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Edible Coatings Influence Fruit Ripening, Quality,
and Aroma Biosynthesis in Mango Fruit
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The effects of different edible coatings on mango fruit ripening and ripe fruit quality parameters including
color, firmness, soluble solids concentrations, total acidity, ascorbic acid, total carotenoids, fatty acids,
and aroma volatiles were investigated. Hard mature green mango (Mangifera indica L. cv. Kensigton
Pride) fruits were coated with aqueous mango carnauba (1:1 v/v), Semperfresh (0.6%), Aloe vera
gel (1:1, v/v), or A. vera gel (100%). Untreated fruit served as the control. Following the coating,
fruits were allowed to dry at room temperature and packed in soft-board trays to ripen at 21 £ 1 °C
and 55.2 + 11.1% relative humidity until the eating soft stage. Mango carnauba was effective in
retarding fruit ripening, retaining fruit firmness, and improving fruit quality attributes including levels
of fatty acids and aroma volatiles. Semperfresh and A. vera gel (1:1 or 100%) slightly delayed fruit
ripening but reduced fruit aroma volatile development. A. vera gel coating did not exceed the
commercial mango carnauba and Semperfresh in retarding fruit ripening and improving aroma volatile
biosynthesis.

KEYWORDS: Mangifera indica L.; Carnauba; Aloe vera; Semperfresh; fatty acids; carotenoids; aroma

volatiles

INTRODUCTION

Application of an edible coating on the fruit surface imparts
a glossy appearance and better color, reduces fruit weight loss,
extends storage life, and prevents microbial spoilage, which is
extremely important to perishable fruit (/—4). Edible coatings
create a modified atmosphere around the fruit by providing a
semipermeable barrier to water vapor and gases (5), and their
use offers an attractive alternative to film packaging due to their
environmentally friendly characteristic (5). The performance of
different types of edible coatings is dependent on their composi-
tion. The application of various edible coatings has been reported
to affect fruit appearance, ripening, and quality in different
mango cultivars (/, 6-15). The outcomes of edible coatings on
fruit ripening and quality are a function of various factors such
as coating type, formulation concentration, fruit nature, cultivar,
fruit maturity, storage conditions, and thickness of the coating
layer. If properly used, edible coatings could delay mango fruit
ripening (/2), retard chlorophyll breakdown (7, 15), retain fruit
firmness (/3), reduce weight loss (/2), decrease fungal decay
or fruit fly infestation (15, 16), retain fruit ascorbic acid (7),
alleviate chilling injury (0, 15), and/or improve fruit appearance.
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Information on the influences of edible coatings on fruit aroma
is scant, especially on mango fruit. Baldwin et al. (/) reported
that Natural Seal, a cellulose-based polysaccharide coating,
improved aroma volatiles in mango fruit, whereas carnauba wax
did not affect aroma volatile concentrations. However, two off-
flavor compounds, ethanol and acetaldehyde, were also signifi-
cantly higher in the mango fruit coated with Natural Seal (7).
Application of various types of biopolymers as edible coatings
on guava and apricot fruits showed that dextran and carboxym-
ethylcellulose were more effective than polyethylene in retaining
water and aroma compound (2-pentanone) of the fruit (/7).
Similarly, starch- and pectin-based coatings were also reported
to improve the shelf life and aroma of Mexican guava (I8).
‘Valencia’ oranges coated with commercial polysaccharide-
based or shellac-based coatings exhibited higher concentrations
of several aroma volatiles such as ethanol, ethyl butanoate, ethyl
acetate, and a-pinene as compared to the untreated fruit (/9).
Likewise, increased concentrations of volatile compounds
responsible for fresh orange flavor such as acetaldehyde, ethyl
acetate, ethyl butyrate, and methyl butyrate have been reported
in ‘Pineapple’ orange coated with beeswax or TAL Pro-long
(20).

Aloe vera gel is a novel edible coating for organic fruit storage
technology. Beneficial effects of this gel to human health have
also been reported such as reduction of cholesterol and glyceride
levels, reversion of extant atheromatous cardiovascular problem,
and stimulation of cell regeneration (27). Recently, application
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Figure 1. Effects of various edible coatings (T) and ripening time (RT)
on the respiration rate of the mango fruit during ripening at ambient
temperature. n = 9 (3 fruit x 3 replications). Vertical bars represent
standard error of means. LSD (P < 0.05): T = 0.10, RT = 0.15, T x
RT = 0.34.

of A. vera gel coating has been reported to extend shelf life by
delaying postharvest loss of quality in sweet cherries and table
grapes (22, 23). A. vera gel-coated cherries showed delayed
color change and fruit softening as well as reduced physiological
weight loss (22). Similarly, A. vera gel-coated table grapes
retained higher ascorbic acid and total phenolic compounds as
compared to the uncoated fruit (23). No research has been
reported on the effects of A. vera gel on shelf life, fruit quality,
and aroma volatiles in mango or any other tropical fruit.

Various factors affecting the biosynthesis of aroma volatiles
in mango and other fruits have been reported such as
cultivar (24-27), growing conditions (28), fruit maturity at
harvest (29, 30), fruit senescence (37), fruit parts (42), storage
and fruit-ripening temperature (33, 34), controlled atmosphere
storage (35-37), and other postharvest treatments (38, 39). As
a prelude, the effects of these coatings on mango fruit ripening,
quality, and chilling injury have been reported (7, 10, 11, 14, 15),
whereas no research has been reported on their effects on aroma
volatile production in ‘Kensington Pride’. Moreover, no infor-
mation is available on whether A. vera gel coating exceeds
current commercial coatings in extending shelf life while
maintaining fruit quality and aroma. These observations prompted
the present study associated with the influences of mango
carnauba, Semperfresh, and A. vera gel coatings on fruit
ripening, quality, and aroma production in ‘Kensington Pride’
mango.

MATERIALS AND METHODS

Fruit and Experimental Design. Hard mature green mango fruits
(respiration rate = 0.91 £ 0.12 mmol of CO, kg~ ' h™', firmness =
129.03 4 0.05 N) as described by Lalel et al. (30) were harvested from
a commercial orchard located at Chittering, Western Australia (latitude
31° 25" S, longitude 116° 5" E). Fruits were desapped, fungicide-treated
(Sportak 0.55 mL L~' with Prochloraz as an active ingredient), air-
dried, packed in soft-board trays, and transported by a refrigerated truck
(13 °C) to Perth, Western Australia. Fruits of uniform size and free
from any blemish and visual symptoms of diseases were manually
coated with aqueous mango carnauba (1:1 v/v), Semperfresh (0.6%),
A. vera gel (1:1 v/v), or A. vera gel (100%). Following the coating,
the fruits were dried with a fan at room temperature, packed in soft-
board trays, and allowed to ripen at 21 4+ 1 °C and 55.2 + 11.1%
relative humidity until the eating soft stage. Uncoated fruits were used
as the control. The experiment was laid out by following a completely
randomized design. Ten fruits were used as an experimental unit and
replicated three times.

Coatings and Chemicals. Mango carnauba was a food-grade
carnauba emulsion obtained from Castle Chemicals Pty. Ltd. (Sandgate,
Newcastle, Australia). Semperfresh was obtained as a gift sample from
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Figure 2. Effects of various edible coatings (T) and ripening time (RT)
on color development of the mango fruit during ripening at ambient
temperature. n = 30 (10 fruit x 3 replications). Vertical bars represent
standard error of means. LSD (P < 0.05): (top panel) L*, T = 0.29, RT
= 046, T x RT = ns (0.51); (panel second from top) C*, T = 0.38,
RT =059, T x RT = 1.32; (panel second from bottom) h°, T = 0.38,
RT = 0.58, T x RT = 1.30; (bottom panel) visual color, T = 0.07, RT
=0.11, T x RT = ns (0.12). ns = not significant at P < 0.05. Values
within parentheses represent SED.

Agricoat Industries Ltd. (Great Shefford, Bershire, U.K.) through Colin
Campbell (Chemicals) Pty. Ltd. (Wetherill Park, NSW, Australia). A.
vera gel was obtained as freeze-dried powder from Yunnan Yuanjiang
Evergreen Biological Industry (Group) Co., Ltd. (Northern Section of
Kunming High-Tech Industrial Development Zone, Kunming, China).
Standards of fatty acid methyl esters (C6:0, C8:0, C10:0, C12:0, C14:0,
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Figure 3. Effects of various edible coatings (T) and ripening time (RT)
on the subjective fruit firmness during ripening at ambient temperature
(1, hard; 2, sprung; 3, slightly soft; 4, eating soft; 5, overly soft). n = 30
(10 fruit x 3 replications). Vertical bars represent standard error of means.
LSD (P < 0.05): T = 0.07, RT = 0.10, T x RT = 0.23.

Cl16:0, Cl6:1, C18:0, C18:1, C18:2, and C18:3 methyl esters),
heptadecanoic acid, and boron trifluoride (14% in methanol) were
purchased from Sigma-Aldrich (Castle Hill, NSW, Australia). Aroma
volatile standards, including a-pinene, 3-pinene, myrcene, car-2-ene,
a-phellandrene, car-3-ene, a-terpinene, p-cymene, limonene, y-ter-
pinene, o-terpinolene, linalool, o-terpineol, decanal, benzothiazole,
decanol, decanoic acid, a-copaene, tetradecanal, o-gurjunene, trans-
caryophyllene, aromadendrene, o-humulene, alloaromadendrene, y-gur-
junene, f3-ionone, ledene, ethyl dodecanoate, methyl tetradecanoate,
tetradecanoic acid, acetic acid, isobutyl acetate, ethyl butyrate, ethyl
hexanoate, ethyl n-heptanoate, methyl octanoate, ethyl-2-octenoate, and
ethyl octanoate, were obtained from Sigma-Aldrich, whereas y-dode-
calactone was purchased from Bronson and Jacobs (Homebush Bay,
NSW, Australia).

Respiration Rate. Three fruits from each replication were randomly
chosen for daily respiration rate measurement during the ripening period.
Fruits were incubated separately in 1 L airtight jars for 1 h. Two 2-mL
gas samples from the headspace of each jar were taken and injected
into an infrared gas analyzer [Servomex Gas Analyzer, Analyzer series
1450 Food Package Analyzer, Servomex (U.K.) Ltd., East Sussex,
U.K.]. Respiration rate was calculated on the basis of the peak areas
of the samples and CO, standard (BOC Gases, Australia Ltd.) and
expressed as millimoles of CO; kilogram per hour.

Fruit Color Development. The skin color of individual fruits from
each replication was measured daily during ripening period using both
visual assessment (score 1-5, 1 = 100% green, 2 = 75% green, 3 =
50 green/yellow, 4 = 75% yellow, and 5 = 100% yellow) as described
by Shorter and Joyce (40) and objective color measurement by a
ColorFlex 45°/0° spectrophotometer (HunterLab ColorFlex, Hunter
Associates Inc., Reston, VA) and expressed as L*, chroma (C*), and
hue angle (4°). L represents the lightness of the fruit color, which ranges
from 0 (black) to 100 (white), whereas h° represents red-purple at an
angle of 0°, yellow at 90°, bluish green at 180°, and blue at 270°.

Subjective Fruit Firmness. Subjective firmness of individual fruits
was evaluated daily by hand (nondestructive) during the ripening period
using the rating scale from 1 to 5 (hard to oversoft) described by Shorter
and Joyce (40): 1 = hard, 2 = sprung, 3 = slightly soft, 4 = eating
soft, and 5 = oversoft.

Ripening Time, Physiological Weight Loss (PWL), and PWL
Rate. Ripening time was recorded as the number of days from coating
application until fruit reached the eating soft stage such as subjective
firmness rating 4 and/or >75% yellow skin color development as
described by Shorter and Joyce (40). PWL was calculated at the eating
soft stage as percent of weight loss compared to the initial weight.
PWL rate was calculated as percent weight loss per day during the
ripening period.

Soluble Solids Concentration (SSC), Titratable Acidity (TA), and
Ascorbic Acid. Fresh juice was extracted from ripe fruit, and SCC
was determined using an infrared digital refractometer (Atago-Palette
PR 101, Atago Co. Ltd., Itabashi-Ku, Tokyo, Japan) and expressed as
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percent. TA was determined by titrating fruit juice against 0.1 N NaOH
and expressed as percent malic acid. Ascorbic acid was estimated by
following the method of Malik et al. (4/). Mango pulp (5 g) was
homogenized with 25 mL (6%) of metaphosphoric acid solution
containing 0.18% (w/v) disodium salt of ethylenediaminetetraacetic acid
in a glass pestle and mortar using 300 mg of white quartz sand (—50
+ 70 mesh, Sigma Aldrich). The homogenate was centrifuged at 3000
rpm for 15 min. The supernatant was used for estimation of ascorbic
acid using Folin’s reagent. Two milliliter disposable cuvettes were used
to record the absorbance of mixed sample after 10 min at 760 nm with
a UV—vis spectrophotometer (model 6405, Jenway Ltd. Felsted,
Dunmow, Essex, U.K.). Ascorbic acid level was calculated against
100% L-ascorbic acid standard curve and was expressed as milligrams
per 100 grams of fresh weight (FW) of pulp.

Total Carotenoids. Total carotenoids from the pulp of the ripe
fruit were estimated by following the method of Lalel et al. (30)
using a UV-vis spectrophotometer (Jenway 6405, Dunmow, Essex,
U.K.) and expressed as milligrams per kilogram of f-carotene
equivalent.

Fatty Acid Analysis. Fatty acids from the ripe mango pulp were
estimated by following the method of Lalel et al. (30). Each sample
was tested twice. Fatty acids were extracted using anhydrous diethyl
ethyl and methylated using 14% BF; in methanol. The analysis of fatty
acids was conducted by using a gas chromatograph (GC) (Agilent
Technologies, 6890N Network GC system, Palo Alto, CA) fitted with
a flame ionization detector (FID) and a split injector (1/10). The
separation was achieved on a capillary column (AT-WAX, 30 m x
0.32 mm i.d. x 1 um film thickness, Alltech Associates Pty. Ltd., NSW,
Australia). Hydrogen was used as a carrier gas (1.2 mL min~!). The
oven temperatures were maintained at 110 °C for 1 min and then
increased to 180 °C at a rate of 15 °C min~' followed by a second
ramp of 2 °C min~" to 240 °C and maintained at this final temperature
for 10 min. The detector and injector temperatures were 250 and 240
°C, respectively. Fatty acids were identified by comparing their retention
time (RT) with the RT of authentic fatty acid methyl esters C6:0 to
C18:3 (Sigma Aldrich, Castle Hill, NSW, Australia) and by co-
injections. The concentrations of individual fatty acids were calculated
using the internal standard (ISTD) and expressed as micrograms per
gram of pulp.

Aroma Volatile Analysis. Aroma volatiles were analyzed by
following the method of Lalel et al. (30) with some modifications. HS-
SPME was used for extracting free aroma volatile compounds from
pulp. Frozen mango pulp (10 g) was thawed and homogenized with
35 mL of saturated NaCl solution. The homogenate (7 mL) was then
transferred into an airtight 15 mL vial together with 1 uL of the ISTD
mixture (methyl hexanoate, tridecane, and hexadecane at a concentration
of 20, 20, and 10 ug mL ™!, respectively) for aroma volatile extraction.
The extraction temperature and duration were 50 °C and 30 min,
respectively. Volatile compounds already adsorbed onto the SPME fiber
were then thermally desorbed in a splitless injector of a GC-FID or
GC—mass spectrometer (MS) for 30 min. Each sample was tested
twice.

A GC-FID (Agilent Technologies, 6890N Network GC system) was
used for identification and quantification of aroma compounds from
pulp of mango fruit. Oven temperature was maintained at 40 °C for 5
min and then ramped at 3 °C min~" to 220 °C followed by 2 °C min~'
to 240 °C and kept for 10 min. Separation was achieved on a capillary
column (HP-5MS, 50 m x 0.2 mm i.d. x 0.33 um, Agilent Technolo-
gies). Detector and injector temperatures were 290 and 240 °C,
respectively. Hydrogen was used as a carrier gas (1 mL min~!). Aroma
volatile compounds were identified by comparing their retention index
(RI) with those of authentic compounds and from the literature. The
RI was calculated using the formula of Van Den Dool (42).

The confirmation of known compounds or the identification of
unknown volatiles was conducted on a GC-MS. A MS (MS, Hewlett-
Packard 5890 series II) was interfaced with an Agilent 6890 GC, which
was equipped with a capillary ZB-1 100% methyl polysiloxane (60 m
x 0.25 mm i.d. x 0.25 um, Phenomenex, NSW, Australia). Helium
was carrier gas at 1.1 mL min~'. Injector temperature was 240 °C.
Oven temperature was maintained at 40 °C for 5 min and then increased
to 240 at 5 °C min~ ' and held for 10 min. Mass spectra were scanned
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Table 1. Effects of Various Edible Coatings on Ripening Time, Fruit Color, and Quality at Eating Ripe Stage?

Dang et al.

edible coatings

parameter control mango carnauba Semperfresh A. vera gel (1:1) A. vera gel (100%) LSD (P < 0.05)

ripening time (days) 1220 a 19.80 ¢ 14.40b 14.07b 1450 b 0.53

L* 55.72 a 58.37 b 55.23 a 57.57b 55.84 a 1.47

c 4429 a 4942 ¢ 4438 a 46.78 b 4427 a 2.35

h° 93.58 ¢ 85.92a 93.21¢ 89.38 b 93.78 ¢ 2.86
firmness (N) 19.90 18.93 19.27 19.40 19.50 ns (0.68)
SSC (%) 13.70 12.11 13.26 13.25 13.07 ns (0.46)
TA (%) 0.29 be 0.17a 0.30¢ 021a 0.23 ab 0.06
SSC/TA 48.64 a 70.68 b 45.64 a 6517 b 57.87 ab 13.20
ascorbic acid (mg 100 g~ ") 10.30 a 10.45a 13.41Db 10.63 a 10.08 a 2.24
total carotenoids (mg kg~ ) 65.49 71.41 69.80 66.05 70.13 ns (4.04)

@n =30 for L*, C*, and h°; n = 15 for firmness; and n = 3 for the remaining parameters. ns = not significant at P < 0.05. Values within parentheses represent SED.

Any two means in the same row followed by the same letter are not significantly different.
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Figure 4. Effects of different edible coatings on physiological weight loss
and physiological weight loss rate during fruit ripening. n = 3. Vertical
bars represent standard error of means. LSD (P < 0.05): PWL = 1.21,
PWL rate = 0.09.
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Figure 5. Effects of various edible coatings on concentrations of total
fatty acids in the pulp of the ripe mango fruit. n = 6 (3 replications, each
replication tested twice). Vertical bars represent standard error of means.
LSD (P =< 0.05) = 44.08.

at 70 eV and matched with the standards in an electronic WILEY275.L
library (http://wwww.wiley.com/WileyCDA/WileyTitle/productCD-
0471440973.html) for the identification.

Statistical Analysis. Effects of different edible coatings on various
fruit ripening and quality parameters were assessed within the ANOVA
using Genstat 9, release 9.1.0.147 (Lawes Agricultural Trust, Roth-
amsted Experimental Station, Rothamsted, U.K.). Least significant
difference (Fisher’s protected LSD) was calculated at P < 0.05

following a significant F test. Statistical analysis for data of daily
observation was conducted as two-way ANOVA (edible coatings and
ripening time) for the first 12 days because some treatments finished
their ripening period. The validity of analysis was ensured by checking
all of the assumptions of analysis.

RESULTS

Respiration Rate. Mango carnauba-coated fruit exhibited
significantly lower respiration rate as compared to the control
and all other treatments (Figure 1). The fruit coated with
Semperfresh, A. vera gel (1:1), and A. vera gel (100%) did not
show any significant difference in the respiration rate as
compared to the uncoated fruit. However, the application of all
edible coatings, especially mango carnauba, delayed the cli-
macteric peak in the coated fruit as compared to the control.
The interaction between various edible coatings and ripening
time significantly affected the respiration rate during the fruit-
ripening period.

Fruit Color Development. A. vera gel (1:1) resulted in
increased lightness (L*), whereas Semperfresh and mango
carnauba reduced skin lightness of the coated fruit as compared
to the control (Figure 2). Interaction between edible coatings
and ripening time significantly affected C* and h°. Mango
carnauba-coated fruit showed higher C* values as compared to
the fruit from the control and all other coatings. The fruit coated
with mango carnauba, Semperfresh, and A. vera gel (100%)
exhibited delayed color development (higher 4°) as compared
to the uncoated fruit, which was more prominent from day 9 of
the ripening period. Similar observations were recorded for
visual color, in which all coatings delayed fruit color develop-
ment as compared to the control except A. vera gel (1:1).

Subjective Fruit Firmness. All edible coatings delayed the
loss of fruit firmness as compared to the control (Figure 3).
The fruit coated with mango carnauba remained firmer than the
fruit coated with any other coating. The interaction effect
between edible coatings and ripening time on subjective fruit
firmness was found to be significant.

Ripening Time and PWL. All edible coatings delayed fruit
ripening as compared to the control. Mango carnauba was the
most effective in delaying fruit ripening (Table 1). Different
concentrations of A. vera gel coatings did not show any
significant difference in retardation of the fruit ripening. Mango
carnauba reduced total PWL as compared to the control (Figure
4). All edible coatings reduced PWL rate as compared to the
control except A. vera gel (100%). Mango carnauba-coated fruit
exhibited the lowest PWL rate (0.49%/day) as compared to the
fruit from the control (1.03%/day) and all other coatings.

Fruit Color, Firmness, SSC, TA, SSC/TA, Ascorbic Acid,
and Total Carotenoids at the Eating Soft Stage. Mango
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Table 2. Effects of Various Edible Coatings on the Concentrations (Micrograms per Gram of Pulp) of Individual Fatty Acids in the Pulp of the Ripe Mango

Fruit?
edible coatings
fatty acid control mango carnauba Semperfresh A. vera gel (1:1) A. vera gel (100%) LSD (P = 0.05)

caproic acid 0.56 a 0.76 b 047a 0.51a 0.46a 0.17
caprylic acid 0.40a 0.67b 0.34a 0.40a 0.36a 0.14
capric acid 025¢ 0.28¢ 0.19ab 0.20b 0.16a 0.04
lauric acid 1.17ab 1.46b 0.88a 1.03a 0.85a 0.33
myristic acid 11.94 13.18 9.79 11.44 1117 ns (1.13)
palmitic acid 9440a 115.08 b 87.61a 96.05 a 89.60 a 13.54
palmitoleic acid 64.27 a 96.73 b 55.77 a 7155a 7354 a 19.15
stearic acid 0.97b 0.93b 0.83 ab 0.84b 0.68a 0.16
oleic acid 64.13 71.43 64.66 72.60 62.30 ns (5.18)
linoleic acid 28.73 33.41 28.03 26.61 25.40 ns (4.00)
linolenic acid 64.87 58.13 52.67 53.73 51.08 ns (5.00)

“n = 6 (3 replications, each replication tested twice). ns = not significant at P < 0.05. Values within parentheses represent SED. Any two means in the same row

followed by the same letter are not significantly different.
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Figure 6. Effects of various edible coatings on concentrations of total
aroma volatiles in the pulp of the ripe mango fruit. n = 6 (3 replications,
each replication tested twice). Vertical bars represent standard error of
means. LSD (P < 0.05) = 377.8.

carnauba- and A. vera gel (1:1)-coated fruit exhibited better color
development as compared to the fruit from the control and all
other coatings (Table 1). Various edible coatings tested did not
significantly affect fruit firmness, SSC, and total carotenoids in
the fruit as compared to the control (Table 1). The fruit coated
with mango carnauba or A. vera gel (1:1) showed lower TA
and higher SSC/TA than the uncoated fruit (Table 1). Sem-
perfresh-coated fruit showed reduction in the loss of ascorbic
acid as compared to the untreated fruit (Table 1).

Fatty Acids. Mango carnauba-coated fruit showed significant
(P = 0.05) increases in the concentrations of total fatty acids
(17-30%) in the pulp of the ripe mango as compared to the
fruit from the control and all other coatings (Figure 5). The
other edible coatings did not affect the concentrations of total
fatty acids in the pulp of the ripe fruit as compared to the
uncoated fruit. Influences of various edible coatings on indi-
vidual fatty acids were more pronounced in saturated than in
unsaturated fatty acids (Table 2). Among saturated fatty acids,
the concentration of myristic acid in the ripe mango pulp was
not affected by any of the coatings as compared to the uncoated
fruit. The pulp of mango carnauba-coated fruit showed higher
concentrations of caproic, caprylic, and palmitic acids than the
pulp of the ripe fruit from the control. Semperfresh and A. vera
gel at both concentrations did not affect the concentrations of
caproic, caprylic, lauric, and palmitic acids but did reduce the
concentrations of capric acid in the pulp of the ripe fruit
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Figure 7. Effects of various edible coatings on the concentrations of total
monoterpenes, sesquiterpenes, and lactones in the pulp of the ripe mango
fruit. n = 6 (3 replications, each replication tested twice). Vertical bars
represent standard error of means. LSD (P < 0.05): monoterpenes =
347.40; sesquiterpenes = 36.70; lactones = 17.13.

compared to the uncoated fruit. Fruit coated with A. vera gel
(100%) also resulted in a reduced concentration of stearic acid
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Table 3. Effects of Various Edible Coatings on the Concentrations (Micrograms per Kilogram of Pulp) of Different Monoterpenes in the Pulp of the Ripe

Mango Fruit®

edible coatings

retention A. vera gel A. vera gel

compound index identification mode  control  mango carnauba Semperfresh (1:1) (100%) LSD (P =< 0.05)
o-pinene 935 RI, CO, MS 27.48b 41.18¢ 18.43a 23.38ab 18.44a 6.95
o-fenchene 949 MS 0.12b 0.19¢ 0.08a 0.11ab 0.082a 0.03
camphene 951 MS 0.08a 0.13¢ 0.06 a 0.08 a 0.06 a 0.03
p-pinene 979 RI, CO, MS 151a 1.99b 1.27a 147 a 125a 0.36
myrcene 991 RI, CO, MS 32.42b 47.70 ¢ 22.93a 30.33ab 22.05a 8.74
car-2-ene 1002 RI, CO, MS 6.31b 951¢ 442 a 5.85ab 433a 1.59
a-phellandrene 1006 RI, CO, MS 1141¢ 15.64d 8.21ab 9.46 be 6.73a 2.56
o-car-3-ene 1013 RI, CO, MS 106.97 b 185.78 ¢ 78.26 ab 99.82 ab 77.89 a 28.96
o-terpinene 1019 RI, CO, MS 47.35b 7483 ¢ 32.23a 45.54b 30.90a 11.73
limonene 1031 RI, CO, MS 23.26b 3841¢c 15.66 a 22.25b 14.87 a 6.33
f-phellandrene 1032 RI, MS 7.08¢ 11.68d 4.90 ab 6.78 bc 449a 1.98
cis-ocimene 1039 RI, CO, MS 2.46b 257¢ 1.85ab 229 ab 117 a 0.61
trans-f3-ocimene 1049 RI, MS 0.97b 152¢ 0.62a 0.82 ab 0.62a 0.25
y-terpinene 1061 RI, CO, MS 446b 717¢ 3.17ab 428 ab 3.00a 1.39
a-terpinolene 1095 RI, CO, MS 966.68 b 1676.96 ¢ 662.75 a 952.14 b 628.87 a 277.20
p-mentha-1,5,8-triene 1115 RI, MS 1.27a 251b 1.39a 129a 1.10a 0.46
(2-methylprop-1-enyl)cyclohexa-1,5-diene 1140 RI, MS 1.16a 2.36b 1.27a 121a 1.03a 0.40
1,8-menthadien-4-ol 1181 MS 1.52¢ 1.94d 1.33 be 1.02ab 0.89a 0.40
feranylacetone 1453 RIl, CO, MS 0.86 0.96 0.77 0.82 0.84 ns (0.07)

“n = 6 (3 replications, each replication tested twice). ns = not significant at P < 0.05. Values within parentheses represent SED. Any two means in the same row
followed by the same letter are not significantly different. RI, retention index on HP-5MS; CO, co-injection; MS, mass spectrometry.

Table 4. Effects of Various Edible Coatings on the Concentrations (Micrograms per Kilogram of Pulp) of Different Sesquiterpenes in the Pulp of the Ripe

Mango Fruit®

edible coatings

compound retention index identification mode  control  mango carmnauba  Semperfresh  A. vera gel (1:1)  A. vera gel (100%) LSD (P =< 0.05)
o-copaene 1386 RI, CO, MS 319a 485b 2.8%a 3.07a 262a 0.91
p-elemene 1401 MS 2.62¢ 1.96 b 0.62a 1.05a 0.76 a 0.45
o-gurjunene 1423 RI, CO, MS 42.52b 57.10¢ 2341a 32.33ab 38.96b 10.81
frans-caryophyllene 1434 RI, CO, MS 47.85¢ 67.23d 2340a 35.94 be 33.62 ab 12.30
aromadendrene 1455 RI, CO, MS 231¢ 2.12bc 159 a 1.66 ab 1.76 ab 0.49
o-humulene 1468 RI, CO, MS 30.95b 40.84 ¢ 17.36a 23.80 ab 22.74 a 7.88
allo-aromadendrene 1475 RI, CO, MS 357b 487c 232a 2.83ab 3.28ab 0.98
y-gurjunene 1485 RI, CO, MS 447b 6.26 ¢ 2.83a 3.46 ab 417b 1.23
ledene 1508 RI, CO, MS 10.85¢ 17.40d 477 a 7.22 ab 9.10 be 3.25
o-cadinene 1534 MS 3.70c¢ 5.14d 145a 2.36 ab 2.94 be 0.96

@ n = 6 (3 replications, each replication tested twice). Any two means in the same row followed by the same letter are not significantly different. RI, retention index on

HP-5MS; CO, co-injection; MS, mass spectrometry.

in the pulp of the ripe fruit as compared to the uncoated fruit.
Among unsaturated fatty acids, the concentration of palmitoleic
acid in the pulp of the ripe fruit coated with mango carnauba
was 31-73% higher than in the pulp of the ripe fruit from the
control or from any other coating. None of the edible coatings
significantly affected the concentrations of the other unsaturated
fatty acids such as oleic, linoleic, and linolenic acids in the pulp
of the ripe mango as compared to the control fruit.

Total Aroma Volatiles. The pulp of the mango fruit coated
with mango carnauba exhibited significantly increased levels
of aroma volatiles in the pulp of the ripe fruit (almost 60%
higher than the control) as compared to the control and all other
coatings (Figure 6). A. vera gel (1:1) did not affect total aroma
volatile levels as compared to the uncoated fruit. However, the
pulp of the ripe fruit coated with Semperfresh or A. vera gel
(100%) exhibited lower concentrations (about 40%) of total
aroma volatiles than the control fruit.

Monoterpenes. The pulp of the ripe fruits coated with mango
carnauba resulted in 68% increased concentration of total
monoterpenes as compared to the control fruit. A. vera gel (1:1)
did not affect the total monoterpene concentration in the coated
fruit, whereas Semperfresh or A. vera gel (100%) significantly
reduced the concentrations of total monoterpenes as compared to

the control (Figure 7). The pulp of the fruit coated with mango
carnauba showed higher concentrations of all monoterpenes than
the control fruit except geranylacetone (Table 3). A. vera gel (1:
1) did not significantly affect the concentrations of all individual
monoterpenes compared to the uncoated fruit except 1,8-mentha-
dien-4-ol. Semperfresh substantially reduced the concentrations of
most of the individual monoterpenes in the pulp of the ripe fruit
as compared to the uncoated fruit except camphene, S-pinene,
O-car-3-ene, cis-ocimene, y-terpinene, p-mentha-1,5,8-triene, (2-
methylprop-1-enyl)cyclo-hexa-1,5-diene, and 1,8-menthadien-4-ol.
Similarly, the pulp of A. vera gel (100%)-coated fruit exhibited
lower concentrations of most of the individual monoterpenes as
compared to the uncoated control except camphene, (3-pinene,
p-mentha-1,5,8-triene, and (2-methylprop-1-enyl)cyclohexa-1,5-
diene. o-Terpinolene, the most abundant volatile compound in
‘Kensington Pride’ mango, increased up to 73% in mango
carnauba-coated fruit and decreased approximately 45-53% in
Semperfresh and A. vera gel (100%)-coated fruit as compared to
the control fruit. Mango carnauba also resulted in about 45% higher
concentrations of O-car-3-ene, the second most abundant aroma
volatile, in the pulp of the ripe fruit as compared to the control.
Sesquiterpenes. Total sesquiterpenes in the pulp of the
Semperfresh- and A. vera gel (1:1)-coated fruit were signifi-
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Table 5. Effects of Various Edible Coatings on the Concentrations (Micrograms per Kilogram of Pulp) of Lactones, Aromatics, Alcohols, Aldehydes, and

Norisoprenoid in the Pulp of the Ripe Mango Fruit*

edible coatings

compound retention index  identification mode  control  mango carnauba  Semperfresh  A. vera gel (1:1)  A. vera gel (100%) LSD (P < 0.05)
lactones
y-octalactone 1261 RI, CO, MS 67.22¢ 58.18 be 38.31a 47.25ab 47.70 ab 13.20
y-decalactone 1473 MS 15.51a 21.28b 13.46 a 16.37 a 17.46 ab 4.51
d-decalactone 1503 RI, MS 10.56 ¢ 18.56 d 473a 7.32ab 9.35 bc 2.96
y-dodecalactone 1685 RI, MS 1.50 a 3.27b 127 a 140a 144a 0.49
aromatics
p-cymene 1027 RI, MS, MS 262¢ 1.96 b 0.62a 1.05a 0.76 a 0.44
p-cymen-8-ol 1188 MS 1.95b 322¢ 1.92b 122a 1.36a 0.50
alcohols
ethanol 3.25° RT, CO 7.61a 484a 15.88 b 15.50 b 14.23b 3.50
cis-3-hexenol 855 MS 10.45b 5.89a 9.39b 6.57 a 6.63a 1.50
1-hexenol 868 MS 2.28a 2.06a 3.65b 445D 2.48a 1.03
aldehydes
hexanal 797 RI, MS 599a 9.59 b 7.01a 6.64 a 743a 2.07
trans-2-hexenal 852 MS 9.01a 14.65¢ 11.72 abc 12.20 be 11.14 ab 3.15
frans-2-nonenal 1161 RI, MS 570a 6.95 ab 8.29 bc 9.01¢ 6.21a 1.63
hexadecanal 1818 MS 36.60a 57.75b 27.07 a 35.39a 34.90a 11.44
norisoprenoid
[-ionone 1494 RI, CO, MS 1.07b 1.35¢ 0.90 ab 0.85a 0.93 ab 0.22

“n = 6 (3 replications, each replication tested twice). Any two means in the same row followed by the same letter are not significantly different. RI, retention index on

HP-5MS; CO, co-injection; MS, mass spectrometry. ® Retention time on HP-5MS.

cantly lower than that in the control fruit (Figure 7). Mango
carnauba coating resulted in about 36% increased concentration
of total sesquiterpenes in the pulp of the ripe fruit as compared
to the control. The concentrations of all individual sesquiterpenes
in the pulp of the mango carnauba-coated fruit, except S-elemene
and aromadendrene, were significantly higher than in the control
fruit (Table 4). A. vera gel (1:1) coating did not affect the
concentrations of most of the individual sesquiterpenes in the
pulp of the ripe fruit as compared to the control, except
[-elemene, aromadendrene, ledene, and d-cadinene. Although
the concentrations of some sesquiterpenes in the pulp of the
fruit coated with Semperfresh or A. vera gel were not signifi-
cantly different from the control, these coatings generally
reduced sesquiterpenes in the pulp of the ripe fruit.

Lactones. Mango Carnauba did not affect the concentration
of total lactones, whereas Semperfresh and A. vera gel at both
concentrations resulted in lower total lactones in the pulp of
the ripe fruit as compared to the untreated fruit (Figure 7). The
ripe pulp of mango carnauba-coated fruit exhibited significantly
higher concentrations of y-decalactone, d-decalactone, and
y-dodecalactone than the pulp of the uncoated fruit (Table 5).
Semperfresh, A. vera gel (1:1), and A. vera gel (100%) resulted
in a lower concentration of y-octalactone in the pulp of the ripe
fruit as compared to the control. The concentrations of y-de-
calactone and y-dodecalactone in the pulp of the ripe fruit coated
with Semperfresh or A. vera gel at both concentrations were
not significantly different from those in the control fruit.
However, the pulp of the ripe fruit coated with Semperfresh
and A. wvera gel (1:1) exhibited lower concentrations of
0-decalactone than the pulp of the uncoated fruit.

Aromatics and Alcohols. Semperfresh and A. vera gel
coatings at both concentrations significantly reduced the con-
centrations of total aromatic compounds, whereas mango
carnauba did not affect total aromatics in the pulp of the ripe
fruit as compared to the control (Figure 8). Although influences
of the edible coatings on individual aromatic compounds were
inconsistent, the pulp of the ripe fruit coated with A. vera gel

always showed lower concentrations of p-cymene and p-cymen-
8-ol than the pulp of the control fruit (Table 5). Mango carnauba
significantly reduced the concentration of total alcohols in the
pulp of the ripe fruit as compared to the uncoated fruit (Figure
8). The concentrations of ethanol in the pulp of the ripe fruit
coated with Semperfresh and A. vera gel at both concentrations
were higher as compared to the pulp of the control fruit (Table
5). The pulp of the ripe fruit coated with mango carnauba, A.
vera gel (1:1), and A. vera gel (100%) exhibited lower
concentrations of cis-3-hexenol compared to the control fruit.
1-Hexenol concentration in the pulp of the ripe Semperfresh-
and A. vera gel (1:1)-coated fruit was higher than that in the
control fruit.

Aldehydes and Norisoprenoids. Total aldehyde concentra-
tion was significantly higher in the pulp of mango carnauba-
coated fruit as compared to the control fruit (Figure 8). The
other coatings did not significantly affect the concentration of
total aldehydes in the pulp of the ripe fruit as compared to the
uncoated control. Fruits coated with mango carnauba resulted
in significantly higher concentrations of hexanal, trans-2-
hexenal, and hexadecanal in the pulp of the ripe fruit as
compared to the control (Table 5). A. vera gel (1:1) resulted in
higher concentrations of trans-2-hexenal and trans-2-nonenal
in the pulp of the ripe fruit compared to the untreated fruit.
B-Tonone belongs to the norisoprenoid group. The pulp of the
fruit coated with mango carnauba exhibited a higher (P < 0.05)
concentration of B-ionone than the uncoated fruit, whereas
Semperfresh or A. vera gel (100%) did not affect the concentra-
tion of 3-ionone (Table 5). A. vera gel (1:1) resulted in a lower
concentration of f-ionone in the pulp of the ripe fruit as
compared to the control.

DISCUSSION

All edible coatings tested delayed fruit ripening. This was
characterized by suppressed respiration and/or delayed climac-
teric peak, delayed fruit color development, and higher fruit
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Figure 8. Effects of various edible coatings on the concentrations of total
alcohols, aldehydes, and aromatics in the pulp of the ripe mango fruit. n
= 6 (3 replications, each replication tested twice). Vertical bars represent
standard error of means. LSD (P < 0.05): aromatics = 0.62, alcohols =
3.18; aldehydes = 12.70.

firmness in the coated fruit as compared to the uncoated controls.
Similar effects of edible coatings have been reported in various
fruits such as mango (7, 11, 14), grapes (43), and sweet cherries
(22). The delay in the ripening of the coated fruit may be due
to the modified internal atmosphere in the coated fruit, which
decreases the activities of softening enzymes (/3) and reduces
the degradation of chlorophyll and/or the biosynthesis of
carotenoids (7, /1) or due to the better turgidity in the coated
fruit due to the lower dehydration (8). Mango carnauba
surpassed all other coatings in retardation of fruit ripening, which
may be attributed to coating formulation, concentration applied,
and interaction between the fruit and the coatings.

The reduced PWL in the coated fruit may be ascribed to the
ability of the coating film to block all lenticels and stem-end
scar in the coated fruit, which may have resulted in reduced
transpiration (/4). Mango carnauba was more effective as a
water vapor barrier as compared to all other coatings, which
may be attributed to the hydrophobic nature of wax coatings.
Polysaccharides are the main components of A. vera gel (43),
which may explain the lower effectiveness of this coating in
delaying PWL compared to mango carnauba. Fruit quality at

Dang et al.

the eating soft stage was improved in mango carnauba-coated
fruit including better skin color, lower TA, and higher SSC/
TA. In addition, a shiny and turgid appearance was also
observed in the mango carnauba-coated fruit as compared to
the control and all other coatings. Similarly, ‘Lirfa’ mango fruit
coated with carnauba wax gained highest organoleptic score
including color, texture, acidity, sweetness, and aroma as
compared to the other coatings (17). Semperfresh-coated fruit
showed higher concentration of ascorbic acid in the fruit pulp
compared to the control. Similarly, ‘Haden’ mango coated with
Semperfresh exhibited a reduced ascorbic acid loss as compared
to the uncoated fruit (7).

Edible coatings altered the fatty acid profiles of the coated
fruit as compared to the control. The concentrations of saturated
fatty acids were more affected by the edible coatings tested than
unsaturated ones. The fruit coated with mango carnauba
exhibited improved concentrations of total fatty acids and some
individual fatty acids such as caproic, caprylic, and palmitic
acids in the pulp of the ripe fruit compared to the control fruit.
The concentration of palmitoleic acid in mango carnauba-coated
fruit was 1.3—1.7-fold higher than that in the fruit from the
control or any other coating. To the best of our knowledge, no
research has been reported on influences of edible coatings on
fatty acids in the fruit pulp. The mechanism by which mango
carnauba increased the biosynthesis of individual and additive
total fatty acids in the coated fruit is yet unknown and warrants
further investigations.

The fruit coated with mango carnauba exhibited significantly
improved fruit aroma volatiles including total aroma volatiles,
monoterpenes, sesquiterpenes, and aldehydes while maintaining
comparative aromatic and lactone concentrations and reducing
total alcohol levels compared to the control fruit. The increased
concentrations of aroma volatiles in the pulp of the fruit coated
with mango carnauba may be due to the increased concentrations
of aroma precursors such as fatty acids in the pulp of the fruit
from this coating as discussed above. Fatty acids have been
reported to be precursors of various mango aroma volatiles such
as esters, aldehydes, alcohols, ketones, acids, and terpenes (37).
A low concentration of ethanol in the pulp of mango carnauba-
coated fruit revealed that anaerobic conditions were not created
in the fruit internal atmosphere, and therefore no off-flavors
developed. Similarly, carnauba wax did not cause any ac-
cumulation of ethanol when applied to “Tommy Atkins’ (/) and
‘Lirfa’” mango (//) due to the low water vapor and high gas
permeability of this lipid coating group (/, /7). The increased
aroma volatiles in the pulp of mango carnauba-coated fruit in
the present experiment were different from the results reported
by Baldwin et al. (/), who claimed that carnauba wax under
the trade name Tropical Fruit Coating did not improve the aroma
volatiles of ‘Tommy Atkins’ mango. However, Hoa et al. (/1)
reported that carnauba wax-coated ‘Lirfa’ mango exhibited
higher overall organoleptic scores including aroma than did the
control fruit. This may be ascribed to variable responses of
different mango cultivars to carnauba wax.

Semperfresh coating reduced the concentrations of total aroma
volatiles, monoterpenes, sesquiterpenes, lactones, and aromatics
as compared to the uncoated fruit. Ethanol, an anaerobic
metabolite, in Semperfresh-coated fruit was >2-fold higher than
in the control fruit, which led to higher total alcohols in the
fruit from this coating as compared to the control fruit. Possibly,
it may be due to the modified atmosphere conditions created in
the Semperfresh-coated fruit (/4), which may have resulted in
reduced biosynthesis of other volatile groups mentioned above.
‘Julie’ mango coated with 1% Prolong, a product similar to
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Semperfresh, has been reported to exhibit higher ethanol
accumulation in the fruit pulp (9). Likewise, Semperfresh at 2
and 3% caused off-flavors in ‘Nang Klangwan’ mango within
6 days of its application (/4). Our experimental data showed
that Semperfresh at lower concentration (0.6%) resulted in
higher concentrations of off-flavor compounds in ‘Kensington
Pride’ mango, which may be ascribed to cultivar response.

A. wvera gel coatings generally reduced aroma volatile
biosynthesis in the fruit pulp, although the levels of significance
varied with volatile compounds and concentrations of A. vera
gel applied. Higher concentrations of A. vera gel (100%) seemed
to have detrimental effects on the formation of monoterpenes,
lactones, aromatics, and additive total aroma volatiles, whereas
A. vera gel (1:1) adversely affected the biosynthesis of sesquit-
erpenes, lactones, and aromatic compounds. Both concentrations
of A. vera gel tested in the experiment seemed to be high as
indicated by the accumulation of ethanol in the pulp of the
coated fruit. Polysaccharides are the main constituents of A.
vera gel (43). Possibly, this may lead to an accumulation of
CO, and a reduction of O, and create fermentative conditions
similar to those of modified atmosphere packaging. The changes
in the internal atmosphere of the coated fruit might reduce the
metabolic rate and alter the metabolic pathways, leading to the
alteration of the aroma profiles (20).

All of the coatings tested except mango carnauba significantly
reduced the concentrations of total lactones as well as y-octa-
lactone in the coated fruit as compared to the control fruit.

In conclusion, all edible coatings tested significantly delayed
fruit ripening in the coated fruit. Mango carnauba was the most
effective in retarding fruit ripening while improving fruit
appearance and quality including fatty acids and aroma volatiles.
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