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PACTORS IN THE PROGCEWSSING OF RANANAS

A study prepared by £.0. Chichester, of the Univereity of Rhode Tsland,
Kingston, Rhode Tsland, USA, in collaboration with V.C. Sgarbieri, also of
the Univcrsitv of Rhode Island, A, Hw', of the Instituto de Tecnnlogia de

AR A esleivad

Conpinan, Brazh. and S, ‘_I'gg_g_q}_'g, of the Tiniversity of California, Davis,
california, 11SA

| The almost universal ippul of the banana fruit has led to a large
scale warld utilization of the fresh banana. With the desirability of' tﬁiﬁ
frutt f'f'mly es'tabH sﬁed, its use in proceSsed foods is rapidly expanding,
Infant foéds.‘ fce cream mixes, and bakery products are but a few of the
uses bananas have in foruinated foods. In many cases the flavor component
fs but one of the characteristics which make the banana disirable as a
component of other food products . Starch and soluble sugars play a role
in 1ts utilization as a component of food. | |

Because of the wide utilization of the banana as a part of other
foods , the deve'lopmnt of stable concentrates. powders, or completely for-
mulated food pmlucts offers signiﬁcant possibilities for producing coun-
tries in the industrialization of bananas and banana products. The.eco-
nomics of produciug a completely formslated food or a stable banana concon-
trate for ncondary mufacturing are excellent, provided the 1nstabﬂity
of flavor and abpuram:e can be overcome. As in many agricultural prod-
ucts, the initial utilization has been for fresh market and the varieties
develloped 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
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induced prior to or during distribution as a fresh product. Comparatively
Tittle effort has t_’een diverted to the examination of varieties possibly
more suitable for industrialization. Equivalently, the conditions for the
processing and production of a 'stable industrializable product have been
the subject of comparatively few investigations. |

Information in these areas could lead to the development of a process-
ing fndustry indigenous to the areas of production and signfﬁccnt'ly broad-
en the utilization of this uniquely tropical fruit, This, then, is an
area like many others where the application of science and tochno'lojy can
lead to the development of a new industry in ;he seni-tropical or tropical
countries. .

As the banana is a climateric fruit, significant changes take place iﬁ
its composition during the ripening period. In general, tb@sc changes are
reflected in a marked increase in aroma and flavor attributable to an in-
crease in volatile reducing substances and various alcohols and esters.
Concurrent with the production of these desirable charac'teristics is an in-
crease in pol:ohenol oxidase activity shich makes the ripened fruit very
susceptible to enzymatic darkening. There is alsg an almost quantiutivo
change in insoluble carbohydrates (essentially starch) to soluble carbo-

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

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

The Yiterature on changes that occur during the ripening of banlm's’
is extensive (1, 2). Stewart and co-workers (3, ,4)fhav¢ made a compre-
hensive study of the composition of the banana plant, 1ncluding some




-3-

changes occurring in the fruit during ripening. The rhanges in tannins in
the banana fruft during rinening were also studiad by Barnell and Barnell
(5). Wyman and Palmer (5a)renorted on the crqanic acid changes during
ripening. Numercus other changes associated with the climateric peak of
respiration during the ripening have also been reported (6, 7, 8, 9, 10,
11). There have becr extensive investigations of the cnanges in volatile
substances, e.q., 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 wake a choice between varieties for a
particular usage or to choose a varieiy.for genera’l 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 i< 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 is the enzyme polyphenol oxidase.
Palmer (17) suggested a imechanism for browning in bananas shown in Figure
1.

In this reaction scheme of browning, only the first step in 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 pres-
ent, the necessary inhibition can be accomli'shed by one or more of four
general procedures:

1) The heat denaturatinn of the enzyme (protein denaturation),

2) Tne utilization of a speciﬁf: inhibitor of the enzyme.

3) The incorporation of anti-oxidants (reducing agents) which will
reduce the quinone prior to its further reaction, If the anti-oxidant
reduces the quinone to its original phenolic form as rapidly as it is pro-
duced by enzymstic 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 quinone. |

In Figure 1 the points of intervention are thus concerned with the
destruction of the enzyme responsible for the conversion of dopamine to
the quinone, 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 quinone.

Unfortunately, & specific nhibitor for the enzyme system which can
be used in foods has not yet been discovered. The elimination of oxygen
from the environment is practical in 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




-5-

barnana powder is an excellent product until it is rehydrated in the pres-
ence of oxygen. With this combination there is a rapid, almost instan-
taneous darkening. The amount of oxygen required for substantial darken-
ing is extremely small; and it is very difficult, even in processed con-
tainers, to reduce the tota) Oxygen tension to the point where surface
darkening of a non-inhibited product will not occur,
| At the présent time, the most practica) routes for the inhibition of
the browning reaction are heat treatment and/or the use of anti-oxidants.
The heat inactivation of polyphenol oxidase extracted from the variety -
Nanica (dwarf cavendish) is shown in Figure 2. The enzyme was incubated
with 0.03 m catechol at pH 5.2 in the presence of @ 0.1 m citrate-0.2 m
phosphate buffer. The data indicates that inactivation is achieved in
les. than one minute at 80°C. |

Only & few compounds are avatlable which can be used in fbods and
which are capable of inhibiting the overaii reactions involved in the poly-
phenol oxidase browning. Ascorbic acid can be used as a reducing agent
which will lower the concentration of the quinone form but, in many cases,
this compound will contribute to other non-enzymatic browning reactions
which are accelerated by high temperatures or long storage timss. Sodium
bisulfite or sulfur dioxide will inhibit the polypheno) oxidase system
at comparatively low levels. The inhibition of the oxidase reaction was
Studied in the same system described previously. Figure 3 shows the
inhibition of banana polypheno! oxidase system by sodium bisulfite. The
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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 complntely inhibits browning. The inhibitary potency of

nuﬁer of sodwm bisulh te 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 strong inhibiting effect at compara-
tivﬁy Tow conceotratmns It mst be stressed, however, that this is .
not a cmlete system and since ascorbic acid can act in very many diffcr-
ent ways. its etfectiveness in a banana puree is not as drametic as shown
in tho purified system.

An 1nt¢rest1ng compound which has been proposed for the inhibition of
pmtelic brownmq is cysteine. The inhibition of a polyphenol oxidase
system by cysteine was studied by Walker (18, 19) who proposed the system
shown in Fiyure 4 in whicﬁ cysteine would combine .wift‘h f'ne quinone to form
a cysteine phcmﬂic compleg. They suggested that the complex would be
celormi and thus ““1‘, effectively remove the active browning substrate
from tﬁo tota\ reaction scheme. | | |

Ue mvc ﬂwestigated this syster: and confirmed Walier's observation -
that cysmm was effective only if the thiol:phenolic ratio was greater
than m\it_g. Less than equi.nolar amounts of a thiol (in this case cysteine)
did nét prevent broumibg.. At higher concentrations, however, the cysteine

mcted uith the phenolic compound to produce a red-colored complex which,

while not broum 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 oxalfc
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. [t is significant that the pH of the ripe banana be-
tween 5.5 and 6.3 is very close to the pH optimum for the polyphenol oxi-
dase enzyme. The pH activity curve of the polyphenol oxidase from bananas
is shown in 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 s a substantial increase in the activity of the en-
Zyme system due to the decrease in 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 banamas to
the reactions which mignht be expected during processing. Table 2 11lus-
trates the reiationship between some of the products of importance in
browning and the ripening phenomenon. The various changes in composition
sccount for the increase in activity of the enzyme system which is the
cause of extremely rapid and intense browning when the ripe tissue is
disrupted in contact with air,

The Nanica (dwarf cavendish) ts the principal variety of banana har-
vested for commercial utilization in'Brazi) and yet, as cited sarifer in

v oed
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this pa;‘ser!,?.it has certain characteristics which make it difficuit to
handle in an industrial sense. The principal proby'ltem is the:'v'ery high
activity of its browning system. Its desirable characteristics, however,
are that it has excellent agricultural properties, e.g., qdod resistance
to diseyse coupled with very desirable tlavor characteristics. These
properties mke it an excenent variety for utilization as a fresh urket
product. From an industrial sundpoint. however, its drawbacks make it
difficult to handle; and it would therefore be desirable to modify these
properties. |

In many fruits and vegetables the industrialized products are made
from different varieties than those used for fresh market purposes. For
exaw!e. onions grown for fresh mrket have a very much “Jower tota) solids
content than those grown for drying. A commercialized product made from
the fresh variety would be of lower cuality than that brod-uced from
specialized varieties. There is no:reason to".b'e;..l.ieve that bLananas should
be different than other fryits and vegetables. Future 'develbpments in t!ie’
industrialization of banana products may well be dependent upoh the intro’-i
duction?:arietles which wmle retaining their organoleptic propertias, |
will have modified prOpertles to better suit industrialization. N

In order to determine relative ditferences between banana va'riet'les.".'
which are now a\}ailable ten varieties of baﬁanas were studied during
ripenmg Changes in total acidity, ascorbic acid, total and so!uble sol-
1ds carbohydrates volatile reducing substances. and activity of the poly-

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

6 according to Sirmonds and Shepherd (20).




Ripening conditions used in the intercomparison of the varieties
were cﬁbsen to represent the best conditions for ripening of the two
most widelv cultivated varieties, e.q., 'Nam'ca and Nanicao. Although these
conditibns may not havé been optimal for the other varieties studied, they
were chosen as representative of normal ripening procedures. This, then,
points to another drea which requires study on an individual variety basis,
that is, the optimum cunditions for the ripening of any particuler variety.

It was possible to group the ten varieties studied into three groups
according to their ripening behavior and changes of their varfous consti-
tuents during rinening. The summation of some of the physical and organo-
Teptic characteristics of these fruits after ripening is shown in Table 3.
The results of al! the analyses can be 'observed by inspection of Tables 4
and 5. A detailed analysis of the results shows a wide varfability 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 relative.ly faster and uni-
“‘.“’, 'show'ing cMncuristiéally higher total acidity, higher ascorbic
sctd content, and reducing sugars. They were lower in volatile reducing
substances and in polyphenol oxidase activity. These varieties showed also
very weak aroma when ripe.

2. Manica, Manicao, and Ouro, which characteristically showed a low
acidity, low ascordic acid, a very strong aroma, relatively high content
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of volatile reducing subStances, and very high polypheno! oxidase activity.
It is interesting to notice that in Nanica and Nanicao the polyphenol oxi-
dase becomes more activé as the fruit r‘ipcns'. whereas in the variety Ouro
the activity is high in’'the green fruft and remains the same throughout
the ripening period. This could be due to different tyoes of phemolics
in the green fruits of Ouro since in all others the relatively lower poly-
phonof'oxi&ise activity in the green fruits seems to be due to the inhidbi-
tory action of phenolic substances. During ripening in most fruits the low
molecular weight astringent phenolics (such as Leucoanthocyanins) transfors
into less soluble, hiﬁh molecular weight, non-astringent phenolic cw
(21) which are less inhibitory to the enzyme activity (22).

3. Caru-Rexa, Caru-Verde, Leite, and Maca, uhicﬁ resemble group two
in some chemical aspects but typically show less aroms 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 ‘r‘édﬂc'lng
sugars content of the varieties of group one. Maca also exhibits high
acidity which brings it closer to the varieties of group one. The varieties
Caru-Rexa, Caru-Verde, and Leite 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 Tow poly-
phenol oxidase activity. In these varieties aroms and volatile reduting
substances do not seem to be directly correlated since, in spite of ‘the
high volatile reducing substances, the aroma is cosparatively weak.
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~ The general trend of the changes in acidity and carbohydrates for all
varieties wa§ similar to what has been described in the literature. An
interesting feature concerns the total aciditv of rinening bananas; the
acidity increases from harvest {green) to a msximum, one or two days before

the best eating qualfty i5 reached (yellow-greer) and then start to de-

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

This increese 1n acidity during *ipening might be of qroat physiological
- significance to the ripening phenomena because it coincides with the start
of the climateric peak of respiration when several enzymes have been shown
to become very active (23, 28). This is also of technolonical siqnificance
becouse at this point the fruits exhibit the best physical and chemical
prdperties for processing. Wyman and PdImer (S5a) have shown that oxalic
acid makes up about 'S0Y of the tota) acidity, malic acid 35%, and citric
acid 103 in the green bananas. During ripening buth the malic and citriec
acid peaks increased three to four fold, and oxalic acid drons to about -
80% of its origidal value. The net result is a doubling of organic acidity
in the ripe fruit, with malic acid comprising about 657 of the total,
citric 20%, and oxalic acid 107.

From this data it is obvious that dissimilar varieties display major
differences in composition and that their constituents may change in com-
centration in diversified manners during ripening, In aeneral, however,

oy . oty
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the flavor characteristics of the various varieties appear to be related
to starch content or vto their aroma and total sugar contéqt. lnﬁnst-
ingly enough, some var;ietios have a high astringency even when ripe.
Their phenolic or tannin content does not decrease as it does in mt
varieties. This has bcen obsorved in chilled fruit or fru‘lt um fm
infected plants. The Mgh astringency. however. in those doos 1nflm
the acti vity of the polyphenol oxidase systen since 1t ny nry nll cross-
couple with thg ability of the enzyme to show its nxim_activity. From
the :ccl_mologiéal viewpoint, the most fmportant varieties display a vary
high content of reactive phenolics, particularly dopamine (8 ug/g pulp)
and a very high polyphenol oxidase activity. Thesc_ch_anctoristics meke
them the most difficult to process commercially and retain the natursl
color, aroma, and taste. Other varieties, because of their lower enzyme
activity, may be considerably easier to process; howéver; they do lack the
arom characteristics of the fresh varieties. There is no reason, however,
to believe that these two characteristics :Iare necessarily genetically
coupled and, therefore, there would seem to be a good possibility of
developing varieties with comparatively low .brotming potential but with
high aroma and ‘lavor characteristics. A high content of ascorbic acid
might very well accompany the production of such a variety. '

It is 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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cessing methods. The development of this information will promote an
indigenous industry in the banana-producing regions of the world which
will allow a significant development of industrialization uniquely adapted
to thfs important agricultural product. The developrent of a technology
based upon a raw material himopcg for andther use is always JW Mtr with
difficulty. It is difﬂculi in some cases and, in most, economically
impossidle te.lsimiﬂcant'ly modify the tichnology to handle a less-suitable
raw material if a possibility exists of developing » raw matertal better
suited to its end use. This, in turn, points to the necessity of msin-
taining a close 1{aison between the food technologists and production
sgriculturists. Attacking the problem from the raw material standpoint
as well as the technological standpoint it is possible, in most cases, to
produce a finished product of superior characteristics as economically as
possible. - e
'“With: the high world demand for banana and banana-based products, the
expirt poténtial of the banana-producing regions mey be suitably enhenced
by the development of a unfquq tcchha!ogy coupled to » modified agricul-
weal fnput.

B
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TABLE 1. [MHIBITION OF ENZYMATIC SROWNING BY REDUCING SUBSTANCES®

mn in reaction mixture o

Compounds =~ 5 10 15 20 25 100

hcorb‘i.c acid, | S ‘_ . Co .
c”“.t?' TN S RUC TR AT X

Glutathione x

Sodium Bisulfite ' bt .

Sodim Sultieé .

*The data represents the concentration of different compounds (reducing
agents) required to completely stop browning at 420 mu for 10 minutes.

Reaction Mixture: 50 ml

Substrate concentration 0.02 M Catechol

Enzyme extract 0.20 !

Inhibitor concentration as specified

Made to volume gm\ 0.1 M citrate, 0.2 M phosphate buffer, pi 6.0,
_temgerature 0°C.




TABLE 2. CHANGES IN THE COMPOSITION OF BAMANA (VARIETY NANICA) ON RIPENING

Days in Ripening . Pulp/peel Total Acidity o/0 Ascorbic Acid  Total Solids Soluble Solids Insoluble

Room pH ratfo Malic Acid mg/100g ¢/100g ¢/100g Carbohydrate
(starch) ¢/100g

0 (harvest) 5.60 1.23 0.325 8.2¢4 25.65 i 3.25 19.91

4.90 1.26 0.576 9.3 25.49 15.20 10.44
5.00 1.49 0.500 11.63 25.32 18.25 LN
5.25 1Y/ 0.512 11.04 23.43 19.60 0.99

. 5.58 2.00 0.402 9.1 2033 1.0 0.52

*Stage of Ripeness

0 (harvest) - hard green

4 days - green yellowish

6 days -~ yellow with some green

8 days - yellow (eating ripe)

12 days - yellow flecked with brown (overvipe)




TABLE 2. CMANGES IN THE COMPOSITION OF BANANA (VARIETY NANICA) ON RIPENING (cent.)

wiew DL SRS Dmhwem enmee
' Klett units/g
0 (harvest) 0.43 0.19 0.1 | 1.20 280
. | ‘807 . syy ¢ . 0.986 , N 450
¢ - wus S ees 1.106 1.12 850
8 R 00 18 1016 1.0 1200
12 | - 15.00 . 8.%0 . 0.912 1.12 1520
s. ’ .
m.; *Unit of activity = Asount of enzyme that produces a change of one Kiett wnit fer minute wider the a
conditions of the assdy: S Y :




TABLE 3. CHARACTERISTICS OF SOME VARIETIES OF BANANAS DURING RIPENING
Days in Vartety Aroma
Ripening Cosmon Color of Chavacteristic
Room Name Firmmess Peel of Ripe Fruit Astringency
At harvest Ouro (gold) hard light green absent strong
Caru-Rexa hard purple absent less strong
Caru-Verde hard light green absent less strong
Prata {silver) hard dark green ahsent strong
Branca (white) hard dark green absent strong
. Figo ?JE . hard light green absent less strong
~ Nanicao (giant : R
! cavendish) hard dark green absent strong -
Nanica (dwarf caven-
dish) hard dark green absent strong
Leite (milk) hard light green absent less strong
Maca (apple) hard 1ight green absent «3
3 days Ouro (gold) hard green-yellow  absent Tess strong
Caru-Rexa firm reddish-purple  weak woak
Caru-Verde hard green . absent less strong
Prata (silver) firm yellow-green 3@ weak weak
Branca (white) firm  yellow very weak weak




TABLE 3. CHARACTERISTICS OF SOME VARIETIES OF SARANAS DURING RIPEMING {cont.)

Days in Variety . Aroma
Ripening Coamon Color of Characteristic
Room Name ‘ Firmmess Peel of Ripe Fruit

Figo (fig) firm yellow-green very weak

Nanicao (giant - e
. cavendish)fimm light-green

Nanica (dwarf caven- : o
dish) firm . green-yellowish

Lefte (milk) hard green-ye!llowish
Maca (apple) = - firm green-yeilowish
9.3,323 firm yellow
Caru-Rexa firm reddish
Caru-Verde firm yellow-green

Prata (silver) firm .‘m:ﬂ.,
Branca (white) firm yellow
Figo (fig) firm . yellew

Nanicao (giant caven-
dish) firm yellow-green

Nanica (dwarf caven- ,
dish) firm yellow-green

Leite (milk) firm ‘ “yel low-green
Maca {apple) firm Ru,:ot




brewn spots

!b“u:.- nﬂ Firemess 9“.% gﬂﬂ Astr ingency
7 days Ouro (gold) firm yellow voak shsent
Carv-Rexa fire reddish wesk sbsent
Caru-Verde firm yellow weak absent
Prata (silver) tirm yellew very weak sheent
Branca (white) ttle seft  yellew very weak shsent
n. iigo (fig) little seft  yellow very weak sbsent
Nanfcao (giant caven-
dish) firm yellow more strong absent
Nanica (dwarf caven- ‘
dish) firm yellew strong absent
Lefte (wilk) firm yellow week absent
Maca {apple) firm yellow mre stveng wosk
10 days Ouro (gold) tirm “d..!—! aﬁ«o strong eant
Caru-Rexa seft - reddish week absent
Caru-Verde  Wette sort yellow weak a’ sent
Prata (stiver) . soft yellow with

sent




.

TABLE 3. CHARACTERISTICS OF SOM.

.- Days ?., f&r@

Ripening Common S
Room Mame _ Firamess

Color of

Peel

Charactéristic
_of Ripe Freit

10 days  Branca.{white)  soft

Nanicao (giant caven-
“*m’v S riﬁ‘.n e

yellow

. yellow

el low (.ag
brown spots

.w:a (apple) " Tlittle soft  yellew

- very weak

id.,i

masozo
™ : strong

Al
-




-25-

TABLE 4. RIPENING CHARACTERISTICS OF SEVERAL CULTIVARS OF BANANAS

Common Names Days in  Pulp/ Total Ascorbic Total Soluble qcn-_ - Reduc- Vola- Pro- Poly-
and Genotypes Ripening Peel Actdity Acid Solids Solids Starch r n:- tein phenol
| Room Ratio pH (BMelic) mg/100g g¢/100g 9/100g ¢/1009 g/} ™ x Oxidase
:8 6.25 w3
Subs tances
meq/100g
Ouro (gold)
Genotype AA 0 1.82 5.15 0.239 21.70 33.68 .e- a1.16 2.93 0.4 0.266 1.09 1250
.- 5 3.04 4,55 0.336 13.72 30.66 22.% 4.50 16.2) 5.50 c-- 1.00 1250
10 3.98 5.40 0.187 8.48 29.82 25.00 3.85 16.67 8.0 1.03% 1.07 1170
Nanicao Amunnw cave
s
Senotype AAA 0 1.58 5.26 0.269 13.45 27.43 0.78 = 0.26 0.19 0.1% 1.20 280
5 1.89 4.720 0.373 7.9 as.Nn 20.20 1.9 13.% 8.33 1.106 1.12 850
10 1.98 5.55 0.212 5.93 22.07 19.40 1.4  14.24 7.46 0.912 1.12 1520
Caru-Rexa
Genotype AAA : 0 2.02 5.20 0.292 15.62 26.12 3. 20.62 0.93 0.08 0.222 1.0 0
5 2.54 4.95 0.342 5.72 23.67 18.36 1.99 14.86 4.3 1.306 0.98 450
10 2.52 5.35 0.385 4.28 22.40 18.36 1.09 13.37 3.74 0.800 1.13 930
Caru-Verde - u . 4
Genotype AAA -0 1.56 5.20 0.254¢ 13.02 26.56 2.92 20.90 0.2¢4 0.13  0.13% 1.13 SO
5 2.07 4.55 0.410 7.10 26.07 17.40 2. 13.% 4.13 1.198 1.10 $20
10 2.51 5.45 0.209 3. 22.00 19.16 1.14 14.93 2.7 0.932 0.9 850
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Fig. 2
HEAT INACTIVATION OF POLYPHENOL OXIDASE
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Fig. 3
INHIBITION OF POLYPHENOL OXIDASE BY SODIUM SULFITE
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Fig. §
ACTIVATION OF POLYPMENOL OXIDASE vs. pM

/ | "u..#
‘kr' oW W

o ooty Curve
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Fig. 6
BANANA VARIETIES STUDIED

5 wllinmj
W gt sion
~aplogtan

Tons Lovendishiy
s SN
e Aanp !

LI YT e pq]

LU DR S
ot

Rebee 2 L il
&y

kIA X i!.* -
P,









