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Abstract

Mamey sapote Routeria sapote(Jacq.) H.E. Moore and Stearn) fruit is highly appreciated in the Caribbean region;
however, marketable life is significantly limited by abrupt softening during postharvest handling. Postharvest wax and 1-
methylcyclopropene (1-MCP) treatments were evaluated for potential of extending mamey sapote postharvest life. Fruit of
the cv. Magéa were harvested at mature green (G), light orange (LO) and orange (O) stages of the pulp color, and brushed
to remove excess epidermal fiber. Waxed (carnauba emulsion) and unwaxed fruit (G and LO stages) were h€ldaat 13
7 days, then transferred to 20 for ripening; those at O stage were held constantly at20n a subsequent test, ‘Maigz
fruit were harvested at a preclimacteric stage (LO), brushed, and treated-edtnauba wax ang:1-MCP (1ull-* at 20°C
for 24 h). Fruit from all treatments were subsequently stored a€2ihd 85—-90% relative humidity. Unwaxed ‘Mdga fruit
reached climacteric maxima in 10-11 days, irrespective of harvest maturity or storage regime (Exp. Y)CApedk CQ
production ranged from 90 to 137 mIkgh~* and peak ethylene production from 116 to 208g~* h™1, respectively. Waxed
fruit generally had higher C9Oand GH, production rates than unwaxed fruit. When LO fruit was stored continuously at
20°C (Exp. 2), wax treatment alone hastened the onset of respiration and ethylene climacteric peaks by 5 days over unwaxed
fruit. 1-MCP treatment alone delayed the onset of respiration and ethylene climacteric maxima by 6 and 5 days, respectively.
Marketable life for wax-only fruit stored continuously at ZDwas 10 days, while that for control, wax + 1-MCP and 1-MCP-
only fruit was 13, 14, and 14 days, respectively. Mamey sapote fruit treated with wax lost less weight during continuous
storage at 20C. At the full-ripe stage, no treatment effects were noted for pulp soluble solids content (23.4%) or pH (5.7).
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Mamey sapote fruit treated with wax + 1-MCP, however, retained total titratable acidity (0.25%) and lost less acid during storage

than wax-only fruit (0.14%).
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Mamey sapote is a tropical tree that originated in

Central America between southern Mexico and north-

ern Nicaragua Fopenoe, 1948 A member of the
Sapotaceae family, it is also listed in the literature
as P. mammosgL.) Cronquist,Lucuma mammosa
Gaertn., andCalocarpum mammosuRierre (Morton,
1987. It is not to be confused with mameém-
mea americand..), which belongs to the Guttiferae
family. Although considered a minor tropical fruit in
the commercial trade, mamey sapote is widely culti-
vated in Mexico, Central America, and the West In-
dies Balerdi et al., 1995 The ‘Magdia’ variety is
grown in the region and is commercially harvested
from April to June. ‘Magaa’ fruit is ovoid, weighs

up to 2400 g, has orange to red pulp when ripe, con-

ter loss and skin susceptibility to abrasidng]lenthin

et al., 1982; Hagenmaier and Baker, 1994; Baldwin
et al., 1999. Delayed ripening and improved posthar-
vest quality of several tropical fruits have been achieved
with postharvest treatment of 1-methycyclcopropene
(1-MCP) @Blankenship and Dole, 2003 The ob-
jective of the present study was to evaluate the
effects of wax coating and 1-MCP on the postharvest
biology and quality of ‘Magha’ mamey sapote
fruit.

2. Materials and methods
2.1. Experiment 1—effects of wax treatment

Mamey sapote fruit (cv. Mad) were harvested

tains a single, large seed, and has excellent desseryn 22 April 2002, in Homestead, FL, using three com-

quality. The fruit is harvested when the flesh starts
developing salmon pink color (the turning stage) for
commercial shipping, or when ripe for local mar-
kets Balerdi et al., 1995 Carotenoids, mostly vio-
laxanthin, are the major pigments in both the skin
and flesh of mamey sapote fruR@driguez-Amaya,
1999.

Postharvest life of mamey sapote fruit ranges from

mercial maturity stages based on pulp color. Pulp color
was assessed by careful removal of a 3-5mm portion
of the rough epidermis while the fruit was attached

to the tree, a commercial practice that does not af-
fect postharvest quality. Fruit (700-1300 g) were har-

vested at these maturity stages: green (G), light orange
(LO), and orange (O), and were transported under am-
bient temperatures to the Postharvest Horticulture Lab-

3 to 7 days depending on maturity at harvest and stor- gratory at the University of Florida, Gainesville. The
age temperature. The fruit has a high respiration rate fo|lowing day the fruit surfaces were lightly brushed

(Diaz-Perez et al., 2000and commercial quality is
limited by the rapid onset of ripening and by inter-
nal or stem-end fruit rots frorPestalotiaand Botry-
odiplodia (Bautista-Banos et al., 20D2To date, ap-

to remove excess fiber (a commercial practice); half
of the fruit from each maturity stage were placed di-
rectly in storage and the other half were waxed with
carnauba wax emulsiom € 4/treatment) (Sta-Fresh

proaches to extend and preserve postharvest quality ofg19F; FMC Corp., Texas). The light coating of wax
mamey sapote have consisted of refrigerated storagewas manually applied by brush at ambient tempera-

(10-15°C; Balerdi et al., 1995and hot water treat-
ment for postharvest decay control (8D for 60 min;
Diaz-Perez et al., 2001

ture (23°C) and air-dried. Fruit harvested at G and
LO stages fwax) were stored for 7 days at 18
(simulating commercial handling), then transferred to

Wax coatings have been shown to extend posthar- 20°C and 85-90% relative humidity; fruit harvested

vest quality of many fruit and vegetable crops by
limiting gas exchange and reducing discoloration, wa-

at O stage were stored immediately and continuously
at 20°C.
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2.2. Experiment 2—effects of wax and 1-MCP
treatments

Fruit were harvested preclimacteric at the LO stage
on 6 May 2002, in Homestead, FL, and were held at
ambient temperature for during transfer to the labora-
tory in Gainesville. The following day the fruit were
graded for uniform maturity (based on mesocarp color

129

ing CO, and ethylene to accumulate in the headspace.
Care was taken to avoid G@ccumulation > 1% in the
headspace during these measurements. Form&a-
surements, 0.5 ml of headspace was sampled and ana-
lyzed by gas chromatography fitted with a Porapag-Q
column and a thermal conductivity detector (Gow Mac-
580, Bridgewater, NJ). The carrier gas (helium) flow
rate was 30 mImint, the oven was set at 4C, and

under epidermis) and size (1000-1500 g). Half of the the detector and injector were set at 26227For ethy-
fruit were lightly brushed and waxed as in Exp. 1. lene production, samples (1 ml) were injected into the
Unwaxed and waxed fruit were treated witjtl —* gas chromatograph (Hewlett-Packard HP-5890, Avon-
of 1-MCP for24 hat 20C. The source of 1-MCPwasa dale, PA) described above.
commercial powder formulation (0.14%) (AgroFresh,
Philadelphia, PA), and was prepared by dissolving 3 mg 2.4. Quality parameters
powder in 50 ml deionized water in a 136 ml sealed
vial and incubating on an oscillating shaker for 2h 2.4.1. Firmness and weight loss
at room temperature. The concentration of 1-MCP re-  Fruit firmness was measured non-destructively
leased in the vial headspace was determined using aduring storage using a digital deformation meter
gas chromatograph (Hewlett-Packard, Model 5890 II; (Mitutoya-ID-F125E, Japan) in which a 1 kg load was
Avondale, PA) fitted with a SP-1700 column (Supelco, applied to a flat, 11 mm diameter probRitenour
Bellefonte, PA). Injector, oven and flame ionization et al., 2002. The probe was positioned at the fruit
detector temperatures were 150, 70 and ZD0re- surface, zeroed and released; deformation (mm) was
spectively, and the carrier gas (nitrogen) flow rate was recorded after 5 s of static load. Deformation was mea-
30 mIminL. Iso-butylene gas was used as a standard sured at two equidistant points on the equatorial region
to quantify 1-MCP concentrationdigng et al., 1999 of each fruit. When the deformation value exceeded
Fruit were placed in sealed, 18.91 plastic containers 4 mm, the fruit was considered at the table-ripe stage
(101 void volume), into which 1-MCP was injected to  (limit of commercial shipping); fruit were also consid-
establish a final 1-MCP concentration ofulll =1, At ered at the end of commercial life when external fungal
8 hintervals the containers were vented (to avoid accu- growth was apparent. Weight loss during storage was
mulation of CQ), resealed, and fresh 1-MCP was rein- determined by weight difference at days 7, 14 and 20
jected. Unwaxed and waxed fruit€ 5) were stored si-  compared with day 0, and expressed as percent (fresh-
multaneously in a separate cold room (1-MCP-free) at weight basis).
20°C. Following 1-MCP treatment, fruit from all treat-
ments were stored at 2C until they reached table-ripe
stage, defined as the limit of marketable life in which At the end of marketable life, each fruit was sliced
fruit were too soft to ship commercially (4 mm defor- in half longitudinally, peeled and pulp color was deter-
mation, as described below) or with the appearance of mined on the outer surface at the equator by a colorime-
decay. ter (Minolta chromameter, Japan). Color was reported
Procedures used in both experiments are describedas lightnessl(', where 0 = black, 100 = white); hue an-
below. gle (h, where 0 =red, 90 = yellow) and chroma value
(C, where 0 =gray increasing to a pure hudrGuire,
1992. Fruit halves were sliced into pieces then stored
at —20°C until further analysis.
Carbon dioxide and ethylene production of individ-
ual fruit were measured daily in the headspace of a 2.4.3. Soluble solids content, total titratable

2.4.2. Pulp color

2.3. Respiration and ethylene production

closed system at 2@C. Fruit were stored in 3.6 | plas-
tic containersif = 4) with the lid left unsealed. For each
sampling the lid was sealed from 15 to 95 min, allow-

acidity and pH
Each frozen fruit sample (40 g) was thawed, blended
in water (1:2, w/v) for 1 min and centrifuged at
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Table 1
Effect of harvest maturity and wax coating on peak respiration and ethylene production rates diaMageney sapote fruit (Exp. 1)
Treatment (6C) CoHy
Days to peak Maximum (ml kgt h—1)P Days to peak Maximum (ul kg~ h—1)b
Green, unwaxed 7+3 934 8.33 7+2 182.275.9
Green, waxed 7+4 1446 33.7 7+2 335.@:216.2
Light orange, unwaxed 7+4 1044 61.4 7+2 209.3:105.2
Light orange, waxed 7+4 15448 84.6 7+2 241.2-134.0
Orange, unwaxed 11 902 34.0 8 116.2£71.0
Orange, waxed 10 77X 444 10 303.2£275.4

@ Fruit harvested at green and light orange stages was stored for 7 day<Cattfién transferred to 2@C; fruit harvested at orange stage was
stored continuously at 2.
b Value+ standard deviatiom(= 4).

10,000x g for 20 min at £C. Soluble solids content 3. Results

(SSC, °Brix), total titratable acidity (TTA) and pH

were quantified from the supernatant at room tem- 3.1. Exp. 1

perature. SSC was determined using a digital refrac-

tometer (Abbe Mark-10480, Buffalo, NY). TTA was 3.1.1. Respiration and ethylene production
guantified using a Fisher-395 dispenser and Fisher-380 Mamey sapote fruit reached peak g£@roduc-
electrometer (Pittsburgh, PA) in which the supernatant tion in 10-11 days, irrespective of harvest matu-
(6 ml) was titrated with 1N NaOH to an endpoint of rity, application of wax or storage regimdable J).
pH 8.2. TTA was calculated from the volume of NaOH Maximum CQ production for the six treatments
recorded from the dispenser and expressed as % malicranged from 77 to 154 mlkg- h—1, but these values
acid. The pH was measured with a digital pH meter were not significantly different. Ethylene production
(Model 140, Corning Scientific Instruments, Medfield, (116-335.kg~1h~1) peaked after 8 and 10 days, re-

MA). spectively, for unwaxed and waxed fruit (initially or-
ange) held continuously at 2C, while fruit from the
2.5. Statistical analysis other treatments peaked after 9 days (7 days aC182

days at 20C) (Table 1.
Treatments were arranged using arandomized com-
plete block design. Results were analyzed using the 3.1.2. Selected quality parameters
general linear model program of PC-SAS software  Fruit from all treatments maintained firmness at ini-
package (SAS Institute, Carey, NC) and significant tja| values for 9 days at 20C (data not shown). Mar-
interactions were separated using Duncan’s multiple ketable life was 12—13 days for all treatments due to
range testR <0.05). softening or decay; at this point there were no treatment

Table 2
Overall means at the limit of marketable life for weight loss, pulp color, soluble solids content (SSC), pH and total titratable acidity (TTA of
‘Magafia’ mamey sapote fruit (Exp. 1))

Weight loss (%) Pulp colér Pulp composition
L Hue angle() Chroma value SSCBrix) pH TTA (%)?
Mean 6.8 615 524 424 250 6.2 0.12
S.D. 11 14 13 23 17 0.3 0.03

@ Malic acid equivalent.
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differences for the quality parameters measured. The
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Mamey sapote fruit exhibited typical climacteric

treatment mean for weight loss was 6.8%; means for ethylene production patterns, ranging from an ini-

pulp color werel" =61.5, hue angle =524chroma
value =42.4; means for pulp composition were: soluble
solids content (SSC) = 2Brix, pH 6.2, total titratable
acidity (TTA)=0.12% Table 2.

3.2. Exp. 2

3.2.1. Respiration and ethylene production

The rates of C@production varied by treatment and
time, ranging from 14 mlkg! h—1 (1-MCP-only, day
1) to 153 mlkg* h—1 (wax + 1-MCP-treated fruit, day
15) (Fig. 1A). The climacteric rise began on day 2 for
wax-only fruit, peaking on day 6 (126 mlkg h=1). In
contrast, the climacteric rise of control (untreated) fruit

tial rate of 0.2 (control, day 1) to 1F8kg=1h-!
(control, day 11) Fig. 1B). Wax-only fruit reached
the climacteric peak on day 6 (1p5kg—1h1),
control fruit on day 11 (174lkg=1h-1), wax+1-
MCP on day 15 (12glkg~th=1) and 1-MCP-only
on day 16 (12lkg~th=1). Overall, ethylene pro-
duction rates were the highest in control fruit, fol-
lowed by wax-only, wax+1-MCP, and 1-MCP-only
fruit.

3.2.2. Marketable life, decay and weight loss
Softening limited the marketable life of wax-only

fruit and control fruit to 10 and 13 days, respectively

(data not shown). Wax + 1-MCP fruit and 1-MCP-only

was more gradual and extended, beginning on day 3 fruit remained firm until day 20, although marketable

and peaking on day 11 (137 mlk§h~1). Respiratory
climacterics of wax + 1-MCP and 1-MCP-only fruit be-

life was limited to 14 days due to the appearance of
slight fungal decay on fruit surfaces. At day 20, 40%

gan on day 10; the former attained the maximum by day of wax+1-MCP fruit had fungal decay in the seed

15 (153mlkg ' h—1) and the latter by day 18, but at
almost half the rate (82 mlkd h—1).

250
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Fig. 1. Respiration (A) and ethylene production (B) of control,
wax-only, 1-MCP-only and wax + 1-MCP-treated ‘Mdga mamey
sapote fruit during storage at 2G. Vertical bars are standard errors
(n=5) (Exp. 2).

cavity; however, fruit from the three other treatments
did not develop internal decay during storage (data not
shown).

After 7 days storage, weight loss was 5.4% (control
fruit), 4.3% (wax-only fruit), 5.7% (1-MCP-only), and
4.1% (wax+1-MCP) Fig. 2). After 14 days, weight
loss was 11.2% (1-MCP-only) and 7.7% (wax+ 1-
MCP). Minor shriveling was observed during storage
but was not treatment-related.

20

1 Control
[ wax

VZA 1-MCP
B Wax+1-MCP

154

104

LI

7

Weight loss (%)

REER

Fig. 2. Weight loss (%, fresh-weight basis) of control, wax-only, 1-
MCP-only and wax + 1-MCP-treated ‘Ma3a’ mamey sapote fruit
during storage at 20C. Vertical bars are standard errors=(5)
(Exp. 2).



132 M. Ergun et al. / Postharvest Biology

80

1 Control
0 Wax

L1 1-MCP
EXH Wax+1-MCP

I.

60 4

40 4

204

L#, hue angle and chroma

Lightness Hue Angle Chroma

Color values

Fig. 3. Pulp color parameters (lightness, hue angle and chroma) of
control, wax-only, 1-MCP-only and wax + 1-MCP-treated ‘Maga
mamey sapote fruit at the end of marketable life following storage at
20°C. Vertical bars are standard errons=(5) (Exp. 2).

3.2.3. Pulp color

At the end of marketable life, the pulp color of con-
trol fruit was slightly darker, was less orange-red, and
had less intense color than1-MCP-treated fruit. The hue
angle of control fruit (53.3 was significantly higher
than that for the other treatments (wax-only fruit, 49.7
wax + 1-MCP-treated fruit, 48°8 1-MCP-only fruit,
47.2) (Fig. 3. The chromavalues of 1-MCP-only fruit
(48.4) and wax + 1-MCP fruit (48.8 were higher rel-
ative to control fruit (43.0) (Fig. 3.

= 0.35
I Initial
30 ) Cantrol L 0.30
I = [ Wax
= 25 _[ZA 1-MCP ) I
e 2 ; EXF Wax+1-MCP 0.25
E 25
& 2 Lo20 &
S <
S5 P05 E
]
£ 104 L 0.10
1 imﬂag L 0.05
¥ ; 0.00

SSC pH

Treatments

Fig. 4. Soluble solids content (SSC), total titratable acidity (TTA)
and pH of control, wax-only, 1-MCP-only and wax + 1-MCP-treated
‘Magafia’ mamey sapote fruit at the end of marketable life following
storage at 20C. Vertical bars are standard errons=(5) (Exp. 2).
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3.2.4. Soluble solids content, pH and total
titratable acidity

SSCin preclimacteric fruit at harvest was 6%, and at
the table-ripe stage (end of marketable life) treatment
means ranged from 21 to 25%ig. 4). Preclimacteric
fruit averaged pH 6, and at the end of marketable life
there was no treatment effect with pulp pH 5.6-6.2
(Fig. 4). TTA in the preclimacteric fruit was initially
0.20%; at the table-ripe stage, TTAranged from 0.14 to
0.24% amongtreatmentsify. 4). TTAinwax + 1-MCP
fruit was almost twice (0.24%) that of wax-only fruit
(0.14%); other treatments were intermediate in TTA
(1-MCP-only fruit=0.19%; control fruit=0.17%).

4. Discussion

Respiration and ethylene production data for
‘Magafia’ mamey sapote fruit were indicative of typi-
cal climacteric behavior and were consistent with the
reports of Villanueva-Arce et al. (2000pnd Diaz-
Perez et al. (2000)variety not indicated). During
storage at 20C, ‘Magdia’ fruit produced very high
amounts of CQ@ (>130mlkgth~1) and ethylene
(>170ul kgt h™1) at the climacteric peaks. Ethylene
production values for LO-harvested fruitin Exp. 1 were
20 and 54% higher for unwaxed and waxed fruit, re-
spectively, than for LO-harvested fruit from these treat-
mentsin Exp. 2Table % Fig. 1A and B). Internal fungal
growth that began at day 14 was minor and, as such,
was considered to have had minimal influence on sub-
sequent measurement of g@roduction.

Treatment with 1-MCP reduced the peak respira-
tion rate by about 50% and reduced the peak ethylene
production from 20 to 40%; time to peak production
for ethylene in 1-MCP-treated mamey sapotes was de-
layed by 4-5 days. These data indicate that 1-MCP
binds the ethylene receptors in mamey sapote fruit to
restrict ethylene action. Similar effects of 1-MCP on
climacteric behavior have been reported for other trop-
ical fruit including mangoJiang and Joyce, 20Dfa-
paya Jacomino etal., 2002; Ergun and Huber, in pyess
and avocadoJeong et al., 2002

The wax treatment did not accelerate softening
in fruit from Exp. 1. However, the onset of ripening
was accelerated in waxed fruit held continuously at
20°C in Exp. 2. Waxed fruit reached both respiratory
and ethylene climacteric peaks 5 days sooner than
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unwaxed fruit. These results were consistent to those that 1-MCP inhibited color development in fresh-cut

obtained in our previous tests with cv. Fanin which
waxed fruit ripened faster and softened more uniformly
within the individual fruit than unwaxed fruit (Sargent,
unpublished results). The shorter marketable life of the
waxed fruit in Exp. 2 may have been due to restricted
permeability of the carnauba wax coating, allowing
accumulation of ethylene within the fruit. Brushing the
epidermis prior to waxing may have created a wound
response Rolle and Chism, 1987 allowing stress-
induced ethylene to accumulate in the fruit during
ripening, further stimulating ethylene biosynthesis.

apple @iang and Joyce, 20D2and papaya fruit flesh
(Ergun and Huber, in pregsboth of which support
the link between carotenoids biosynthesis and ethylene
exposure Abeles et al., 1992 In the present study,
the apparent opposite effect of 1-MCP on pulp color
may actually have been due to the differences in fruit
ripeness at marketable life; at this point the control
fruit had reached the table-ripe stage, were soft and
had lowerL" value than 1-MCP-treated fruit.

Upon reaching table-ripe stage, ‘Mdga fruit had
approximately 25% SSC in these experimefith(e 2

Stress due to thermal and wax treatments was reportedFig. 4), similar to values reported byillanueva-Arce

to cause higher C®production in guava fruit rel-
ative to untreated fruit before initiation of ripening
(McGuire, 1997. In contrast, wax coating delayed
ripening in guava NicGuire and Hallman, 1995
cherry (raman and Boyunduruk, 20p2and avocado
(Jeong et al., 20Q3ruit.

Decay was mentioned as one of the limiting factors
for postharvest life of mamey sapote fruBgutista-
Banos et al., 2002 In this study, only mamey sapote
fruit treated with wax + 1-MCP had slight internal fun-
gal growth. Some fruit from this treatment also exhib-
ited slight external fungal growth at the stem end that
did not infect the flesh. Despite delayed softening of
1-MCP treated fruit £wax), marketable life was ex-
tended by only 1 day over non-1-MCP treated fruit due

etal. (2000pndDiaz-Perez et al. (2000$SC, pH and
TTA of mamey sapote fruit were not significantly af-
fected by wax-only treatment in this study; however,
waxed orangeRaldwin et al., 199%and cherry fruits
(Yaman and Boyunduruk, 20D&ere reported to have
lower pH and higher TTA than unwaxed fruits. 1-MCP
alone did not affect fruit SSC, pH or TTA, but in com-
bination with wax, TTA was higher. Higher TTA in
response to 1-MCP treatment has been frequently re-
ported for climacteric fruit, although there have been no
reports of changesin TTA affecting flav@l@nkenship
and Dole, 2008

In conclusion, preclimacteric mamey sapote fruit
treated with carnauba wax coating maintained good
visual appearance and had the lowest water loss during

to the appearance of decay in the former treatments. 1-storage at 20C. However, wax treatment accelerated
MCP was reported to promote decay in sliced apple, in fruit softening, reducing marketable life by 3 days com-
which Bai et al. (2004)speculated that suppression of pared with unwaxed (control) fruit. 1-MCP alone or in
ethylene perception by 1-MCP either reduced disease combination with wax coating extended the marketable
resistance of the tissue or that 1-MCP interfered with life by 1 day over untreated fruit. 1-MCP has the poten-
disease resistance by another mechanism unrelated tdial to delay ripening of mamey sapote fruit and extend
ethylene perception. marketable life beyond 14 days at 20 with adequate
Wax coating retarded weight loss by restricting sur- decay control.
face permeability as reported for citrus fruRqdov
et al., 2000 and pear fruit Amarante et al., 2001
In Exp. 1 weight loss for unwaxed fruit and waxed Acknowledgements
fruit stored at 20C was similar Table 9, whereas in
Exp. 2 unwaxed fruit lost more than twice the fresh
weight of waxed fruit during storagd-ig. 2). How-
ever, 1-MCP exhibited a beneficial effect by maintain-
ing the appearance of unwaxed and waxed fruit, even at
day 20.
In Exp. 2 mamey sapote fruit treated with wax. -
MCP had a richer, salmon color in the pulp than that apeles, F.B., Morgan, P.W., Saltveit, M.E., 1992. Ethylene in Plant
of control fruit (Fig. 3). This was in contrast to reports Biology. Academic Press, San Diego, CA, 414 pp.
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