian pulp was measured using a texture analyzer model TA.XT plus C
Specification (Stable Micro System, UK). The P/6 cylinder probe was used to measure the pulp
texture. The measurement was operated at a probe speed of 1.0 mm s™! to a depth of 5 mm. The
firmness was measured in the middle part of the durian aril. The pulp firmness was expressed in
Newton per square meter (N m2)

2.4 Total carotenoids assay

A 5 g sample of durian pulp was homogenized with 15 ml of absolute ethanol and then filtered
through a Whatman no. 1 filter paper. The cake was rinsed with absolute ethanol until colorless. The
volume of filtrate was adjusted to 100 ml with absolute ethanol. Absorbance of the solution was
measured at the wavelengths of 645, 663 and 470 nm. Total carotenoid content was calculated using
Kirk’s equation [12]. The data was expressed as mg per kg fresh weight (mg kg™).

2.5 Soluble solids content assays

A 5 g sample of durian pulp was homogenized with 10 ml distilled water and then stirred for 1 h at
room temperature. The homogenate was centrifuged at the speed of 10,000 x g at room temperature
for 15 min. The supernatant was collected and used to determine SSC using a hand-refractometer
(Atago, Japan). The data were expressed as % of SSC.

2.6 Total sugars content and total starch content assays

A 10 g sample of durian pulp was homogenized with the solution of 100 ml of distilled water
(consisting of 5 ml of 6% Zinc acetate solution and 5 ml of 6% Potassium ferrocyanide solution).
The mixture was shaken for 30 min and then filtered using a Whatman filter paper No. 4. The
collected solution was used to determine TSC and the precipitate was used to determine total starch
content using the method of Association of Official Analytical Chemists [13] and Miller [14]. The
amounts of TSC and total starch content were present as gram per kilogram fresh weight (g kg™!).

2.7 Antioxidant determination
A5 g sample of durian pulp was homogenized with 15 ml of absolute ethanol. The homogenate was

centrifuged at 10000 x g for 15 min at room temperature. The supernatant was collected for assay
of free radical scavenging activity using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical
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scavenging activity assay, following the method of Brand-Williams ef al. [15]. The absorbance at
517 nm was recorded immediately at 0 min (Ao). The reaction was held under dark for 10 min and
the absorbance at 517 nm was then recorded (Ajo). The percentage of DPPH scavenging activity
was calculated with the following formula:

Free radical scavenging capacity (%) = [(Ao— A10)/Ag] x 100
2.8 Ferric reducing antioxidant potential assay

A 5 g sample of durian pulp was homogenized with 60% ethanol and the homogenate was then
stirred for 30 min. The sample was centrifuged at 10000 x g for 15 min. The supernatant was
collected and used to determine ferric reducing antioxidant potential (FRAP), via the method
described by Benzie and Strain [16]. The absorbance at wavelength of 630 nm of the reaction
solution was recorded after it had been left at room temperature for 30 min. The collected data was
computed using a linear equation of trolox standard curve. FRAP was expressed as mmole trolox
equivalents per kilogram (mmol kg™).

2.9 Statistical analysis

The data are shown as the mean and standard deviation (S.D.) of ten durian fruits. The experiment
was designed using Completely Randomized Design (CRD). Analysis of Variance (ANOVA) was
used to analyze data and the means compared by DMRT at a significance level of 0.05.

3. Results and Discussion
3.1 Time to ripeness, color attributes and carotenoids content

Time to ripeness, color attributes and carotenoids content of both artificially and naturally ripened
durians are shown in Table 1. The time to ripeness of naturally ripened durians was dependent upon
fruit maturity. More mature fruits took a shorter period to ripen compared to the younger fruits. The
fruits harvested at 120, 115 and 110 DAA naturally ripened on days 4, 6 and 9 after harvest,
respectively. The artificial ripening hastened time to ripeness of the fruits which had ripened on day
3 after harvest. In a similar vein, Thongkum and co-workers [8] also reported that durian treated
with ethephon ripened 3 days after brushing ethephon on the stem cut surface. Artificial ripening
had no impact on pulp lightness. However, fruit maturity had an effect on pulp yellowness. The
highest pulp yellowness was found in the tree-ripened durians and it tended to be higher than 115
and 120 DAA fruits after ripening. Pulp yellowness of the 110 DAA fruits after being artificially
ripened or naturally ripened was significantly lower than that of other fruits (P <0.05). Both artificial
and natural ripening approaches had no effect on pulp yellowness. The change in carotenoids content
was positively related to pulp yellowness and fruit maturity. No significant difference in carotenoids
content was found between naturally ripened and artificially ripened fruits. The lowest carotenoids
content was detected in the fruits harvested at 110 DAA after ripening. No significant differences in
carotenoids content of the fruits harvested at 115, 120 and 130 DAA was found after ripening. It is
widely recognized that the increase in pulp yellowness of durian at maturity is associated with
carotenoid biosynthesis [17]. We found that the pulp yellowness was positively associated with
carotenoids content in which the more mature the stage, the higher the pulp yellowness and
carotenoids content. The increased pulp yellowness was also related with the reduction of pulp
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Table 1 Ripening period, color attributes and carotenoids content of naturally and artificially ripened
‘Monthong’ durian fruits harvested at various maturity stages compared with the tree-ripened durian
fruits

Maturity Ripening Ripening Color attributes Carotenoids
(DAA) approach period (d) I b (mg kg'!)
130 Tree-ripened durians 85.68+1.122 42.78+1.47°2 2.27+0.212
110 Natural 9 87.92+1.66 ° 36.17+3.60° 1.4240.11°

Artificial 3 87.00+1.79 @ 37.32+3.71° 1.25+0.05°
115 Natural 6 86.09+1.18 2 39434430 1.89+0.26 °
Artificial 3 86.19+1.73 2 39.2343.03%®  1.98+0.15°
120 Natural 4 85.92+2.05° 39.814+3.85%®  1.83+0.40°
Artificial 3 86.26+1.73 @ 39.33£3.03 % 2.11+0.15°

Values followed by different letters within a column are significantly different at P < 0.05.

lightness. This was in agreement with the report of Wisutiamonkul et a/. [18] who found that the L*
value of both ‘Monthong’ and ‘Chanee’ durians declined with maturity increase. They also reported
the increments of B-carotene and a-carotene in ‘Monthong’ durian pulp during ripening. Moreover,
Wisutiamonkul ef al. [19] suggested that the artificial ripening approach did not affect carotenoids
content in durians. Therefore, it is concomitant with our result that no significant difference in the
carotenoids content of artificially ripened and naturally ripened fruit was found.

3.2 Pulp texture

Figure 1 shows the pulp firmness of durian fruits after artificial and natural ripening. Pulp firmness
of the tree-ripened fruits (130 DAA fruits) and all naturally ripened fruits were similar and were
significantly lower than that of artificially ripened fruits (P < 0.05). The firmness of all artificially
ripened fruits was higher than that of all naturally ripened fruits by about 1 N m, It is commonly
acknowledged that softening or firmness reduction of durian pulp during ripening is associated with
the activities of cell wall hydrolases such as polygalacturonase and pectinmethylesterase [20] and
expansin genesis [21]. Ethylene is accepted as playing an important role in durian pulp softening by
stimulating expansin genesis, resulting in cell wall separation [21], and inducing cell wall hydrolases
activities due to the de-polymerization of pectin structure [20]. Palaphon et al. [21] suggested that
expansin gene expression occurred before the onset of softening in which the peak of the DzEXP1
gene expression was detected after treating with ethephon for 1 day. Regarding the typical eating
quality of durians for Thais, it seems that desirable organoleptic attributes are firm with slightly soft
texture (the onset of softening), sweet-starchy taste and mild smell. Therefore, the texture of the
fruits in this study were measured when the fruits had just ripened and were suitable for commercial
consumption. In this study, the ripened on the tree fruits (130 DAA) were screened by an expert
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Figure 1. Pulp firmness of the naturally and artificially ripened ‘Monthong’ durian fruits
harvested at various maturity stages. Data represent the mean 10 fruits with vertical bar of S.D.
Values with different letters are significantly different at P < 0.05.

durian harvester who discerned that the pulp quality, including pulp yellowness and texture, were
suitable for consumption. As the results shown in Table 1, artificial ripening hastened the ripening
period of the fruits (3 days after smearing ethephon on the stem cut surface) whilst the ripening
period of naturally ripened fruits took longer times. Ketsa and Daengkanit [22] reported that pulp
firmness of ‘Monthong’ durian harvested at 123+£2 days after full bloom was markedly decreased
after 4 days of storage at room temperature, due to the increases of polygalacturonase and
pectinmethylesterase activities. Palapol et al. [21] reported that pulp firmness of ethephon treated
durians after storage for 3 days at ambient temperature was higher than that of the naturally ripened
fruits after storage for 5 days. They also suggested that artificial ripening using ethephon slightly
hastened durian pulp softening.

3.3 Starch content

Changes in starch content of the durian pulp after artificial and natural ripening are shown in Figure
2. The highest starch content was found in pulp of the 130 DAA fruits. No significant difference in
starch content between 130 DAA fruits and 120 DAA fruits after natural or artificial ripening was
found. Naturally ripened 110 and 115 DAA fruits had significantly lower starch content than both
of the artificially ripened fruits (P < 0.05). However, the starch content of the 110 DAA fruits tended
to be lower than that of 115, 120 and 130 DAA fruits after ripening. This suggested that the ripening
approach had an effect on starch content of the durian fruit harvested at 110 and 115 DAA whereas
the fruits harvested at 120 DAA had no difference in starch content between artificially and naturally
ripened fruits and the starch content was similar to the fruits left to ripen on the tree. Moreover, the
results also revealed that at the onset of ripening, the amount of starch in durians might not play a
key role in pulp softening compared to cell wall degradation as described by Ketsa and Daengkanit
[20] and Palapol et al. [21]. It is widely recognized that starch accumulation in durian pulp increases
following maturity increase and then it will decrease during the ripening process due to the
conversion of starch to sugars. Durian fruit at the maturity of 110 DAA is recognized as the stage
of 80% maturity and the starch accumulation might not be completed when compared to the more
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Figure 2. Starch content in pulp of the naturally and artificially ripened ‘Monthong’ durian fruits
harvested at various maturity stages. Data represent the mean 10 fruits with vertical bar of S.D.
Values with different letters are significantly different at P < 0.05.

mature fruits (85 and 90% maturity stages). Artificial ripening produced higher starch content than
natural ripening in the fruit harvested at 110 and115 DAA because the ripening time of naturally
ripened fruits was longer by 3 and 2 times, respectively. However, no significant difference in starch
content of all artificially ripened fruits was observed. This may suggest that the onset of starch
conversion to sugars was just occurring at the stage of ripening. Ketsa and Daengkanit [22]
suggested that marked decrease in starch content of durian pulp was positively related to the increase
in ripening process.

3.4 Soluble solids and total sugars contents

As the results shown in Figure 3A, the SSC of the 130 DAA fruits was significantly higher than that
of other fruits (P < 0.05). The SSC of the naturally ripened fruits which were harvested at 110, 115
and 120 DAA was not significantly different. For the fruits harvested at 120 DAA, the SSC of the
artificially ripened fruits was similar to that of naturally ripened fruits. For the fruit harvested at 115
DAA, artificial ripening tended to produce lower SCC than naturally ripened fruits. The lowest SSC
was found in artificially ripened 110 DAA fruits, and it was significantly lower than that of the
naturally ripened fruits (P < 0.05). The highest TSC was observed in the tree-ripened fruits, and it
was significantly higher than the fruits harvested at 120, 115 and 110 DAA after ripening,
respectively (P <0.05) (Figure 3B). The TSC of the naturally and artificially ripened fruits harvested
at 120 DAA was not different. The TSC of the naturally ripened fruits harvested at 110 and 115
DAA was significantly higher than that of artificially ripened fruits (P < 0.05). The lowest TSC was
found in the artificially ripened fruits harvested at 110 DAA. These suggested that the SSC and TSC
of the durians are positively dependent on maturity stage. The fruits at the onset of maturity and
mature stages had lower SSC and TSC after artificial ripening when compared to natural ripening.
We also found that both artificially and naturally ripening approaches had no effect on SSC and
TSC in the fruits at 90% maturity stage (120 DAA fruits) after ripening. The increases in SSC and
TSC of the durian pulp were negatively related with the amount of starch content as shown in Figure
2. In the similar vein, Ketsa and Daengkanit [22] and Afiabesa et al. [23] found that the increment
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Figure 3. Soluble solids content (SSC) (A) and total sugars content (TSC) (B) of the naturally and
artificially ripened ‘Monthong’ durian fruits. Data represent the mean 10 fruits with vertical bar of
S.D. Values with different letters are significantly different at P < 0.05.

of SSC was concomitant with the reduction of starch content and the increased total sugars content
in durians during the ripening process.

3.5 Antioxidant activities

Table 2 shows the antioxidant activities of the durian fruits using DPPH free radical scavenging and
FRAP assays. It was found that the tree-ripened fruits had the highest levels of both antioxidant
activities. However, both antioxidant activities of the tree-ripened fruits were not significantly
different from those of both artificially and naturally ripened fruits harvested at 120 DAA. The
lowest values of both DPPH free radical scavenging activity and FRAP were found in artificially
ripened 110 DAA fruits which were significantly lower than those of the naturally ripened fruits (P
< 0.05). Naturally ripened fruits harvested at 115 DAA had DPPH free radical scavenging activity
and FRAP that were significantly higher than those of the artificially ripened fruits (P < 0.05). The
results indicated that the higher the maturity, the higher the antioxidant activity was detected.
Haruenkit ef al. [24] also reported that increased antioxidants in ‘Monthong’ durians were positively
concomitant with the increase in fruit maturity. In this work, the highest antioxidants were found in
overripe fruits followed by ripe, mature and immature fruits, respectively. Our results showed that
naturally ripened fruits harvested at 80% maturity (110 DAA fruits) and 85% maturity (115 DAA
fruits) had higher antioxidant activities than artificially ripened fruits. A similar result was reported
for ‘Manjira’ mango in which artificial ripening using 150 ul I'! ethephon had a negative effect on
the antioxidant activities of the mangoes compared to natural ripening [25]. However, the ripening
approach had no impact on antioxidant activities of the tree-ripened fruits. Moreover, the higher
FRAP value of naturally ripened fruits might be related to the increased TSC, as the results shown
in Figure 3B. It is commonly acknowledged that FRAP reagent can react with reducing group of
reducing sugars and the increase in reducing sugars is naturally detected in fruit including durian
due to the conversion of starch to sugars [23].
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Table 2. Antioxidant activities of naturally and artificially ripened ‘Monthong’ durian fruits
harvested at various maturity stages

Maturity Antioxidant activity

Ripening approach

(DAA) DPPH scavenging activity (%)  FRAP (mmol kg™)

130 Tree-ripened durians  9.97+1.92° 236.31+20.50°

110 Artificial 6.60+0.48° 56.42+2.15¢
Natural 7.57£1.08 % 64.97+2.03 ¢

115 Artificial 6.82+0.52° 66.05+1.20°
Natural 8.68+0.88 % 69.70+1.34°

120 Artificial 9.16+1.45° 231.50+5.37¢
Natural 9.54+1.75° 228.24+11.04*°

Values followed by different letters within a column are significantly different at P < 0.05.

4. Conclusions

Artificial ripening hastened the time to ripeness of durians (3 days after treated with ethephon).
Maturity stage is a main factor affecting quality of durians after both natural and artificial ripening
approaches. The fruits harvested at 90% maturity (120 DAA) after both natural and artificial
ripening had physicochemical quality close to the fruits which had ripened on the tree (130 DAA
fruits). The fruits harvested at 80% maturity (110 DAA) had lower quality than the fruits harvested
at 85% maturity (115 DAA) and 90% maturity (120 DAA) , especially after artificial ripening, as
seen in low contents of carotenoids, SSC, TSC and antioxidants. Moreover, the fruit ripened using
the artificial ripening approach had firmer pulp than naturally ripened fruits. The starch content of
naturally ripened 110 and 150 DAA fruits was lower than that of artificially ripened fruits.
Antioxidant activities of the fruits were positively related to maturity stage increase and the highest
antioxidant activity was found in the fruits left to ripen on the tree. Artificial ripening produced
lower antioxidant levels in durians compared to natural ripening, especially in fruit harvested at 80%
and 85 % maturity. The results suggested that the fruit at 90% maturity had quality after natural and
artificial ripening that was similar to the quality of the fruit ripened on the tree. The fruit at 85 %
maturity had higher overall quality than the fruit at 80 % maturity after ripening.
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