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Due to the scarcity of information concerning the oxidase systems 

in cranberries the peroxidase, catalasc, and polyphenolase systems, 

which are used as biochemical indexes of adequacy for enzyme inacti- 

vation in other fruits and vegetables, were investigated. 

Enzyme extracts were prepared from acetone powders with and 

without phenol-binding agents such as polyethylene glycol and poly- 

vinylpyrrolidone (PVP) and buffered PVP,,  The acetone-PVP combination 

was found to be the most effective in reducing the polyphenolic content 

of the enzyme extract. Highest specific activity was obtained by using 

a buffered PVP extract.  The pH optimum of cranberry peroxidase 

activity is 6„0o  Heat inactivation of cranberry peroxidase was deter- 

mined to follow first order kinetics.  There was 907o destruction at 70, 

80, and 90oC requiring 9.40, 1.60, and 0.47 minutes of heat treatment, 

respectively.  The activation energy for the thermal inactivation of 

cranberry peroxidase was found to be 37.2 kcal/mole.  Guaicol, 

o-phenylene diamine (OPDA), and pyrogallol were tested for their 

sensitivity to cranberry peroxidase with OPDA determined as most 

sensitive. 



The pH optimum for catalase activity was found to range from 7.5 to 

9„2„  Kinetics for the heat inactivation of cranberry catalase was de- 

termined not to be of the first order nor zero order.  Approximately 507o 

of the catalase activity is inactivated after heating for 17, 1„8, and 

O.G minutes at temperatures of 50, 60, and 70oC, respectively. 

Cranberry polyphenolase activity was measured using catechol as a 

substrate.  The product of the reaction absorped maximally at 400 mu. 

The pH optimum for cranberry polyphenolase activity was determined 

to be 7<,0o Heat inactivation of cranberry polyphenolase was found to 

follow first order kinetics„  There was 90% destruction at 50, 60, and 

70oC requiring 15.85,   7„05, and 1.37 minutes of heat treatment, res- 

pectively.  The activation energy for the inactivation of cranberry 

polyphenolase was found to be 27.7 kcal/mole. 
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ISOLATION AND CHARACTERIZATION OF SOME OXIDIZING ENZYMES 
OF THE MC FARLIN CRANBERRY 

INTRODUCTION 

The presence of certain enzymes in processed fruit products has 

been recognized by the food industry to cause discoloration and off- 

flavors. Undesirable enzymatic changes in foods are numerous.  The 

browning of certain fruits and vegetables is due to enzymatic action. 

The settling or "cloud breaks" of orange and tomato juices is due to 

the action of native pectinolytic enzymes.  Rancidification and 

hay-like off-flavors are some other undesirable changes that have 

been attributed to enzymes.  For products of highest quality the 

control or inactivation of enzymes is therefore as vital an objective 

of food preservation as microbial destruction. 

Presently, heat is the most commonly used method for enzyme 

inactivation.  The primary purpose of blanching fresh vegetables is 

to inactivate the enzymes in preparation for frozen storage.  The 

most common criterion for the success of the blanching process is the 

inactivation of the enzymes peroxidase, catalase, and polyphenolase. 

These particular enzymes were chosen as biochemical indexes of 

adequacy of enzyme inactivation because of their widespread distri- 

bution and ease of detection.  In the case of peroxidase and catalase, 

they are especially suited for this role because of their resistance 

to heat inactivation. 

The heat sensitivity of an enzyme has been in the past generally 

expressed in terms of thermal death time (T.D.T.) curves. The T.D.T. 
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is the time required to destroy all of the enzyme activity present in 

a solution at a constant temperature.  Destruction of all of the 

enzyme activity becomes questionable if logarithmic inactivation is 

assumed.  If an enzyme is inactivated according to first order kinetics 

an infinite time is required for the enzyme activity to reach a 

mathematical zero as shown by the following equation. 

2.303    C0 
t =   log — 

kl    ct 

where  t = time since zero time 
ki = first order reaction constant 
C0 = concentration at zero time 
Ct = concentration at time t. 

The equation also shows that the T.D.T. is very much dependent on the 

initial concentration C0, and the sensitivity of the assay methods 

used to the end point at which Ct is to be considered zero. 

Thus in an effort to avoid the rather empirical thermal death 

time concept, the heat stability of an enzyme is often presented in 

terms of D values or decimal reduction times.  The D value is defined 

as the time required for 90% destruction of enzyme activity at constant 

temperature. 

The D values for peroxidase in vegetables have been fairly well 

established but such information for fruits has not yet been reported 

in the literature. 

Therefore because of the lack of information concerning the 

presence and heat resistance of such enzymes as catalase, peroxidase, 

and polyphenolase in cranberries, it was the purpose of this work to 

investigate these enzymes.  The results are reported herein. 



LITERATURE REVIEW 

Cranberry Enzymes 

The enzyme systems of cranberries have not been well documented. 

Only recently has the presence of the pectic enzymes in cranberries 

been confirmed in this laboratory by Arakji (1968). 

The presence of peroxidase in cranberries was reported by Gorfien 

£t £l (1955). However further knowledge other than its presence was 

not given. 

The presence of other enzymes such as polyphenolase, catalase, 

and anthocyanase has not been reported.  Consequently it is the purpose 

of this work to confirm and further characterize the presence of 

peroxidase and to establish either the presence or absence of the 

other enzyme systems, catalase, polyphenolase, and anthocyanase. 

The following is a literature review of the enzymes to be 

studied in this work principally peroxidase, catalase, polyphenolase, 

and anthocyanase.  The review will cover the action of enzyme on known 

substrate(s) and the significance or role of the enzyme in fruits and 

their processing. 

Anthocyanase 

Anthocyanase is an enzyme which catalyzes the decolorization of 

anthocyanin pigments. Huang (1955, 1956) first reported the use of 

fungal enzyme preparations for decolorization of anthocyanins. The 

overall decolorization process involved an enzymatic hydrolysis of 

the anthocyanin to anthocyanindin and sugar, and a spontaneous 
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transformation of the aglycone into colorless derivatives. The 

susceptibility of cranberries to anthocyanase action was first demon- 

strated by Huang (1955). When anthocyanase was applied to cranberry 

anthocyanins, a 317o loss in absorbancy at 540 mu was observed after 

19 hours of incubation at 30oC. 

The fungal preparations of anthocyanase have been applied to the 

removal of excess anthocyanin pigments in blackberry wines by Yang and 

Steele (1958). 

The presence of anthocyanin decomposing enzymes have been re- 

ported in apples by Schmid (1967). 

That anthocyanase may pose a problem in cranberries was demon- 

strated by Hayes, Esselen, and Fellers (1948) who found that when raw 

apple juice was mixed with cranberry juice the red color of cranberry 

juice was destroyed in 15 to 20 minutes.  Destruction of the color of 

the cranberry juice was prevented if the apple juice was flash pas- 

teurized to 1950F (90.5oC). 

Certain polyphenolase enzymes have been shown to possess 

anthocyanin decolorizing properties by Peng and Markakis (1963) using 

mushroom tyrosinase and by Sakamura, Shibusa, and Obata (1966) using a 

purified polyphenolase from eggplant. 

Anthocyanin Pigments in Cranberries 

The anthocyanins which are the principal pigments responsible for 

the red color of cranberry have been identified by Sakamura and 

Francis (1961) as cyanidin-3-monogalactoside and peonidin-3-monogalac- 

toside.  Zapsalis and Francis (1965) further identified two additional 
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pigments as peonidin-3-monoarabinoside and cyanidin-3-monoarabinoside. 

A quantitative method for the determination of both total anthocyanin 

and degradation index in cranberry juice has been reported by Fuleki 

and Francis (1968). 

Peroxidase 

Peroxidases are defined as enzymes catalyzing the following re- 

action:  H2O2 + AH2 —> 2 H2O + A, where AH2 is the hydrogen donor 

and A the oxidized donor. 

The official designation for the enzyme by the International 

Union of Biochemists is (EC 1.11.1.7: Donor: H2O2 oxidoreductase.) 

The kinetics of the reaction has been studied in detail by 

Chance (1949).  The mechanism appears to be based on the formation of 

two consecutive enzyme hydrogen donor complexes with two univalent 

oxidation steps. 

The occurrence and distribution of peroxidases have been reviewed 

by Saunders et_  al (1964) and found to be present in a wide variety of 

plants and animals, the enzyme being particularly abundant in figs 

and horseradish. 

The molecular weight of horseradish peroxidase is about 40,000 

and the enzyme contains one atom of iron and one protoheme group per 

group (Maehly, 1955). Optimum pH is 7.0 (Wilder, 1962). 

Esselen (1950) has reviewed the thermal inactivation of fruit 

enzymes and indicated that peroxidase is one of the most heat re- 

sistant enzymes.  Because of this property the inactivation of 
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peroxidase has been extensively used as an indication of adequate 

blanching when such products are to be dehydrated or frozen. 

The conditions for the heat inactivation of peroxidase in 

apricots, pears, peaches, prunes, figs, lemon peel, tomato, banana, 

and dates were investigated by Cruess and Fong as early as 1926 and 

again by Fong and Cruess in 1929.  They found that the resistance to 

heat was greatest in the pH range of 5.0 to 7.0, and decreased with 

a decrease in pH value between 8.0 and 12.0. At pH 12.0 and pH 2.0 

the peroxidase was inactivated at room temperature in 24 hours or 

less. 

Hussein and Cruess (1940) determined the inactivation times and 

temperatures of peroxidase in vinifera grape juice at pH 4.0, in wine 

at pH 3.1, and in buffer solution at pH 5.2 as five minutes at 850C, 

850C, and 90oC, respectively. 

Chari ejt £l (1948) found that prunes with active enzymes devel- 

oped an off-flavor and darkened more rapidly during storage than did 

those which were blanched. 

Nebesky et_ al_ (1950) and Kaplan £t al (1949) determined the 

thermal death times for peroxidase by the end point method in acid 

fruits such as apples, peaches, pears, and pickles and found that the 

heat inactivation curves for peroxidase followed a straight line when 

plotted on semilogarithmic paper. 

Cobey and Manning (1953) discussed the relative merits of using 

peroxidase or catalase as an indicator for adequacy of blanching of 

frozen vegetables. They recommended using peroxidase as it was the 
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most heat resistant enzyme and allowed a greater margin of safety in 

blanching than catalase in most vegetables. 

Lopez et al (1959) measured the catalase and peroxidase activity 

in peas before and after blanching in boiling water and determined 

that a three minute blanch was sufficient to inactivate peroxidase 

which was more heat resistant than catalase. 

Farkas et_ al (1956), Zoueil and Esselen (1958), Joffee and Ball 

(1962), and Yamamoto et al (1962) studied through the kinetics approach 

the thermal destruction of peroxidase in low acid vegetables. They 

found that the heat inactivation of peroxidase followed first order 

kinetics. 

Joslyn (1938, 1949, 1957) has reported and reviewed the signif- 

icance of peroxidase activity in frozen vegetable tissues. 

Balls (1942, 1943), Schwimmer (1944), Guyer and Holmquist (1954), 

Vetter et al (1958a, 1959), Joffee and Ball (1962), Pinsent (1962), 

and Wilder (1962) have studied the conditions under which regeneration 

of peroxidase occurs in several different vegetables.  In general, it 

has been found that in order to irreversibly inactivate peroxidase 

the time-temperature conditions used must be more intense than the 

minimum time-temperature conditions needed to inactivate the enzyme. 

Therefore, enzyme regeneration must be considered an important factor 

in blanching vegetables for freezing and in the sterilization of 

canned foods, especially when high temperature-short time processes 

are used. 

The classical method for heat inactivation of enzymes in foods 

has been based on the "end point" determination where a series of 
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samples were heated at a given temperature for various times and 

analyzed for residual activity. The enzyme was considered inactivated 

when the assay method could no longer detect any activity.  Clearly 

then the disadvantage of the end point method is the dependence on the 

initial concentration and the sensitivity of the method. 

Another approach which avoids the disadvantages of the end point 

method has been outlined by Esselen and Pflug (1954) and Stumbo (1949) 

in which the rate of inactivation is determined at several different 

temperatures.  This approach, kinetics approach, has been applied by 

Farkas et al (1956), Zoueil et al  (1958), and Yamamoto et al (1962) 

to peroxidase in vegetables and by Sapers jet al_  (1962b) to catalase 

in spinach, and by Dimick, Ponting, and Makower (1951) to phenolase 

in apples, apricots, peaches, pears, and grapes. 

Assay Methods for Peroxidase 

The assay of peroxidases has been discussed by Maehly and Chance 

(1954).  Principally, there are two approaches to the quantitative 

estimation of peroxidase activity.  The approach most widely used is 

the colorimetric measurement of the oxidation products of the donor 

substance.  Compounds which have been used as donor substances are 

guaicol, pyrogallol, ascorbic acid, mesidine, benzidine, O-phenylene 

diamine (OPDA). 

Reddi, Esselen, and Fellers (1950) measured the peroxidase acti- 

vity of apples with three different donor substances OPDA, pyrogallol, 

and guaicol and determined that OPDA was the most sensitive donor sub- 

stance.  The OPDA method was adapted by Vetter et al (1958b) as a 
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quantitative method for sweet corn peroxidase and later applied by 

Yamamoto et_ al (1962) to the kinetics studies of heat inactivation 

of corn peroxidase. 

The other approach also discussed by Maehly and Chance (1954) and 

which is rarely cited in the literature is the determination of the 

residual substrate hydrogen peroxide. The residual substrate concen- 

tration can be determined either through titration using thiosulfate- 

potassium iodide system or gasometrically where the residual hydrogen 

peroxide is destroyed catalytically using Mn02 or catalase. 

Catalase 

Catalase catalyzes the decomposition of hydrogen peroxide according 

to the reaction:  2 H2O2 —>02+ 2 H2O. 

The enzyme is officially designated by the International Union of 

Biochemistry as (EC 1.11.1.6: H2O2). The enzyme is grouped with the 

hemoprotein enzymes containing ferriprotoporphyrin prosthetic groups. 

The enzyme is widely distributed amongst both animals and plants.  The 

significance and role of catalase in frozen vegetable tissue has been 

reviewed by Josljm (1949).  Catalase's importance to the food industry 

is due to the fact that it was used as a biochemical index for adequacy 

of blanching.  It was used because of its widespread occurrence and 

heat resistance. 

That changes occur in the flavor of most untreated vegetables 

during freezing storage is now common experience. These changes in 

flavor have been ascribed to the activity of naturally occurring 

enzymes not inhibited by low temperature and ice formation. 
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The thermal inactivation of catalase was first found by Diehl, 

Dingle, and Berry (1933) to parallel that of the enzymes concerned in 

the development of off-flavors.  They found that Alderman peas scalded 

at various temperatures for times long enough to qualitatively inacti- 

vate catalase did not form undesirable odors when stored at 20oF for 

four months.  Tressler (1932) concluded that catalase may be used as 

an index for the activity of other enzjnnes in vegetables being prepared 

for freezing. 

For the most part, investigations of the thermal lability of 

plant catalase have dealt with semi-quantitative determinations of 

blanching times and temperatures (Joslyn, 1949). There is little 

information as yet concerning the percentage inactivation of peroxidase 

required to retain flavor over prolonged storage. Joslyn (1949) in- 

dicated that complete inactivation is not necessary, even for storage 

of three to seven years at -170F.  Lopez, Bockett, and Wood (1959) 

studied the heat inactivation of catalase and peroxidase in peas using 

qualitative end point methods.  They determined that a two minute blanch 

at 100oC was sufficient to inactivate catalase but a three minute blanch 

was needed for peroxidase. 

Sapers and Nickerson (1962b) using the kinetics approach studied 

the heat inactivation of catalase in spinach. They determined that 

the inactivation kinetics was not of the first order and that the 

thermostability of purified spinach catalase was not influenced by the 

enzyme concentration or by the presence of 1.5% NaCl, 3.6% sucrose, or 

3.6% starch. 
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Aung and Ross (1965) employed the concept of D values in studies 

of heat inactivation of pectinesterase in papaya puree.  They also 

studied the heat inactivation of catalase and determined the time and 

temperature required for inactivation by the end point method. 

Catalase Assay Method 

Various methods for the determination of catalase activity have 

been reviewed by Maehly and Chance (1954). In measuring the overall 

reaction of catalase with H2O2 four methods have mainly been used in 

the past:  1) The oxygen evolved can be measured gasometrically, 

2) The residual H2O2 can be determined by titration with permanganate, 

or 3) Iodide, and/or 4) The decrease in absorbance of H2O2 at 260 mu 

can be measured spectrophotometrically as prescribed by Beers and 

Sizer (1952). 

Maehly and Chance (1954) further discussed the advantages and 

disadvantages of the various methods of assay. With the titrametric 

methods organic matter can interfere by oxidation of reduction of H2O2 

as well as KMn04 or KI leading to high blank values in the determina- 

tion.  All optical methods can further be hampered by turbidity of 

the test solutions. The advantages of the gasometric assay method 

was that it could be applied to any kind or biological material; a 

purification of the enzyme is not required. Most important was that 

the assay is independent of small amounts of peroxidase activity. 

Polyphenolase 

Many fruits undergo rapid changes in color following mechanical 

or physiological injury during harvesting and storage.  Such color 
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change in fruit products is accentuated during preparation for 

processing by canning, dehydration, or freezing, and continues during 

freezing storage and subsequent defrosting of frozen fruits. The 

natural color of the product may be destroyed or masked by formation 

of dark brown or reddish pigment which cause the product to become 

unattractive in color (Joslyn and Ponting, 1951).  Cause of the color 

change has been attributed to the action on phenolic substrates of an 

enzyme called polyphenolase.  In 1920, Onslow showed that peaches 

contain both oxidizing enzymes and certain phenolic compounds, the 

latter being converted to brown-black substances of unknown consti- 

tution during oxidation. Later in 1931, Onslow investigated the 

oxidizing enzymes present in higher plants and classified them into 

two groups, those which contained oxygenase and catechol compounds 

and those in which oxygenase and catechol compounds were absent. 

Polyphenolase is an enzyme known under various names such as 

catecholase, phenolase, polyphenol oxidase, tyrosinase.  The system- 

atic name as designated by the International Union of Biochemists is 

(EC 1.10.3,1) o-diphenol: O2 oxidoreductase. 

The enzyme catalyzes reactions in which catechol derivatives are 

oxidized to o-quinones which are then converted non-enzymatically to 

a highly colored polymer (Corse, 1964). The enzyme is widely distri- 

buted in plants, invertebrates, and higher animals.  Its role in 

plants is not clearly understood (Constantinides and Bedford, 1967). 

Substrate Specificity of Polyphenolase 

Cruess and Sugihara (1948) used the term oxidase for the mixture 

of polyphenol oxidases and peroxidases in extracts of crude enzyme 
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preparations from fruit tissues. Apricot polyphenolase prepared by 

Samisch and Cruess (1934) was able to catalyze the oxidation of 

catechol and pyrogallol and not that of phenol, resorcinol, quinol, 

phloroglucinol or tyrosine.  Samisch (1937) also reported that the 

extracts of avocado behaved the same as that of apricot. Jimenez 

(1947) reported similar results with guava extract.  Cruess and 

Sugihara (1948) studied the polyphenolase of olives and found that 

it catalyzed only the oxidation of o-dihydroxyphenols. 

Reyes and Luh (1960) reported an optimum pH of 5.9 to 6.3 for 

the polyphenolase of peaches with catechol as the substrate.  They 

found that the enzyme acted primarily at the ortho-dihydroxy con- 

figuration. 

Palmer (1963) isolated a polyphenolase from banana and showed 

that it catalyzed the oxidation of o-dihydric phenols, but not that 

of monophenols such as tyrosine, tyramine, ortho- and para-cresol. 

Blake and Davidson (1941) classified a number of peach varieties 

on the basis of the color reaction between four mis of peach juice 

and three drops of 6% FeCl3 solution. They estimated the phenolics 

by the color and thickness of the discolored layers formed by adding 

FeClo to the peach juice.  On this basis they found that varieties 

high in acidity as well as tannin were objectionably astringent and 

more susceptible to browning. 

Eiger and Dawson (1949) found that purified sweet potato poly- 

phenolase oxidizes only polyphenols with the orthodihydroxy grouping, 

although sweet potato slices will oxidize p-cresol also. 
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El-Tabey and Cruess (1949) also reported that apricot oxidase 

containing polyphenolase and peroxidase catalyzed the oxidation of 

catechol, protocathuic acid, caffeic acid, and digallic acid. 

Pouting and Joslyn (1948) prepared polyphenolase from apples and 

reported an optimum temperature of 40oC and an optimum pH of 7.0. 

Catechol, resorcinol, p-cresol, guaicol, and phenol were tested as 

substrates. Only catechol was oxidized by the enzyme. 

Shannon and Pratt (1967) investigated various phenolic compounds 

as possible substrates of apple phenolase. They found that quercetin, 

rutin, cyanidin chloride, phloroglucinol, and resorcinol were neither 

substrates nor inhibitors of apple polyphenolase.  Esculetin and di- 

hydroquercetin were found to be substrates of polyphenolase. It was 

hypothesized that the conjugated system in flavones prevents these 

compounds from being apple polyphenolase substrates. 

Endogenous Substrate 

In order to demonstrate a complete polyphenolase system in a 

certain fruit several workers have not only extracted the enzyme but 

also the endogenous phenolics which were then used as substrates. 

Samisch and Cruess (1934) prepared a tannin extract from the lead 

precipitate of the water-soluble portion of an acetone extract of apri- 

cots.  This solution was an excellent substrate for apricot polypheno- 

lase although it gave only a weak color test with ferric salts.  El-Tabey 

and Cruess (1949) repeated this separation by extracting fresh apricot 

tissue with acetone, filtering, evaporating to dryness at 70oC (1580F), 

redissolving in acetone, and redrying and obtained a preparation which 

gave the usual ferric chloride test for catechol compounds. 
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In demonstrating the action of borates as inhibitors of enzymatic 

browning Bedrosian, Steinburg, and Nelson (1960) prepared a polyphenolic 

extract of apples as a substrate.  The phenolics were extracted from 

apple puree with acetone, evaporated to dryness and precipitated with 

lead acetate to lead phenolate and then taken up in sulfuric acid to 

liberate the phenols. 

Motawi (1967) also used a polyphenolic extract of sunbeam peaches 

in studying their susceptibility to browning. 

Polyphenolase:  Physiological Disturbances 

Several workers have attempted to show the relationship between 

enzyme activity and the endogenous phenolic content with physiological 

disturbances and other browning phenomena. 

Mondy et al (1966) investigated the relationship between storage 

temperature and the tendency for browning and found that potatoes 

stored at 50oF had higher polyphenolase activities than those stored 

at 40oF and the phenolic content was higher in potatoes stored at 40oF 

than those stored at 50oF. 

In investigating tomatoes Hobson (1967) determined that the poly- 

phenolase activity increases towards maturity and then decreases 

somewhat during normal ripening.  Those tomatoes showing physiological 

disorders known as "blotch" and "blossom-end" rot also contained en- 

hanced activity especially in the affected region. 

Harel, Mayer, and Shain (1966) assayed the content of o-diphenols 

and polyphenolase activity in developing apples from fruit set to 

harvest time.  They determined that both factors determine the rate 



16 

of browning.  Content of o-diphenols shows a peak early in development 

dropping later due to conversion to other compounds and cessation of 

synthesis. Polyphenolase activity showed a peak after that occurring 

in content of o-diphenols. 

Hyodo and Uritani (1967) isolated the polyphenolase produced in 

sweet potato tissue after wounding and from healthy root tissue. They 

demonstrated that the polyphenolases from wounded tissue differed from 

those of healthy tissue by means of electrophoretic, chromatographic 

behaviors and by enzymic properties such as pH activity curve. 

Chemical Inhibitors and Antioxidants 

The use of chemical inhibitors of enzymatic browning has been 

discussed by Ponting (I960).  Sulfur dioxide is cited as one of the 

most widely used and most effective.  Concentrations as small as one 

ppm of free SO2 are sufficient to give a measurable inhibition of the 

enzyme but larger concentrations are used in practice.  The next most 

widely used group of chemical inhibitors are acids both inorganic and 

organic as well as those with reducing power such as ascorbic acid. 

Ascorbic acid has been used a great deal to control enzymatic brown- 

ing in fruits because it prevents the formation of brown oxidation 

products by reducing the o-quinone before it polymerizes and also aids 

slightly in lowering the pH.  Besides being a non-caloric additive it 

is valuable as a vitamin.  Borates have been demonstrated by Bedrosian, 

Steinburg, and Nelson (1960) as inhibitors of enzymatic browning by 

forming a complex with polyphenols at the di-OH grouping. 
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Inactivation of Polyphenolase by Heat 

There have been very few works on the heat inactivation of 

polyphenolase enzymes, mainly because the criterion of success for 

the heat treatment was evaluated subjectively by its prevention of 

browning. However a few workers have studied the inactivation of 

polyphenolase qualitatively.  El-Tabey and Cruess (1949) reported 

data on the activity of apricot polyphenolase and apricot peroxidase 

in tissue preparations after heating at various temperatures at pH 

4.0, 5.0, and 6.0. After one hour at 550C (1310F) the activity of 

the polyphenolase decreased from 100% at 10oC to 30% at pH 4.0, 51% 

at pH 5.0, and 17% at pH 6.0.  Dimick, Ponting, and Makower (1951) 

published kinetics data on the heat inactivation characteristics in 

apples, apricots, peaches, pears, and grapes.  Through their investi- 

gations they determined that the heat inactivation of polyphenolase 

followed first order kinetics. From the slopes of the semi-logarithmic 

plots they calculated the D values in seconds at 750C which are as 

follows:  pear 390, apricot 80, grape 27, peach 12, and apple 7.5. 

Effects of pH 

Samisch and Cruess (1934) found that polyphenolase extracts from 

apricots and peaches exhibited a sharp optimum rate of oxygen absorp- 

tion at pH 4.9 falling off on either side of the optimum. Ponting and 

Joslyn (1948) found that purified apple polyphenolase catalyzed the 

oxidation of catechol at a rate which increased with pH to an optimum 

at pH 7.0.  El-Tabey and Cruess (1949) found the polyphenolase activity 
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of apricots to increase from zero at pH 2.2 to a maximum at pH 7.0. 

Cruess and Sugihara (1948) reported the optimum activity for olive oxi- 

dase with catechol as substrate at pH 7.5. 

Isolation of Enzymes from Fruits 

In the isolation of fruit enzymes the disruption of the tissues 

is usually involved resulting in the mixing of the various cell compo- 

nents which in the living organism were rigidly compartmentalized. 

In many cases this results in the partial or complete inhibition of 

the enzymes. The inhibition of fruit enzymes by phenolic compounds 

have been reported in apples by Jones, Hulme, and Wooltorton (1965), 

Walker and Hulme (1965), and also Dilley (1966) and in bananas by 

Badran and Jones (1965) , 

Jones, Hulme, and Wooltorton (1965) and Loomis and Battaile 

(1966) have discussed the effects of plant phenolic compounds on the 

isolation of plant enzymes.  Phenols can combine with enzyme proteins 

reversibly by hydrogen bonding or irreversibly by oxidation followed 

by covalent condensations.  The enzyme proteins which have undergone 

such a reaction are thus rendered inactive. The phenols can be removed 

through the use of polyvinylpyrrolidone (PVP) in the extraction method 

thus rendering active enzyme extracts. Goldstein and Swain (1965) 

studied the tannin inhibition of various enzymes including peroxidase 

and catalase and their reactivation with various possible phenol 

binding agents such as polyethylene glycol (PEG) , PVP, and polyvinyl- 

alcohol (PVA). Their results showed differences in the degree of 

inhibition and reactivation amongst the various enzymes which they 



19 

attributed as probably resulting from differences in structure of the 

proteins. 

The occurrence of phenolic type compounds in cranberries has been 

reported by various workers.  Sakamura and Francis (1961) established 

the presence of four anthocyanin pigments in cranberries and positively 

identified two of them as cyanidin-3-monogalactoside and peonidin-3- 

monogalactoside.  Zapsalis and Francis (1965) later confirmed the 

presence of all four pigments and identified the others as cyanidin- 

3-monoarabinoside and peonidin-3-monoarabinoside. Puski and Francis 

(1967) isolated the flavonol glycosides from cranberry and identified 

them as quercetin-3-galactoside, quercetin-3-rhamnoside, quercetin-3- 

arabinose, quercetin, myricetin-3-arabinoside, and myricetin-3- 

digalactoside. 
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MATERIALS AND METHODS 

Source of Fruit 

The cranberries, Vaccinium macrocarpan var. McFarlin, used in this 

study were obtained from Ocean Spray, Inc. at Markham, Washington.  The 

fruit was washed and sorted and only mature, sound berries were used. 

The fruit was packed into 30 pound tins lined with polyethylene bags 

and then frozen and stored at -23.30C (-10oF). 

Extraction of Enzymes 

In preliminary experiments on the extraction of enzymes from 

cranberries with buffered solutions difficulties were encountered in 

obtaining sufficient activity.  Therefore various extraction methods 

were attempted to obtain an active enzyme extract.  The extraction 

methods used were acetone powders, acetone powders in combination with 

either PEG or PVP, and buffered extracts with PVP.  The various ex- 

traction methods were then evaluated by the quantitative estimation 

for proteins, tannins, and peroxidase activity. 

Acetone Powders 

In the preparation of acetone powders, 100 grams of frozen cran- 

berries were blended with 300 mis of cold acetone -23.30C (-10oF), in 

a Waring Blendor for one minute and filtered in a Buchner funnel in 

vacuo through a Whatman No. 1 filter paper. The procedure was repeated 

twice more on the residue, filtering to dryness on the last extraction. 

The powder was then stored in Erlenmyer flasks at -23.30C (-10oF). 
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Enzyme extracts were prepared from the powders by mixing the 

acetone powder with 300 mis of distilled water for 12 hours at 40C. 

The slurry was squeezed through a nylon cloth and centrifuged at 9,750 x 

g for 30 minutes for further clarification. 

PVP Extracts 

The method for the extraction of enzymes using PVP (polyvinyl- 

pyrrolidone) as developed by Loomis and Battaile (1966) was applied 

to cranberries as follows:  100 grams of frozen cranberries were 

powdered in a Waring Blendor using liquid nitrogen.  The frozen powdered 

cranberries were then mixed into a paste of PVP previously prepared as 

follows:  25 grams of PVP were added to 200 mis phosphate buffer pH 7.5 

(26.2 grams anhdrous Na2HP04 and 1.25 grams citric acid monohydrate to 

1000 mis of water), mixed to form a thin paste and stored overnight at 

40C so that the PVP would be fully hydrated.  The enzyme extract was 

expressed from the PVP paste by squeezing through a nylon cloth and the 

residue was extracted again with 100 mis of chilled distilled water 

(40C).  The extract was further clarified by centrifuging at 9,750 x g 

for 30 minutes. 

PEG Extracts 

For the preparation of enzyme extract using acetone powder and 

PEG (poly-ethylene-glycol, mol. wt. 4,000) 100 grams of frozen cran- 

berries were blended with 300 mis of cold acetone (-23.30C) and 10 mis 

of a 20% aqueous solution of PEG in a Waring Blendor for one minute and 

filtered through a Buchner funnel with Whatman No. 1 filter paper, 
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filtering to dryness on the last extraction. The powder was then 

stored in a stoppered flask at -23.3 C.  Enzyme extracts were prepared 

from the powder as described previously. 

Acetone-PVP Extracts 

For the preparation of enzyme extracts using acetone powder and 

PVP, 100 grams of frozen cranberries were blended with 300 mis of cold 

acetone (-23.30C) and two grams of PVP in a Waring Blendor for one 

minute and filtered in a Buchner funnel through a Whatman No. 1 filter 

paper.  The procedure was repeated twice more on the residue, with 

filtering to dryness on the last extraction.  The powder was then 

stored in stoppered flasks at -23.30C.  Enzyme extracts were prepared 

from the powder as described previously. 

In order to further concentrate the enzyme extracts an ammonium 

sulfate precipitation was performed on the enzyme extracts.  The 

enzyme extracts were made 0.65 saturated with ammonium sulfate.  The 

ammonium sulfate was added slowly with constant stirring at 40C.  The 

precipitates which formed were of two types.  One type which floated 

was removed with a spatula. The other type which was in suspension 

was removed by centrifugation at 9,750 x g for 30 minutes.  The 

precipitate was resolubilized in 40 mis of distilled water, placed 

into dialysis tubing and allowed to dialyze for 12 hours at 40C. 

Three changes of water were found to be sufficient to remove the 

ammonium sulfate as indicated by a qualitative test using a 5%  solu- 

tion of BaCl2. 
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Kjeldahl-Nitrogen Determination 

For the quantitative estimation of enzyme proteins various 

methods may be employed.  One of the commonest employed is the 

Kjeldahl determination of protein nitrogen. 

The method used for the determination of nitrogen was the micro- 

Kjeldahl method as prescribed by the A.O.A.C. (1960). A two ml aliquot 

of the enzyme was pipetted into a 25 x 200 mm test tube; 2.0 mis of 

concentrated H2SO4, 2.0 grams K2SO4 with 40 mg of HgO, and boiling 

chips were added.  Digestion was carried out for two hours after the 

solutions turned clear. The solutions were allowed to cool, whereupon 

water was added to dissolve the solids and the solutions were trans- 

ferred to the micro-Kjeldahl distillation apparatus with four or five 

successive water rinses.  Eight to 10 mis of NaOH - Na2S203 solution 

(dissolved 60 grams NaOH and 5 grams ^28203.5 H2O into 100 mis H2O) 

was added.  The distillate was collected in a 125 ml Erlenmyer flask 

containing 5 mis of 4% boric acid solution and 2 drops of methyl red- 

Bromcresol green indicator.  The distillate was then titrated with a 

standardized HCl solution. 

Total Phenolic Determination 

Total phenolic concentration was determined by the Folin-Denis 

procedure as prescribed by A.O.A.C. (1960). A standard curve was 

prepared for tannic acid and the results were reported as tannic acid 

equivalent. A one ml aliquot of the sample was pipetted into a 100 ml 

volumetric flask containing 75 mis of distilled water. Five mis of 

Folin-Denis reagent and 10 mis of saturated sodium carbonate were 
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added, mixed well, and diluted to mark with water. After 30 minutes 

the absorbance was determined by a Photovolt Lumetron colorimeter at 

650 mu. 

Determination of Peroxidase Activity 

For the quantitative estimation of peroxidase activity a modified 

method of Vetter et al (1958b) was used. As described below the method 

involves the spectrophotometric determination of a colored end-product. 

Five ml aliquots of enzyme extract were mixed in 18 x 150 mm test 

tubes with 0.2 ml of o-phenylene diamine»HCl (1% aqueous solution) and 

then with 0.2 ml of 0.3% H2O2.  The mixture was allowed to react for 

10 minutes at 20oC, whereupon the reaction was arrested using 0.2 ml 

NaHS03 (saturated solution).  The absorbance at 450 mu was then 

measured in a Beckman DU spectrophotometer using a blank in which the 

saturated NaHS03 was added prior to the addition of H2O2. The absorp- 

tion maximum was determined in a Beckman DK-1 recording spectrophoto- 

meter. 

Peroxidase Time Course 

In order to follow the course of the action of cranberry peroxidase 

on OPDA, five ml aliquots of buffer extract with PVP were used as an 

enzyme source.  To the five ml aliquots were added 0.2 ml of 1.0% OPDA 

and 0.3% H2O2.  The reaction was allowed to proceed for varying amounts of 

time from 2 to 18 minutes before the addition of 0.4 ml of saturated 

HSO3" to stop the reaction.  The absorption was then read at 450 mu in 

a Beckman model B spectrophotometer. 
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Peroxidase-pH Optimum 

Studies were conducted to find the optimum pH for the determination 

of cranberry peroxidase by the OPDA method. One-half gram portions of 

acetone powder prepared from cranberries were extracted with 100 mis 

of citrate-phosphate buffers of various pH's from 4.6 to 7.6 for 30 

minutes.  The liquid was then expressed through a nylon cloth then 

centrifuged at 9,750 x g for 30 minutes. The samples were then 

analyzed for peroxidase activity as previously described. 

Peroxidase-Heat Inactivation 

The dialysate of an ammonium sulfate precipitate of an acetone 

powder extract was used as the enzyme source for the study of the heat 

inactivation kinetics of cranberry peroxidase.  Capillary tubes 1.5 to 

2.0 x 10.0 mm were sealed at one end under an oxygen flame. The 

capillary tubes were filled approximately 3/4 full with a syringe and 

sealed under an oxygen flame. The tubes were immersed in a glycerine 

bath at a prescribed temperature and time and cooled immediately in 

crushed ice.  The tubes were broken open and the contents collected 

and analyzed for peroxidase activity.  To 0.5 ml of the enzyme was 

added 4.5 mis of phosphate-citrate buffer pH 6.0 (3.43 grams of an- 

hydrous dibasic sodium phosphate and 1.41 grams of citric acid mono- 

hydrate in 1 liter of water), 0.2 ml OPDA 17=, and 0.2 ml 0.3% H2O2. 

Substrate Specificity 

The cranberry peroxidase activity on three commonly used 

"substrates" of peroxidase, namely guaicol, o-phenylene diamine, and 
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pyrogallol was studied in order to determine their relative sensitivity 

to colorimetric measurements. The pooled fraction # 6-24 from Sephadex 

G-75 was used as the enzyme source.  To 5 mis of the enzyme extract was 

added 0.2 ml of 0.552 M solution of substrate either OPDA, guaicol, or 

pyrogallol, and 0.2 ml of 0.3% H2O2.  The reaction was allowed to pro- 

ceed for 10 minutes whereupon the test tubes were immediately immersed 

in ice and to the OPDA solution was added 0.4 ml of saturated NaHS03 

solution. The absorption of the solution was then read at 450 mu for 

OPDA, and 420 mu for guaicol and pyrogallol in a Beckman model B 

spectrophotometer. The reactions were carried out at 220C. 

Separation of Peroxidase from Cranberry Proteins 
by Gel Filtration 

For the further purification of the various enzymes gel filtration 

with Sephadex G-75 was employed. 

Sephadex G-75, after swollen in distilled water for about 48 hours, 

was packed into a glass column 3.0 cm x 60 cm using the following 

procedure. A small wad of glass wool was placed and tamped in the 

bottom of the column along a piece of filter paper of the same diameter 

as the column.  The column was filled about 1/3 full with water.  The 

suspension of gel was then added to the column through a funnel with 

the gel grains slowly sedimenting to the bottom of the tube. When a 

layer of two to five cm of gel was formed the orifice at the bottom of 

the column was carefully opened to allow a slow flow of water. After 

all the gel grains had settled a circular stainless steel screen was 

placed on the top of the bed to minimize any disturbance. The column 
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was then equilibrated and washed with phosphate-citrate buffer, pH 6.0 

(68.52 grams of sodium phosphate dibasic anhydrous and 19.3 grams of 

citric acid monohydrate) for 24 hours at 390F (40C). After the buffer 

was added the gel grains had settled to a bed height of 45 cm.  The 

void volume was measured with 5 mis of 1% solution of Blue Dextran and 

found to be 67 mis. Five mis of enzyme extract having a nitrogen 

concentration of 0.143 mg/ml was carefully pipetted on top of the gel 

bed.  The elution was carried out using citrate-phosphate buffer pH 

6.0.  Ten ml fractions were collected and assayed for protein content 

by measuring the absorption at 280 mu and for peroxidase, catalase, 

and polyphenolase activity. 

Catalase Determination 

Catalase activity was measured manometrically in a Warburg 

respirometer according to the conditions prescribed by Maehly and 

Chance (1954).  The principle of the method depends on the measurement 

of oxygen evolved from the catalytic decomposition of hydrogen peroxide. 

The reaction vessel contained 2.8 mis of enzyme extract and the 

side arm contained 0.2 ml of 3% H2O2.  The contents of the flask were 

equilibrated in a water bath at 150C for 10 minutes before tipping in 

the hydrogen peroxide.  The flasks were shaken at a rate of 140 cycles 

per minute. Readings were made at three minute intervals, corrected 

for thermobarometric changes, and then multiplied by the flask constant 

which then expressed the results as ul oxygen evolved. 
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Catalase pH Optimum 

In order to determine the pH optimum the catalase activity was 

determined over the pH range of 5.1 to 10.1. A PEG-acetone powder 

extract was used as an enzyme source. The reaction mixture consisted 

of 2.3 mis enzyme extract and 0.5 ml of the appropriate buffer in the 

main compartment and 0.2 ml of 0.307o H2O2 in the side arm. A blank 

determination consisting of a heat inactivated enzyme extract was made 

for each corresponding sample to compensate for any auto-oxidation. 

Phosphate-citrate buffers were used in the pH range of 5.1 to 8.0 and 

glycine-sodium hydroxide buffers were used in the pH range of 8.5 to 

10.1. 

Catalase-Heat Inactivation 

The kinetics for the heat inactivation of cranberry catalase was 

investigated. 

For the heat treatment of catalase the capillary tube technique 

was not practical since the contents of a great many tubes would have 

to be pooled to provide sufficient solution to be assayed. Hence 

samples were heated in test tubes (18 x 150 mm) following the method 

of Sapers and Nickerson (1962b).  In order that heat penetration lags 

be minimized two mis of enzyme solution were pipetted into a preheated 

test tube in a glycerine bath. After each heating interval the test 

tubes were chilled immediately in an ice bath and diluted with eight 

mis of buffer.  The solutions were then assayed for catalase activity 

by the manometric method described earlier. 
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Determination of Polyphenolase Activity 

The method of Ponting and Joslyn (1948), slightly modified, was 

used to follow the activity of polyphenolase. 

For the determination of polyphenolase activity 5 mis of the PEG 

enzyme extract was pipetted into a 25 ml Erlenmyer flask which was 

placed into a water bath held at 30oC.  0.3 ml of 0.2 M catechol was 

then added and the reaction was allowed to proceed for five minutes 

with shaking.  The flask was then removed and immediately cooled in an 

ice bath.  The absorbance was then measured at 400 mu in a Beckman 

model B spectrophotometer. A blank consisting of enzyme extract heated 

for three minutes at boiling was used to compensate for any auto- 

oxidation of the substrate. 

Isolation of Cranberry Phenolics 

Studies were conducted to determine the presence of phenolics in 

cranberries and to further determine whether or not these phenolics can 

be oxidized by cranberry enzymes which would demonstrate the presence 

of a complete phenolase system. 

For the isolation of cranberry phenolics a modified method of 

Motawi (1967) was used. One hundred grams of cranberries were macerated 

with 400 mis of ethanol 95% in a Waring Blendor for five minutes.  The 

pulp was filtered through a Buchner funnel with Whatman No. 1 filter 

paper.  The filtrate was concentrated to about 50 mis under reduced 

pressure with a Rinco rotary evaporator in a water bath at 450C.  This 

concentrate was washed three times with 100 mis of petroleum ether to 
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remove chlorophylls and carotenoids.  The washed extract was then 

concentrated again to about 25 mis which was then washed with distilled 

water into a 200 ml volumetric flask and brought up to mark. 

Action of Cranberry Polyphenolase on Cranberry Phenolics 

To determine the action of cranberry polyphenolase on the phenolic 

extract of cranberries 3 mis of the phenolic extract containing 0.76 mg 

tannic acid/ml were mixed with 4.0 mis of the buffered enzyme solution 

in a 25 ml Erlenmyer flask in a constant temperature bath at 30oC with 

a shaking rate of 80 cycles per minute. Four mis of heated inactivated 

enzyme solution were used as control.  The flasks were removed at 

hourly intervals and cooled in an ice bath.  The absorbance was then 

read in a Beckman model B spectrophotometer. 

Effect of pH on Polyphenolase Activity 

For the determination of the effect of pH on polyphenolase activity 

the dialysate from the ammonium sulfate precipitate was used as an 

enzyme source.  To 4.5 mis of enzyme extract was added 0.5 ml of buffer 

solution of the appropriate pH and 0.2 ml of 0.2 M catechol solution. 

The polyphenolase activity was then determined as described previously. 

Polyphenolase-Heat Inactivation 

The kinetics for the heat inactivation of cranberry polyphenolase 

was investigated. For the heat treatment of polyphenolase the capillary 

tube treatment was not practical since the contents of a great many 

tubes would have to be pooled to provide sufficient solution to be 
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assayed.  Two mis of enzyme solution were pipetted into a preheated 

test tube in a glycerine bath. After each heating interval the test 

tubes were chilled immediately in an ice bath.  The contents of the 

test tubes were then pooled and five ml aliquots were then assayed for 

polyphenolase activity. 

Determination of Anthocyanase 

For the determination of anthocyanase activity a modified method 

of Huang (1955) was employed. 

Ten mis of the pigment extract were diluted with buffer pH 4.0 

(30.7 mis of 0.1 M citric acid and 19.3 mis of 0.2 M dibasic sodium 

phosphate in 100 mis of water) to 50 mis.  One ml of the diluted 

pigment extract was then mixed with 5 mis of enzyme extract in a 25 ml 

Erlenmyer flask to give a final pigment concentration of 1.27 x 10"^ 

molar calculated as cyanidin monogalactoside. The enzyme extracts 

were prepared as described previously except that a buffer of pH 4.0 

was used for the extraction. The experiments were carried out at 30oC 

in a constant temperature bath with shaking.  The absorbance was 

measured at 525 mu in a Beckman model B spectrophotometer at zero time 

and at one hour intervals. 

Isolation of Anthocyanins 

The extraction and purification of anthocyanins were carried out 

using a modified method of Smith and Luh (1965). Two hundred grams of 

cranberries were macerated with 250 mis of methanolic HCl in a Waring 

Blendor and filtered through two layers of Whatman No. 1 filter paper. 
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The pulp was extracted twice more. The combined extracts were 

concentrated to 210 mis using a rotary evaporator and a water bath 

held at 480C.  The concentrate was filtered to remove precipitates. 

The filtrate was mixed with 450 grams of Domex 50 w x 4 cation exchange 

resin (100 - 200 mesh) in hydrogen form. After two hours the resin 

was washed and filtered twice with methanol to remove organic residues 

and then with distilled water to remove free sugars. The pigment was 

then eluted from the resin by successive extraction with 2.0% and 5% 

methanolic HCl, yielding approximately 6 liters of filtrate which were 

reduced to 200 mis by rotary evaporation. 

Separation of Seeds 

An investigation was made to determine the enzyme activity of 

the cranberry seed. 

Seeds were separated from the cranberry as follows:  Frozen 

cranberries were macerated with water in a Waring Blendor for five 

seconds and washed through a No. 30 Tyler screen.  The seeds were 

further separated from the pulp by floatation which was performed 

several times until the seeds were fairly free of extraneous material. 

The seeds were then dried overnight at ambient temperature.  The seeds 

were found to constitute 1.697o of the total weight of the cranberry. 

Extraction of Enzymes from Seeds 

Cranberry seeds were ground to a powder in a Wiley mill using a 

No. 40 screen.  One gram of the powder was suspended in 100 mis of 

distilled water overnight at 1.10C with continuous stirring and 
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centrifuged at 9,750 x g for 30 minutes. The centrifuge tubes were 

then packed in ice to solidify the lipid layer. The lipid layer was 

removed with a spatula and by pouring through a glass wool filter. 

The milky supernatant was then used as an enzyme extract. 
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RESULTS AND DISCUSSION 

Effect of Extraction Method on the Polyphenolic Content 
of the Enzyme Extract 

Various methods have been described in the literature to obtain 

phenolic-free enzyme extracts (Loomis et^ al, 1966). However there 

have been no data presented describing or comparing these methods in 

terms of efficiency of removal of phenolic compounds. Hence various 

extraction methods were performed on cranberries and the extracts were 

analyzed and compared for the amount of tannins, protein nitrogen, and 

peroxidase activity. 

The results of the various methods of extraction are shown in 

Table 1 where the amount of polyphenols present in the enzyme extract 

are expressed as mg tannic acid. The results are the average of four 

samples. 

The combination of acetone-PVP was the most efficient phenol 

remover as evidenced by the low phenolic content in the enzyme extract. 

The next most efficient was PVP, followed by PEG-acetone, and finally 

acetone powder.  The results were somewhat as expected since PVP is a 

stronger hydrogen acceptor than either PEG or acetone (Loomis et al, 

1966) and the added presence of acetone in combination with PVP pro- 

vides a greater effect than PVP alone in that acetone besides being a 

good solvent for the removal of many other types of compounds has the 

ability to form complexes with phenols. 



Table 1.  Effect of Extraction Method on the Polyphenolic 
Content of the Enzyme Extract 
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Extraction Method 
Polyphenolic 
mg Tannic Ac 

Content 
lid/ml 

Standard 
Deviation 

Acetone powder 0.047 0.0062 

PEG - Acetone 0.033 0.0024 

PVP 0.027 0.0000 

Acetone - PVP 0.020 0.0000 
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Effect of Extraction Method on Cranberry Proteins 

The effect of the method of extraction on the quantity of soluble 

proteins extracted expressed as mg nitrogen is shown in Table 2.  The 

results are the average of four values.  The greatest quantity of 

protein extracted was obtained using the combination of PEG and acetone. 

Lesser yields of protein were obtained by the other extraction methods 

as follows in order of decreasing yields:  PVP, acetone powder, and 

PVP with acetone. 

Effect of Extraction Method on Peroxidase Activity 

The effect of extraction method on the quantity of peroxidase in 

the extract is shown in Table 3. Peroxidase activity was measured by 

the OPDA method.  The greatest yield of peroxidase was obtained through 

the use of PEG-acetone followed in decreasing order of yield by PVP, 

PVP and acetone, and finally acetone powder. 

The results of the effects of the various extraction methods are 

of particular interest when compared to the results of Goldstein and 

Swain (1965).  They used a variety of phenol binding agents such as 

PVP, PEG, and PVA (polyvinyl alcohol) in reactivating a variety of 

enzymes complexed with tannins and found in almost all cases that PVP 

was the most effective; however with peroxidase both PEG and PVA were 

slightly more effective.  The degree of effectiveness varied also with 

each enzyme which the authors postulated as resulting from the dif- 

ferences in the fine structure of the proteins. 
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Table 2.  Effect of Extraction Method on Cranberry Proteins 

Extraction Method mg N2/inl Standard Deviation 

PEG - Acetone 0.0765 

PVP 0.0405 

Acetone Powder 0.0374 

PVP - Acetone 0.0311 

0.0070 

0.0041 

0.0028 

0.0025 
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Table 3.  Effect of Extraction Method on Peroxidase Activity 

Extraction Method    Peroxidase Activity/ml     Standard 
O.D. Units Deviation 

PEG - Acetone 0.880 0.0120 

PVP Extract 0.545 0.0470 

PVP Acetone 0.335 0.0050 

Acetone Powder 0.284 0.0115 



39 

Effect of Extraction Method on the Specific Activity 
of Peroxidase 

The effect of extraction method on the specific activity of 

peroxidase is shown in Table 4. The specific activity was determined 

by dividing the peroxidase activity from Table 3 by the corresponding 

nitrogen content from Table 2. 

Although PVP did not give as high a yield in peroxidase activity 

or nitrogen it did give a higher specific activity.  This indicates 

that some of the protein loss was non-peroxidase protein. The ex- 

tracting method giving the next highest specific activity was PEG- 

acetone followed by PVP-acetone, and finally acetone. The results 

indicate that the PVP extraction method gave the purest enzyme extract 

of the four methods used in these studies. 

Absorption Spectrum for O-Phenylene Diamine 
as Oxidized by Peroxidase and H2O2 

An absorption spectrum was performed on the product of the 

reaction between cranberry peroxidase from an acetone powder extract 

and o-phenylene diamine.  The wavelength at which maximum absorption 

is obtained for products of the peroxidase catalyzed reaction as 

measured in the OPDA system was found to be 450 mu as shown in 

Figure 1; the spectrum was determined by scanning from 500 mu to 

350 mu in a Beckman DK-1. 

The absorption maximum as obtained by Reddi et al^ (1950) with 

apple peroxidase was 420 mu at pH 5.1.  Similarly Vetter et al 

(1958b) reported a broad peak of 420 to 440 mu at pH 6.5 with corn 
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Table 4.  Effect of Extraction Method on the Specific 
Activity of Peroxidase 

„, , , Specific Activity 
Extraction Method n  _.   ..„,  „ O.D. units/mg N 

PVP 13.45 

PEG - Acetone 11.50 

PVP - Acetone 10.78 

Acetone 7.60 
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Figure 1. Absorption spectrum for o-phenylene diamine 
as oxidized by peroxidase and H2O2. 
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peroxidase. The small difference obtained in our experiments may be 

due to experimental differences (e.g., pH, ionic strength).  Therefore 

our results appear to concur with those of other workers indicating 

that cranberry peroxidase gives a reaction similar to peroxidases from 

other plant sources. 

Effect of Time on OPDA-Peroxidase Reaction 

To determine the effect of time on the reaction of cranberry 

peroxidase with OPDA, 5 mis of a PVP buffered extract were mixed with 

0.2 ml of 0.1% OPDA and 0.2 ml of 0.3% H2O2. The reaction was allowed 

to proceed for varying lengths of time prior to the addition of 0.4 ml 

of saturated HSO3" to stop the reaction.  The effect of time on the 

OPDA-peroxidase reaction is shown in Figure 2 and Table 5.  The 

results are expressed as the average of four observations. As demon- 

strated in Figure 2 peroxidase activity as measured by the increase 

in absorption at 450 mu increases linearly after a slight lag of 

approximately four minutes. This means that any accurate measurements 

of peroxidase activity should be made after a minimum reaction time of 

four minutes and that any measurements can be made safely within 18 

minutes. 

Effect of pH on Cranberry Peroxidase Activity 

To determine the optimum pH of cranberry peroxidase, buffered 

extracts of acetone powder ranging in pH from 4.6 to 7.6 were used as 

an enzyme source. 
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0.8 i- 

8 10        12 14 

TIME   (minutes) 

16 18 20 

Figure 2.  Effect of time on the oxidation of OPDA 
by peroxidase at 20oC and pH 6.0. 
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Table 5. Effect of Time on OPDA-Peroxidase Reaction 

Reaction Time Absorbance at 450 mu 
Minutes O.D. Units 

2 0.010 

4 0.018 

6 0.080 

8 0.207 

10 0.292 

12 0.424 

14 0.560 

18 0.760 
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The effect of pH on cranberry peroxidase activity with OPDA is 

shown in Figure 3 and Table 6. The results are expressed as the 

average of three observations.  The figure shows the characteristic 

bell-shaped curve with maximum activity at pH 6.0. As demonstrated 

the pH optimum for cranberry peroxidase activity is at pH 6.0 with 

activity declining to 40.67„ at pH 4.6 and 11.4% at pH 7.6.  The pH 

optimum for cranberry peroxidase compared favorably with pH values 

given in the literature for peroxidases from other sources.  For 

apple peroxidase Reddi et al (1950) found a pH optimum of 5.1. Kon 

and Whitaker (1965) obtained a pH optimum of 6.3 for both fig and 

horseradish peroxidase and Vetter et al_  (1958b) found the pH maximum 

for corn peroxidase to occur at pH 6.5. 

Heat Inactivation Studies of Cranberry Peroxidase 

Heat is one of the most common and practical methods of inacti- 

vating enzymes. Many cranberry products undergo heat treatment to 

render them commercially sterile but knowledge as to whether the 

enzymes have been inactivated in these commercial processes has not 

been reported.  Therefore a study of the heat inactivation of cranberry 

enzymes was made. 

Results of the kinetics studies on the heat inactivation at 70oC, 

80oC, and 90oC of cranberry peroxidase are shown in Table 7 and 

Figure 4. The logarithmic decrease of peroxidase activity with in- 

crease in exposure time to heat indicates that the thermal inactivation 

of cranberry peroxidase follows first order kinetics. For all three 
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Table 6„  Effect of pH on Cranberry Peroxidase Activity 

PH Peroxidase Activity 
O.D. Units 

Percent Maximum 
Activity 

4.6 0.705 40.6 

5.0 0.975 56.3 

5.5 1.225 70.5 

6.0 1.735 100.0 

6.6 1.115 64.2 

7.0 0.400 23.1 

7.6 0.198 11.4 
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Table 7. Heat Inactivation of Cranberry Peroxidase 

Temperature        Time in        Percent Activity 
Minutes 

70oC             0.0 100.0 
0.5 89.5 
1.0 77.2 
1.5 68.0 
2.0 61.7 

80oC             0.0 100.0 
0.5 45.9 
1.0 23.5 
1.5 9.87 
2.0 6.56 
3.0 1.39 

90oC             0.0 100.0 
0.25 23.4 
0.50 10.0 
0.75 2.58 



49 

70° C 

12 3 4 

HEATING TIME (minutes) 

Figure 4. Heat inactivation of cranberry peroxidase. 



50 

temperatures 70, 80, and 90oC at which heat inactivation was carried 

out first order kinetics were found to apply. 

For reactions which follow first order kinetics the following 

mathematical expression can be applied: 

Log (a-x) = kt/2.303 + log a 

where a = initial enzyme activity 

x = fraction of inactivated enzyme 

t = time 

k = first order rate constant. 

The first order rate constant is useful for comparing with other 

enzyme systems and for the calculation of D values.  The D value is 

expressed as the time required to reduce enzyme activity by 90% at a 

specified temperature.  The rate constants and D values are also 

useful for determining thermal processing parameters. 

The rate constants, k, and D values are listed in Table 8.  The 

results indicate that in order to thermally inactivate cranberry 

peroxidase by 90% heating times of 9.40 minutes at 70oC, 1.60 minutes 

at 80oC, and 0.47 minutes at 90oC would be necessary. 

Compared to peroxidases found in other sources such as corn and 

green beans, cranberry peroxidase appears to be quite heat labile. 

For example, Zoueil and Esselen (1958) determined that the D value for 

green bean peroxidase at 90oC was 10.5 minutes.  Yamamoto ejt al  (1962) 

found two fractions of peroxidase in corn exhibiting differences in 

heat resistance.  The heat labile fraction gave D values of 25 seconds 

at 80oC and 16 seconds at 90oC.  For the heat resistant fraction the 

D values were 31 minutes at 80oC and 13.2 minutes at 90oC.  The 



Table 8. Kinetics Data for Heat Inactivation 
of Cranberry Peroxidase 
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Temperature Rate Constant D Value 

70oC 

80oC 

90oC 

0.245 min.-1 

1.435 min."-'- 

4.92 min.-1 

9.40 min. 

1.60 min. 

0.47 min. 
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linearity of semi-logarithmic plots for cranberry peroxidase also 

implies that cranberry peroxidase was homogenous in its susceptibility 

to heat inactivation. This is in contrast to peroxidases found in corn 

by Yamamoto (1962) and turnips by Zoueil and Esselen (1958) who found 

deflection points in their semi-logarithmic plots. 

A survey of the literature did not reveal any heat inactivation 

kinetics values for fruit peroxidase with which the kinetics values 

obtained for cranberries could be compared. Hence it appears that this 

may be the first kinetics study of peroxidase inactivation in fruits. 

Activation Energy for the Thermal Inactivation 
of Cranberry Peroxidase 

The activation energy for the thermal inactivation of cranberry 

peroxidase can be determined from the Arrhenius plot where the log of 

the reaction rate constant (k) is plotted against the reciprocal of the 

absolute temperature (T0) as shown in Figure 5. The activation energy 

is then determined from the equation: 

k2   A Ha (T2-T!) 
log — =   

ki        2.303 RT2T1 

where A Ha = Energy of Activation 

k-^ = Rate constant at T-^ 

k2 = Rate constant at T2 

R = 1.99 calories/degree-mole. 

For cranberry peroxidase the activation energy for the thermal inacti- 

vation of its activity was found to be 37.2 kcal/mole. Joffee and 

Ball (1962) determined the activation energy for the inactivation of 
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Figure 5.  Effect of temperature on the first order reaction 
rate constant for the inactivation of peroxidase. 
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horseradish peroxidase to be 25.1 kcal/mole while Zoueil and Esselen 

(1958) determined the activation energy for turnips to be 49 kcal/mole and 

for green beans to be 34.4 kcal/mole above 104oC and 19.6 kcal/mole below 

104OC. 

Half-Life of Peroxidase 

The half-life of an enzyme is that time interval required to 

inactivate the enzyme activity by 50% at a certain temperature.  The 

half-life, t%, can be computed from the first-order rate constant, k, 

for thermal inactivation from the equation t% = —^ . 

The half-lives for cranberry peroxidase are shown in Table 9. 

Hence any given quantity of cranberry peroxidase can be reduced 

to 50% by heating for 2.83 minutes at 70oC, 0.483 minutes at 80oC, or 

0.141 minutes at 90oC. 

Gel Filtration of Cranberry Peroxidase Activity 
by Sephadex G-75 

Polyphenolases in the presence of oxygen may interfere with the 

peroxidase reaction by reacting with the donor compound (Maehly and 

Chance, 1954).  Since both peroxidase and polyphenolase were found in 

the cranberry enzyme extract an attempt was made to separate and purify 

the enzymes by gel filtration with Sephadex G-75. 

The separation of cranberry peroxidase by Sephadex G-75 is shown 

in Figure 6 and Table 10.  The amount of proteins present was estimated 

by their absorption at 280 mu (Dixon and Webb, 1964).  Peroxidase ac- 

tivity was measured by the absorption at 450 mu of the products of the 
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Table 9. Half-Lives of Cranberry Peroxidase 

Temperature Half-Life  t% 

70oC 2.83 min. 

80oC 0.483 min. 

90oC O.Ul min. 
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Figure 6,,  Elution pattern of cranberry peroxidase 
from a Sephadex G-75 column. 
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Table 10. Peroxidase Activity of Sephadex G-75 Gel 
Filtration Fractions 

Peroxidase Activity 

Fraction No. O.D. @ hi 

3 0.010 

6 0.020 

9 0.410 

12 0.570 

15 0.540 

18 0.362 

21 0.188 

24 0.038 

27 0.026 

30 0.020 

33 0.015 

36 0.014 

39 0.010 

42 0.010 

45 0.010 

51 0.010 

O.D. @ 280 mu 

0.012 

0.017 

0.150 

0.209 

0.228 

0.122 

0.087 

0.093 

0.092 

0.086 

0.056 

0.045 

0.040 

0.035 

0.038 

0.022 
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peroxidase catalyzed oxidation of OPDA. The maximum perxodiase activity 

appears between the 12th and 14th fractions. 

As shown the Sephadex column does not appear to have separated the 

peroxidase enzymes from the rest of the proteins as the majority of the 

proteins occur in the peroxidase fractions. However inspection of 

Figure 11 and Figure 18 will show that there is a partial separation 

of the peroxidase activity from the catalase and polyphenolase activity. 

Sensitivity of Cranberry Peroxidase to Three 
Commonly Used Substrates 

The sensitivity of cranberry peroxidase from the purified fractions 

of Sephadex G-75 to three common hydrogen donors was measured.  The 

results which are the average of three observations are shown in 

Table 11.  OPDA was found to be the most sensitive in that it gave the 

highest absorption, pyrogallol gave the next highest absorption, and 

guaicol gave the lowest.  These results agree with that of Reddi et^ al_ 

(1950) who in measuring apple peroxidase with the same three hydrogen 

donors namely guaicol, pyrogallol, and OPDA found that OPDA was the 

most sensitive. 

Effect of Time on the Catalase Reaction 

The course of the catalase reaction with time as measured mano- 

metrically by the evolution of oxygen is shown in Figure 7. As demon- 

strated by the curve the amount of oxygen evolved increases with 

reaction time but decreases markedly after six minutes. The decrease 

in activity cannot be attributed exclusively to depletion of substrate 
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Table 11.  Sensitivity of Cranberry Peroxidase to Three 
Commonly Used Hydrogen Donors 

Hydrogen Donors Absorbance S.D. 

0.237 0.000219 

0.135 0.000125 

0.256 0.000008 

Pyrogallol 

Guaicol 

OPDA 
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Figure 7. Oxygen evolution by cataiase action 
on H2O2 at 150C and pH 7.55. 
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concentration as calculattions show that only about 10% of the hydrogen 

peroxide had undergone decomposition. 

Maehly and Chance (1954) also noted with beef liver catalase that 

the rate of oxygen production from hydrogen peroxide falls off rapidly 

after a few minutes of reaction time.  This he attributed to the in- 

hibition of catalase activity by hydrogen peroxide due to the formation 

of inactive complexes. 

Effect of pH on the Initial Rate of Catalase Activity 

As shown in Figure 8 pH has a great effect on the initial rate of 

reaction. For example, after three minutes of reaction the differences 

in the amount of oxygen evolved between pH 7.55 and pH 6.8 are great 

but as the reaction time increases the amount of oxygen evolved at 

pH 6.8 approaches that evolved at pH 7.55 indicating that pH has its 

greatest effect on the initial rate. 

Therefore the amount of oxygen evolved after six minutes was used 

to determine the rate of reaction and the results were expressed as ul 

oxygen evolved per minute. 

Effect of pH on Catalase Activity 

The effect of pH on cranberry catalase activity is shown in 

Figure 9 and Table 12.  Catalase activity was determined from the 

amount of oxygen evolved for the first six minutes of the reaction 

and the results were expressed as ul oxygen evolved per minute. 

Catalase activity increased rapidly with a rise in pH up to a pH 

optimum of 7.55 whereupon further increases in pH resulted only in a 
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6       9      12      15 
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Figure 8. Effect of pH on the decomposition of H2O2 
by cranberry catalase versus reaction time. 
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PH 

Figure 9.  Effect of pH on cranberry catalase. 
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Table 12. Effect of pH on Cranberry Catalase Activity 

PH ul 02/Minute 

5.1 1.5 

5.45 2.0 

5-9 3.16 

6.2 6.8 

6.5 7.3 

6.7 11.1 

7.0 19.4 

7.1 26.7 

7.55 34.3 

8.0 34.0 

8.5 33.5 

8.85 33.5 

9.20 32.4 

10.1 4.85 

Percent Maximum 
Activity 

4.4 

5.8 

9.2 

19.8 

21.3 

32.4 

56.6 

77.8 

100.0 

99.1 

97.7 

97.7 

94.5 

14.1 
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slight decrease in activity up to pH 9.2 whereafter catalase activity 

decreased sharply with increase in pH. 

Heat Inactivation of Cranberry Catalase 

The results of the heat inactivation of cranberry catalase at 50, 

60, 70oC are shown in Figure 10 and Table 13. The heat inactivation 

of cranberry catalase is a non-linear relationship to heating time. 

Neither was there a linear relationship when plotted on semi-logarithmic 

paper.  Hence the heat inactivation of catalase follows neither zero 

nor first order kinetics. 

As expected, the rate of heat inactivation was greater with in- 

crease in temperature. Approximately 50% of the catalase activity can 

be expected to be inactivated after heating for 17, 1.8, and 0.6 

minutes at temperatures of 50, 60, and 70oC, respectively. 

According to Sizer (1944) only with beef liver catalase is the 

thermal inactivation of the first order. The kinetics for the heat 

inactivation of spinach catalase was determined by Sapers _et al  (1962b) 

to be not of the first order.  The time required to reduce the catalase 

activity by 50% was estimated to be 8 to 13 minutes at 550C, 2.5 minutes 

at 60oC, and 13 to 15 seconds at 650C.  Sapers' .et al (1962b) work 

appears to be the first and only study of the heat inactivation of 

catalase from the kinetics approach using quantitative methods. 

Gel Filtration of Cranberry Catalase 

The gel filtration of cranberry catalase is shown in Figure 11 

and Table 14. The catalase activity is separated partially from the 
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Table 13. Heat Inactivation of Cranberry Catalase 

Temperature       Time Percent Activity 

50oC          0 min. 100.0 

4 77.7 

6 69.9 

10 62.0 

15 55.5 

20 46.0 

60oC          0 min. 100.0 

2 43.5 

4 33.7 

6 24.6 

10 22.6 

15 15.1 

70oC          0 min. 100.0 

0.5 53.8 

1.0 43.8 

2.0 5.5 
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Figure 11.     Elution pattern of cranberry catalase 
from a Sephadex G-75 column. 

,00 



69 

Table 14.  Catalase Activity of Sephadex G-75 
Gel Filtration Fractions 

Fraction No. Catalase Activity 
ul 02/Minute 

2 0.00 

4 0.00 

8 1.83 

10 1.33 

14 1.16 

16 5.10 

20 12.70 

22 16.50 

26 7.30 

28 6.30 

32 4.00 

34 2.50 
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main body of cranberry protein. When compared to Figure 6 and Figure 18 

the catalase activity is shown to be separated from the peroxidase ac- 

tivity and coinciding with the fraction containing polyphenolase. 

Absorption Spectrum of Action of Cranberry 
Polyphenolase on Catechol 

The absorption spectrum for the product of the reaction between 

catechol and cranberry polyphenolase is shown in Figure 12. The ab- 

sorption maximum occurs at 400 mu.  The absorption maximum agrees 

fairly well to that reported by Sakamura eit al_  (1966) with eggplant, 

Tate et^ al_ (1964) with pears, and Ponting e^t al (1948), and Bedrosian 

et al (1960) with apples. The absorption band at 400 mu which is 

characteristic of the oxidation product of o-diphenol, o-quinone, 

indicates that cranberry polyphenolase possesses catecholase-like 

activity. An attempt was made to determine if cresolase activity was 

also present in cranberries by using p-cresol as a substrate in the 

reaction in place of catechol. No reaction with p-cresol was observed 

indicating that cranberry polyphenolase is of the catecholase type and 

does not contain any cresolase or hydroxylating activity. 

Effect of pH on Cranberry Polyphenolase 

The effect of pH on cranberry polyphenolase activity as measured 

by the increase in absorption at 400 mu is shown in Figure 13 and 

Table 15 where the pH optimum occurs at pH 7.0.  Each point on the 

curve represents the average of four samples. The pH curve is 
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Figure 12. Absorption spectrum on the product 
of cranberry polyphenolase on catechol. 
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Table 15.  Effect of pH on Polyphenolase 

pH    Absorbance     S.D.   _ /fT0611' t. .fc Relative Activity 

4.2 0.0525 0.0025 23.1 

5.45 0.084 0.001 37.0 

6.2 0.133 0.0029 58.6 

7.0 0.227 0.004 100.0 

7.55 0.192 0.0021 84.6 

8.5 0.082 0.0021 36.1 
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characterized by a decrease in polyphenolase activity with pH values 

less than or greater than 7.0. 

Reyes and Luh (1960) found the optimum pH of peach polyphenolase 

to be 5.6 to 6.3 in a citrate-phosphate buffer. Tate and Luh (1964) 

determined the optimum pH of pears to be 6.2.  Bedrosian, Steinburg, 

and Nelson (1960) found that apple polyphenolase showed maximum ac- 

tivity at pH 7.0.  Hence the optimum pH of cranberry polyphenolase 

appears to be in fair agreement with the polyphenolase system of other 

fruits. 

Heat Inactivation of Cranberry Polyphenolase 

The heat inactivation of cranberry polyphenolase was carried out 

at 50, 60, 70oC and the results of these studies are shown in Figure 14 

and Table 16. When the results are plotted with the logarithm of the 

residual activity versus the heating time a linear relationship exists 

indicating that the heat inactivation of cranberry polyphenolase 

follows first order kinetics. 

The kinetics data for the heat inactivation of cranberry poly- 

phenolase which include the rate constant, k, and D value are shown 

in Table 17. The D values indicate that 90% of the polyphenolase is 

inactivated by heating for 1.32 minutes at 70oC, 7.05 minutes at 60oC, 

or 15 minutes at 50oC. 

The D values obtained for cranberry polyphenolase indicate its 

susceptibility to heat inactivation is quite similar to that of poly- 

phenolases in other fruits. Dimick, Ponting, and Makower (1951) 

determined the D values for the following fruit purees at 750C as 6.5 
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Figure 14. Heat inactivation of cranberry polyphenolase. 
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Table 16. Heat Inactivation of Cranberry Polyphenolase 

Temperature        Time Percent Activity 

50oC            0 min. 100.0 

2 76.3 

4 51.4 

6 43.2 

8 29.4 

10 23.8 

60oC            0 min. 100.0 

1 72.7 

2 48.2 

4 30.4 

6 13.65 

70oC            0 min. 100.0 

1 17.75 

2 2.92 



Table 17.  Kinetics Data for the Heat Inactivation of 
Cranberry Polyphenolase 

77 

Temperature Rate Constant D value 

50oC 

60oC 

70oC 

0.145 min.-1 

0.327 min."1 

1.746 min."1 

15.85 min. 

7.05 min. 

1.32 min. 
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minutes for pear, 1.33 minutes for apricots, 0.45 minute for grapes, 

0.20 minute for peaches, and 0.125 minute for apples. 

Half-Life of Cranberry Polyphenolase 

The half-life, t%, of cranberry polyphenolase can be computed 

similarly as was done for cranberry peroxidase from the reaction rate 

constant, k, using the equation t% =— . The half-lives for cran- 
k 

berry polyphenolase are shown in Table 18. 

Therefore any given quantity of polyphenolase can be reduced to 

one-half of its activity if heated at 70oC, 60oC, or 50oC for 0.397, 

2.12, or 4.78 minutes, respectively. 

Activation Energy for the Inactivation 
of Cranberry Polyphenolase 

From the rate constants for the heat inactivation of cranberry 

polyphenolase an Arrhenius plot was constructed as shown in Figure 15. 

The activation energy for the heat inactivation of cranberry poly- 

phenolase was then determined from the Arrhenius plot and found to be 

27.7 kcal. This value is somewhat lower than those obtained by Dimick 

et al (1951) for pears, apricots, grapes, apples, and peaches of which 

the activation energies were 100 kcal, 79 kcal, 66 kcal, 83 kcal, and 

117 kcal, respectively. 

Action of Cranberry Polyphenolase 
on Cranberry Phenolic Extract 

In order to demonstrate the presence of both enzyme and substrate 

in cranberries the cranberry phenolic extract was reacted with cranberry 
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Table 18. Half-Lives of Cranberry Polyphenolase 

Temperature Half-Life  t% 

70oC 0.397 min. 

60oC 2.12 min. 

500C 4.78 min. 
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polyphenolase. The results are shown in Figure 16 where activity was 

measured by absorption at 400 mu after incubation for one, two, three, 

and four hours. The results show the polyphenolase activity rises 

sharply and reaches its maximum activity after two hours of incubation 

at 30 C.  The absorption spectrum for the sample incubated for two 

hours is shown in Figure 17. The absorption spectrum was measured on 

a Beckman DB spectrophotometer scanning from 480 mu to 378 mu. The 

absorption spectrum for the product of the reaction between that of 

the cranberry polyphenolic extract and cranberry polyphenolase was 

similar to the spectrum obtained using catechol as a substrate (see 

Figure 12) in that the absorption maxima for both substrates were 

400 mu.  However the spectrum for the polyphenolic extract differs 

from that for catechol in that instead of decreasing in absorption 

at 385 mu the absorption increases again. This increase may be due 

to the presence of endogenous substrates other than polyphenols in 

the polyphenolic extract of cranberry. 

Both oxidized catechol and oxidized polyphenolic extracts showed 

absorption peaks of 400 mu. This agrees fairly well with the results 

Bedrosian et al (1960) obtained when apple polyphenolase reacted with 

catechol and apple polyphenolics. 

Gel Filtration of Polyphenolase 

The gel filtration with Sephadex G-75 of cranberry polyphenolase 

is shown in Figure 18 and Table 19. Polyphenolase activity was de- 

tected over a wide range of fractions. A comparison of Figures 6 and 
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Table 19. Polyphenolase Activity of Sephadex G-75 
Gel Filtration Fractions 

Fraction No. Polyphenolase Activity 
O.D. at 395 mu 

5 0.000 

7 0.007 

11 0.055 

13 0.107 

17 0.222 

19 0.342 

23 0.330 

25 0.317 

29 0.244 

31 0.172 

35 0.095 

37 0.014 
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11 with Figure 18 shows that the polyphenolase activity is partially 

separated from the peroxidase activity and wholly coincides with the 

catalase activity. 

Relative Heat Stabilities of Peroxidase, 
Catalase, and Polyphenolase 

The enzymes peroxidase, catalase, and polyphenolase are generally 

used in the food industry as biochemical indexes of sufficient heat 

treatment.  For this reason the relative heat stabilities of these 

enzymes in cranberries are to be compared. 

Since both peroxidase and polyphenolase follow first order kinetics 

in their thermal inactivation the comparison of these enzymes through 

kinetics values can be performed with accuracy. However in the case 

of catalase where neither first order nor zero order kinetics apply 

the time required to reduce the activity by 50% under the conditions 

specified in this experiment will be used. 

The half-lives of cranberry peroxidase and polyphenolase at 70oC 

are 2.83 minutes and 0.397 minute, respectively. The time required to 

inactivate catalase by 50% at 70oC was 0.60 minute. Hence peroxidase 

was found to be the most heat resistant enzyme followed by catalase 

then polyphenolase. 

Anthocyanase 

Enzyme extracts from PVP, PEG, and acetone powder were mixed 

with cranberry anthocyanin extract at pH 4.0 as described previously. 

The samples were incubated at 30oC with shaking. No decrease in 
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absorption at 525 mu was observed over a six-hour incubation period. 

Therefore no anthocyanase activity could be detected by our methods. 

Location of Enzymes 

An investigation was made to determine the relative amounts of 

activity of the various enzymes in the seeds and whole fruit of the 

cranberry. The majority of the catalase activity was found in the 

seed where the activity was found to be 309 ul oxygen per minute per 

gram of seeds compared to 6.4 ul oxygen per minute per gram of cran- 

berry tissue. Likewise the majority of the peroxidase activity was 

found in the seeds, 67.4 O.D. units per 100 grams of seeds compared to 

2.64 O.D. units per 100 grams of cranberry tissue. 
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SUMMARY AND CONCLUSIONS 

Enzyme extracts of cranberries were made and studied for the 

presence and/or properties of anthocyanase, peroxidase, catalase, and 

polyphenolase. From this study the following conclusions can be made: 

1. Peroxidase is present in cranberries. 

2. Phenol-binding agents polyethylene glycol (PEG) and polyvinyl- 

pyrrolidone (PVP) increase the peroxidase activity in the 

enzyme extract. Acetone in conjunction with PVP is the most 

effective in reducing the polyphenolic content of the enzyme 

extract. The highest specific activity is obtained by using 

a buffered PVP extract. 

3. The pH optimum of cranberry peroxidase activity is 6.0. 

4. The heat inactivation of cranberry peroxidase follows first 

order kinetics with 90% destruction at 70, 80, and 90oC re- 

quiring 9.40, 1.60, and 0.47 minutes, respectively. 

5. The activation energy for the thermal inactivation of 

cranberry peroxidase is 37.2 kcal/mole. 

6. Of the three common hydrogen donors guaicol, o-phenylene 

diamine, and pyrogallol tested, o-phenylene diamine is most 

sensitive to cranberry peroxidase. 

7. Catalase is present in cranberry. 

8. The pH optimum for catalase activity ranges from pH 7.5 to 

9.2. 

9. The heat inactivation of cranberry catalase does not follow 

zero order nor first order kinetics. Approximately 50% of 
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the catalase activity is inactivated after heating for 17, 

1.8, and 0.6 minutes at temperatures of 50, 60, and 70oC, 

respectively. 

10. Polyphenolase is present in cranberry extracts using catechol 

as a substrate. 

11. The pH optimum for cranberry polyphenolase is 7.0. 

12. The heat inactivation of cranberry polyphenolase follows 

first order kinetics with 90% destruction at 50, 60, and 

70oC requiring 15.85, 7.05, and 1.37 minutes, respectively. 

13. The activation energy for the inactivation of cranberry 

polyphenolase is 27.7 kcal/mole. 

14. Cranberry phenolic extracts can be oxidized by cranberry 

polyphenolase enzymes indicating the presence of endogenous 

substrates. 

15. Anthocyanase in cranberries is not detectable by the method 

used in this study. 
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