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PACTOftS IM THE PROC^SINO OP MWAVAS 

A study preparad by -^^J^l2!}^Lter,  of the University of Rhode Tal and, 

Kin*» ton, Rhode Tel and, USA, in collaboration with V.O. Sgarbieri, also of 

the University of Rhode Island, M. Hec,  of +he Instituto de Tecnologia de 

Alimento«, Campiñas,  3rm*il, R. Kgreira, of th«? Instituto Agronomico, 

Campiñas, Brasil, and  *>.  Leonard, of the ifniversity of California,  Davis, 

California, lîSA 

The almost universal appeal of the banana fruit has led to a large 

scale world util i iati on of the fresh banana.   With the desirability of this 

fruit firmly established, Its use in processed foods is rapidly expanding. 

Infant foods, 1ce ere«« «rixes, and bakery products are but a few of the 

uses bananas have 1n formulated foods.   In many cases the flavor component 

1s but one of the characteristics which make the banana desirable as a 

component of other food products.   Starch and soluble sugars play a rol« 

1n Its utilization as a component of food. 

Because of the wide utilization of the banana as a part of other 

foods, the development of stable concentrates, powders, or completely for- 

mulated food products offers significant possibilities for producing coun- 

tries In the industrialization of bananas and banana products.   The eco- 

nomics of producing a completely formulated food or a stable banana concen- 

trate for secondary manufacturing are excellent, provided the instability 

of flavor and appearance can be overcome.   As in many agri cul turai prod- 

ucts, the Initial utilization has been for fresh market and the varieties 

developed for this market may or may not be those which would yield the 

best Industrialized product.   The concentration of scientific effort has, 

in a like manner, been directed to the problems of a climateric fruit har- 

vested before ripening and transported to the market where ripening is 



Induced prior to or during distribution as a fresh product.   Comparatively 

little effort has been diverted to the examination of varieties possibly 

more suitable for industrialization.   Equivalently, the conditions for the 

processing and production of a stable industrializare product have been 

the subject of comparatively few investigations. 

Information in these areas could lead to the development of a process- 

ing Industry indigenous to the areas of production and significantly broad- 

en the ytiiiiatlon of this uniquely tropical fruit.   This, then, 1s an 

area like many others where the application of science and technology can 

lead to the development of a new Industry in the semi-tropical or tropical 

countries. 

As the banana is a eli materie fruit, significant changes take placa in 

Its composition during the ripening period.   In general, these changes are 

reflected in a marked increase in aroma and flavor attributable to an In- 

crease In volatile reducing substances and various alcohols anil esters. 

Concurrent with the production of these desirable characteristics is an in- 

crease In polyphenol oxidase activity fhich makes the ripened fruit very 

susceptible to enzymatic darkening.   There Is also an almost quantitative 

change in insoluble carbohydrates (essentially starch) to soluble carbo- 

hydrates.   This is accompanied by a drop in. total acidity and a signifiant 

change in the amino acid pattern of the free amino adds. 

The literature on changes that occur during the ripening of bananas 

is extensive (1, 2).   Stewart and co-workers (3, 4) have made a compre- 

hensive study of the composition of the banana plant, including 

tfiail 
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changes occurring in the fruit durinn ripening.    The changes in tannins in 

the banana fruit during ripening were also studied by Barneîl and Barnell 

(5).    Wynwn and Palmer (5a)reported on the organic acid changes during 

ripening.   Numerous other changes associated with the climdteric peak of 

respiration during the ripening have also been reported (6, 7, 8, 9, 10, 

11).    There have been extensive investigations o* the cnanges in volatile 

substances, e.g., flavor compounds occurring during ripening and process- 

ing (12, 13, 14, 15, 16).    However, there have been comparatively few 

studies relating to the differences in varieties.    This area of investiga- 

tion is of importance if one is to utake a choice between varieties for a 

particular usage or to choose a variety for general processing or as a 

component in a particular formulated food material.   There is no question 

that, in addition to varietal conditions, climatic and cultural modifica- 

tions are of importance in the choice of a product for processing and 

utilization. 

A major difficulty in the processing of bananas ir their darkening 

upon exposure to oxygen.    The ripe banana appears, in most instances, to 

present favorable conditions for enzymatic oxidation.    In all instances, 

the enzyme responsible for this darkening and hence the unattractive 

appearance of non-inhibited products 1s the enzyme polyphenol oxidase. 

Palntr (17) suggested a mechanism for browning in bananas shown in Figure 

1. 

In this reaction scheme of browning, only the first step 1n the se- 

quence is enzyme catalyzed, and the inhibition of this fast reaction will 
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prevent the darkening of processed products subject to oxidation.   At près 

ent, the necessary inhibition can be accomplished by one or more of four 

general procedure*.: 

1) The heat dénaturât ion of the enzyme (protein dénaturât Ion). 

2) The utilization of a specific inhibitor of the enzyme. 

3) The incorporation of antioxidants (reducing agents) which will 

reduce the qui none prior to its further reaction.    If the an t1-oxidant 

reduces the qui none to its original phenolic formas rapidly as it is pro- 

duced by enzymatic oxidation, it will prevent the accumulation of inter- 

mediates and hence avoid the non-enzymatic sequences of reactions. 

4) The elimination of oxygen from the environment which will elimi- 

nate the non-enzymatic darkening of the qui none. 

In Figure 1 the points of intervention arc thus concerned with the 

destruction of the enzyme responsible for the conversion of dopamine to 

the qui none, the inhibition of this enzymatic step, the reversal of the 

reaction, or the elimination of oxygen which is responsible for the sub- 

sequent reactions of the qui none. 

Unfortunately, a specific inhibitor for the enzyme system which can 

be used in foods has not yet been discovered.   The elimination of oxygen 

from the environment is practical 1n a container but, obviously, the 

processed product must be exposed to oxygen at some point in time and, 

hence, rapid darkening may occur when a container is opened or a product 

is exposed to oxygen and water.   For example, non-inhibited freeze dried 
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banan. powd«r i, ,„ excellent product until it is rehydrated in the pres- 

ene, of oxygen.   With this combination there is . rapid, almost InsUn- 

taneous darkening.    The amount of oxygen required for substantial dark«.- 

1ng 1» extremely small; ,„d it is very difficult, even in processed con- 

tainers, to reduce the total oxygen tension to the point wh«re surface 

darkening of a non-Inhibited product will „0t occur. 

At the present tin», the most practical routes for the inhibition of 

th. browning reaction are heat treatment and/or the use of antl-oxidants. 

The heat inactlvatlon of polyphenol oxidase extracted from th« variety 

Nenie, (««ff cavendish) is shown in Figure 2.   Th« eniyme was incubât* 

with 0.03 m catechol at pH 5.? In the pres.no. of . o.l » cltrate-0.2 m 

Phosphat. buff.r.   The data 1ndic.t.s that inactlvatlon 1» aehl.wd In 

)a». than one minute at 80°C. 

Only a few compounds are available which can be used In foods and 

which .r. capable of Inhibiting the overall reactions Involved in the poly 

ph.no! oxidas« browning.   Ascorbic add can be used as a reducing agent 

«"ich «111 lower the concentration of the qulnone fore, but, in many cas«, 

this compound will contribute to other non-eniy*atic browning reactions 

«blch ar. accelerated by high temperatures or long storage tie«.   Sodium 

bisulfite or sulfur dioxide will inhibit the polyphenol oxloa». system 

et compar.tiv.ly low l.vels.   The Inhibition of th. oxld«. reaction>., 

»tudltd In th* same system described previously.   Figur. 3 shows the 

Inhibition of banana polyph«nol oxidas« system by sodium bisulfite.   Th. 



-6- 

amount of darkening was measured at 420 mu which reflects the subjective 

evaluation of browning,   it is to be noted that 90 ppm of sodium bisulfite 

in the reaction completely inhibits browninq.    The inhibitary potency of 

i number of sodium bisulfite and other compounds was compared to ascorbic 

acid in the same system.   The results are shown in Table 1.   In the puri- 

fied system, ascorbic acid displays a stronq inhibiting effect at compara- 

tively low concentrations.   It must be stressed, however, that this Is 

not a complete system and. since ascorbic acid can act in ytr^ many differ^ 

tut ways, its effectiveness in a banana puree is not as dramatic as shown 

1n the purified system. 

An interesting compound which has been proposed for the inhibition of 

phenolic browning 1s cysteine.   The inhibition of a pol y pi* noi oxidase 

system by cysteine was studied by Walker (13, 19) who proposed the system 

shown in Figure 4 in which cysteine would combine with the qui none to form 

a cysteine phenolic complex.   They suggested that the complex would be 

colorless and thus would effectively remove the active browning substrate 

fro» the total reaction scheme. 

We have investigated this syster: and confirmed Waiver's observation 

that cysteine was effective only if the thiol:pheno1ic ratio was greater 

than unity.   Less than equimolar amounts of a thiol (in this cast cysteine) 

did not prevent browning.   At higher concentrations, however, the cysteine 

reacted with the phenolic compound to produce a red-colored complex which, 
•*',•.• 

while not brown, markedly altered the appearance of the product.   We 
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therefore would conclude that, although the cysteine might inhibit the 

primary browning reaction, It in turn acted as a secondary browner of a 

different type; and its overall contribution was not desirable. 

As the normal banana ripens, changing from green to yellow, the oxalic 

acid content decreases and there is an Increase in malic acid content. 

These changes are related to the sudden Increase in respiration at this 

stage of ripening.    It is significant that the pH of the ripe banana be- 

tween 5.5 $nú 6.3 1s very close to the pH optimum for the polyphenol oxi- 

dise enzyme.   The pH activity curve of the polyphenol oxidase from bananas 

1s shown 1n Figure 5.   This complicates the problem of preventing brown- 

ing, since the optimum pH for the activity of the enzyme coincides closely 

with that of the natural pH of the ripe banana.   Additionally, as the 

banana ripens, there is a substantial Increase in the activity of the en- 

zyme system due to the decrease 1n the Inhibitory compounds which are 

believed to be tannins.   These two factors Indicate the Importance of a 

study of the relative contribution of the different factors In bananas to 

the ructions which might be expected during processing.   Table 2 illus- 

trates the relationship between some of the products of Importance in 

browning and the ripening phenomenon.   The various changes In composition 

account for the Increase in activity of the enzyme system which 1s the 

cause of extremely rapid and intense browning when the Hpe tissue is 

disrupted 1n contact with air. 

The NaMca (o*arf cavendish) 1s the principal variety of banana har- 

vested for commercial utilization 1n Brazil and yet, as cited earlier in 
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this paper, it has certain characteristics which make it difficult to 

handle 1n an industrial sense.    The principal  problem is the very high 

activity of its browning system.,    Its desirable characteristics, however, 

are that it has excellent agricultural properties, e.g., good resistance 

to disease coupled with very desirable flavor characteristics.   These 

properties make It an excellent variety for utilization as a fresh «artet 

product.    From an industrial standpoint, however, its drawbacks make U 

difficult to handle; and it would therefore be desirable to modify these 

properties. 

In «any fruits and vegetables the industrialized products are mede 

from different varieties than those used for fresh market purposes.    For 

example, onions grown for fresh market have a very much lower total solids 

content then those grown for drying.   A commercialized product made from 

the fresh variety would be of lower auaiity than that produced from 

specialized varieties.    There is no reason to believe that bananas should 

be different than other fruits and vegetables.    Future developments in thé 

Industrialization of banana products way well be dependent upon the intro- 
of 

ductlon/varieties which, while retaining their organoleptic properties, 

will hive modified properties to better suit industrialization. 

In order to determine relative differences between banana varieties 

which $re now available, ten varieties of bananas were studied during 

ripening.   Changes in total acidity, ascorbic acid, total and soluble sol- 

ids, carbohydrates, volatile reducing substances, and activity of the poly- 

phenol oxidase system were measured.   These varieties are shown in Figure 

6 according to Slmftonds and Shepherd (20). 
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Rlpening conditions used in the intercomparison of the varieties 

were chosen to represent the best conditions for ripening of     the two 

wist widely cultivated varieties, e.g., Nanica and Nariceo.   Although these 

conditions My not have been op timer for the other varieties studied, they 

were chosen as representative of normal ripeninq procedures.   This, then, 

points to another area which requires study on an individual variety basis, 

tint is, the optimum conditions for the ripening of any particular variety. 

It was possible to croup the ten varieties studied into three groups 

according to their ripening behavior and changes of their various consti- 

Went* during ripening.   The suction of some of the physical end organo- 

Itotlc characteristics of these fruits after ripening is shown in Table 3. 

The results of all the analyses can be observed by inspection of Tables 4 

«id b.   A detailed analysis of the results shows a wide variability in 

behavior and the physical, chemical, and organoleptic characteristics of 

the different varieties when ripened under identical conditions. 

Grossly, the ten varieties fall into three groups according to their 

ripening behavior and other characteristics: 

1. Figo, Prata, and Branca, which ripened relatively faster and uni* 

fwwly showing characteristically higher total acidity, higher ascorbic 

acid content, and reducing sugars.   They were lower in volatile reducing 

subs Unces and in polyphenol oxidase activity.   These varieties showed also 

very weak aroma when ripe. 

2. nenie«, Han i cao, and Ouro, which characteristically showed a low 

acidic, low ascorbic acid, a wry strong aroma, relatively high content 
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of volatile reducing substances, and very high polyphenol oxidase activity. 

It Is interesting to notice that 1n Manica and Nanicao the polyphenol oxi- 

dase becoiws more active as the fruit ripens, whereas In the variety Ouro 

the activity is high in the green fruit and remains the same throughout 

the ripening period.   This could be due to different types of phenolic« 

In the green fruits of Ouro since in all others the relatively lower poly- 

phenol oxidase activity in the green fruits seen* to be due to the inhibi- 

tory action of phenolic substances.   Ourlng ripening in most fruits the low 

molecular weight astringent phenollcs (such as Leucoanthocyanlns) transfer« 

Into less soluble, high molecular weight, non-astringent phenolic compounds 

(21) which are less Inhibitory to the enzyme activity (22). 

a.   Caru-nexa, Caru-Verde, Leite, and Maca, which resemble group two 

In some chemical aspects but typically show less aromi and much less enzyme 

activity.   For instance, the variety Leite showed a lower total sugar con- 

tent but a high proportion of reducing sugar, which resembles the reducing 

sugars content of the varieties of group one.   Haca also exhibits high 

acidity which brings it closer to the varieties of group one.   The varieties 

Caru-Rexa, Caru-Verde, and'Lelte all showed low acidity and a high content 

of volatile reducing substances, which makes them similar to the varieties 

of group two; however, they exhibited at the same time relatively low poly- 

phenol Oxidase activity.   In these varieties aroma and volatili reducing 

substances do not seem to be directly correlated since, 1n spite of the 

high volatile reducing substances, the aroma is cooperatively weak. 
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The cenerai trend of the changes in acidity and carbohydrates for all 

varieties was similar to what has been described in the literature.   An 

interesting feature concerns the total aciditv of ripening bananas; the 

acidity increases from harvest (green) to a maximum, one or two days before 

the best eating quality is reached (yellow-green) and then start to de- 

crease, reaching the low level of the green fruit when it becomes soft-ripe. 

This increase In atldity during ripening wight be of great physiological 

significance to the ripening phenomena because it coincides with the start 

of the climateric peak of respiration when several enzymes have been shown 

ta become very active (23, 24).   This is also of technological significance 

because at this peint the fruits exhibit the best physical and chemical 

prepertlei for processing.   Wyrnan and Palmer (5a) have shown that oxalic 

acid makes up about $0% of the total acidity, «»lie acid 35'á, anil citric 

acid 10$ in th« green bananas.   During ripening both the «alie and citric 

acid peaks increased three to four fold, and oxalic acid drons to about 

«% of Us original value.   The net result is a doubling of organic acidity 

in the ripe fruit, with malic acid comprising about 65* of the total, 

citric 2WY end oxalic acid 10?. 

From this data it 1s obvious that dissimilar varieties display major 

differences 1n composition and that their constituents may change in con- 

centration in diversified manners during ripening.   In eeneral, however, 
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the flavor characteristics of the various varieties appear to be related 

to starch content or to their aroma and total sugar content. Interest- 

ingly enough, some varieties have a high astringency even when ripe. 

Their phenolic or tannin content does not decrease as 1t does In most 

varieties. This has been observed In chilled fruit or fruit taken fren 

infected plants. The high astringency, however, in these does Influence 

the activity of the polyphenol oxidase system since 1t may very well cross- 

couple with the ability of the enzyme to show Its maximum activity. From 

the technological viewpoint, the most Important varieties display a very 

high content of reactive phenol ics» particularly dopamine (8 ug/g pulp) 

and a vry high polyphenol oxidase activity. These characteristics mike 

them the most difficult to process commercially and retain the natural 

color, aroma, and taste. Other varieties, because of their lower enzyme 

activity, may be considerably easier to process; however, they do lack the 

aromi characteristics of the fresh varieties. There 1s no reason, however, 

to believe that these two characteristics àrë necessarily genetically 

coupled and, therefore, there would seem to be a good possibility of 

developing varieties with comparatively low browning potential but with 

high aroma and H a vor characteristics. A high content of ascorbic acid 

might very well accompany the production of such a variety. 

It 1s thus apparent that a great deal more Information must be 

accumulated on varietal differences, pre- and post-harvest physiology and 

biochemistry of the banana fruit In relation to proper handling and pro- 
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ceasing «ethods.   The development of this Information will promote an 

Indigeno« industry in the banani-producing regions of the world which 

will allow a significant development of industrlalixation uniquely adapted 

to «ils Important agricultural product.   The development of a technology 

beted upon a raw material developed for another use is always fougnt with 

difficulty.   It is difficult in sow cases and, in most, economically 

Impossible te significantly modify the technology to handle a less-suitable 

raw material if a possibility *x1sts of developing a raw material setter 

suited to Its end use.   This» in turn, points to the necessity of main- 

taining a close liaison between the food technologists and production 

•frtculturlsts.   Attacking tht problem from the raw material standpoint 

at well as the technological standpoint 1t Is possible, in most cases, to 

produce a finished product of superior characteristics as economically as 

possible. 

With the high world demand for banana end banana •hated products, the 

export potential of the banana-producing regions may be suitably enhanced 

by the development of a unique technology coupled to a «edified agricul- 

tural input. 
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