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ABSTRACT

Red Spanish pineapple mature green fruits, were selected from the
Land Authority’s pineapple program and taken to the Food Technology
Laboratory for a study of degreening. Field heat was removed for 24 h at
three different temperatures: 45° F {7° C) in a controlled temperature and
humidity chamber, 68° F {20° C) in a ripening room, and 78 - 82° F {26 -
28° C) in an open room. After 24 h, all the fruit were placed in the ripening
room where either 1 or 2 doses of ethylene were applied. Fruits were then
maintained in this ripening room for another 24 h after each applicotion.
After this procedure, the fruits were stored at 45° F and 75 - 85% humidity
for 5 days, observed and analyzed. One additional group of 30-40 fruits
wos used as control and held without ethylene treatment at 45°F (7° C) in
a controlied temperature and humidity chamber. Ethylene treatments did
not affect the overall quality of the fruits, but increased the intensity of
shell yellow color irrespective of the number of ethylene shots and the
precooling temperatures. Fifty-nire percent of the control samples that
were held without any ethylene application remained green. The storage
of pineapple for 3 additional days at 68° F following the 45° F storage,
made it possible for fruits to reach the yellow color (Full index) no maiter ‘
the number of ethylene shots applied. This study indicates that mature
green Red Spanish pineapples can be treated with ethylene gas before
exportation to assure removal of the shell green pigment, thus making
them more attractive to potential consumers.

RESUMEN
Remocién del cofor verde en la pifia Espafola Rojn

Para estudiar la posibilidad de eliminarle el color verde o la cascara
de la pifia® Espafiola Roja, se trajeron muestras del Programao de Pifia de
la Auvtoridad de Tierras de Puerto Rico al Laboratorio de Tecnologia de
Alimentos. Se les eliminé el calor de campo durante 24 h. mediante los
siguientes tratamientos de temperatura: 45° F. (7° C.) en cdmara con tem-
peratura y humedad controlada, 68° F. (20° C.) en camara de maduracién
y 78 - B2° F. {26 - 28° C.) en cuarto abierto. Las muestras se dividieron en
dos grupos. De éstos, un grupo recibié un tratamiento de etileno por 24 h,
y el otro grupo dos fratamientos de etileno por 48 h. Luego de este pro-
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cedimiento, todas las frutas se almacenaron por 5 dias o temperatura de
45° F. A un grupo adicional que sirvié de control no se le aplict tratamienta
de etileno y permanecié a 45° F. Se encontré que del control que no se
traté con etileno, el 59% de las frutas permaonecieron verdes. las frutas o
las que se les quits el calor de campo por 24 h. a temperatura de 45° F,,
68° F. y ambiente, cambiaron el color prescindiendo de recibir 1 6 2
tratamientos de etileno. Almacenar las pinas por 3 dias adicionales en
condiciones de supermercado (68° F.} permitié que un gran nomero de
frutas alcanzaran el indice de completamente amarilla sin tener en cuenta
el ndmero de aplicaciones de etileno. En el caso del testigo que no recibié
etileno, ninguna de las frutas amarillecieron, quedando la gran mayoria
(80%) en indice 3.

A la pifia al igual que a las citricas, aungue son frutas no climatéricas,
se les puede quitar el verde en un mayor ¢ menor grade dependiendo del
nimero de aplicaciones de etileno y de la temperatura de almacdén durante
las primeras 24 h. Esto permitiria llevar al supermercado frotas mas atrac-
tivas y en menos dias de cosechadas sin tener que esperar por la madura-
cién natural.

INTRODUCTION

The purpose of this work was to study degreening of mature green
Red Spanish pineapple with ethylene gas in an attempt to change surface
area color to a more attractive yellow without having to wait for the
natural yellowing process.

Pineaple (Ananas comosus L.) is one of the most important economic
fruit crops in Puerto Rico. In 1988, the market value of the pineapple
production was $19.5 million (1). The principal commereial pineapple vari-
ety grown is the Red Spanish, although other less important varieties
are also grown, especially for the fresh market. The total yearly produe-
tion of all varieties fluctuated somewhat in 1987-88, with an average
slightly over 75 metric tons (1). During this period, 95% of the total
production was processed in various forms for both local and export
trade, whereas the remainder was sold as fresh fruit either in local or
United States markets.

The stage of maturity at which the fruits should be picked depends
largely on its ultimate destination or use (5, 6), Fruit with slightly vellow
to one-half yellow surface area have better shelf life than those with
more surface color, whereas fruits with no yellow are not attractive to
the consumer (8). For local use, pineapples are usually picked when 25%
or more yellow surface is observed. If the fruits are to be sold as fresh,
especially if the growing area is far from the market, they are usually
harvested when all the eyes are still green and have no trace of yellow
color (mature green) (3, 6).

At this green ripe stage, since pineapples are a nonclimateric fruit (5,
8), there is no starch reserve that allows major postharvest quality im-
provements and the fruit does not have an attractive appearance, Since
most consumers associate a green external color with lack of maturity,
removal of the green pigment before marketing is desireable (7). Any
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surface color improvement achieved will upgrade the fruit’s appearance
and thus consumers’ acceptability. After the mature green stage, pineap-
ple shell loses chlorophyll from the base up in a process similar to that
observed in degreening citrus fruits (2, 8).

MATERIALS AND METHODS

Mature green Red Spanish pineapples were selected from the Land
Authority Pineapple Program and taken to the Food Technology Labora-
tory where they were divided in three groups (60 - 80 fruits each) and
submitted to several temperature and ethylene treatments. The internal
temperature was recorded and the field heat was removed for 24 h at 45°
F (in a controlled temperature and humidity chamber at 85% relative
humidity), 68° F (in a ripening room), and 78 - 82° ' (in an open room).
After this 24-h period, each of the three groups were subsequently di-
vided into two subgroups and all samples were placed in the ripening
room (68° F.). Each of these subgroups received one shot of ethylene gas
(one cubie foot per 1,000 cubic feet of ripening room) administered from
a large cylinder, and all fruits were maintained inside the ripening room
for 24 h. One subgroup of each group was retrieved from the ripening
room after this 24-h holding period. The other subgroup of each group,
once the ripening room was ventilated for 20 minutes, received a second
shot of ethylene and remained in the ripening room for an additional 24
h. One additional group of 30 - 40 fruits was used as a control and held
without ethylene treatment at 45° F' (7° C) in a controlled temperature
and humidity chamber (at 856% relative humidity).

After the ethylene treatments, pineapples were stored at 45° ¥ (7° C)
and 75-85% relative humidity for 5 days (the time it takes for pineapples
to reach the US) and for 3 additional days 68° ' (20° C) after removal
from the environmental chamber (to simulate retail market conditions).

Both before and after treatments all fruits were evaluated for ap-
peareance, flavor, texture (mouth feel), overall acceptability, Brix, pH,
acidity, total solids and Brix/acid ratio. Fruit weight loss during storage
was determined. Sheil color development was subjectively determined
and rated on a scale from 1 to 5, on the basis of percentage of non-green
surface area: 1= 0%, 2= 1-25%, 3= 26-50%, 4= 51-T5%, 5= 100%
yellow color (4). The fruits were sensory evaluated, with a 6-point
hedonic scale ranging from 6= like very much to 1= do not like.

RESULTS AND DISCUSSION
Tables 1, 2, 3 and 4 summarize the data obtained in this study.
Ethylene treatments did not affect the overall quality of the fruits, but
increased the intensity of yellow of the the peel.
Table 1 shows results obtained when mature green fruits were
treated with ethylene after precooling at 45° F, 68° ' and room temper-
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TaBLE l.—Degreening of pineapple after field heat removal ab three different

temperalures
: Color development index’
Ethylene Temp (°F) Days 1 2 3 4 5
0 45 5 592 37 4 0 0
g 0 0 80 20 0
1 45 5 73 2n 0 0
shot 8 8 31 41 20
68 b 23 43 34 0
8 0 4 66 80
78-82 B 0 32 50 18
8 0 7 66 30
2 45 5 25 43 32 0
shots 8 0 3z 5b 13
68 5 ] 10 23 67
8 0 3 25 72
78-82 5 0 7 26 68
8 0 0 25 75

1= 0%, 2= 1-25%, 8= 26-50%, 4= 51-76%, 5 = 76-100% surface yellow color.
ZPercent of fruits.
"The 3 additional days of storage were at 68° F.

ature (78-82° I) for 24 h. These treatments could make pineapples more
attractive by changing their color to a yellow index of 2 or higher, de-
pending on the number of ethylene shots and precooling temperature.

The fruits in which the field heat was removed at 45° F' changed their
green peel color irrespective of whether they received 1 or 2 ethylene
applications. Seventy-three percent of the fruits that received one treat-
ment changed color to a 2-index, whereas the remaining 27% changed
color to 3-index within 5 days of storage. Among those receiving two
ethylene applications and stored at 45° F', 68% reached a 2 and 3 yellow
index after 5 days. _

All the fruits from which the field heat was removed at 68° F changed
in color irrespective of whether they received one or two shots of
ethylene. Seventy-seven percent of the fruits that received one ethylene
application reached the 3 and 4 yellow color index, whereas 67% of those
that received two applications reached a full yellow color index within 5
days of storage.

The fruits that were exposed to room temperature (78 - 82° ¥) for 24
h before receiving ethylene treatment, changed their color irrespective
of the number of ethylene applications. Among the fruits exposed to only
one application, 82% reached the 3 and 4 color index, whereas among
those that received two applications, 68% reached a color index of 5 after
5 days. Fifty-nine percent of the control samples that were held in the
controlled temperature and humidity chamber at 45° F and 75 to 85%
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TaBLE 2.—Weight loss during storage of ethylene treated pineapple’

Storage Time
Ethylene Days Total
(0.1%) 0 5(45° F) 3(68° 1) wt loss (%)
1shot 1835.62 1803.2 1742.9 5.05
2 shots 1748.7 1709.8 1643.7 5.4b

1Stored for b days at 45° F after treatments followed by an additional 3 days at 68° F'.
2Values are expressed in grams. They represent the average of 20 samples. The differ-
ences in weight among treatments are not significant (o = 0.05).

relative humidity for 5 days without any ethylene application remained
green.

When stored for three additional days under simulated supermarket
conditions (68° F), most of the fruits reached a color index of 5 irrespec-
tive of the ethylene applications. Under these same conditions, none of
the control fruits reached the color index of 5 after 5 days, whereas 80%
reached the color index of 3 after 8 days of storage.

Table 2 presents the weight loss of ethylene-treated pineapples dur-
ing storage. The data shows that no significant difference in weights was
observed between treatments. A 5% weight loss was observed after the
fruits were left for 3 additional days at market conditions (68° F).

Table 3 presents results of the chemical composition before and after
degreening and storage at different temperatures. The storage time,
temperatures, and ethylene treatment did not appreciably affect the
Brix, pH and percentage of total solids values. The results suggest that
degreening the fruits did not affect their chemical characteristics.

Table 4 shows the results of taste panel evaluation of treated and
untreated samples. The data indicate that fruits exposed in three differ-
ent field heat removal temperatures and stored for b to 8 days at different
temperatures did not exhibit significant differences (a 0.05) in their
sensory attributes. The values reported for appearance, flavor, texture

TABLE 3.—Chemical composition’ of pineapple after degreening and storage at different

temperatures
Temperature % Total
(°F) Days “Bx pd Acidity Selids  “Brix/Acid
79 0 15.20 3.59 0.68 15.80 22.36
45 (contrel) 5 15.20 3.29 0.82 15.66 18.54
45 ] 15.38 3.30 0.86 15.80 17.88
68 (control) 8 1630 3.23 0.84 16.94 18.21
68 8 16.32 3.31 0.90 15.80 17.02

"Walues are the computed average of 12 samples.
unitial fruit temperature after harvest.
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TABLE 4.—Sensory evaluation of Red Spanish pineapple after field heat removal and
ethylene treatment

Mean Values!

Temperature Days Appearance  Flavor Texture  Qverall quality
79 0 4.25 4.68 4.83 4.58
78.82 5 4.67 4.25 4.67 4,25
45 5 4.67 4.48 4.26 4.33
68 5 4.83 4.83 5.08 4.83
45 (no ethylene) b 4.68 4.568 4.38 4,83
78-82 8 5.11 4.67 4.7 4.67
45 8 5.00 4.67 4.89 4.55
68 8 4.78 4.33 4.44 4.7

16- fruit scale: 6 = like very much; 1- do not like. Values within each attribute (appear-
anee, flavor, etc.) are not significantly different (¢« = 0.05).
Initial fruit temperature after harvest,

and overall quality were all considered acceptable (according to the taste
panel, the overall quality of the fruits was considered acceptable). No
significant differences were observed between untreated fruits and those
treated with ethylene and kept at 45° F or 68° F.

This study indicates that mature green Red Spanish pineapple can be
treated with ethylene for 24 h immediately before shipping to assure
removal of the green pigment, thus making them more attractive to

potential consumers.
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