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FRUIT JUICES AS AN ALTERNATIVE TECHNIQUE FOR CONSER VATION OF
FRESH-CUT BANANA'*

ANDERSON ADRIANO MARTINS MELG, LEONARDO THOMAZ DINIZ®, ADRIANO DO NASCIMENTO
SIMOES®, ROLF PUSCHMANN

ABSTRACT - Browning discoloration after cutting is detrimenfal the quality of a number of fruits and
vegetables, such as banana, apple, pear, potadtspare roots such as cassava, yam, and othersnBigpand
softening compromise banana after cut shelf-lifa ifew hours under cold storage. Therefore, amtvbing
compounds have been applied to slices before pgc&ome commonly used substances are calcium déori
ascorbic acid, cysteine and citric acid, in immdrsehemical mixtures. Recent studies have dematestrthe
possibility of preserving fresh-cut banana immergedweetened fruit juice for relatively longer joeis, fa-
voring commercialization. This type of conservatiatthough widely used in Brazil for fruit saladsnsists of
a more complex system in a physiological basigjirety adjustment of the solution parameters, sagkugar
concentration, pH and acidity, considering the Nilgband freshness of the plant tissue. In thisrsheview,
we discuss some experimental data and present amathod for preserving fresh-cut banana. Reduation
enzymatic activity, either in temporary dippingah@ent or permanent immersion of banana slicesgarded
as a key factor for maintaining its quality duricmjd storage.

Keywords: banana; browning; antioxidant; passion fruit gynoolyphenoloxidase.

TECNICAS ALTERNATIVAS UTILIZANDO SUCO DE FRUTA NA C ONSERVACAO DE BANANA
MINIMAMENTE PROCESSADA

RESUMO - O escurecimento apds o corte € deletério a quidida varias frutas e hortalicas, tais como bana-
na, maca, pera, batata, e algumas raizes como meandtihame, dentre outras. O escurecimento e giama
mento comprometem a vida de prateleira de banamadeoem poucas horas sob conservacao refrigebada.

te modo, substéncias anti-escurecimento sdo aplcaals fatias antes de serem embaladas. Algumstiusub
cias mais utilizadas sao: cloreto de célcio, aeisimrbico, cisteina e acido citrico, imersas entunais quimi-
cas. Estudos recentes tem demonstrado a posdilgilide conservagdo de banana minimamente processada
imersa em caldas de frutas por periodos relativeameraiores, favorecendo a comercializagéo. Estede
conservagdo, embora seja muito utilizado no Bpesih saladas de frutas, constitui-se em um sistemgple-

X0 sob o ponto de vista fisiologico, exigindo urdaiesde ajustes na solugédo, tais como a concentaacu-
car, pH e acidez, considerando-se a manutencédalidade e frescor do tecido vegetal. Nesta pegjueni-

sdo séo discutidos alguns dados experimentaigpeeSentado um novo método para a preservacdmedada
minimamente processada. A reducao da atividadendiizia, tanto no tratamento de imersao tempor&da-q

to na imersédo permanente de fatias de banana #&emda um fator chave para manter sua qualidadantiu

a conservacéo refrigerada.
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INTRODUCTION (MELO, 2010).
In Brazilian fruit market, there are fruit salads

The growing market for minimally processed in wWhich the product is immersed in juices, usually
products is beyond the convenience of having thenffom orange, passion fruit and pineapple. Diffelyent
ready to eat. It is mostly related to the incregsin from the widespread anti-browning immersion treat-
awareness of consumers about health benefits assodnents, which occur in a short-term period, from-sec
ated with the consumption of fresh fruits, vegesabl ©0nds to 1 or 2 minutes, the immersion in sucrose
and mixed salads. In this regard, studies have demsolution is permanent throughout conservation. This
onstrated that a diet rich in fruits and vegetables  technique could contribute as an alternative ta- ant
been related to several benefits, including pregant Prowning dipping for banana, since it can alsobithi

of chronic diseases such as cancer, arthritis an@nzymatic browning reactions (DINIZ, 2009), and it
atherosclerosis. is a natural, innocuous and a low-cost alternative.

Banana is a fruit rich in vitamin Cg- However, such treatment requires tests for adjust-

tocopherol B-carotene, and polyphenolic antioxidant ments of the compounds in the juice in order tadvo

compounds such as dopamine and gallocatechinfurther quality losses (DINIZ, 2009). Currently few

compounds that protect the body against the damagstudies are made on this regard.

ing effects of free radicals. Banana consumption In this paper, we discuss some research works

could help in the prevention and treatment of dis-that show promising results related to the usentf a

eases related to oxidative stress, such as atlerosc browning substances, as well as solutions contginin

rosis. sugar and passion fruit juice in maintaining gqyalit
In Brazil, there are several banana cultivars, of fresh-cut banana.

all of them showing pronounced differences in rela-

tion to quality attributes such as size, colorydla  Anti-browning substances in minimally processed

and texture. For minimal processing, it is mandator Products

to select the fruit in the appropriate maturityggtan

order to maintain its quality after cutting. Banana Minimally processed fruits and vegetables

maturity stage is usually chosen according to el p Undergo enzymatic browning and softening, and mi-

color, and it will vary depending on the cultiv&ol- crobial contamination, which reduces their shd#-li

lowing a scale proposed by Von Loesecke (1950).compared with the similar intact (SOLIVA-

and by the banana industry, researchers have usdd@RTUNY; MARTIN-BELLOSO, 2003).

stage 4 (more yellow than green) for Cavendish ~ Nutritional changes caused by fresh-cut op-
(VILAS-BOAS; KADER, 2006; BICO et al. 2009), erations in fruits and vegetables are closely eelad
stage 5 (yellow with green tips) for ‘Silver’ (DIX] phenolic metabolism in response to injury, which ca

2009; VILAS BOAS et al., 2009) and stage 6, (full alter the antioxidant activity, thereby affecting i
ye”ow) for ‘App|e’ bananas (MELO etal., 2009) functional value (SALTVE'T, 2000; REYES et al,

The various Operations required to obtain 2007) Moreover, injUrieS related to minimal proc-

fresh-cut products, such as selection, peelingingli  €Ssing can induces several kinds of stress, such as
and rinsing and/or sanitizing are considered stres@Xidative stress, measured directly by quantifying
factors imposed to fruit tissues which affect nolyo ~ the accumulation of reactive oxygen species, lipid
the sensory aspect but also potentially reduce thderoxidation products, or indirectly, from changes
health benefits of fresh fruits and vegetables.tiidl ~ the components or enzymes of antioxidant defense
operations promote the increase in oxidation proc-Systems such as catalase and superoxide dismutase
esses initiated by handling procedures and intiensif (TOIVONEN, 2004; FREIRE, 2014).

by peeling and slicing. The oxidative damage in the Banana is the most commercialized fruit in
tissue is mosﬂy Cata|yzed by enzymes such as po|ythe World, and a potent antiOXidant, once it has re
phenol oxidase, causing oxidation of antioxidantSonable concentrations of vitamin C and high cdnten

phenolic compounds and visual browning of the cutof phenolic compounds (LIM et al., 2007). Some
surfaces. studies conducted in bioassays have shown the
Fresh-cut banana, without any post-cutting prominent antioxidant capacity of compounds pre-
treatment, presents browning and marked firmnes$ent in the pulp and peel of banana (KANAZAWA;
loss within 6 hours (VILAS BOAS et al., 2009). SAKAKIBARA, 2000; SOMEYA et al, 2008.).
Thus, in the operations for fresh-cut banana peepar However, sliced banana is very sensitive to physio-
tion, immersion of slices in a mixture of anti- logical browning, which has excluded its use in
browning chemical substances such as calcium chlominimally processed salads (MOLINE et al., 1999).
ride, ascorbic acid, cysteine and/or citric acicnen- ~ Browning is primarily due to the polyphenol oxidase
datory, in order to maintain the quality of the pro (PPO) enzyme that catalyzes the hydroxylation of o-
ductin cold storage for up to 4 days. Furthermore,diphenols monophenols, and their oxidation
banana dipping solutions could potentially maka it toquinones, leading to the formation of brown pig-
vehicle of antioxidants for human consumption, alsoments (ZAWISTOWSKI et al., 1991).
increasing its antioxidant potential in the plasste Once the optimum pH for the activity of PPO
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in banana is around 6.5 (YANG et al.,, 2000), thedation (SHEWFELT; PURVIS, 1995; LURIE,
enzyme activity in minimally processed banana2003).
could be highly inhibited by immersion in anti- Citric acid is a highly effective chelator which
browning mixtures, which have very low pH, since inhibits the enzymatic browning by reducing the
they contain large amounts of various organic acidsavailability of C§* at the site of action of PPO
(Sapers, 1993). (DZIEZAK, 1986), and it is also an acidulant, de-
The immersion in mixtures of antioxidants creasing pH and inhibiting the enzyme activity.
has been a successful method for reducing browning Cysteine can delay the enzymatic browning
and softening and prolonging the shelf life of gas by reducing o-quinone, similarly to other antioxi-
fresh-cut fruits such as kiwis (CARVALHO; LIMA, dants (RICHARD et al., 1991), and react with pri-
2002), apples (LEE et al., 2003), pears (GORNY etmary PPO oxidation products, generating colorless
al, 2002) and bananas (MOLINE ET AL., 1999; quinone-cysteine conjugates that act as enzyme in-
Melo& VILAS BOAS, 2006; VILAS BOAS; hibitors. Moreover, according to Richard-Forget et
KADER, 2006). A chemical solution containing al. 1992, undesirable pinkish-red formation occurs
ascorbic acid, calcium chloride and cysteine waswhen the proportion of cysteine in the mixture @& n
more effective than the application of these com-sufficient to proportionally react with phenolicroe
pounds separately in maintain the quality and ekten pounds released from the cut tissues, at a cysteine
the shelf life of fresh-cut 'Apple’ banana for 4/gla phenol ratio lower than 1,.
(MELO; VILAS BOAS, 2006). Bico et al. (2009), For the dipping treatment of ‘apple’ banana,
evaluated dipping treatment containing ascorbid aci concentrations below 1% w/v in the mixture are not
(1% wi/v) + calcium chloride (1% w/v) + L-cysteine recommended, and the lower the concentration, the
(0.75% wi/v), and observed lower reduction of color higher the red color formation (MELO; VILAS
saturation in sliced Cavendish banana, expressad asBOAS, 2006). In the other hand, excessive cysteine
lower decrease of Chroma. concentrations are not consistent with good sensory
The inhibition of PPO activity or color for- properties or economically viable for industrialrpu
mation caused by polyphenol polymerization is the poses. The development of red color in bananasslice
main objective of the application of chemical com- is observed to occur near the vascular bundles
pounds in fresh-cut products. Ascorbic acid is a(Figure 1). Moline et al. (1999), also reported @ren
"universal" antioxidant, reducing o-quinones baezk t intense browning formation in the vascular region,
o-diphenols, after the reaction of PPO, or maintain and attribute this observation to the higher phienol
ing the pool ofu-tocopherolof cell membranes in the content in vascular bundles and xylem vessels.
reduced form, protecting them against lipid peroxi-

Figure 1. ‘Silver’ banana immersed in solution of ascorbiid + CaC] + L-cysteine hydrochloride (1% w/
v) inside a tray covered by PVC film after 3 daysmrage at SC. The arrows show the pinkish-red color
formation concentrated near vascular tissues.

The low pH presents a key role in maintaining coordinate a*, indicating less reddening, and lower
color of treated fresh-cut banana. Cysteine in con-total color difference AL) comparative to the same
centrations lower than 0.5% has its role compro-mixture at pH 7.0 (MELO, 2010). Divergent results
mised at neutral pH, favoring the formation of pink have been observed regarding the efficiency of the
ish-red pigments in fresh-cut banana (VILAS BOAS; anti-browning solutions in different pH for the con
KADER, 2006). Silver bananas immersed in the trol of enzymatic browning in fruits after processi
mixture of 1% w/v calcium chloride, ascorbic acid In fresh-cut apples (SAPERS; MILLER, 1998) and
and cysteine at pH 2.0 presented lower values fopears (GORNY et al, 2002), the treatment under neu-
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tral conditions was more efficient than the immer- (PG) and pectin methyl esterase (PME), synergisti-
sion in acidic pH; Vilas Boas and Kader (2006), cally acting on pectins. Calcium crosslinks in gala
however, observed that the immersion in acidicturonic acid residues, forming calcium pectatehia t
chemical mixtures provided higher firmness valuesmiddle lamellae, is probably responsible for higher
and reduced browning in ‘Grand Nain' banana. firmness in fresh-cut banana immersed in Ga&0k
The low pH of the solutions of immersion lutions.
inhibits the activity of PPO and browning, can pote
tially cause injuries in membranes (TOIVONEN, Fresh-cut banana immersed in passion fruit pulp
2004) as well as induce the activity of enzymes re-and sucrose
lated to hydrolysis of cell wall material (KNEE,
1982). Thus, it is believed that improving the effi The conservation of fresh fruits by immersion
ciency of anti-browning agents, lowering the pH of is usually seen in mixed salads, which are most-com
the dipping solution, seems to be an inducer afrcol monly sold in supermarkets, hotels, cafeterias, and
stability in fresh-cut banana. In this way, lowar i also in airport catering services. This technoldgy
strumental color difference is observed when fresh-applied in fruit salads containing banana, pineappl
cut banana slices are maintained in sucrose solutiomelon, orange, and others, immersed in solution-
at pH 3.5 (DINIZ, 2009). swhich can be made of pineapple, orange, passion
Fresh-cut tissue softening, characterized byfruit, and other juices. In general, banana isntuest
loss of textural quality is a another main condem  important component of this kind of mixed salad.
fresh-cut banana, resulting in impairment of sepsor However, studies on the effect of these compounds
attributes and significantly shortening its shélé I  considering the physiology of the fruits tissuee ar
(MELO; VILAS BOAS, 2007). It has been shown still very preliminary.
that presence of calcium ions in dipping solutians Diniz (2009), has presented a study compris-
essential for maintaining firmness in fresh-cut ba-ing the viability of the tissues of fresh-cut baaan
nana of the cultivars ‘Apple’ (MELO; VILAS immersed in sweetened passion fruit suspension. It
BOAS, 2007) and Cavendish group (VILAS BOAS; was considered as a system in order to be compared
KADER, 2006). with the conventional modified atmosphere for the
Calcium is assumed to play a rolein the ma- conservation of banana fruit slices. This systemn; c
jority of cementing properties of the cell wallsy b taining only one type of fruit is simple in compsm
connecting dimethyl esterified pectin to produce with mixed salads, however complex when consid-
cross-linked polymer networks in the middle lamella ered the influence of the solution and the possible
(POOVAIAH, 1986; TOIVONEN; BRUMMEL, interactions between fruit tissues and the surrgnd
2008), and maintaining cell wall structure. This ar environment. In order to preserve sensory propertie
rangement improves cell-to-cell adhesion, therebyrelated to fruit quality such as flavor and textute
increasing mechanical strength, and delaying thesystem requires a fine adjustment of the concentra-
normal degradation of intercellular connections in tions of sucrose in the solution, control of thadag
ripening fruit (TOIVONEN; BRUMMEL, 2008). and pH of the fruit pulp, by standardizing fruit ma
Fruit tissue softening is related to the activity turity, and studying the best proportion of fruitlp/
of pectolytic enzymes such as polygalacturonasesucrose media (Figure 2).

Sealed lid

CcO, H204 CoH,4 0, Sucrose solution + pas-

Tl T sion fruit pulp
L e

Impermeable package

Figure 2. A system containing sucrose solution and suspargd passion fruit pulp (juice) for conservation
of fresh-cut banana.(Adapted from KADER and SALTVE2003).

Taking into consideration that there is an ini- tration of sucrose of 15%. It is believed that sger
tial difference in soluble solids between the banan plays an important role maintaining the osmotic bal
and the solution/suspension, water exchange andnce in the system, and a faster stabilizatioroin-s
variations in soluble solids in the componentshef t ble solids content could maintain product qualitg a
whole system will occur during storage, and it is increase the storage time.
shown in Figure 3. The equilibrium between banana
tissue and solution was reached at an initial conce
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Figure 3. Soluble solids in banana slice®{} and the respective solutions/suspensian¥(dmmediately
after cutting (AC). Immersed for 2h (Al). Slicedmanmersed banana (A), and immersed for eight dags
°C in: suspension of passion fruit pulp (B), 15%rsse solution (C) or suspension of passion fruip gon-
taining 15% sucrose (D). Vertical bars represeamidard deviation.

Changes in the instrumentally measured colorwithout sucrose, color changes are minimal (Figure
difference and brightness are also noticeable mtwe 4).
non-immersed banana slices and those immersed in
sucrose solution (Figure 4). In banana slices im-
mersed in suspension of passion fruit pulp with and
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Color Difference

Lightness

Firmness, N

ACAIL 2 4 6 8
Days

Figure 4. Color difference, lightness and firmness of banslices immediately after cutting (AC), immersed
for 2h (Al) and immersed for eight days at 5 °CLB% sucrose solutiond(), in suspension of passion fruit
pulp (©) and suspension of passion fruit pulp containif&olsucrose/A). Non-immersed banana slices).(
Vertical bars represent the standard deviation.

The increase in color difference is related to asion fruit pulp. The lower pH values of solutions
reduction in lightness (L) of the product surfathe containing passion fruit pulp, around 3.5, and the
lower the L value the darker the evaluated surfacereduced @diffusion in aqueous mediumare the main
(MUNSELL, 1912). Reduction of L value in non- factors to reduce the enzymatic browning caused by
immersed banana slices during storage was also olRPPO.

served by other authors, even when treated with ant The immersion treatments have determined
browning substances (VILAS-BOAS; KADER, loss of firmness in relation to non-immersed banana
2006). slices (Figure 4). In slices immersed in suspensfon

Browning was drastically reduced in banana passion fruit pulp with no sugar added, firmness is
slices immersed in the combination containing pas-significantly lower (Figure 4), which is associated
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a water flux into the banana slices, as a functibn kiwis minimamente processados e submetidos a tra-
the water potential difference (Figure 3). Firmneks tamento com acido ascoérbico, acido citrico e ooret
banana slices which were immersed in solution ofde calcioPesquisa Agropecudria BrasileiraBrasi-
sucrose or sucrose in combination solution/passioria, v. 37, n. 5, p. 679-685, 2002.
fruit pulp was intermediate and similar during stor
age. DINIZ, L. T. Respostas da Banana “Prata And”
Examining tissue failure under tensile stress, Minimamente Processada e Conservada em Solu-
Harker et al., (1997) showed that banana presents @do de Sacarose com Polpa de Maracuj&6 p.
‘splitting pattern’, meaning that cells are prefere Dissertacdo (Mestrado Fisiologia Vegetal) Universi-
tially separated along the middle lamellae, instefid dade Federal de Vigosa, Vigcosa-MG, 2009.
occurring cell wall rupture. In other tissues sush
apples and pears, the tissue failure is more bkate DZIEZAK, J. D. AntioxidantsFood Technology v.
cell wall breakdown. For banana immersion in hypo-40, p. 94-102, 1986.
tonic solution of passion fruit pulp with no sugar
added, cell wall separation without rupture hasFREIRE, C.Atividade de Enzimas Oxidativas En-
probably occurred, being exacerbated by the movewvolvidas com o Escurecimento em Mandioca de
ment of water to the fruit tissue. Mesa Minimamente Processada66 p. Dissertacdo
Despite the positive effects on the product (Mestrado em Producdo Vegetal) - Universidade
quality, the sucrose added to the solutions fomban Federal Rural de Pernambuco, Recife-PE. 2014.
conservation must be moderated, considering its un-
desirable use for a crescent number of consumer&ORNY, J. R.; HESS-PIERCE, B.; CIFUENTES, R.
looking for healthier products in a diet with less A.; KADER, A. A. Quality changes in fresh-cut pear
sugar intake. slices as affected by controlled atmospheres and
chemical preservatives?ostharvest Biology and
Technology, v. 24, n. 3, p. 271-278, 2002.
CONCLUSIONS
HARKER, F. R. et al. Texture of parenchymatous
Banana, although highly perishable and sus-Plant tissue: a comparison between tensile and othe
ceptible to enzymatic browning and softening, has ainstrumental and sensory measurements of tissue
prolonged shelf-life when subjected to chemical Strength and juicinessPostharvest Biology and
treatments containing calcium and antioxidant main-Technology, v. 11, p. 63-72, 1997.
taining its color and texture. These chemicals are
usually applied for a few minutes and the pieces ar KADER, A. A; SALTVEIT, M. E. Atmosphere
drained after dipping, maintaining fresh appearanceModification. In: Bartz, J.A.; Brecht, J.K. (Eds.).
up to 4 days inside MA packaging for marketing Postharvest physiology and pathology of vegetables.
purposes. New York: Marcel Dekker, p. 229-246, 2003.

Other proposed technique, the storage in
sweetened fruit juice solutions, is a promising low KANAZAWA, K.; SAKAKIBARA, H. High content
cost technology in which the slices are maintainedof dopamine, a strong antioxidant, in cavendish ba-
immersed throughout all the storage period. It is ahana.Journal of Agricultural and Food Chemis-
poorly studied method, although widely used com-try, V. 48, n. 3, p. 844-848, 2000.
mercially. It is believed that more research ors thi ) ) )
topic will bring important results, given that iom- ~ KNEE, M. Fruit softening Ill.Requirement for oxy-
plies with the growing search for a healthy diet. gen and pH effectslournal of Experimental Bot-
In any case, the low pH of the medium and any. v. 33, n. 6, p. 1263-1269, 1982.
mainly the reduction of enzymatic activity stillesa
to be still a key factor on main taining fresh-buat- LEE, J. Y. et al. EXtending shelf life of mlnlma”y
nana with marketable quality. processed apples with edible coatings and antibrown
ing agentsLebensmittel Weissenschaft und Tech-
nologie London, v. 36, n. 3, p. 323-329, 2003.
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