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ABSTRACT 

Peeling of green bananas is facilitated by heating the fruit in steam or hot 
water. When fruit peeled with hot water and steam was sulfited in an 
aqueous K.,S.05 solut ion at room temperature, sulfite uptake increased with 
the concentration of the sulfiting solution and the length of the dip , but 
decreased when the pH of the sulfiting solution was lowered by the addition 
of citric acid . Lowering the pH of the sulfiting solution lowered the pH and 
increased the acidity of the fruit, but these changes had no effect on flavor . 
When steam-peeled fruit blanched in hot water at 200' F (93' C) was sulfited, 
sulfite uptake increased with length of the treatment; when fruit was 
blanched in steam, sulfite uptake decreased as time of blanching increased. 

INTRODUCTION 

One of the most difficult operations in the processing of green 
bananas is peeling. The peel is strongly attached to the pulp and is 
very difficult to remove by hand. Sanchez Nieva et al. (16) peeled green 
plantains by steaming the fruit at 80 lb/in2 steam pressure for 30 s. The 
treatment loosened the peel which could then be the easily removed by 
hand. This same method was used for peeling green bananas for 
dehydration by Rodriguez Sosa et al. (15). Green bananas may also be 
peeled by heating in water at or near boiling temperature until the 
peel is loose enough to be removed by hand. 

When bananas are peeled, if the enzyme polyphenol oxidase is still 
active, rapid browning of the exposed tissue takes place (19). Sulfitation 
is extensively used to control enzymatic browning in fruits and vegeta
bles (9, 12, 4). Although sulfites are considered safe additives (4), it is 
desirable to use the lowest effective dosage in controlling browning. 
Sulfite uptake is influenced by factors such as nature of the raw 
material sulfited, type of sulfite used, pH and concentration of the 
sulfiting solution, dipping time, blanching treatments and other pro
cessing variables (1, 2, 6, 7, 8, 10, 14, 18). This paper reports the results 
of studies to determine the effect of peeling method on the absorption of 
aqueous bisulfite by green bananas. 

MATERIALS AND METHODS 

The green bananas used in this study were purchased from a banana
ripening plant the same day received. Stage of development ranged 
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from light three quarters to full. Post harvest handling and storage 
before delivery to the ripening plant was not known. All bananas were 
of the Montecristo cultivar grown in Puerto Rico. 

The green fruit was stored at 45° F (7. 2° C) until processed. Two 
methods of removing the peel were used: 1) Hot-water peeling in which 
the hands were cut from the main stem and submerged in water at 200° 
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FIG. 1. - Effect of pH and dipping time on sulfite uptake by hot-water-peeled green 
bananas. Sulfi ting solution - 1% w/w K2S20, . 

F (93° C) for 30 min, and then cooled under water at room temperature 
until the temperature dropped enough for safe handling. The peel was 
removed by hand and the peeled fruit was kept under water at room 
temperature until further processed; and 2) steam-peeling in which 
the fruit was treated in a retort at 80 lb/in2 steam pressure for 30 s. 
After discharge from the retort, the treated frui t was handled as 
indicated for the hot-water-peeled fruit. 
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The peeled fruit was sliced by hand into pieces from 1 to 1.5 in (25-38 
mm) thick, sulfited at room temperature (82° F, 27.8° C) in K2S20;; 
solution of the strength required by the experiment in progress. If pH 
adjustment was needed, the pH of the sulfiting solution was adjusted to 
the desired value with citric acid. 

Acidity and pH were determined by official A.O.A.C. methods (11) . 
S02 content of the sulfiting solution was determined by the method 
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FIG. 2. -Effect of concentration of sulfiting solution on sulfite uptake by hot-water
peeled green bananas. 

described in the Food Chemical Codex (5). S02 content in raw and 
frozen sulfited slices was determined by the method of Ross and 
Treadway (23). Sulfite content is expressed as p/m SOz. 

For the determination of polyphenol oxidase activity, a slice about 1/s 
in thick was cut crosswise from a banana. The slice was placed in an 
open petri dish and bathed with a 1% cathecol solution. Positive 
enzyme activity was indicated by the development of a brown color in 
the tissue within 5 min of exposure to air (12). 
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RESULTS AND DISCUSSION 

HOT-WATER PEELING 

Figure 1 shows the effect of pH on the sulfite uptake by hot-water
peeled green bananas sulfited at room temperature (82° F, 27.8° C) 
dipped from 2 to 8 min in 1% K2S20s solution. Sulfite uptake for each 
dipping time decreased when the pH of the sulfiting solution was 
lowered from 5. 7 to 2.85 by the addition of citric acid. Similar results 
were obtained when the green bananas were sulfited in 0.5% K2S20s 
solution. Sanchez Nieva et al. (16) found that when sulfiting green 
plantains, sulfite uptake decreased as the pH of the sulfiting solution 
increased. Although quite similar in chemical composition and other 

TABLE 1. -Effect of pH ofsulfiting solution and dipping time on the pH and acidity of 
the sulfited green bananas 

pH of sulfiting Sulfited bananas 
Dipping time solution pH Acidity 

Min % 

5.7 
0 5.30 0. 180 
2 5.22 .209 
4 5.25 .199 
6 5.22 .215 
8 5.22 .204 

2 .85 
0 5.21 .216 
2 4.99 .237 
4 4.90 .259 
6 4. 91 .277 
8 4.89 .273 

characteristics, green bananas and plantains, it wro:; found, behave 
very differently on sulfiting. 

In prepeeled potatoes Amla and Francis (1), Ross and Treadway (14), 
and Francis and Amla (6) reported an increase in sulfite uptake as the 
pH of the sulfiting solution was lowered . However, Sanchez Nieva (17) 
found that when taniers, which are similar in composition to potatoes, 
are sulfited, lowering the pH of the sulfiting solution resulted in a 
lower sulfite uptake. Evidently, the nature of the material has an 
effect on the sulfite uptake that determines the effect of pH in lowering 
or increasing sulfite absorption by the tissue. 

Figure 2 shows the effect of concentration and dipping time on sulfite 
uptake by hot-water-peeled bananas. Sulfite uptake increased with the 
concentration of sulfite in solution . Sulfite uptake proceeded at a faster 
rate as the concentration of sulfite was increased. The effect of concen-
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tration of sulfite and dipping time followed the same pattern as that 
observed by Brekke and Allen (3) in ripe bananas and by Sanchez 
Nieva et al. (16) in green plantains. 

Table 1 shows the effect of the pH of the sulfiting solution and 
dipping time on the pH and acidity of the sulfited bananas; pH 
decreased with dipping time with the corresponding increase in acidity. 
Sulfiting in solutions of low pH resulted in sulfited bananas with lower 
pH and higher acidity. The change in acidity resulting from sulfiting 
in solutions of low pH had no effect on flavor. 
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FIG . 3. -Effect of pH and dipping time on sulfite uptake by steam-peeled green 
plantains. 

STEAM PEELING 

Figure 3 shows the effect of pH and dipping time on the sulfite 
uptake by steam-peeled bananas. As the pH was lowered, sulfite 
uptake decreased following the same pattern observed in hot-water
peeled bananas (fig. 1). Increasing sulfite concentration increased the 
rate of absorption and the concentration of bisulfite. 

Table 2 shows the effect of hot-water and steam blanching on the 
sulfite uptake by steam-peeled bananas. When the steam-peeled fruit 
was blanched in water at 200° F (93° C) and sulfited in K2S20 5 solution 
of 4,000 p/m S02 at pH 5.1 sulfite, uptake increased with the length of 
the blanching treatment. When the fruit was blanched in steam, sulfite 
uptake decreased with the length of the treatment. Sanchez Nieva et 
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T ABLE 2. -Effect of water and steam blanching on the S0 2 uptake by steam-peeled green 
bananas . Sulfitation in K,$ 20, solution , 2,723 p!m, pH 5 .0 , dipping time 3 min 
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FIG . 4. - Effect of concentration of sulfiting sol ut ion and dipping time on sulfite 
uptake by steam-peeled green plantains . 
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al. (16) found that sulfite uptake in plantains blanched in water at 190° 
F (87.8° C) increased during the first few minutes of blanching and 
then decreased with the length of the blanching treatment. When 
plantains were steam blanched, sulfite uptake increased with the 
length of the treatment. Again it is observed that although green 
bananas and green plantains are similar in composition, their behavior 
on sulfiting is different. 

RESUMEN 
En este estudio se determino el efecto del metodo usado para mondar el guineo 

(banano) verde sobre Ia absorcion de sulfito en soluciones acuosas de metabisulfito de 
potasio. 

Cuando Ia fruta pelada en agua a 200° F. (93° C.) por 30 minutos se sulfit6 en 
soluciones de K2S20, a temperatura ambiente (82° F ., 27.8° C.), Ia absorcion de sulfitos 
aumento a l aumentar Ia concentracion de Ia solucion sulfitante y el tiempo de 
inmersion. Cuando el pH de Ia solucion sulfitante se redujo mediante acidulacion con 
acido citrico, Ia absorcion del sulfito disminuyo. El pH de Ia fruta tratada baj6 y su 
acidez aument6 a! bajar el pH de Ia soluci6n sulfitante. Estos cambios, sin embargo no 
afectaron el sabor de Ia fruta . 

Cuando Ia fruta tratada con vapor se sulfit6, se comport6 de modo similar a lo 
observado en fruta tratada con agua caliente. Cuando !a fruta tratada con vapor se 
escald6 en agua caliente a 200° F . (93° C.), Ia absorci6n de sulfitos aument6 en 
proporci6n a Ia duraci6n de Ia escaldadura. Cuando Ia fruta se escaldo a! 
vapor, disminuy6 Ia absorci6n de sulfitos a medida que aument6 Ia duraci6n de Ia 
escaldadura. 
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