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ABSTRACT

A study was conducted on 2 storage temperatures (10.6° and 13° C),
4 storage intervals (1,2,3 and 4 weeks) and 2 morket temperatures (20°
C or 27° C) to assess differences in shelf-life and some quality components
of Keitt mango, Mangifera indica L. Fruit exposed to the longer storage
intervals showed a significant decreuse in ripening time aofter storage
under market conditions up to 4 days. This is also true for those stored at
13° C as compared to those stored at 10.6° C, with a 2.64-day period
difference. The higher storage temperature caused some increase in on-
thracnose and stem-end rot. The longer the storage interval, or the ripening
time after storage under market conditions, the greater was the final
weight loss,

RESUMEN

Influencia de las condiciones de almacenamiento y lu temperatura
de mercado sobre la duracién y la calidad del mangd Keitt

Se hizo un estudio con dos femperaturas de almacenamiento (10.6° C.
y 13° C.), cuatro intervalos de almacenamiento (1,2,3 y 4 semanas) y dos
temperaturas de mercado (20° y 27° C.) para estimar las posibles diferen-
cias en la tolerancia al almacenamiento y en algunos componentes de
calidad del mangéd Keitt, Mangifera indica L. Las frutas almacenadas por
maés tiempo maduraron hasta 4 dias mds rapide una vez expuestas a las
condiciones de mercado. Este acortamiento del tiempo fue significativo
para los almacenadas o 13° C. al compararse con las aimacenadas o 10.6°
C. A 13° C. aumentd el desarrollo del color de la superficie de la fruta.
Hubo un aumento significativo en los indices de los sintomas de antrac-
nosis y de pudricién del extremo apical de las frutas almacenadas por mas
de una semana. Mientras mas prolongado el intervalo de almacenamiento
o el tiempo después del almacenamiento para que éstas frutas maduren
bajo condiciones de mercado, mayor es la pérdida final de peso.

INTRODUCTION
Among the fropical fruits grown in Puerto Rico, mango has been
consistently showing the greatest economic growth rate during the past
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few years. The value of local production for the export market increased
from $213,291 in fiscal year 1983-84, to $3,643,700 in 1986-87 (4). This
trend is expected to continue. In order to be competitive in this or any
other market, however, the high quality of mango fruits must be unim-
paired.

At present, most of the local production is exported to Europe. There-
fore, the fruits are shipped in refrigerated containers at approximately
10.6° C. (b1° F) for some 15 days, which is the average in transit storage
period from a local packing house to major European terminal markets,
In many cases, the complete storage time period from harvest to arrival
at the retail market might be 3 weeks or more, probably under subopti-
mal relative humidity conditions.

According to the United States Department of Agriculture, the best
storage (or in-transit) conditions for mangos require a temperature of 13°
C (65° F), and a relative humidity of 85-90% for a period of 2 or 3 weeks
(1, 3). Some cultivars could do well at 10° C (560° F) without showing
chilling injury symptoms, but other cultivars such as Haden and Keitt
will suffer (1, 3). Two of the postharvest factors influencing quality attri-
butes of a given horticultural erop are the environmental temperature
and the interval between harvesting and consumption, or harvesting to
processing (2, 7).

The objective of this study was to determine possible effects of stor-
age temperature (10.6° C or 13° C), storage interval (1,2,3 and 4 weeks)
and retail market temperature (20° and 27° C) on shelf-life, weight loss,
skin color and decay symptoms of locally grown Keitt mangos.

MATERIALS AND METHODS

Mangos of the Keitt cultivar were obtained 15 August 1987 from a
commercial packing house at a farm located in southern Puerto Rico.
They were harvested at the mature-green stage, classified by size and
packed in single-layer boxes for the export market. At this stage, all
fruits were free of any anthracnose and stem-end rot symptoms. Sixty-
four single-layer boxes containing 7 fruits each, with an average net
weight per box of 4.54 kg, were sent to the Food Technology Laboratory
in Rio Piedras. After weighing the fruits in each box, we stored half of
the boxes at a temperature of 10.6° C (51° F) and the other half at 13° C
(65° F'). In order to simulate possible suboptimal relative humidity condi-
tions encountered in many storage rooms and refrigerated shipping con-
tainers, both groups were stored under a controlled relative humidity of
approximately 75%. Storage intervals of 1, 2, 3 and 4 weeks were
studied. After each storage period, 8 boxes were removed from the 10.6°
C, and 8 from the 13° C storage rooms. Fruits in these boxes were
weighed to measure in-storage weight loss. Four boxes from each group
were exposed to an average market temperature of 20° C (68° F) in an
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alr conditioned room, and the other four to an average market tempera-
ture of 27° C (80° F) under ambient conditions. Fruits were kept under
one of these two market temperatures until ripening, i.e., just starting
to soften (consumer eating stage). The combinations of 2 storage temper-
atures, 4 storage intervals and 2 market temperatures represent the 16
treatments under evaluation, each of them having 4 replications (boxes).

Upon reaching the ripe stage, fruits from each box were weighed
again to determine final weight loss, and rated for skin color and decay
(5, 6). Ripening time after storage was determined by manually evaluat-
ing fruit firmness every 2 or 8 days, until the ripe stage. Skin color was
subjectively determined and rated on a scale of 1 through 5, based on
the percentage of nongreen surface area: 1= 0% (green); 2= 1-25%; 3=
26-50%; 4 = 50-75%; and 5= 76-100% nongreen. Decay was visually rated
by the percentage of surface area affected by anthracnose, Colletot-
richum gloeosporioides, and by the radius of the area affected by stem-
end rot, Diplodia natalensis (5). These are considered as the two most
important postharvest diseases in mangos (8,9). The scoring for decay
was as follows:

Anthracrnose Slem-end rot
Rating (% surface area) {(mm from stem)
0 (none) 0 0
1 (trace) =2 =3
2 (slight) 3-10 4-13
3 {(moderate) 11-20 14-25
4 {severe) >20 >27

RESULTS AND DISCUSSION

The interval had a significant effect on all parameters under evalua-
tion. The two most affected were in storage weight loss and ripening
time after storage. In both cases, differences were statistically significant
among all values corresponding to the different storage intervals. The
fruits exposed to a longer storage interval showed a significant increase
for in storage weight loss, up to a difference between the mean values
of 2.43% (table 1). The days required after storage for the fruits to
achieve the ripe stage significantly decreased at longer storage periods,
with differences of up to 4 days. The final weight loss at the ripe stage
was similar for the 1-week and 2-week storage, but lower than values for
the other two storage periods. The lower values for surface color and
stem-end rot indices determined at the ripe stage occurred after 1-week
storage, and no significant differences were observed among the other
storage times (table 2). The lowest anthracnose index occurred after
1-week storage. The 3-week storage time showed values similar to those

of 4-week storage.
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TanLE 1.—Effects of storage interval, slorage lemperature and markel temperature on in
storage weight loss, final weight loss and ripening time of Keitt mango

In storage Final Ripening time

Main effects weight loss weight loss after storage
Storage interval % " Drys

1wk 2.05 @ G6.16b 7.00a

2wk 2.4c¢ 6.34b 5.97h

3 wk 3.55b 744 a 4.75 ¢

4wk 4.48a 746a 3.00d
Storage temp.

10.6°C 2.63b T7.40a 6.50 a

13.0°C 3.77a 6.29b 3.86b
Market temp.

20.0°C 3.21 a* 7.23a b.67a

27.0°C 3.18a 6.46b 4.79b

‘At fruit ripening, i.e., just starting to soften (consumer eating stage).

“Mean separation of main effects within columns by Duncan’s multiple range test at the
5% level.

"These are the in storage weight loss values of the fruits previous to being exposed to
the 20.0° C and to the 27.0° C market temperatures, respectively.

TABLE 2.—Effects of slorage interval, storage temperoture and market temperature on
surface color, anthracnose and stem-end rot of Keitl mango at the ripe stage

Surface color Anthracnose Stem-end rot

Main effects index! indexz index?
Storage interval

1wk 411 b 0.55¢ 0.04 b

2wk 4.44a 1.26 b 0.46a

3wk 4,522 239a 0.44a

4 wk 4.64a 2201 0.66a
Storage terp.

10.6°C 4.20b 1.70a 0.38a

13.0°C 4.66a 1.50a 0.43a
Market temp.

20.0°C 4.37a 1.691a 0.43a

27.0°C 4.48a 1.50a 0.88a

'Surface color index: 1= 0% (green); 2= 1-25%; 3= 26-50%; 4= 51-T5%; 5= 76-100%
non-green.

2Anthracnose index: surface area affected, 0= 0%; 1= 2%; 2= 3-10%; 3= 11-20%; 4>
20%.

3Stem-end rot index: radius in mm of area affected, 0= none; 1= 3mm; 2= 4-13mm;
3= 14-2bmm; 4> 256mm.

"Mean separation of main effects within columns by Duncan’s multiple range test at the
5% level.
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When the two storage temperature effects were compared, statisti-
cally significant differences were observed for in storage weight loss,
final weight loss, ripening time after storage, and surface color index
{tables 1 and 2). In storage weight loss was 1.14% higher under 13.0° C
than under 10.6° C (table 1) and the final weight loss (at the ripe stage)
was 1.11% lower for the fruits under a storage temperature of 13.0° C
than under 10.6° C. This opposite storage temperature effect observed
on these two parameters might be related to differences in ripening time
after storage, since the fruits which had been exposed to a storage tem-
perature of 13.0° C achieved the ripe stage 2.64 days before those stored
under 10.6° C, with less time exposed to market conditions. At the ripe
stage, the fruits previously stored under 13.0° C showed a significantly
higher surface color index. Storage temperatures had no significant effect
on anthracnose and stem-end rot indices.

A statistically significant decrease was evident in ripening time after
storage and final weight loss of the fruits at the higher of the two market
temperatures used in this experiment (table 1). At 27.0° C the ripening
time after storage was 0.78 days less and the final weight loss was 0.77%
less than at 20° C. There was no significant effect of market temperature
on other parameters (tables 1 and 2).

There was a significant interaction between storage interval, storage
temperature and market temperature on the ripening time after storage
(table 3). At the 10.6° C storage temperature, there were significant
differences only at the 27.0° C market temperature after 2-week storage.
At the 13.0° C storage temperature, differences for ripening time after
storage were observed after the 1-week storage period at the two market
temperatures. This finding suggests that the storage temperature is the
most influential factor on the ripening time after storage.

TABLE 3.—Interaction of storage temperature, market temperature, and storoge interval
on ripening time afier storage of the Keitt mango

Ripening time after storage {days)

Storage Market

ternp. temp. l-week 2-week 3-week 4-week

Cy (°C) storage storage storage storage

10.6° 20.0° 7.00a 8.002 7.00a 7.002a
27.0° 7.00a 7.00a 4.00b 5.00b

13.0° 20.0° 7.00 2 4.500b 4.00b —
27.0° 7.00a 4.30b 4.00b —

"Means in columns and rows separated by Duncan’s multiple range test at the 5% level.
*No values for ripening time after the 4-week storage period under 13.0° C, since the
fruits were already at the ripe stage (i.e., just starting to soften) when evaluated.
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Table 4 shows the significant interaction between storage tempera-
ture and market temperature on final weight loss. There is a general
tendendy for the fruit to decrease in final weight as the storage time
increases. Significant differences were found in the 1-week storage and
2-week storage periods between the two storage temperatures.

A significant interaction observed between the storage and the mar-
ket temperatures on the final weight loss is shown below. The greatest
final weight loss occurred in the 10.6° C storage temperature and the
20.0° C market temperature combination. Differences were significant
when compared to the other three. This combination also showed the
longest ripening time after storage, which might explain the greatest
value in final weight loss.

Storage temp. Final weight loss (%)

ey 20.0°C 27.0°C
Market temp.  Market temp.

10.6° 8.08 a® 6.73 Db

13.0° 6.38¢ 6.20¢

The following tabulation shows that another parameter affected by a
sighificant interaction between the storage and the market temperature
is the surface color index, as well as differences between mean values for
surface color index of the fruits exposed to the lower storage temperature
(10.6° C) and the two market temperatures (20.0° C and 27.0° C). These
mean values also showed significant differences when compared to the
higher values in the fruits stored at 13.0° C under each of the two market

temperatures.

TABLE 4.—Interaction of storage temperature and storage interval on final weight loss of
Keitt mango?

Final weight loss (%)

Storage

temp. 1-week 2-week 3-week 4-week
") storage storage storage storage
10.6° 5.60 ¢? 6.76b 7.48h 9.78a

13.0° 6.69 de 591 ef 7.41 hd -

‘At the ripe stage, i.e., just starting to soften.

2Means within eclumns and rows separated by Duncan’s multiple range test at the 5%
level.

‘No mean value is shown because at the end of the 4-week storage period under 13.0°
C, fruits have already achieved the ripe stage. Therefore, the only value for weight loss is
the in storage weight loss since these fruits were not exposed to market conditions.
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Storage temp. Surface color tndex’

Pl 20.0°C 21.0°C
Markel temp.  Markel temp.

10.6° 4.04 a* 4.36b

13.0° 4.70¢ 4.6l ¢

The ripening time after storage of Keitt mangos exposed to the longer
storage intervals decreased under market conditions up to 4 days. This
decrease ig also true for the fruits stored under 13.0° C when compared
to those stored at 10.6° C, showing a 2.64-day period difference. At the
same time, the higher storage temperature caused some increase in non-
green surface color. There was a significant inerease in the anthracnose
and stem-end rot ndices on fruit stored for more than 1 week. The longer
storage interval, or the ripening time after storage (as an effect of the
lower storage and/or market temperature), the greater the final weight
loss.
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