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Two studies were conducted to evaluate the potential of 

pineapple juice as an inhibitor of enzymic browning in processed 

apple products  and to detemine  what pineapple juice 

components accounted for the inhibition of browning.    In the 

first  study,  three  separate  experiments  were  carried  out,  two 

with 'Red Delicious' and one with 'Granny Smith' apples.    'Red 

Delicious apples were used for fresh apple ring product and 

'Granny Smith' for dried apple ring products.    In general, 

pineapple juice proved to be as good as sulfite inhibiting the 

browning of the rings for both fresh and dried products. 

In a second study the pineapple juice was fractionated and 

each fraction was tested on apple crude extract for 

polyphenoloxidase activity.     All the fractions tested inhibited  the 

enzymatic browning of crude apple extract by at least 26%.    A 



cation exchange fraction of the pineapple juice caused  100% 

inhibition for at least 12 hours.    This value was significantly 

different from the rest of the fractions.    Two other fractions (an 

anion exchange fraction and  a ultrafiltered cation  exchange 

fraction) caused approximately from 50 to 55% inhibition. 
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Use   of   Pineapple   Juice   for   Inhibition   of   Browning   in   Apples 

I.    Literature Review 

Polyphenoloxidase 

Polyphenoloxidase (PPO), belongs to the group of 

oxidoreductases.    It has  been  given  many names, including 

tyrosinase,  phenolase,  catechol  oxidase,  o-diphenol  oxidase,  and 

cresolase.    Lacasse, which also falls under the name of 

polyphenoloxidase,  differs  from  o-diphenol  oxidase  in   substrate 

specificity (Vamos-Vigyazo,  1981).    In this review, PPO will refer 

exclusively  to o-diphenol  oxidase. 

PPO is widely distributed in nature.    In addition to its general 

occurrence in plants, it can also be found in microorganisms, 

especially fungi, and some animal organs (Labuza and Schmidl, 

1986).    It has been detected in most known fruits and vegetables. 

The content of PPO in different plants varies widely with the 

species.    The enzyme localization in the plant cell depends on the 

cultivar,  age and in  the case of fruits  and  vegetables,  on maturity. 

In  freshly harvested apples,  the enzyme has been found to be 

localized  almost exclusively  in  chloroplasts  and  mitochondria 

(Vamos Vigyazo,  1981).     The international  nomenclature refers  to 



PPO  under the following systematic names and numbers: 

monophenol  monooxygenase  (tyrosinase)  as   1.14.18.1,   and  diphenol 

oxidase (catechol oxidase, diphenol  oxygen  oxidoreductase)  as 

1.10.3.2. (Mayer,  1987).    The enzyme participates in two reactions. 

One  is  the  hydroxylation  of monophenols to o-dihydroxyphenols  and 

the  other is  the dehydrogenation  of o-dihydroxyphenols  to o- 

quinones.     The  benzoquinones  then  undergo  polymerization,  forming 

brown compounds  of large molecular weight. 

Although PPO has been known for more than 100 years, it is an 

enzyme for which a search for function still remains.    Proof of 

function must be accompanied  by studies in  which  mutants  and 

specific inhibitors such as antibodies are used (Mayer,  1987).    In 

plants the PPO reaction is believed to function as a protective 

mechanism for areas exposed by tissue damage or by infection.    The 

o-quinones formed by PPO as a result of wounding are highly 

reactive with nucleophilic groups (hydroxyl,  amino,  thiol, or 

activated   methylene  groups)   and  tend  to  polymerize  readily  (Butt, 

1980).      The polymers may then react with amino acids and thiol 

functional groups of proteins (Van Sumere et al.,  1975; Butt,  1980). 

When  o-quinones react with proteins  (i.e.  enzymes  and  viruses), 

they  render them inactive in most instances.     After enzymatic 

browning occurs in plants, a necrotic tissue is developed in the area 

that is exposed, preventing further infection.     Hence the idea arises 

that PPO is acting in one aspect in the defense mechanism. 



Other functions attributed to PPO in plants include a role in 

growth regulation in conjunction with peroxidase  to control the 

levels of indoleacetic acid (I A A) (Gordon and Paleg,  1961), and some 

involvement  in  photosynthesis,  electron  transport  and   aerobic 

respiration (Mayer and Harel,   1979).     Significant advances  have 

been made on determining the function of fungal catechol oxidase, 

as  compared to plant catechol oxidase (Mayer,   1987). 

In terms of food processing, the reaction catalyzed    by PPO may 

have a desirable effect as well an undesirable effect as related to 

the resultant browning.    A desirable effect in food is seen in the 

manufacture of black tea (Takeo,1966),  and in dried  grapes 

(Grencarevic and Hawker,  1971).    On the other hand, browning is 

undesirable in the handling, processing, or in the thawing of frozen 

fruits  and  vegetables;  undesirable  browning  is  also observed  in 

flours with high levels of PPO (Vamos-Vigyazo, 1981).    The 

browning  reaction  impairs  not  only  the  sensory properties  and 

marketability  of products,  but also  may  lower nutritive  value 

(Labuza and Schmidl,  1990).    The reaction of o-quinones may alter 

the nutritive value of proteins (Szabo,  1979) as is true in the case of 

casein, by decreasing the available lysine and reducing its 

digestibility.    In the manufacture of sugar from beets and cane, 

lower yields and discoloration are observed with high levels of PPO 

(Gross and Coombs, 1975).    Due to the ubiquitous nature of PPO, the 



enzyme and its inhibition have been  studied  by researchers in  order 

to contribute to the understanding of its role in plants and foods. 

Even with all the literature available on the topic, the general 

understanding of the behavior of this enzyme is not sufficient. 

Characteristics of PPO 

The enzyme has the following characteristics:    1)    catalyzes more 

than one reaction; 2) occurs in multiple forms; 3) its physiological 

role in plants in not yet clearly understood; and 4) its role in food 

processing is complex. 

Polyphenoloxidase has multiple forms which differ in molecular 

mass, isomerism, and amino acid sequence. These    differences have 

been  demonstrated  when  the  enzyme  is  obtained  from  different 

sources.    Jolley and Mason (1965) cited possible causes to which this 

variety of forms can be attributed, i.e.      (a)    association of various 

degrees of polymerization of similar subunits, (b)    various 

combinations of different subunits, (c)    conformational changes of a 

single protein, or (d)    combination of these three possibilities. 

In her 1981 review, Vamos-Vigyazo cites more than 30 different 

plant  sources,  all  of them representing different isoenzyme profiles. 

She warns the reader of the possibility that artifacts    may be 

reported   as   true  isoenzymes,   probably   because   protein-quinone 

interactions   are   sometimes   disregarded. 



The enzyme is present in particularly high concentration in 

mushrooms,  potato tubers,  peaches,  apples,  bananas,  avocados,  tea 

leaves, coffee beans and tobacco leaves.    In green leaves a 

considerable part of PPO activity is localized in the chloroplasts 

(Tolbert,  1973).    In potato tubers, PPO was found in all subcellular 

fractions (Craft,  1960).    In apples the enzyme was localized in the 

mitochondria and chloroplasts (Harel, Mayer and Shain,  1964).    The 

PPO content of plants might also be also affected by agricultural 

techniques.     Ethrel  (2-chloroethyl  phosphoric   acid)  treatment  of 

apple trees suppresses PPO activity and browning of cut surfaces of 

apple slices (Vamos-Vigyazo, 1981).    Ethrel is a synthetic form of 

ethylene, that functions as an hormone in plants.    Spraying peach 

trees  with 500 ppm of ethrel four weeks before harvest was found 

to prevent browning of the pulped or sliced fruits for 24 hours even 

if blended after freezing (Buchanan, et al.,  1969). 

Optimum  pH  and  Temperature 

The optimum pH of PPO activity varies with the source of the 

enzyme and with the substrate.    In most cases the optimum pH will 

be between 4.0 and 7.0.    Preparations of enzyme obtained from the 

same fruit or vegetable at different stages  of maturity  may differ in 

optimum pH of activity.    In apples, optimum pH of PPO in tissue 

extract has been reported to be 7.0, in chloroplasts 5.0 and in 

mitochondria from 4.8  to 5.0 (Vamos-Vigyazo,   1981). 



Optimum temperature of PPO also varies.    In Jonathan and 

Starking apple cultivars, maximum PPO  activity with chlorogenic 

acid was obtained at 30oC and 25°C, respectively.    Apple PPO was 

markedly inactivated (pH 5.0) at temperatures  obove 70oC, and 

activity was completely destroyed at 80oC. 

Extraction of PPO 

Extraction of PPO may be accomplished by a variety of methods, 

depending    upon the enzyme source and  the degree of purity 

desired in the preparation.     Most of the extraction procedures 

include all or part of the following:    fractionation with organic 

solvents and buffer extraction  (Vamos-Vigyazo,  1981), the  use of 

detergents to solubilize the enzyme, such as Triton X-100 (Harel, 

Mayer and Shain,  1965) or Tween-80 (Takeo,  1965;  Ben-Shalom et 

al.,   1977), precipitation with ammonium sulfate (Dizik and Knapp, 

1970),  addition of a competitive inhibitor for the  substrate,  the 

presence of a reductant such as ascorbic acid (Constantinides and 

Bedford, 1967), and use of a binding agent to avoid reaction of the 

enzyme with quinones (Rhodes, 1977; Loomis et al.,  1979).    Some 

methods  include sonication  to release the enzyme from  chloroplasts 

or  other  membranes  (Golbek  and   Cammarata,   1981). 



Active Site and Copper 

It is generally accepted that tyrosinase contains a binuclear 

copper liganded in part by histidine in the active site, as do other 

metalloproteins like hemocyanin  (Mayer,  1987),  but it is different in 

its biological function.    Monophenols bind to one of the copper 

atoms, while diphenols bind to both of them. 

Makino, McMahill and Mason (1974) proposed that the copper 

ion in the enzyme was predominantely in the oxidized state.    Kidani 

et  al. (1980) showed further evidence when dialysis was carried out 

with   complexing  agents   such   as   8-hydroxyquinoline-5-sulfonic   acid, 

2,2'-bi-pyridil, and picolinic  acid (which  are not reducing agents), 

that  the  apparent  binding  constants  compared  to  stability  constants 

of various complexing agents for the cupric ion, were in agreement. 

They conclude also that the copper ion in the tyrosinase is present 

in  the cupric form. 

Polyphenoloxidase   Assay 

PPO activity can be assayed by many different methods.    Mayer, 

Harel and Ben Shaul published a critical review of methods 

(manometric,   polarographic,   chronometric   and   spectrophotometric) 

in   1966.     The  numerous  methods  measure  the  activity  by  either 

monitoring  oxygen  consumption,  product  formation,  or  the coupled 

reaction by an added reagent.    The diverse methods of assay found 



in the literature make it inconvenient and difficult to compare the 

results for two main reasons:    (a) the units used to express the 

activity depend on the method used, and (b) the accuracy and 

sensitivity  of the different  methods  vary. 

Most researchers use the spectrophotometric method, which 

measures  the amount of product being formed.     When  o-quinones 

polymerize with phenolics, they form a brownish color easily 

detected at 420 nm.    A disadvantage of this method is that fairly 

active fractions have to be used to measure the activity and that 

extrapolations have to be made if estimation of initial rates of 

reaction is desired.    The method also cannot be standarized to 

different  substrates  and  sources  of polyphenol  oxidase. 

Prevention  of Enzymatic  Browning 

The inhibition of enzymatic browning and inhibition of 

polyphenol oxidase are very often treated in the same context.    In 

foods, inhibition can be achieved by inactivating the enzyme using a 

physical or chemical method.    Physical methods include the 

exclusion of oxygen, or heat inactivation of the enzyme.    Chemical 

methods are less laborious  and, in  most instances, preferred  over 

physical methods.    Only a few substances used to inhibit the activity 

of polyphenol oxidase in foods are accepted because of safety or 

expense (Walker, 1975).    The use of browning inhibitors in food 

processing  is restricted  by  special  requirements  such  as  nontoxicity, 



wholesomeness,  effect on taste, flavor,  texture and  legality (Labuza 

and Schmidl,  1986).    Browning inhibition can be divided in the 

following manner:    a) chelating agents; b) molecules which interact 

with the products in the chain of the reaction by reducing or 

complexing with the quinones, or by reacting with the substrates; c) 

molecules which lower pH; d) limiting oxygen; and e) PPO 

inactivation   by  blanching. 

a)    Chelating agents 

Agents that chelate copper include carbon monoxide, cyanide, 

sodium diethyldithiocarbamate  (DIECA),  azide  and 

mercaptobenzothazole (Palmer and Roberts,   1967).     Most of these 

reagents  are  used  to  avoid  interaction  with  polyphenols during  the 

isolation  of different molecules from plant tissues (Rhodes,  1977). 

Agents that complex with copper like sodium cyanide, sodium 

thiosulfate,  8  hydroxyquinoline-5-sulfonic  acid,  picolinic  acid,  2,2'- 

bi-pyridyl,   and   4,7-diphenyl-l,10-phenanthroline   disulfonic   acid 

disodium salt can inhibit PPO reversibly by removing the copper 

from the enzyme (Kidani et al., 1980).    The action of ascorbic acid on 

PPO is believed to be multiple:    it chelates copper, interacts with 

quinones, and also acts as  a competitive inhibitor (Vamos-Vigyazo, 

1981).    Ascorbic acid in large concentrations has been found to 

irreversibly inhibit PPO (Cash et al.,  1976). 
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Azide ions form complexes with many copper enzymes and act as 

an  inhibitor (Morpurgo et al.,  1974;  Strothkamp and Dawson,  1977). 

With   spinach  beet  tyrosinase,  carbon   monoxide  demonstrates 

competitive  inhibition  with  respect  to  oxygen  and  uncompetitive 

inhibition with respect to p-coumaric acid and caffeic acid (Mclntyre 

and  Vaughan,  1975).     Bathocuproinesulfonate,  which  is considered 

to have a much higher affinity for copper (I) than for copper (II), 

gives  the  same patterns as carbon  monoxide,  suggesting  that carbon 

monoxide also is interacting with copper (I).    These inhibitors give 

simpler inhibition  patterns  than  does  azide  (Healey  and  Strothkamp, 

1981), which binds to both forms, copper (I) and (II). 

Potassium cyanide from several plant sources strongly inhibits 

PPO.    The inhibition is caused by the chelation of copper atoms, but 

the  enzyme can be regenerated easily by  adding  equimolar amounts 

of copper back into the solution after dialysis.    The inhibiting effect 

of cyanide can be lost by addition of aldehydes, owing to the 

formation   of  cyanohydreins   (Vamos-Vigyazo,   1981). 

The use of photosensitizers such as rose bengal or pyridoxal 

phosphate can inactivate the enzyme.    The effect of adding this to 

tyrosinase may be to expose at least one of the metal ion ligands for 

photooxidation (Gutteridge,  Dickson and Robb,  1977). 
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Certain microorganisms and plants contain some substances 

which also inhibit PPO.    Harel et al. (1967) isolated from Dactylium 

dendroides  a low molecular weight copper chelating peptide which 

was able to inhibit PPO from apples.    In plants the latency of certain 

forms of PPO is believed to be caused by the presence of inhibitors, 

as is the case with spinach leaf senescence.    Thylakoid membrane- 

containing-fractions  from  spinach  leaves  of different  ages,  indicate 

that latent PPO is  spontaneously activated during in  vitro  storage 

only in those leaves where senescence has begun (Meyer and Biehl, 

1980).    Meyer and Biehl (1981)  showed that the observed increase 

in  activity is not related to de novo synthesis but to enhanced 

activation   of pre-existing   latent  membrane-bound  enzyme   forms. 

Sato (1980) suggested that this latency in part results from the 

association of a low MW substance, such as ammonium oxalate, with 

active enzyme to form an inactive complex, which could also be 

produced by freezing (Sato,  1977).    Ammonium oxalate and free 

oxalic acid were found to be responsible for the inhibition of the 

enzyme activity, even at low concentrations, as occurs in the natural 

state.    Sato (1977) also observed that when PPO and the oxalate 

moiety were incubated, loss of activity was progressive.    The 

inhibition in  spinach or mushroom PPO  appears  to be 

noncompetitive  and  was  greatly  affected  by  inactivation  at  different 

pH values, being greater at acidic conditions.    Neutral pH values 

required  longer periods  of incubation  or  higher  temperatures  to 
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observe the same extent of inhibition noted at acid pH values.    If 

oxalate is removed after incubation the PPO activity can be 

regenerated  by adding a copper salt, which suggests  that oxalate 

may be acting by chelating copper.    Oxalate was found to be easily 

separated from the enzyme by gel  filtration  or electrophoresis (Sato, 

1980). 

Concentrations of oxalate sufficient to inhibit the enzyme have 

been found in spinach leaves (0.1-0.2 M), which may explain why 

enzyme activity is not observed in vivo at physiological 

temperatures  (Sato,   1980).  Krueger  (1955)  suggested  that  anionic 

species of carboxylic acids may combine with the cationic moiety 

(i.e. the imidazole group of histidine) at the active center of the 

enzyme.    But Robb, Swain and Mapson (1966) claimed that the 

undissociated molecule of carboxylic  acids may chelate with the 

functional copper, leaving the enzyme inactive.    Ben-Shalom et al. 

(1977) showed a pH dependent inhibition of PPO by halides, 

ascribed to the formation of a complex between copper and the 

anion, which is stabilized as the pH decreases. 

b)    Molecules that interact with products in the chain or substrates 

Thiols are widely used to protect enzymes or proteins during 

extraction from plant tissues.    They are also effective in the 

inhibition of browning.    Some of these molecules are chosen because 

they render stable extracts, especially if PPO is the molecule of 
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interest (Rhodes, 1977).    Thiols such as thioglycolic acid (Coombs, 

Baldry  and  Long,   1974),  mercaptoethanol  (Montgomery  and 

Sgarbieri,   1975), glutathione and cysteine are effective inhibitors  of 

the  enzymic  browning  (Henze,  1956). 

Anderson (1968) grouped a number of -SH compounds in two 

classes, class I:    reducing thiols (thioglycollate, 2- 

mercaptobenzothiazole  (Palmer  and   Roberts,   1967),   and 

mercaptoethanol (Aasa et al.,  1978)), and class II: quinone couplers 

(benzensulphinic acid,  glutathione, cysteine, penicillamine,  DIECA 

and potassium ethyl xanthate).     Reducing thiols  and reducing 

substances such as ascorbic acid interact with the quinones by 

reducing them back to o-diphenols.    As long as there is reducing 

agent available, the onset of browning will be delayed;  the browning 

will appear as soon as the reducing agent is consumed.    Class II are 

often  more effective, perhaps  because they  combine with  the 

quinones  to form  substituted  diphenols,  making  them  inaccessible  to 

PPO  and  providing a permanent inhibition  of browning. 

Concentration at least equal to the amount of phenolics in the plant 

are required.    Evidence of the formation of these compounds is the 

formation   of  quinone-sulfhydryl   fluorescent  complexes   (Henze, 

1956).     Molnar Perl and Friedman (1990) found  that under certain 

conditions -SH containing aminoacids may be as effective as sodium 

sulfite in  preventing  both  enzymatic  and  nonenzymatic  browning. 
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When mercaptans react with tyrosinase, an increase in the 

absorbance at 700 nm is observed (Aasa et al.,  1978).    This is 

directly correlated with loss of activity, with an unusually high EPR 

signal, and with the number of mercaptoethanol molecules bound to 

the  enzyme.     The reaction  between  mercaptoethanol  and  tyrosinase 

seems to proceed  in  different  steps,  forming  an  intermediate 

showing a high absorption at 360 nm.    This is probably due to the 

donation  of an electron to the copper pair,  by  2-mercaptoethanol, 

and binding as a sulfur radical close to the copper pair which at this 

stage will not give a rise in the EPR signal. Aasa et al. (1978) 

concluded  that 0.7-0.8  moles  of mercaptoethanol  bind  per mol  of 

enzyme. 

The application of sulfites to prevent browning (SO2. sulfite, 

bisulfite, metabisulfite), has been a common practice for long time. 

Sulfites may combine with quinones  or reduce quinones to phenols, 

preventing  pigment  formation.     Sulfites  may  combine  irreversibly 

with the quinones to form colorless addition products, at the same 

time reducing the activity of the enzyme towards both mono and 

dihydroxy phenols (Embs and Markakis,   1965;  Markakis and Embs, 

1966).    The use of sulfites in fruits and vegetables has been limited 

by  the Food and Drug Administration  because they can produce 

acute allergic reactions in some asthmatics (Anon.,  1986,  1987). 
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L-ascorbic acid and D-erythorbic acid have been used for a long 

time as enzymatic browning inhibitors  .    These compounds reduce 

the quinones produced by PPO action back to diphenols, preventing 

their  accumulation  and  subsequent  pigment  formation   (Ponting   and 

Joslyn, 1948).    Ascorbic acid also can inhibit PPO (Golan-Goldhirsh 

and Whitaker,  1984).    Ascorbic acid reduces the o-benzoquinone as 

rapidly as it is formed.    No browning occurs as long as ascorbic acid 

is present.    No activity is measured spectrscopically at 395 nm, but 

measurement  of oxygen  uptake  confirms   that  the  reaction  is 

occurring   (Whitaker,   1972) 

Substrate analogs such as benzoic acid, L-mimosine, or cinnamic 

acids can also be used to inhibite PPO.    The inhibition by substrate 

analogs is reversible in  most instances.     In  their study of inhibitors 

of an o-diphenol oxidase from Prunus   avium fruits, Pifferi, 

Baldassari and Cultrera (1974) list benzoic and chlorobenzoic 

substituted acids as inhibitors of PPO, and found the latter more 

efficient in  inactivating the enzyme.     They concluded that electron- 

attracting   groups  in   the  para-position   were  responsible   for  greater 

inhibitory   effectiveness,   whereas   electron-donating   groups 

decreased the inhibition with respect to benzoic acid.    The presence 

of double  bonds conjugated  between  themselves  and  the carboxyl 

group, as is true with sorbic, cinnamylidene acetic and crotonic 

acids, increased the inhibitory strength.    Benzoic acid and its esters 

showed  non-competitive inhibition  of the mixed  type.     That means 
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that the inhibition reduces the affinity of the substrate for the 

enzyme, yet did not bind to the active site.    Cinnamic acid was found 

to be purely competitive (Pifferi et al.,  1974). 

Some molds such as the "blue mold", Penicillium   expansum. are 

able to secrete substances, such as p-coumaric acid and ferulic acid, 

that inhibit PPO of infected apple tissue (Walker, 1970).    Benzoic 

acid  and  some substituted cinnamic  acids  were reported to be 

competitive inhibitors of PPO.    The inhibitory action decreased in 

the following order:   cinnamic acid > p-coumaric acid > ferulic acid > 

m-coumaric acid > o-coumaric acid > benzoic acid (Walker, 1977). 

Mayer, Harel  and  Shain  (1964) reported  2,3-naphthalenediol  to be a 

specific competitive inhibitor for PPO from different sources, 

suggesting it could be used to differentiate the enzyme from laccase. 

Polymeric compounds tend to bind strongly to polyphenols and 

inhibit browning.    Loomis et al. (1979) used insoluble 

polyvinylpyrrolidone   (polyvinylpolypyrrolidone,   PVPP   or   polyclar 

AT)  which  tend to form strong hydrogen bonds  with proteins, to 

remove plant phenolics.     Polystyrene  based  anion  and cation 

exchange resins are known to be able to bind to phenols (Loomis et 

al.,  1979).    In some instances the combination of PVPP and 

polystyrene  (Amberlite  XAD-4)  tend  to complement each  other, 

producing superior enzyme extracts (Loomis et al.,  1979).    The use 

of polymeric compounds is limited to the purification  of enzymes 
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and  other proteins,  where the  bonding  and  interactions  with 

phenolics must be avoided.    Borates are able to prevent enzymatic 

browning by complexing with the phenols  at the o-dihydroxy group, 

thus blocking the oxidation by PPO, and providing excellent 

protection if used with sulfites (Bedrosian, Nelson and Steinberg, 

1959).    The effect of borates is more efficient as the pH increases 

(Bedrosian,  Steinberg and Nelson,  1960). 

If purified enzyme preparations are used, the soluble form of 

polyvinylpyrrolidone (PVP)     acts  as  a competitive inhibitor  of 

phenolase (Walker and Hulme,  1966).     In more complex mixtures 

PVP is thought to act in a partially competitive manner where the 

substrate occupies adjacent sites on the enzyme.    The enzyme 

appears to  be intimately associated  with  polyphenols,  lipids  and 

other complex constituents in  crude preparations,  allowing PVP to 

interact  with  these  other  constituents,   forming  different  kinds   of 

attachments  which  may  be irreversibly inhibiting  the  enzyme.     PVP 

itself prevents phenolase  activity  directly,  rather  than  by  combining 

with  the  phenolic  substrates  to prevent  their  attachment  to  the 

phenolase  (Jones,  Hulme  and  Wooltorton,   1965). 
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c) Lowering pH 

Optimum pH of PPO activity varies with enzyme source and 

substrate between pH 4.0 and 7.0 (Vamos-Vigyazo,  1981).    The 

addition of acids such as citric, malic or phosphoric, lowers pH and 

thus helps to inhibit browning.    However, some foods do not remain 

acceptable organoleptically if the pH is below 3.0 (Labuza and 

Schmidl,   1986). 

d) Excluding Oxygen 

Browning can be prevented by limiting or excluding oxygen.    If 

access to oxygen is limited, oxidation will occur as soon as the 

product tissue contacts air.    Oxygen control is used in the food 

industry for    long-term storage of fresh fruits.    A sugar solution is 

used to cover frozen fruits, and a vacuum is temporarily applied to 

minimize oxygen levels.     If the consumer wants  low-calorie 

products, the use of sugars is limited.    Vacuum packaging will also 

help to slow browning.    Holding peeled or slices fruit in a 1-3% salt 

solution prevents browning for a short time (LaBelle,  1981). 

The most effective way of extending storage life for most 

processing  apple cultivars is by controlled  atmosphere (CA) storage. 

By  holding the fruit in gas-tight refrigerated rooms the storage life 

of many cultivars can be extended to 7-9 months or more, 

depending on cultivar and product.     A  typical  storage atmosphere 

may be composed of 3% O2 and 3-5% CO2 (Massey, 1989).    Storage in 
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CA, or in polyethylene bags in the cold, seems to slow browning 

(Vamos-Vigyazo, 1981).    A problem with CA storage is the cost. 

e)    Blanching 

Heat treatment is the recommended method for products in 

which blanching or short heat treatments can be tolerated, as is the 

case of vegetables and fruit juices.    The required time and 

temperature depends on the pH of the product.     Heat treatment, 

however, cannot be used to denature the PPO of cereal flours 

because protein functionality is lost.    Spices can not be blanched 

because of flavor changes (Labuza and Schmidl,  1986). 

Use of Inhibitors in the Food Industry 

The inhibitors most frequently used in the food industry include 

some thiols such as cysteine (Muneta and Walradt,  1968; 

Montgomery,   1983),  some  substrate  analogs  (cinnamic  acids), 

reducing agents  such  as  ascorbic  acid (Montgomery and  Petropakis, 

1980), and  sulfites.     Alternatives to these  methods have been 

suggested.    The use of o-methyl transferase to convert the o- 

dihydroxyphenolic  PPO   substrates   to  the  corresponding  methoxy- 

derivatives (Finkle and Nelson,  1963) is a process that, 

unfortunately,  does  not  appear  feasible  for  industrial  application 

(Walker,   1977).    Use of protocatechuate  3:4-dioxygenase,  a bacterial 

enzyme which catalyzes the o-fission of aromatic rings (Kelly and 

Finkle,  1969), would be cost prohibitive.    Kon (1980) suggested the 
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use of superoxide dismutase and other oxygen scavengers. The 

inhibition of enzymatic browning of foods still remains open for 

further   research. 

Sporix, an acidic polyphosphate not yet approved for use in the 

U.S.A., has been reported to inhibit browning in fruits and 

vegetables (Zent and Ashoor,  1985).    Combinations of sporix and 

ascorbic acid worked well in inhibiting browning of apple plugs 

(Sapers et al., 1989). 

Since alternatives to sulfites are needed by the food industry, a 

number  of  browning  inhibitor  formulations   have  been   marketed. 

These products are mostly combinations of ascorbic  acid, erythorbic 

acid, or their sodium salts, with citric acid, sodium or calcium 

chloride,  phosphates,  cysteine  and  potassium  sorbate  (Sapers  and 

Hicks, 1989).    A blend of food grade phosphates with citric acid and 

dextrose has been  marketed  as a browning inhibitor for fruits and 

vegetables. 

Labuza et al., 1990, reported that proteolytic enzymes such as 

ficin,  bromelain, papain  and  actinidin  can  prevent  enzymatic 

browning, by destroying PPO.    They found papain to work better 

than  the other proteases for inhibiting browning on  apple slices. 

Bromelain  was effective only  in  refrigerated  apples. 
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Pineapple 

The pineapple (Ananas   comosus') is a member of the Bromeliacea 

family, and is believed to be native of Paraguay.    It first became 

known to Europeans when discovered by Columbus in  1493.    The 

pineapple is best cultivated in mild climates. 

World production of pineapple has increased in the last decades. 

The Philippines and Thailand  are the key processing countries  and 

exporters of pineapple juice concentrate, followed by Brazil, Kenya, 

Mexico, South Africa and the Ivory Coast (Jeffries, 1990).    The main 

importer from the Phillipines, Thailand and Mexico is the United 

States.    Europe imports mainly from Brazil. 

The freshly harvested pineapple fruit contains 80-85% water, 

12-15% sugar (two thirds sucrose and the rest glucose and fructose), 

0.6% acid (87% citric and the rest malic), 0.4 % protein, 0.5 % ash 

(chiefly K), 0.1% fat, some fiber, and several vitamins (mainly A and 

C).    Vitamin C varies from 8 to 30 mg/100 g.    Among the chemical 

components  associated  with  flavor  of pineapple  are  sulphur 

containing compounds  (Collins,   1960). 

The world's production of pineapple is preserved mainly by 

canning.    The most valuable product is sliced pineapple, followed by 

juice, chunks, and diced pieces.    Some other products are fruit salad 

ingredients, sugar syrup, alcohol and citric acid.    In general, the fruit 
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is sorted by size, shape and freedom from major blemishes.    The 

ends, shell and core are removed, yielding a cylinder of flesh which 

is cut into slices, chunks and smaller pieces.    Flesh remaining on the 

trimmed shell and ends, as well as fragments from cutting 

operations, are used for crushed pineapple and juice.    Much of the 

juice is concentrated and frozen because the flavor quality is higher 

than that of single-strength canned juice (Collins,  1960).    The juice 

has a soluble solids content of 12-15% and a high Brix/acid ratio, 

which can vary between  14 and 35.    The pH averages 3.8- 4.0 and 

the Abacaxi variety can have a pH as high as 4.5 (Hooper, 1990). 

In 1979, a process of crushing the whole fruit, instead of only the 

parts rejected during canning,  started  the production  of juice from 

the whole fruit.    This gives a product with better flavor, and more 

body and stability than the juice available before.    This product 

accounts for at least 20% of the pineapple juice consumed.    The juice 

is available in the form of concentrate at 60 and 72° Brix, packed 

either aseptically or frozen  (Hooper,   1990). 

Evaluation of Color Differences 

Scientific color measurement is based on numerical 

representations   or  quantifications  of  the  three  color  response 

mechanisms of the human eye.    Specific numerical values for the 

responses of the human eye to different wavelenghts of light are 

required to measure the way the eye sees color. 
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The Commission Internationale de I'Eclairage (CIE),an 

international   body   which   makes  recommendations  concerning   light 

and  color,  has  adopted  methods  for the measurement and 

specification of color which include:    1) the use of standard light 

sources; 2) measurement of sample color under exact conditions; 3) 

use of appropriate units to express color; 4)  "standard  observer" 

curves  or  tables that relate  objective  measurement to  visual 

response  (Francis and  Clydesdale,   1975). 

Researchers have developed uniform color scales, because the 

CIE scales do not provide uniform estimates of percieved color 

intervals.    Most of the uniform color scales are based on the 

opponent-colors  theory  of color vision  (L,a,b-type),  which  had  its 

begining in 1878 with Ewald Hering, and was refined in 1930 by G.E. 

Mueller.    In the period of 1950 to 1958 Hunter achieved the use of 

opponent colors scales  that could be computed  and read directly 

from the dials of an instrument (Hunter,  1987).    Hunter (1958) 

developed  a  specialized photoelectric  Color-Difference Meter,  which 

has proved well adapted to the grading of a wide variety of 

products.    The Munsell color system is perhaps the best known of all 

the color order systems (Clydesdale,  1969).    The Munsell system 

attempts  to create colors to represent equal intervals  of visual 

perception  of color differences  between  adjacent  samples  and  also 
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specify these colors in terms of three coordinates:    hue, value and 

chroma  (Clydesdale,   1969). 

The instrument developed by Hunter (1948) measures lightness 

and  varies from  100 (perfect white) to zero (black),  approximately 

as the eye would evaluate lightness; and a and b are the 

chromaticity dimensions and give designations    as follows:    "a" 

predicts redness if positive and greenness if negative, and  "b" 

predicts yellowness if positive  and  blueness if negative. 

The opponent-colors theory presumes that there is an 

intermediate   signal-switching   stage  in   the  human  eye,   between   light 

receptors and the optic nerve.    Red responses are compared with 

green generating a red to green color dimension.    This response is 

compared in the same way with the blue to generate a yellow-to- 

blue  color dimension.     The red-to-green  and  the  yellow-to-blue 

color dimensions are represented by  the  symbols a and b.    The third 

dimension,   L for lightness, is a nonlinear function. 

The CIE officially recomended a version of the Adams-Nickerson 

(ANLAB) space, and it is known as the CIE 1976 L*a*b* space which 

has  the official abreviation, CIELAB.    Experimental evidence 

supports  the  validity  of the  opponent-colors  system  (Hunter,   1987). 
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To define the color of an object, a purely objective approach may 

be employed.     In  order to evaluate non-enzymic  browning. Burton 

et al. (1963) made subjective visual assessments of color 

development on  various carbonyl  samples  incubated  in a glucose- 

glycine system.    In the case of bleaching of pigments or browning, 

changes in color have also been measured by using 

spectrophotometric  techniques  to  determine  the  change  in  one  part 

of the spectrum.    To measure the intensity of browned samples, 

McWeeny and Burton (1962) used  this approach  by extracting the 

pigment with  a  mixture  of ethanol  and  water  and  determining  the 

absorbance at 282nm.    Walker,  1962 used     wavelength 490nm to 

measure the browning of apples after clarification of the tissue by 

centrifugation.    Kahan,  1977, used the change of absorption at 410 

nm  to measure the browning of 4-methyl catechol in enzymic 

studies.    Embs and Markakis (1965) measured the rate of browning 

caused by polyphenol oxidase and its inhibition by sulfur dioxide 

using  the increase of absorption   at 420 nm. 

Another criteria used to evaluate food browning has been to 

measure the amount of product formed from  such reaction i.e., 

melanoidin formation, glucose utilization, or to measure loss of 

available lysine (Warmbier et al.,  1976).    All of these methods lack a 

point of reference to appreciate the real color of the samples.    The 

techniques are only useful to determine the change in color and, if 
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quantification is required, the change in color is often referred to a 

blank used in  the  same experiment. 

The color of foods is mainly a matter of reflection, rather than 

transmission, with the exception of relatively few clear liquid foods 

such as oils and beverages (DeMan, 1976).    Fruit is best analyzed by 

reflectance color techniques (Nury et al., 1960).    Sapers and Douglas, 

1987,   developed  quantitative   procedures   to   measure   browning. 

These included the use of tristimulus colorimetry (decrease in L and 

increase in  a value),  spectrocolorimetry  (decrease in  percent 

reflectance  at 440  nm),  and  UV-visible  spectrophotometry  (increase 

in absorbance of clarified juice at 420 nm).    All    correlated with the 

extent  of browning. 

Changes in L-value, a-value, percent reflectance or absorbance 

over time have proved to be a good way of evaluating browning in 

fruit surfaces (Sapers and Hicks,  1989).    They used A-values to 

compare  treatments   by  calculating  percent  inhibition,   which   was 

defined  as   the  difference  between  control  and  treatment,  expressed 

as a percentage of the control A value . 
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INTRODUCTION 

The use of sulfite products to inhibit browning in fresh fruits and 

vegetables  has  recently  been  restricted  due  to  the  anaphylactic 

reactions  that  may develop in  some people  (Anon., 1986,1987). 

Attempts  have been made to find  a substitute for sulfites (Sapers 

and Ziolkowski,  1987; Santerre, Cash and Vannorman,  1988; Hsu et 

al., 1988; Sapers et al.,  1989; Friedman and Molnar Perl, 1990; 

Labuza, Lillemo and Taoukis, 1990; Richard et al., 1991).    Researchers 

had studied ascorbic acid (AA), citric acid, sodium chloride, calcium 

chloride, zinc chloride, cinnamic acid, benzoic acid, Sporix (a 

commercial   polyphosphate),   cysteine,   glutathione,   6-cyclodextrins, 

sodium   benzoate,  ascorbic  acid  phosphates,  sodium  cinnamate, 

sodium ascorbate, or combinations of the above.    Some of these 

inhibitors  or combinations  of inhibitors  work  better than  others  and 

can be used instead of the now restricted sulfites. 

In the last decade consumers and producers have become 

increasingly conscious of nutritious foods and the hazards  that can 
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result from some of the additives used in processed foods.    It would 

be justifiable to increase the use of natural products to preserve the 

quality  of such foods, and at the same time, making them, nutritious, 

safe and acceptable for the public.    Lemon juice may be used to 

inhibit  browning  on fruit surfaces  and pineapple juice  accomplishes 

the same purpose (Bennion,  1990).    Fruit juices such as lime and 

pineapple are  traditionally  used  to retard  the  browning  of 

homemade fruit salads.    The use of pineapple juice to prevent 

discoloration of cut surfaces of vegetables and fruits was first 

reported by Balls and Hale (1935).    Fruit juices may control the 

browning of apple slices, as well as improve flavor and nutritional 

quality. 

The purpose of this study was:    1) determine if pineapple juice 

had potential as  an inhibitor of enzymic browning in processed apple 

products;   2)  determine  what  pineapple juice  components  accounted 

for the inhibition of browning. 
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MATERIALS AND METHODS 

Fruit: 

'Red Delicious' (RD) and 'Granny Smith' (GS) apples were picked in 

September and early October,   1990, at the Mid-Columbia Research 

and Extension Center in Hood River, Oregon and were kept at 30C for 

up to 10 months.    RD apples have been used in many other browning 

inhibition  studies  due  to  their  severe  browning properties  (Toribio 

and Lozano, 1986; Sapers and Douglas,  1987; Sapers and Ziolkowski, 

1987;  Sapers et al.,1989;  Molnar-Perl and Friedman,  1990; Richard et 

al., 1991).    GS apples are recommended for dried products and have 

been also used in  several browning inhibition  studies  (Sapers and 

Douglas, 1987; Sapers et al., 1989).    RD and GS were selected from 

four cultivars  after preliminary  studies,  the former for  the raw 

product  studies  and  the latter for the dried product  study. 

Materials: 

A manual Corer Peeler Slicer (Model No. 300, White Mountain 

Freezer Inc., Winchendon, MA) was used to core, peel and slice the 

apples.    Canned pineapple juice from Dole Packaged Foods Co., San 

Francisco, CA was purchased in the supermarket.    Frozen 

concentrated pineapple juice was provided  by Dole Packaged Foods 
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Co., San Jose, CA.   The ion exchange pineapple juice (IEPJ) was 

prepared  by filtering the juice through a 0.45|J.m filter,  then passing 

it through a BioRex-5 column (Bio-Rad Laboratories, Richmond, CA) 

and, finally, passing the juice through a Sephadex SP C-25 exchange 

column (Pharmacia LKB Biotechnology Inc, Pleasant Hill, CA).   The 

BioRex 5 column was used to remove organic acids and absence of 

ascorbic acid was monitored with dip test strips.    Approximate 

concentration of AA in the canned pineapple juice (PJ) was 

determined with dip test strips (EM Industries, Inc., Gibbstown, NJ), 

and a solution of AA was prepared at that same concentration, which 

happened to be 0.7 %.    Concentrated orange juice from Minute Maid, 

Coca Cola Foods (Huston, TX) was purchased in the supermarket, and 

was diluted to 11.8° Brix; 0.7% Ever Fresh , a commercial preparation 

containing sucrose, ascorbic acid, citric acid and calcium phosphate 

(MCP Foods, Anaheim, CA) was also purchased in the supermarket; 

0.1% sodium bisulfite was used as a positive control. 

Sample   Treatment: 

The apples were screened with respect to size, shape and defect 

level, and cored, peeled and sliced to obtain rings 1 cm thick.    The 

rings  were dipped  in control  or treatment  solutions  for 2 minutes 

and drained.    The solutions used to test browning inhibition in both 

fresh  and dried  apples rings were:     water (control);  canned pineapple 

juice (PJ); frozen concentrated pineapple juice (FCPJ) diluted to 12.8° 

Brix; ion exchanged canned pineapple juice (IEPJ); 0.7% ascorbic acid 
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(AA); orange juice prepared from frozen concentrate by    diluting to 

11.8° Brix (OJ); 0.7% Ever Fresh (EF); and 0.1% sodium bisulfite 

(sulfite) as a positive control.    Table 1 shows the pH, soluble solids 

and ascorbic acid content of the treatment solutions. 

Color Evaluation: 

Color changes were monitored using the reflectance mode of a 

Hunterlab ColorQUEST Spectrophotometer (model CT1100,  Hunter 

Associates Laboratory, Inc., Reston, VI).    L* (lightness), a* (redness- 

greeness),  b*  (yellowness-blueness),  and  absorbance  at 420  nm  were 

recorded  at different     times. 

To compare the effectiveness of the various treatments, changes 

in reflectance of L*, a*, b* and absorbance at 420 nm values were 

recorded over time for each of the experiments. The ability of a 

given  treatment to inhibit the  browning  of the rings  was  determined 

as the difference between  the control  and  treatment values  at each 

specific time (Sapers and Douglas,  1987).    Percent inhibition was 

calculated  using AL*  values. 

% Inhibition! =     ((AL*control   -  AL*treatment)/AL*control)t (100) 

Processing: 

Three separate experiments were carried out (Table 2), two with 

RD and one with GS.   For the RD studies, the rings were either 
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immediately analyzed for color changes or vacuum packed in 

Cryovac Bags (B900, W.R. Grace and Co., Duncan, SC) and stored at 

10C.    For the GS study, after the apple rings were treated and 

drained, they were dried at 740C in a Tunnel Dryer for 2 hours, to a 

moisture content of approximately  22%, allowed to equilibrate to 

room temperature, packed in Cryovac Bags (B900) and stored at 

210C. 

Fresh apple rings 

The first experiment involved evaluation of the color of the fresh 

apples   immediately  after  dipping  in  each  treatment  and  draining. 

Color was measured at zero time (approximately  1  minute), 0.5,  1, 2, 

8, 10,  18, 24 and 48 hours after the treatment.    The color of these 

rings was also evaluated by 8 people at 20oC under fluorescent light 

at 1  and 24 hours.    Between measurements the samples were kept in 

Petri  Dishes  at room temperature  (approximately  20oC). 

Fresh  vacuum-packed apple  rings 

The color changes in the vacuum-packed rings stored at 10C were 

measured  immediately after opening the bags.     Bags were opened on 

the first day, and after 1, 2, 3, 4 and 6 weeks.    A visual panel of 30 

persons   was  used  to evaluate  browning  of the  vacuum-packed  fresh 

apples stored at 10C.      This evaluation was done at room temperature, 

under natural light after 1  day and after 1, 2, 3 and 4 weeks of 

storage.  A visual score from one (no browning) to five (highly 
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browned)  was established  using  pictures of apple rings  as references 

(Ballot  included). 

Dried apple rings 

Color changes in the dried GS rings that had been stored at 210C in 

Cryovac bags were also measured.    At day 1 and after 1 and 2 

months of storage, L*, a*, b* and absorbance at 420 nm were 

recorded. 

Statistical   Analyses: 

Each experiment was subjected to analysis of variance in a 

completely  randomized  design   with  factorial   arrangement  to 

determine the time and treatment effect on response.    A  one factor 

Anova  was  also performed  to compare treatments  at each  specified 

time of color treatment. 
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Treatment pH Soluble Solids 
(0 Brix) 

Ascorbic  Acid 
(mg/ml) 

Control 7.0 0 0 
PJ 3.4 13.0 7.0 
FCPJ 3.6 12.8 3.0 
IEPJ 4.8 10.6 0 
AA 3.0 0.9 7 0 
CJ 3.9 11.8 5.0 
EF 3.5 1.0 7.0 
Sulfite 4.2 0 0 

Table 1.   Composition of dip treatments. (PJ: pineapple juice; FCPJ: 
frozen concentrated pineapple juice; IEPJ: ion exchange 
pineapple juice; AA: ascorbic acid; OJ: frozen 
concentrated orange juice; EF: Ever Fresh) 
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Experiment Storage 

temper- 

ature 

Storage   times Analyses 

Fresh 210C 0,0.5,1,2,8,10,18,24, 

48   hrs 

L*,a*,b*,Abs:420nm 

1,24   hrs Visual   scores 

Fresh- 

vaccum 

packaged 

10C 0,1,2,3,4,6   weeks L*,a*,b*,Abs:420nm 

0,1,2,3,4   weeks Visual   scores 

Dried 210C 0,1,2, 3  months L*,a*,b*,Abs:420nm 

Table   2.    Experiments performed on the apple rings 
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Name     Date. 

Rank the samples for color from one to five according  to  the scale 
provided. 

Sample Number Rank 

776   

189   

242  • 

558   

814   

728   

883   

997   

426   

651   

551   

843   

240   

391   
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Sample Number 

825 

471 

536 

919 

122 

050- 

735 

705 

162 

976 

286 

515 

600 

646 

566 

188 

878 

Rank 
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Sample Number 

480 

691 

359 

786 

652 

302 

353 

347 

501 

Rank 
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RESULTS AND DISCUSSION 

Fresh apple rings 

Figure 1 shows the browning trends in RD rings with time.   The L* 

values of the water control decreased dramatically in the first half 

hour as compared to the rest of the treatments.    AA and PJ had 

similar trends during the first  10 hours,  after which A A treated rings 

browned  very rapidly, presumably due to depletion  of AA. 

A two factor analysis of variance showed that, for all color 

measurements (L*, a*, b* and absorbance at 420 nm), there was a 

highly   significant   difference   (p=0.0001)   between   treatments   and 

times in the RD rings. 

Table 3 shows the percent inhibition caused by the different 

treatments in RD rings at the established times of color 

measurement.    At 0.5 and  1  hour there was not a significant 

difference (p=0.05) between treatments,  including sulfite.     At 2 hours 

there was  not a significant difference (p=0.05)  between the sulfite, 

PJ, FCPJ, AA, and EF.   All these were better inhibitors than OJ and 

IEPJ after 2 hours, however, there was not a significant difference 

between FCPJ and IEPJ. 
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The ascorbic acid concentration used for the AA dip solution was 

0.7 mg/ml   (Table 1), to match the content of AA in PJ, as 

determined by the dip test.    This treatment seemed to be as effective 

as PJ in inhibiting the browning in RD for the first 10 hours (Figurel, 

Table 3).    However, at 18 hours there was a highly significant 

difference between AA and    PJ, IEPJ, and sulfite.    From 18 hours and 

up to 48 hours, sulfite, PJ, and IEPJ proved to be better inhibitors 

than the rest of the treatments (p=0.05).    The browning of the AA 

treated  apples  after  18  hours must be due primarily  to the complete 

oxidation of AA .    The inhibitory effect with time of PJ as compared 

to AA suggests that   AA is not the only factor in the pineapple juice 

responsible for the inhibition.    This also was demonstrated  by the 

fact that IEPJ, which contains no AA, was more effective than AA 

after 18  hours.    The ion exchange columns removed organic acids and 

some  basic  compounds  (including  aminoacids  and  small  peptides), 

that could also contribute to the browning of the apple rings by 

means  of the Maillard reaction. 

Both PJ and IEPJ were significantly (p=0.05) better browning 

inhibitors after 18 hours than FCPJ.    However FCPJ was a significantly 

better inhibitor than AA  at  18  hours (p=0.05). 

At 48 hours there was not significant difference between FCPJ and 

AA. 
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Prevention of enzymatic browning by sulfur containing 

aminoacids  and  peptides  in  apples  has  been  demonstrated  (Friedman 

and Molnar-Perl,   1990;  Molnar-Perl  and Friedman,   1990).     Pineapple 

juice contains  a  sulfhydryl  compound  that  contributes  to  its  peculiar 

aroma (Collins,  1960; Karg & Werke,  1983) and may be contributing 

to its browning inhibition properties (Bennion,  1990).    None of the 

solutions were analyzed for sulfur, but PJ, FCPJ and possibly IEPJ 

may  contain  this   sulfhydryl  compound. 

Sulfite was not significantly different from PJ and IEPJ except at 2 

hours, when IEPJ was a better inhibitor.    However, after 10 hours 

there was a significant difference between sulfite and FCPJ and OJ. 

Both PJ and IEPJ seem to be    good alternatives to sulfites in 

preventing browning over longer periods of time in fresh  apple rings. 

The best browning inhibitors for the unpackaged fresh rings held 

at room  temperature, as determined visually by  8 people after  1   and 

24 hours, were as follows:    sulfite, PJ and A A at one hour and sulfite 

and IEPJ at 24 hours.    These observations are similar to the L* values 

recorded  for those times. 

Fresh  vacuum packed apple rings 

Apples stored in polyethylene Cryovac bags at 10C were evaluated 

for browning once a week (results not shown) but showed no change 

in color    during the first 4 weeks as shown by reflectance 
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measurements made    immediately after opening the bags.     On week 

6, the apples showed a little change in color but were fermented. 

The bags used had a low permeability to oxygen, which also helped 

to delay  browning. 

The results of the sensory panel for vacuum-packed RD    are 

shown in Figure 2.    PJ and AA proved to be the best treatments 

tested to substitute for sulfite.    The ranking used for evaluating 

browning were from 1  (no browning) to 5 (highly browned).    One of 

the reasons that the panelists gave the best score for sulfite-treated 

samples  may have been  been the fact that these samples were 

somewhat bleached.    However,  the texture seemed to be worse than 

that of all other treatments.    Sulfite seemed to penetrate the cells, 

causing  rupture     and making  the  apple rings  appear  slimy. 

Dried apple rings 

There was a highly significant difference in GS rings between time 

and treatment for L*, a*, b* and absorbance at 420 nm 

measurements (p=0.0001).    Table 4 shows the L* values at day one 

and after one and two months of storage.    At day one there was a 

significant difference (p=0.05) between IEPJ and the rest of the 

treatments with  IEPJ being a  better inhibitor than  all  other 

treatments, except sulfite.    After one month of storage, there was no 

significant difference (p=0.05)  between  sulfite and PJ,  but there was 
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a significant difference between  sulfite and  the rest of the 

treatments.    After two months of storage PJ and IEPJ proved to be as 

good as sulfite in inhibiting the browning of dried apple rings.    After 

three months  of storage there was a significant difference  between 

all the treatments.    AA and OJ browned more than the rest.    The PJ 

treatment was  significantly better (p=0.05)  than the rest of the 

treatments,  including the  sulfite  samples  at  three months  of storage. 

The browning of the OJ and AA over time could be due to non 

enzymic browning.    In conclusion, PJ and IEPJ were effective 

browning  inhibitors  for dried  apples. 



r 
40 50 

Time    (hours) 

Figure    1.   Changes in L* in 'Red Delicious' fresh apple rings 
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Percent   Inhibition 
Treatment 

Time PJ FCPJ IEPJ AA OJ EF Sulfite 
0.5 104 a 93 a 91 a 90 a 93 a 72 a 91 a 

1 95 a 92 a 75 a 95 a 95 a 96 a 98 a 
2 108 b 82 ab 56 a 96 b 46 a 83 b 95 b 
8 72 ab 60 a 66 a 70 ab 73 ab 48 a 46 a 
10 67 ab 43 a 60 ab 50 ab 21 a 57 ab 79 b 
18 68 c 41 b 62 c 22 a 27 a 47 b 79 cd 
24 67 c 35 ab 59 c 21 a 32 a 40 ab 80 cd 
48 90 be 57 a 76 b 54 a 52 a 55 a 80 b 

Table    3.      Effect   of   various   treatments   on   inhibition   of   browning   in   fresh 
'Red  Delicious'  apple  rings.     (Values  within  a  column,  followed   by 
different   letters   are   significantly   different   (p<0.05)). 

ON 



L* 

Treatment 1   day 1   month 2   months 3   months 
Control 60 a 65 a 65 b 63 b 

PJ 65 b 71 be 66 be 67 be 

FCPJ 59 a 63   a 61 a '    64 b 

IEPJ 71 c 68 b 66 be 65 b 

AA 65 b 66 b 65 b 55 a 

QJ 67 b 61 a 59 a 58 a 

EF 66 b 65 ab 63 ab 63 b 

Sulfite 73 d 74 c 66 be 61  ab 

Table   4. Changes in L* value of 'Granny Smith' dried 
apple rings (Values  within  a column, followed 
by   different  letters,   are   significantly   different 
(p<0.05)). 
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INTRODUCTION 

The use of sulfites as antibrowning agents has been common in 

fruit and  vegetable processing,  but their use  has recently  been 

restricted by the Food and Drug Administration (Anon.,  1986,  1987). 

Due to the uncertainity over the allowed use of sulfites, as well as the 

possible  risks  involved  in consuming  them,  alternative agents  to 

prevent  browning  in foods  have  been  investigated  by  several 

researchers (Friedman & Molnar Pearl,  1990; Labuza, Lillermo, & 

Taoukis,  1990; Sapers et al., 1989). 

Enzymatic browning in fruits and vegetables is catalyzed by the 

enzyme polyphenoloxidase (PPO), which is present in most plants. 

Enzymatic  browning  occurs  in  fruits  and  vegetables  upon  bruising 

during  handling  or transportation,  and  when  such  products  are kept 

exposed to air in the cut, sliced or pulped state (Labuza and Schmidl, 

1986). 

The method used to prevent undesirable browning used in the 

fruit and vegetable industry is based on inhibition of PPO.    This is 

easily  attained  by heat treatment.     The necessary time  and 

temperature  for  blanching  varies   with  cultivar,   maturity,   and   slice 
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size.    A common blanch process consists of dipping fresh slices in hot 

water or subjecting them to steam at a temperature of 96-990C for 1- 

2 minutes and then immediately cooling them to 7-10oC (Hall,  1989). 

However, in fresh fruits and vegetables,  heat treatment leads to a 

softening of the products that is undesirable.    Blanching is generally 

not an  acceptable alternative for fresh  fruits. 

Pineapple and papaya juice have been reported to prevent 

discoloration of the cut surfaces of fruits and vegetables (Balls & 

Hale,  1935; Bennion, 1990).    Labuza et al.,  1990, tested proteases 

such as ficin, actinidin, papain, and bromelain for enzymatic 

browning inhibition.    Bromelain from pineapple proved to be 

effective  only in refrigerated  apple slices. 

Organic acids in pineapple juice may contribute to the browning 

inhibition properties of the juice.    Citric acid, which is the main acid 

in the juice, can act as a chelator of copper.    Malic acid may help in 

the inhibition by lowering the pH below the optimum pH of 

polyphenoloxidase.    Ascorbic acid is known to inhibit browning by 

reducing the quinones as soon as they are formed. 

Sulfhydryl compounds react with o-quinones produced by PPO 

and form colorless products  (Walker,   1975).     Sulfhydryl  compounds 

such as cysteine and gluthathione have been  shown to be effective in 

the control of enzymic browning in fruit products.    However, neither 

of these are approved for that use in food products in the United 
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States (Labuza et al., 1990).    Bennion (1990) stated that a sulfhydryl 

compound present in pineapple juice may  be responsible for the 

browning   inhibition. 

The idea of doing this study first came from a collegue in our 

Department.    She has been using canned pineapple juice instead of 

other  antibrowning  agent in  processing  dehydrated  fruit for  her 

family  consumption in  a home dehydrator.     The resulting product 

keeps without browning for long periods of time (Daley,  1990). 

The purpose of this study was to fractionate pineapple juice and 

to identify which juice fraction was responsible for the inhibition of 

browning   in   apples. 
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MATERIALS AND METHODS 

Fractionation of the juice: 

Canned pineapple juice (PJ) from Dole Packaged Foods Co., San 

Francisco, CA, was fractionated in the following manner (Figure  1): 

Fraction 1:    Centrifuged, filtered through Whatman #1   filter 

paper,  followed by filtration  through a 0.45  |im Millipore filter. 

Fraction 2:   Fraction 1 was passed through a BioRex 5 anion 

exchange column (Bio-Rad Laboratories, Richmond, CA). 

Fraction 3:    Fraction 1 was passed through a SP Sephadex C25 

cation exchange column    (Pharmacia LKB Biotechnology Inc. Pleasant 

Hill, CA). 

Fraction 4:    Fraction 2 was passed through a SP Sephadex C25 

column. 

Fraction 5:    Fraction 1 was ultrafiltrated in an Amicon stir cell 

with a  10,000 MW    membrane cut-off. 

Fraction 6:    Fraction 5 was passed through a BioRex 5 exchange 

column. 

Fraction 7:    Fraction 5 was passed through a SP Sephadex C25 

exchange   column. 

Fraction 8:    Fraction 7 was passed through a BioRex 5 exchange 

column. 
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Fraction 9:    The concentrated high molecular weight fraction 

obtained  from  ultrafiltration  was  diluted  and  acetone was  added. 

The centrifuged   supernatant  was  decanted,  the  acetone  evaporated 

in a rotary evaporator and diluted  again. 

Fraction  10:    The concentrated high molecular weight fraction 

obtained  from  ultrafiltration  was  diluted  and  acetone was  added. 

The precipitate was dried, pulverized in  a mortar and redesolved in 

buffer. 

Fruit: 

'Red Delicious' apples were picked in September, 1990 at the 

Mid-Columbia Research and Extension Center in Hood River, Oregon 

and were kept at 30C for up to 10 months.    Crude extract from the 

apples was prepared by homogenizing  100 g of apple flesh with  100 

ml cold phosphate buffer, pH 6.5, filtering the homogenate through 4 

layers of cheesecloth, then centrifuging for 20 minutes at  14,750 xg 

in a Sorvall RC5 Refrigerated Superspeed Centrifuge.    The 

supernatant was  decanted  and  used  as a  source  of polyphenoloxidase 

(PPO). 

Inhibition: 

To test inhibition caused by each fraction, 20fil of crude extract 

was added to    20|il of that fraction and 2.96 ml of a 0.05M catechol 

(Sigma Chemical Co) solution in 0.2M phosphate buffer, pH 6.5 at 
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250C and the change in absorbance at 420 nm was recorded for one 

minute.    For control,    20|j.l of crude extract was added to 2.98 ml of 

the same catechol solution.    One unit of enzyme activity was defined 

as the quantity of enzyme responsible for a change in absorbance of 

0.001   per  minute. 

The percent inhibition was calculated using the polyphenoloxidase 

activity  values  (units/gram)  from  the control  and  each  fraction, 

assuming  that the control caused  zero percent inhibition. 

Compositional   Analyses: 

Ascorbic acid was analyzed using an enzymic colorimetric method 

(Boehringer Mannheim GMBH).    Protein was analyzed by the BCA 

method (Pierce Co., Rockford, IL).    Sugar and acid composition were 

determined by HPLC using the method described by Spanos  and 

Wrolstad,  1987.    For the sugar analyses, a Varian 5000 Liquid 

Chromatograph   equipped   with   a  column   heater   (Varian   Instrument 

Group, Walnut Creek, CA), a Perkin Elmer LCI-100 Laboratory 

Computing  Integrator,   and  a  Beckman   501   Autosampler  were  used. 

For the acid analyses, a Perkin Elmer Series 400 Liquid 

Chromatograph   (Perkin   -Elmer  Corp.,   Analytical   Instruments, 

Norwalk, CT), and a Beckman 501  Autosampler were used.    Sulfur 

and copper analyses were performed  in  an  Inductively  Coupled 



67 

Plasma  Spectrometer at the Soil Science Laboratory in Horticulture 

Department,  Oregon  State  University. 

Statistical  Analyses: 

A one factor Anova analysis was performed to compare percent 

inhibition   between   fractions. 
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Figure   3.    Fractionation of Pineapple Juice 
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RESULTS AND DISCUSSION 

The fractionation of the juice (Figure 1) was done to separate 

some groups of compounds that could influence the browning 

inhibition.    The anion exchange column was expected to remove 

organic acids.    The cation exchange column, was expected to remove 

metal activators as well as some basic compounds including some 

aminoacids  and  small peptides.     With  the  ultrafiltration  process, 

compounds  with  molecular  weights  higher  than   10,000  were 

expected  to be  separated from  low  molecular weight compounds. 

Then, fractions  1  to 4 would have high and low molecular weight 

compounds.    Fractions 5 to 8 would have only low molecular weight 

compounds, and fractions 9 and  10,  only high molecular weight 

compounds. 

The results of the analysis of protein, sucrose, glucose, fructose, 

citric acid, malic acid, ascorbic acid,  sulfur and copper analyses 

performed on the pineapple juice fractions are presented in Table  1. 

All the  fractions  that were passed  through  the anion exchange 

columns (2, 4, 6, and 8) did not contain ascorbic acid.    Citric and malic 

acids were also removed by the anion exchange column, except in the 
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case of fraction 6.    In this fraction almost all the citric acid was 

removed, only 0.1 mg/ml remained.    However, 0.4 mg/ml of malic 

acid  was  present. 

Percent inhibition of enzymatic browning by different fractions of 

pineapple juice is presented in Figure 2.    All the pineapple juice 

fractions  prepared  and  tested  on  the apple crude extract resulted  in 

at least 25% inhibition. 

Fraction 3 caused 100% inhibition for at least 12 hours, and this 

value  was  significantly  different  from   the  inhibition  value  caused  by 

all other fractions.    Fraction 3 contained 0.1  mg/ml ascorbic acid, 0.6 

mg/ml malic acid and 2.2 mg/ml citric acid, all of which might have 

contributed to the high inhibition.    Another explanation for the high 

inhibition could  be that, besides the organic acids present, the cation 

exchange  column  may  have  removed  aminoacids  and  peptides  that 

otherwise  could  have also contributed   to  the  browning  by  combining 

to o-quinones, formed after oxidation of polyphenols by PPO (Golan- 

Goldhirsh and Whitaker,  1984).    The cation exchange column may 

also have removed some activators of the enzyme.    The copper 

content of fraction 3 was somewhat lower than the copper content of 

fraction  1  (0.1 ppm vs 0.2 ppm, respectively).    Some phenolics have 

been  reported  to  combine  with  sulfhydryl  compounds,   such  as 

cysteine,  forming colorless  adducts (Dudley and Hotchkiss,   1989; 

Richard et al.,  1991).    Fraction 3 may contain both phenolics and 
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some of the sulfhydryl compounds  which contribute to the aroma of 

the pineapple,  such  as  3-(methyl  thio)propanoic  acid  methyl  ester, 

and cause browning inhibition.    The sulfur content of fraction 3 was 

49.0 ppm as compared to 0.4 ppm on fraction  1. 

Both, fraction 7 and fraction 3 went through a   cation exchange 

column.     The difference in percent inhibition  of browning  by fraction 

7 as compared to fraction 3 (Figure 2, Table 2) may suggest that the 

process   of ultrafiltration  removes   some  high   molecular  weight 

compound (s) that contribute to PPO inhibition.     Among these 

compounds could  be bromelain, which  has been reported to have 

browning  inhibitory properties  (Labuza, Lillermo  & Taoukis,   1990). 

The ascorbic acid content of fraction 3 (0.1  mg/ml), as compared to 

fraction  7 (0.03  mg/ml), suggests  that ascorbic acid also accounted 

for higher percent inhibition of fraction 3.    However, the citric acid 

content is lower in fraction 3 than in fraction 7 (2.2mg/ml vs. 3.0 

mg/ml   respectively). 

The only difference between fractions 1  and 5 is the process of 

ultrafiltration.     It is interesting  to  note  that,  even  with  the difference 

in ascorbic acid content between fractions  1  and 5, 0.1   vs. 0.05 

mg/ml  respectively,  the  decrease  in  percent  inhibition  of fraction  5 

as compared to fraction  1  was not significant.    It seems that, in this 

case, the process of ultrafiltration  did not remove compounds causing 

inhibition.    This suggests that a low molecular weight compound or 
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compounds other than ascorbic acid also are responsible for the 

inhibition   of  browning. 

Both fractions 4 and 8 were the product of cation and anion 

exchange columns.    Fraction 8 was treated in this way after 

ultrafiltration,  which  removed  molecular  weight  compounds  of 

10,000 or higher.    Neither of these two fractions contained citric, 

malic or ascorbic acids.    Besides the molecular weight differences, the 

main difference between these two was the content of sulfur and 

protein (Table 1).    Fraction 4 contained 4.8 ppm of sulfur and 3.2 

mg/ml of protein as compared to 52.2 ppm sulfur and  12.1  mg/ml 

protein in fraction 8.    This suggests that aminoacids, small peptides, 

and other sulfhydryl compounds  accounted  for  the difference in 

sulfur content of fraction 8.    This give us further evidence that 

protein is not playing an important role in the inhibition of browning. 

The percent inhibition in fraction 2 increased significantly in 

relation  to fraction  1, even  though  ascorbic  acid,  and  other organic 

acids were removed by the anion exchange column.    This suggests 

that something  in  fraction   1   contributed  to  the  browning,  and  was 

removed by passing through the anion exchange column.    This was 

unexpected  since fraction   1   contained  ascorbic  acid  and fraction  2 did 

not.    It could be possible that the cation exchange column removed 

something that was activating PPO. 



73 

In a parallel study, apple rings were used, and percent inhibition 

was measured by reflectance changes in L* value.    An equivalent to 

fraction  1  was not significantly different from a sulfite control for a 

period of 48 hours (Lozano-de-Gonzalez et al.,  1991). 

When the ultrafiltered pineapple juice was passed through the 

anion  exchange  column  (fraction  6),  no  significant difference  was 

observed, in relation to fraction 5.    However, when the same 

ultrafiltrated juice was  passed  through  a cation  exchange column 

(fraction  7)  the  percent  inhibition  increased  significantly,  reinforcing 

the theory that  the  aminoacids  and  peptides removed  by  the column 

were not able to combine with o-quinones formed by the action of 

PPO on polyphenols. 

The difference between fractions 2 and 3 may suggest that the 

organic  acids in fraction 3 are contributing to the higher inhibition. 

The main organic acid in pineapple juice is citric acid, followed by 

malic acid.    Table 1 shows the amount of these acids found in the PJ 

fractions by HPLC analysis.    It should be remembered that the 

original  canned pineapple juice was fortified with ascorbic acid.    The 

organic acids may inhibit the action of PPO by lowering the pH of the 

system.    Citric acid may act as a chelator of the copper required for 

PPO activity.    Ascorbic acid is known to inhibit browning, not by 

inhibiting  PPO  directly,  but by reacting  with  the quinones  and 

reducing them back to diphenols.    The content of protein in fractions 
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2 and 3 are similar (13.0 and  16.2 mg/ml, respectively).    The sulfur 

content of fraction 3 is higher than that of fraction 2 (49.0 vs 4.8 

mg/ml, respectively).    This increases the evidence of sulfur 

compounds contributing to the inhibition.     By personal  subjective 

sensory evaluation, it was found that fraction 3  had the characteristic 

aroma of pineapple, whereas fraction 2 did not. 

Figure 2 shows that there is a pattern of inhibition between 

fractions  1, 2, 3    and fractions 5, 6, 7 that are equivalent, 

respectively (i.e.  1-5, 2-6, etc).    The content of sulfur (Table 1) 

follows  the  same pattern. 

Fractions 7 and 2, caused 55 and 51% inhibition, respectively 

(Figure 2, Table 2).    No significant difference in percent inhibition 

was found between  these two fractions.    Percent inhibition caused  by 

fraction 7 could be explained, in part, by its content of ascorbic acid. 

However, fraction 2 was obtained from anion exchange column  and 

did not contain ascorbic acid.    The content of sulfur and protein was 

higher  in  fraction  7  (52.2 ppm  sulfur and  20.2  mg/ml  protein)  than 

in fraction 2 (4.8 ppm of sulfur and  13.0 mg/ml protein). 

The rest of the fractions caused from 26 to 39% inhibition of 

browning.     There  was  not a  significant difference  between  these 

fractions (1, 4, 5, 6, 8, 9 and 10) in their inhibition of browning. 
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Fraction 9 contained virtually all the protein, it contained 124.0 

ppm of sulfur and 0.7 ppm of copper, the highest of all the fractions 

(Table 1).    The amount of copper may be responsible for the lower 

percent inhibition of browning by fraction 9.    Only a small amount of 

protein  was precipitated  into fraction   10. 

The results obtained in this study suggest that pineapple juice 

has, besides ascorbic acid,  other compounds that contribute to the 

inhibition of enzymatic browning.      All the fractions tested proved to 

have capacity for inhibiting browning, at least partially.    In the 

ultrafiltered fractions, the fact that fraction  7  caused  the greatest 

percent  inhibition,  suggests  that  sulfur containing  compounds  and 

organic  acids play a role in the inhibition.    However, the inhibition 

caused by fractions 6 and 8, confirm that not only ascorbic acid is 

responsible for the inhibition.    Fraction 7 contained more sulfur than 

fractions 6 and 8 (Table 1).    The highest percent inhibition was 

caused by fraction 3, which contained 49.0 ppm of sulfur and 0.1 

mg/ml of ascorbic acid.    We concluded that both high and low 

molecular weight compounds  account for the inhibition  of browning 

in crude apple extract.    It would be advisable to perform analyses of 

phenolics  to see what happens to  them during the fractionation of 

the juice.    This would help to further understand the role that they 

play in  inhibition  of browning. 
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Figure 4.   Percent Inhibition of Enzymatic  Browning  by Pineapple Juice Fractions 



Fraction Protein 

(mg/ml) 

Sucrose 

(mg/ml) 

Glucose 

(mg/ml) 

Fructose 

(mg/ml) 

Citric 
Acid 

(mg/ml) 

Malic 
Acid 

(mg/ml) 

Ascorbic 
Acid 

(mg/ml) 

Sulfur 

(ppm) 

Copper 

(ppm) 
1 17.1 0.5 1.3 1.5 2.6 0.7 0.1 0.4 0.2 
2 13.0 1.0 1.7 1.7 4.8 <0.1 
3 16.2 0.4 1.2 1.4 2.2 0.6 0.1 49.0 0.1 
4 3.2 1.0 1.7 1.7 • 4.8 <0.1 
5 15.8 0.3 1.3 1.4 2.4 0.6 0.1 51.4 <0.1 
6 21.6 0.6 1.7 1.8 0.1 0.4 41.0 <0.1 
7 20.2 0.5 1.5 1.6 3.0 0.7 0.0 52.2 0.1 
8 12.1 1.0 1.1 21.4 0.1 
9 46.3 0.3 2.5 2.6 4.5 0.1 0.1 124.0 0.7 
10 0.6 0.5 0.1 

Table 5. Composition of pineapple juice fractions. 
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Fraction %  Inhibition 
1 32 a 
2 51   ab 
3 100 c 
4 26 a 
5 26 a 
6 32 a 
7 55  ab 
8 36 a 
9 39 a 
10 28 a 

Table 6.   Percent Inhibition  of Browning  by 
Pineapple Juice Fractions 
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