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Methodology for characterization of the phenolic profile of 

apple, pear and grape juice was developed. It utilized High 

Performance Liquid Chramatography (HPLC) for separation of 

individual phenolic canpounds and Diode Array Detection for 

recording the Ultra-violet (UV) spectrum of chrcmatographic 

peaks. Ihe high resolution achieved and the ability of recording 

more than one wavelength simultaneously, allowed for 

quantitation of phenolic acids (cinnamics and benzoics), flavonol 

and dihydrochalcone glycosides, arbutin and hydroxymethyl furfural 

(HMF) with minimum sample preparation. Quantitation of 

procyanidins, however, required preliminary isolation and 

analysis in a separate run. Procyanidin isolation based on 

Sephadex IH-20 resulted in high recoveries and degree of 

reproducibility. 

Ihe methodology was applied to study the influence of 

variety, post-harvest storage, SO2, initial high terrperature 



short time (HTST) heat treatment, enzymatic clarification, 

fining, bottling, concentration and storage on the phenolic 

composition of apple, pear and grape juice. Processing with SO2 

inhibited extensive phenolic oxidation during pulping and 

resulted in increased phenolic yields. Initial HIST treatment 

protected phenolics extracted in the juioe from degradation 

during processing. Cinnamic hydrolysis occurred during enzymatic 

clarification. The hydrolytic activity was removed with fining 

or bottling. There was no appcirent reduction of phenolics with 

fining. Procyanidins were sensitive to the heat applied during 

bottling and concentration. Storage of juice concentrates for 

nine months at 25 0C resulted in formation of HMF, considerable 

degradation of cinnamics and dihydrochaloones and total loss of 

procyanidins and flavonols. 

The effect of diffusion extraction at different teirperatures 

on the phenolic composition of apple juice from different 

varieties was also studied. Up to a three-fold increase in 

cinnamics and a five-fold increase in dihydrochalcone glycosides 

were measured in diffusion extracted juice relative to juice 

extracted with conventional pressing. The increase in 

procyanidins and flavonols was even higher. 
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Influence of Processing and Storage en the Rjenolic Oaqpositicn 

of i^ple. Pear and Wiite Grape Juice 

nnRXJOcncN 

Rienolic corrpounds are secondary plant metabolites that have 

inportant roles in providing flavor and color characteristics of 

fruit juices and wines. Fhenolic cxampounds have also been 

characterized as "potential causes of instability" as they are 

involved in formation of undesirable sediments (Heatherioell, 

1984), and yellcw and brown pigments (Montgomery, 1983). The 

international fruit juice market has been growing rapidly over 

the last few years (Hartog, 1988). this is partly due to the 

rise in the standetrd of living, to the increcised demand for 

natural products and to the introduction of many new products 

formulated with fruit juices. The success of juice products in 

the market often depends on technologies such as clarification 

and fining that are designed to remove potential causes of 

instability. 

The phenolic constituents of apple,. pear and grape juice 

have been fairly well described. Thin layer (TTC) or paper 

chromatography (PC) are the analytical methods employed in most 

of these studies.  Seme studies have also focused on the effect 
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of processing on the phenolic composition of fruit juices with 

apple being the cornmodity of emphasis. In most of these 

studies, however, colorimetric procedures have been used to 

measure the changes occurring during processing. TIC, PC and 

colorimetric methods can give only semiquantitative data 

(Singleton and Trousdale, 1983). HPIC procedures have also been 

used recently but they present the difficulties of interpretation 

of complex chromatograms and the possibility of coeluting 

campounds (Singleton and Trousdale, 1983). Recent advances in 

diode array detection are useful not only for identification of 

phenolic compounds but also for their quantitation by checking 

peak purity or by simultaneously recording more than one 

wavelength. New juice processing technologies, such as diffusion 

extraction and belt pressing, are increasingly being adopted by 

industry to increase juice yields. These technologies are 

expected to affect the phenolic composition of juice products, 

but detailed quantitative data on individual phenolic compounds 

are lacking. 

The emphasis of this work is on the development of 

analytical methodology that utilizes HPLC separation coupled 

with diode array detection for characterization of the changes 

in the phenolic profile of apple, pear and white grape juice 

associated with variety, maturity of the fruit and processing 

and storage of the juice products. 

This dissertation is divided into four sections. The first 

section, the Literature Review, is meant to introduce the reader 
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to the structures and classes of canpounds present in apple, 

pear and grape juice, to explain the importance of these 

compounds and to review the phenolic composition and the factors 

that affect the phenolic composition of these fruit juices. 

Major improvements in the analytical methodology are also 

pointed out in this section. The second section is a paper 

entitled "The Influence of Processing and Storage on the 

Fhenolic Composition of Thompson Seedless Grape Juice". This 

paper describes the development and use of analytical 

methodology for separation and characterization of the phenolic 

acids, catechins and flavonols in Thompson Seedless grape juice. 

The effect of SO2, enzymatic clarification, fining, bottling, 

concentration and storage on these constituents is also 

investigated. The third section is a paper entitled "The 

Influence of Processing and Storage on the Phenolic Ccmposition 

of Apple Juice". This paper utilizes the developed techniques 

to profile the effect of post-harvest storage, initial high 

temperature short time (HIST) heat treatment, enzymatic 

clarification, fining, bottling, concentration and storage on 

the phenolics of Granny Smith apple juice extracted with 

conventional pressing. The effect of diffusion extraction at 

different temperatures compared to conventional pressing on the 

phenolic composition of apple juice from Red Delicious, Mclntosh 

and Spartan is also investigated. The last section is also a 

paper "The Influence of Variety, Maturity, Processing and 

Storage on the Fhenolic Composition of Pear Juice".  This paper 
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demonstrates the effect of SO2, initial HIST, enzymatic 

clarification, bottling, concentration and storage on pear juice 

pressed frcm both ripe and unripe Cornice, d'Anjou and Bartlett 

pears. Quantitation by HPLC in all these papers is ccanpared 

with oolorimetric determinations. 



Literature Review 

Classification of Hienolics in Apple, Pear and White Grape. 

The phenolic constituents of iitportanoe in apple, pear and 

grape juices can be divided into two groups: a) phenolic acids 

and related compaunds, and b) flavonoids. 

Ihe term phenolic acid includes the cinnamic acids (C6-C3) 

and the benzole acids (C7). Figure 1.1 shows the structure of 

commonly occurring cinnamic and benzoic acids. Caffeic and 

coumaric acid are cinnamics widely distributed and comrnon to 

apple, pear and grape. Cinnamic acids have the trans- 

configuration but exposure to ultraviolet light can cause 

isomerization to cis- (Engelsma, 1974). They occur naturally in 

combination with other cxanpounds, usually in the form of esters. 

Ihe ester of caffeic with quinic acid, chlorogenic acid, is a 

classic example. On the contrary, benzoles usually occur as 

free acids. 

Flavonoids are built upon a diphenyl propane skeleton 

(C5-C3-Cg) in which the three carbon bridge between the phenyl 

groups is usually cyclized with oxygen. The different classes 

within the group differ in the number of substituent hydroxyl 

groups, degree of unsaturation and degree of oxidation of the 

three carbon segment. Figure 1.2 shows the flavonoid structures 

that are present in apple, pear and white grape.  Flavan-3-ols 
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(catechins) are one of the most widely occurring flavonoids. 

They have two asymmetric caitoons (2,3) and therefore four 

possible iscmers. The (+) and (-) catechins have the number 2 

and 3 hydrogens in trans- configuration while they are cis- in 

the epicatechins. Flavan-3,4-diols are also referred as 

leucoanthocyanidins. Polymeric structures based on the 

flavan-3,4-diols and flavan-3-ols mate up the procyanidins 

(condensed tannins). Widely present procyanidin dimers are 

shewn in figure 1.3. These dimers on heating with acid release 

one molecule of catechin and one of anthocyanidin (cyanidin). 

Both C-C and C-0 bonds are possible in these structures but 

usually there is a C-C bond from the C-4 of one unit to the C-6 

or C-8 of the other. Flavonols, another widespread flavonoid 

group, occur mostly as glycosides. Since the formation of 

f lavonol glycosides depends on light (Herrmann, 1976), it is not 

surprising that they are found mainly in the skins of the fruit 

(Walker, 1964). The most common aglycone is quercetin while the 

most caramon glycosides are the rutinoside, galactoside, 

glucoside, arabinoside, xyloside, and rhamnoside. Phloridzin, a 

dihydrochalcone glucoside, is characteristic to the genus Malus 

and it has been reported to have regulatory effects on apple 

seedlings (Jones, 1976). 

Arbutin, which fits neither the group of phenolic acids nor 

the group of flavonoids is a hydroquinone glucoside 

characteristic of pear Pyrus communis L. (Williams, 1957; Duggan, 

1967). 



Inpartanoe of Ehenolics in Fruit Juices. 

Bitterness and astringency have long been associated with 

phenolic fractions (Rossi and Singleton, 1966; Singleton and 

Esau, 1969). Bitterness, detected mostly at the back and the 

sides of the tongue, is generally considered to be caused by an 

interaction between polar molecules and the lipid portion of the 

taste papillae membrane (Koyama and Kurihara, 1972) and thus is 

critically dependent on the relative lipid solubility of the 

bitter material. On the other hand, astringency affects the 

whole tongue uniformly and results from nonspecific and somewhat 

irreversible hydrogen bonding between p-diphenol and protein in 

the mouth (Bate-Smith, 1973). This causes the distinctive 

drying and puckering sensation which is difficult to remove and 

makes after taste assessment a problem. These mechanisms suggest 

that procyanidins are the most significant phenolic fraction for 

these sensory characteristics. Reports in the literature show 

that the contribution of phenolic acids to astringency is small; 

phloridzin tastes bitter but at its low levels in most apple 

juices can make but a small contribution to the overall 

bitterness (Lea and Timberlake, 1974). Although the pure 

procyanidins display both bitterness and astringency the balance 

between these sensations depends on the molecular weight. Taste 

panel work has shown that tetrameric procyanidins are the most 

bitter, while the more polymeric are more astringent on an 

equivalent weight basis (Lea and Arnold, 1978). 
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Browning of fruits and fruit juices has also been related 

for a long time to the phenolic constituents (Hulme, 1953). The 

formation of yellow and brown pigments in fruit juice is 

controlled by the levels of phenolic compounds, the presence of 

oxygen and the amount of polyphenoloxidase (PPO) activity 

(Coseteng and Lee, 1987). An excellent review on the properties 

of the enzyme has been presented by Mayer and Harel (1979). In 

summary, PPO is a membrane bound enzyme that contains copper and 

catalyzes the hydroxylation of monophenols leading to formation 

of o-diphenol compounds (cresolase activity) and the oxidation of 

g-dihydroxy compounds to quinones (catecholase activity). It is 

these quinones that undergo polymerization to impart the 

characteristic yellow and brown pigments. Oxidative activity on 

p-diphenols (laccase activity) is visually present in fruits 

infected with molds. The phenolic yields of juices are 

critically dependent on the activity of the enzyme during 

processing and will be discussed under the section of factors 

affecting the phenolic composition. 

The procyanidins play a particularly important role in the 

formation of hazes and sediments by both oxidative and 

non-oxidative mechanisms as shown in figure 1.4 (Lea, 1984). 

Unoxidized procyanidins can hydrogen bond with proteins and 

subsequently form insoluble ccmplexes. Polymerization of 

procyanidins, which can occur by partial hydrolysis in acid 

solutions and re-polymerization, may lead to the formation of 

large and unstable polymers.  Consequently, procyanidins may 
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eventually throw down hazes and deposits with or without the 

involvement of proteins (Johnson etal., 1968; Heatherbell, 

1984). Such hazes are likely to be dissolved in temperatures 

around 60oC (Lea, 1984). 

Procyanidin oxidation in the juice generates highly reactive 

intermediates that can conplex irreversibly with each cither and 

with proteins to form insoluble cotrplexes which are not 

dissolved on warming (Lea, 1984). Therefore, oxidation of juice, 

that contains high levels of procyanidins, tends to promote 

formation of haze. An early oxidation of juice in the presence 

of pulp may prevent the formation of hazes in the finished juice 

products (PilniJc and de Vos, 1970). In this case, oxidation of 

procyanidins leads to the tanning of the pomace and significant 

removal of these constituents. Excessive pulp oxidation, 

however, can progressively reduce the "normal" character (color 

and flavor) of apple juice and it has been considered detrimental 

for the production of ciders (Lea and Timberlake, 1978). 

Phenolic Ocnpositicn of Apple Juice 

Several investigators (Hulme, 1953; Walker, 1963; Durkee 

and Poapst, 1965) have reported that chlorogenic acid 

(3-O-caffeolyl-D-quinic) is the major cinnaitdc derivative found 

in apples. Other positional isomers of chlorogenic acid are 

also present in apple fruits. Sondheimer (1958) reported trace 

amounts of isochlorogenic, band "510" (band name relates to 

elution fraction), and neochlorogenic acid in Mclntosh apples. 
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Scarpati and Esposito (1963) identified "band 510" as 

4-O-caf f eoyl-D-quinic acid and neochlorogenic as 

5-O-caffeoyl-D-quinic acid. Isochlorogenic acid was later 

identified as a mixture of several dicaffeoylquinic acids (Mbsel 

and Herrmann, 1974). The presence of 3-O-p-couinarylquinic acid 

and 4-O-p-couinarylquinic acid has also been reported (Williams, 

1958; Whiting and COggins, 1975). Traces of ferulic acid have 

also been found in hydrolyzed core tissue extracts frcan Mclntosh 

apples (Durkee and Poapst, 1965). 

The presence of (+) catechin and (-) epicatechin in apple 

juice has been well documented (Siegelman, 1955a,b; Mbsel and 

Herrmann, 1974). Procyanidins are also known to occur in apple 

juice. It is important to stress that these oligomeric and 

polymeric compounds are preformed in the fruit and they are not 

the result of processing or storage of apple juice. Schmidt and 

Neukom (1969) characterized the structure of the major 

procyanidin in Waldhoefler apples as the dimer B2 based on mass, 

JR and NMR spectra. Later studies (Lea and Timberlake, 1974; 

Lea, 1978; 1984) have revealed a range of procyanidins from the 

dimeric up to heptameric where seven epicatechin or catechin 

units are joined together. Mixed procyanidins of epicatechin 

and catechin and procyanidins of alternative stereochemistry 

also occur, so the system is exceedingly complex. The exact 

conformation, however, of polymeric procyanidins is difficult to 

elucidate as the mass spectral data do not reveal differences 

between closely related isomers (Weinges and Freudenberger, 
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1965) and the NMR data cannot be interpreted in an unambiguous 

manner (Geisman and Dittmar, 1965). Conformation of 

procyanidins up to trimers has been achieved on the basis of 

procyanidin hydrolysis with acidic toluene-thiol (Lea et al., 

1979). The method relies on acidic cleavage of procyanidin at 

the C-C bond to give a carbocation from "the tap half" and a 

free catechin from the "bottom half", the stereochemistry of 

both halves being preserved. In the presence of 

toluene-a-thiol, the carbocation is then captured to form a 

stereospecific thiol derivative. For steric reasons, the 

carbocation derived from (+) catechin gives rise to two thiol 

derivatives, but the corresponding carbocation from 

(-) epicatechin produces only one such derivative (Thompson 

et al., 1972). All the products of these reactions are 

separable by paper chramatography and so by examining the 

breakdown pattern the structure of the original molecule may be 

deduced. 

Preparative and analytical separation of procyanidins has 

been achieved by a variety of techniques including paper 

dhrcmatography, TLC on silica or cellulose, open column 

chromatography on Sephadex LH-20, and counter current 

distribution between ethyl acetate and water (Lea and 

Tiniberlake, 1974; Lea, 1978). These techniques are now being 

replaced by HPLC. Lea (1979) examined HFLC methods for 

procyanidin separation based on adsorption, reverse phase and gel 

permeation and he concluded that of the three modes reverse phase 
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offered the greatest potential. Gel permeation provided 

inadequate resolution and adsorption chromatography lead to 

infinitely long retention times. The disadvantages of reverse 

phase HPLC, however, are the ooelution of procyanidins with 

cinnamics, and the lack of relation between molecular weight and 

retention time. TLC, especially the new high performance silica 

plates, provide a very good method for assessing the degree of 

polymerization of procyanidin oligomers; dimeric up to hexameric 

procycinidins have been separated in the order of decreasing 

molecular weight on silica plates (Lea et al., 1979). 

Queroetin is the major flavonol aglyoone of apples (Duggan, 

1967) while kaempferol derivatives have also been found in much 

smaller concentrations (Van Buren, 1970; Herrmann, 1976). 

Flavonol derivatives are mainly concentrated in the peel tissue 

with values ranging between 0.5 and 18 mg/g (Workamn, 1963; 

Walker, 1964). Quercetin 3-O-galactoside (hyperin), 

3-O-glucoside (isoquercetrin), 3-O-xyloside (reynoutrin), 

3-O-arabinoside (avicularin) and 3-O-rhainnoside (quercetrin) 

have been reported by many investigators (Walker, 1964; 

SiegeLman, 1955a; Dick etal., 1987; Oleszek et al., 1988). 

Presence of quercetin-3-O-rutinoside (rutin) has also been 

reported (Siegelman, 1955a). Quercetin glycosides have been 

implicated in the inhibition of jS-galactosidase and suppression 

of softening in Golden Delicious apples (Dick et al., 1985; 

Lidster, et al., 1985). The earlier studies on these quercetin 

glycosides were limited to qualitative data as the similarities 
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in molecular weight and polarity did not allcw for adequate 

resolution by conventional methods such as TIC and column 

chronatography. The recent work by Oleszek et al., (1988) 

demonstrates the utility of an HPLC system equipped with diode 

array detector for characterization of phenolics as spectral data 

enabled the authors to distinguish the quercetin arabinoside from 

the closely eluting phloretin xyloglucoside. 

Derivatives of the dihydrochalcone phloretin are 

characteristic of apple fruit and apple juice (Duggan, 1967). 

The major derivative is phloridzin (Whiting and Coggins, 1975; 

Wilson, 1981), but lower levels of phloretin xylogluooside are 

also present (Wilson, 1981; Oleszek etal., 1988). These 

dihydrochalcone glycosides are present in both flesh and skin 

but the highest levels occur in the seeds (Durkee and Poapst, 

1965) 

Factors Affecting the ftienolic Ocnpositicn of Apple Juice 

Factors Related to Fruit 

Studies on the changes in cinnamics and catechins during 

the development of apples report that large quantities of 

catechin and cinnamic acid derivatives are formed early in the 

fruit but during the rapid growth of the fruit the concentrations 

of these compounds drop drasticly. This decline steps as the 

fruit matures (Mbsel and Herrmann, 1974). Similar patterns have 

been reported (Walker, 1963) on the levels of chlorogenic acid 

and p-ooumarylquinic acid in Cox's Orange and Sturmer apples. 
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Data on the phenolic profile of different varieties 

indicate a very similar qualitative pattern. Quantitative 

differences among varieties exist. For instance, Lea and Arnold 

(1978) found that the variety Tremlett's which is quite bitter 

had a higher ratio of oligomeric procyanidins to polymeric than 

the variety Vilberrie which is more astringent and less bitter. 

Coseteng and Lee (1987) studied the changes of FFO and phenolic 

concentration in relation to degree of browning in Empire, 

Cortland, Mclntosh, Golden Delicious, Rome, Rhode Island 

Greening and Classic Delicious apples. The results of the study 

shew that PPO activity and phenolic concentrations decreased 

during maturation and remained nearly constant during 

post-harvest storage. In sane varieties, PPO activity was 

directly related to the degree of browning while in others the 

degree of brewning was related more to phenolic concentrations 

without, however, any particular phenolic compound to be 

accountable for the differences in browning. The levels, of 

individual campounds in these varieties ranged as follows: 

chlorogenic acid 2.56 to 13.6 mg/lOOg, catechin 0 to 

1.84 mg/lOOg, epicatechin 3.0 and 23.4 mg/lOOg, phloridzin 0.44 

to 1.88 mg/lOOg, rutin traces to 2.88 mg/lOOg. 

Cultural conditions can also affect the phenolic 

composition of fruits. Lea and Beech (1978) measured 17% 

decrease in phenol ics of ciders from apples harvested from trees 

that had been fertilized as compared to those from non-fertilized 

trees. 
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Factors related to Juice Processim 

The cinnamic acids and the flavans are good substrates for 

apple PPO (Siegelman, 1955a,b; Stelzig et al., 1972), while the 

flavonols appear to be less suited PPO substrates (Baruah and 

Swain, 1959). Unit operations such as crushing, prepress 

enzymatic treatments, and pressing provide opportunities for PPO 

activity. Literature reports that the most significant 

oxidation occurs at the pulp before and during pressing with 

cinnamics and catechins being affected the roost (Van Buren 

et al., 1976; Lea and Tiitiberlake, 1978). Oxidation after the 

extraction can also be very important if a long time elapses 

until PPO inactivation. Enzyme inactivation requires heating to 

ca. 90° C for 30 seconds (Montgamery and Petropakis, 1980; 

Beveridge and Harrison, 1986). Pressing in the presence of 

agents suitable for PPO inhibition such as sulfur dioxide or 

ascorbic acid, drastically increases the phenolic yields (Van 

Buren et al., 1976; Lea and Timberlake, 1978). 

Brause and Raterman (1982) reported concentrations of 

chlorogenic between 93 and 232 fjig/q for laboratory produced 

apple juices and from 0-208 [Mg/q for commercial apple juice. 

Lee and Wrolstad (1988) found levels of chlorogenic acid between 

1.5 to 228 mg/L in Golden Delicious, Jonathan, Mclntosh and 

Granny Smith apple juices from different geographic origin. In 

addition to variety, phenolic oxidation has contributed to these 

wide quantitative ranges. 
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The variety of fining agents reccaranended for fruit juices 

includes gelatin, bentonite, silica sol, activated carton and 

polyvinylpolypyrollidone (PVPP) (Heatherbell, 1984). Reports on 

the effects of these agents on the phenolics emphasize on 

gelatin, mainly because of its widespread application. Lea and 

Timberlake (1978) reported that gelatin fining results in 

reduction of total phenolics but it is the polymeric phenolics 

that are the most affected as 20% of the polymeric procyanidins 

were removed by gelatin fining. Activated carbon is considered 

nonspecific and has been used as a decolorizing agent (Beveridge, 

1986). PVPP is known to bind phenolics by hydrogen bonding 

(Loomis, 1974) but it does not appear to be extensively used by 

the fruit juice industry. Bentonite and silica sol are mainly 

used to remove unstable proteins (Hsu and Heatherbell, 1987). 

The application of hot water (above 57 "C) in the extraction 

of juice frcm fruits has recently been adopted as an alternative 

to conventional pressing to increase juice yield. The diffusion 

process, however, tends to favor extraction of phenolic 

compounds and there can be a tendency for high rates of browning 

and obvious aroma and taste differences from the normal apple 

juice character (Schcbinger et al., 1978). Temperature of 

extraction is considered very important, as the true diffusion 

requires a significant change to the fruit membrane permeability 

(Luthi and Glunk, 1974). The extraction of phloridzin, which is 

concentrated in the seeds and has lew solubility in cold water, 

was found to be markedly increased in diffusion extracted juice 
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(Lea and Timberlake, 1978). Similar results would be expected 

for the queroetin glycosides, which are concentrated in the 

skins and they are poorly soluble in cold water, but this has 

not yet been reported. 

The quantitative data on the ■ phenolic composition of 

diffusion extracted juices relative to juices extracted with 

conventional pressing are mostly based on colorimetric 

measurements and show a strong increase in total phenolics. 

Schobinger et al. (1978) reported the total phenolics of pressed 

juice to be 255 mg/L while the total phenolics of diffusion 

extracted juice were 659 mg/L. The change in procyanidins was 

found to be even more drastic as these canpounds were 30 mg/L in 

pressed juice and 372 mg/L in diffusion extracted juice. Kardos 

(1979) reported a three-fold increase in the phenolic content in 

diffusion extracted juice relative to that of pressed juice. 

Storage of apple juice and juice concentrates results in 

degradation of phenolics. Van Buren et al., (1976) found that 

flavonol glycosides decreased considerably during storage of 

juice concentrates at 35°C for 90 days. Polymerization of 

flavans was also concluded by the decreased mobility of these 

canpounds on TLC plates. The colorimetric quantitation (based 

on Folin-Ciocalteu reagent) of total phenolics, however, showed 

an increase with storage. Similar increase in total phenolics, 

quantitated with Folin-Ciocalteu colorimetric assay, during 

storage has been reported by Babsky et al., (1986) which 

indicates that such data should be interpreted cautiously. 
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Formation of non-enzymatic browning intermediates, such as 

enediols and reductones, during storage undoubtedly accounts for 

these "apparent" increases in total phenolics. 

Phenolic Ocnopositicsi of Pear Juice 

The cinnamic canposition of pears is similar to that of 

apples as the major cinnamics of pears are chlorogenic and 

p-ooumarylquinic acid (Cartwright et al., 1955; Hulme, 1958; 

Sioud and Luh, 1966; Challice and Williams, 1972). The 

positional isomers of theses cinnamics reported in apples are 

also found in pears (Mbsel and Herrmann, 1974). 

Several investigators have reported the presence of 

(+) catechin and (-) epicatechin in pears (Sioud and Luh, 1966; 

Ranadive and Haard, 1971; Mbsel and Herrmann, 1974). 

Procyanidins are also present but the data on specific 

conformations are very limited. Sioud and Luh (1966) detected 

cyanidin as a hydrolysis product of procyanidins of Bartlett 

pears. These procyanidins were identified as Bl and B2 by 

comparing their Rf values on two dimensional paper 

dhrcmatography with those of procyanidins found in cacao beans. 

Glycosides of the aglycones quercetin, isoquercetin and 

kaempherol make up the flavonol canposition of pears (Duggan, 

1967; 1969a,b). Sioud and Luh (1966) observed the flavonol 

glycosides of Bartlett pears as two spots on paper dhromatograms 

of ethyl acetate extracts. They identified one of the spots as 

isoquercetin (quercetin-3-O-glucoside); the other was considered 
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as another glyooside of quercetin. Nortje and Kbeppen (1965) 

isolated five flavonols from Bon Chretien pears: isoquercetin, 

isorhainnetin-3-O-glucoside, isortiaimetin-3-O-rhainnoglucxDside, 

isorhaimetin-3-0-rhainninogalactoside and a fifth ocrapcund 

believed to be an acid conjugated form of 

isorhainnetin-3-O-glucoside, Duggan (1969b) confirmed the 

presence of these flavonol glycosides in Packingham, Bartlett, 

Bosc and d'Anjou pears using mass spectrcatnetric and NMR as 

identification techniques and reported the presence of 

quercetin-7-O-jcyloside as a new compaund not previously 

identified. A distribution of flavonols in the fruit presented 

by Herrroann (1976) shows that 28 mg/kg of quercetin and 

12 mg/kg of kaempferol were found in skins and peels of 

"Williams Christ11 pears. The levels of these flavonols in the 

remaining tissues amounted to less than 0.1 mg/kg. 

The major difference between the phenolic profile of pear 

and apple fruit is the presence of arbutin and the lack of 

phloretin derivatives in pears (Williams, 1957; Duggan, 1967). 

An excellent chemotaxic survey of the phenolic oanpounds in 

the genus Pyrus has been presented by Challice and Williams 

(1968). 

Icictars Affecting the Rienolic Ocnpositicn of Pear Juioe 

Factors Related to Fruit 

The changes of cinnamics and catechins during the 

development of pear fruit are very similar with those occurring 
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during the development of apple fruit (Mosel and Herrmann, 1974). 

Meadcws (1983) studied the changes in phenolics during long-term 

cold storage of d'Anjou and Bosc pears. The data shew that the 

levels of phenolic corpounds in flesh at harvest were: 50 jug/g 

(fresh weight) chlorogenic acid, 13 /jg/g catechin, 10 /ug/g 

arixitin and no epicatechin or p-coumarylquinic acid for the 

d'Anjou pears; for Bosc pears, 50 /xg/g chlorogenic acid, 14 /ug/g 

catechin, 19 /ig/g artoutin and no epicatechin or p-coumarylquinic 

acid. During the 170 days storage at -1°C, chlorogenic acid 

fluctuated but rose and leveled to 70 /ig/g in d'Anjou but fell 

to 30 Aig/g in Bosc. Catechin rose to 30 /ng/g in d'Anjou and to 

20 /xg/g in Bosc while arbutin remained nearly constant. At 120 

days epicatechin/p-coumarylquinic acid (compounds were not 

resolved) rose to 18 /xg/g in d'Anjou but not in Bosc. 

Duggan (1969b) compared the flavonol glycosides of d'Anjou, 

Bartlett, Bosc and Packingham pears and found these varieties 

very similar with d'Anjou differing most from the group. It 

contained much more quercetin-7-O-xyloside and much less 

isorhamnetin-3-O-galactoside. 

Several studies have focused on the isolation and 

properties of PPO of different pear varieties (Rivas and 

Whitaker, 1973; Halim and Montgomery, 1978; Smith and Montgamery, 

1985). Since color deterioration during processing of pear juice 

is caused by endogenous PPO activity and presents a major 

problem, it is worthwhile to review some of the properties of the 

enzyme.  Rivas and Whitaker (1973) purified two isoenzymes from 
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Bartlett pears. The two isoenzymes differ in the effect of ionic 

strength on activity but they are similar with respect to 

substrate specificity, pH activity relations, inhibition by 

p-coumaric and benzoic acids, and heat stability. Both enzymes 

are p-diphenol oxidases with no monophenolase or laccase 

activity. Chlorogenic acid and catechin were good substrates of 

the enzymes. Dependence of activity on oxygen and chlorogenic 

acid concentrations indicated a sequential mechanism for binding 

of these substrates to the enzyme. Maximum activity on 

chlorogenic acid was at pH 4.0. p-Coumaric acid was a linear 

nonocmnpetitive inhibitor with respect to chlorogenic acid. 

Halim and Montgomery (1978) separated by gel electrophoresis and 

detected by catechol activity eight isoenzymes from d'Anjou 

pears. None of these enzyme exhibited laccase activity. Some of 

these multiple forms, however, were artefacts frcm the 

interaction between enzyme and phenolics (Smith and Montgomery, 

1985). Extraction of d'Anjou PPO in the presence of adsorbents 

such as PVPP, Amberlite XAD-4, and ion exchange resins resulted 

in a PPO extract with optimum pH 5.1. At 4°C the extract lost 

11% of the PPO activity during 11 day storage period. Gel 

electrophoresis of the extract revealed only three isoenzymes 

(Smith and Montgomery, 1985). Heat inactivation of the crude 

d'Anjou PPO extracts follows first order kinetics. Approximately 

50% of PPO activity was inactivated after heating for 11.7, 6.25, 

2.24 and 1.1 min at teirperatures of 70°, 75°, 80° and 850C, 

respectively (Halim and Montgomery, 1978). 
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Factors Related to Juice Processing 

Most of the studies concerning pear juice deal with the 

problem of the rapid browning during processing (Dimick et al., 

1951; Montgonery, 1983; Petropakis and Montgomery, 1984). Color 

deterioration occurring during storage has been mainly ascribed 

to the Maillard reaction (Comwell and Wrolstad, 1981). 

Heat treatment, ascorbic acid, and SO2 have been applied 

for preventing browning during processing. Thermal treatment, 

the only permanent treatment, and eiscorbic acid have resulted in 

production of pear concentrates of lighter color (Petropakis and 

Montgomery, 1984). Approximately 300 ppn of ascorbic acid was 

required to prevent browning in pear pulp and juice up to and 

during the time of heating (Montgomery and Petropakis, 1980). 

Ascorbic acid, however, is not always desirable as it can 

participate in non-enzymatic browning in later storage (Tatum 

et al., 1969). Heating the fruit mash is an alternative. 

However, heating pears solubilizes middle lamella pectins (Reeve 

and Leinback, 1953) resulting in cell separation and "saucing" 

of the fruit. Serious problems in extraction and clarification 

of juice from such mashes have been encountered (Beveridge, 

1986). 

Seme compositional data on the phenol ics of Bartlett and 

d'Anjou juices processed with SO2 or ascorbic acid as 

antioxidants have been presented by Beveridge (1986). Ihe data 

on Bartlett juice protected from oxidation by SO2 were: 
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30.0 Mg/ml caffeic acid, 125.0 /xg/ml chlorogenic acid, 

25.3 jig/ml ^icatechin and 3.24 Aig/ml catechin. In similarly 

processed d'Anjou juice, the levels of phenolics were: 17.7 /ug/ml 

caffeic acid, 238.7 ^g/ml chlorogenic acid, 8.55 /xg/ml 

^>icatechin and no catechin. There were minor quantitative 

differences between SO2 and ascorbic acid processed juices. 

Inhibition of browning in pear juice concentrate by 

cysteine has been demonstrated by Mbntgomery (1983). Control of 

browning with addition of cysteine seems to result from the 

formation of colorless products by the reaction of o-quinones 

with the sulfhydryl ccanpounds rather than direct inhibition of 

PEO; for effective inhibition of browning, a thiol/phenolic 

ratio greater than unity is required (Joslyn and Ponting, 1951; 

Walker and Reddish, 1964). Cysteine, due to the absence of the 

characteristic sulfite odor, is attractive for use as an 

antioxidant but its vise is not approved at present in the USA. 

Clear, amber-colored pear juice was obtained by 

ultrafiltration on hollow fibers (Kirk et al., 1983). The 

method offers an alternative means for removing proteins, 

polysaocharides and polymerized phenolics but it does not affect 

phenolics of lew molecular weight (Heatherbell et al., 1977). 

Rienolic Oonpositicn of White Grape Juice 

The phenolic composition of grapes has been exhaustively 

studied and reviewed (Singleton and Esau, 1969). Varieties 

important in wine making have received most of the attention. 



24 

For a long time, conflicting reports appeared in the 

literature about the cinnamic composition of grapes. It was 

assumed that the esters of caffeic acid with quinic acid, which 

are the predominant cinnamic derivatives in most fruits, are 

present in grapes. Ribereau-Gayon (1965) shewed with paper 

chrexnatography that the esters actually contained tartaric rather 

than quinic acid. No mention of the tartaric esters of 

p-coumaric or ferulic acids was made at that time. Singleton and 

Noble (1976) considered that the nature of the cinnamic 

derivatives in grapes was not yet fully understood. In a more 

recent study aiming to resolve the confusion of cinnamic 

esterification in grapes. Singleton etal., (1978) identified 

crystalline products isolated from Miiller-'Ihurgau white wine as 

cis- and trans-p-coumaryl-tartaric acid (coutaric acid) and 

trans-caffecyl-tartaric acid (caftaric acid). They also reported 

that the corresponding quinates were not present. In later 

studies several investigators confirmed that cinnamics in grapes 

exist as tartrate esters and the absence of often reported 

chlorogenic and neochlorogenic was substantiated (Ong and Nagel, 

1978a,b; Baranowski and Nagel, 1981; Okamura and Watanabe, 1981). 

Ong and Nagel (1978b) reported the occurrence of 

glucose-tartrate-cinnamic acid esters but in a later study by 

Baranowski and Nagel (1981) it was acknowledged that these 

glucose esters were indeed cis- isomers of caftaric and 

coutaric. Although feruloyl-tartrate 'has been detected in red 

grapes (Ribereau-Gayon, 1965) there was some question as to its 
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presence in white grapes. Baranowski and Nagel (1981) showed 

that lew levels of this cinnamic were present in white Riesling 

wine. 

Gallic acid was one of the phenolic campounds separated by 

HELC in Iharpson Seedless juice and wine (Singleton and 

Trousdale, 1983). It is also found in grape seed extracts 

(Oszmianski et al., 1986). 

Lea et al., (1979) characterized the procyanidins of white 

grapes and wines (MilLler-Thurgau). Four main dimers were 

isolated and identified as procyanidins B1-B4. A further 

procyanidin fraction was isolated and shewn to consist of a 

mixture of two stereoisomeric trimers, one composed of three 

epicatechin units and the other of two epicatechin and a 

terminal catechin. Identification of specific structures was 

achieved with acidic toluene-thiol degradation of procyanidins. 

Higher degree procyanidin polymers (up to six) were also 

separated on high performance TI£ plates. Catechin, epicatechin 

and procyanidins B1-B4 have also been extracted from grape seeds 

(Oszmianski et al., 1986). 

Jaworski and Lee (1987) fractionated grape phenolics into 

acidic and neutral on C^g Sep-Pak cartridges. Ihe juice saitple 

was adjusted to pH 7 and it was passed through a C^Q Sep-Pak 

preconditioned with water. The acidic phenolics being 

negatively charged at pH 7, are not retained on the cartridge. 

Neutral phenolic were eluted with methanol and analyzed by HPLC 

to reveal the presence of catechin, epicatechin and procyanidins 
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B2 and B3. Ihe authors claimed that this fractionation resulted 

in higher procyanidin recoveries than those achieved by ethyl 

acetate extraction at pH 7 described by Salagoity-Auguste and 

Bertrard (1984). 

Most of the gallocatechins and galloylesters of catechins 

found in wines are extracted from seeds (Lea et al., 1979). 

These highly substituted flavanols have been reported in many 

studies (Singleton et al., 1966; Su and Singleton, 1969; 

Oszmianski et al., 1986; Lee and Jaworski, 1987) which show that 

their seed concentrations diminish considerably or disappear as 

the grapes ripen. 

Ribereau-Gaynon (1964) identified the 3-gluoosides of 

kaempferol, quercetin, and myricetin and quercetin-3-glucuronide 

in red grapes and observed that white varieties lack the 

myricetin derivatives. Flavonols are localized in the solid 

parts of the cluster and therefore are not usually found in 

juices or wines that have been prepared with traditional wine 

making procedures. Most of the reports on grape flavonols focus 

on their levels in wines fermented in the presence of the pulp 

(Cheynier and Rigaud, 1986). Singleton and Trousdale (1983) 

reported, for the first time, trace amounts of astilbin 

(rhamnoside of 2,3-dihydrokaernpferol) and engeletin (rtiamnoside 

of 2,3-dihydroquercetin) in Thompson Seedless grape juice. 
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Factor Affecting the fhenolic Ocnpositicn of White Grape Juice 

Factors Related to Grapes 

Lee and Jaworski (1987) found large differences in the 

phenolic make-up of white grape cultivars grown in New York. 

Ihe mean values of individual phenolic ccmpaunds were: 181 mg/L 

trans-caftaric, 6 mg/L cis-caftaric, 10 mg/L ooumaryltartaric, 

19 mg/L catechin, 23 mg/L epicatechin, 1 mg/L procyanidin Bl, 

5 mg/L procyanidin B2, 15 mg/L procyanidin B3, 26 mg/L 

catechin-gallate, and 32 mg/L and 12 mg/L of two 

catechin-catechin-gallate isomers. Varietal differences in the 

chrcmatographic pattern of phenol ics have also been shown by 

Singleton and Trousdale (1983). 

Studies on activity of PFO during the maturation of several 

white grape varieties grown in the northeastern USA revealed 

varieties with low, medium and high levels of PFO activity. The 

activity for any variety fluctuated throughout the ripening 

period and no correlation between PFO activity and phenolic 

content was found (Wissemann and Lee, 1980). Over a 3-year 

period investigation of the development of PFO activity 

tiiroughaut growth and maturation of 5 grape varieties revealed 

differences for certain years in the intensity and speed of 

development of the enzymatic activity (Sapis et al., 1983). 

Factors Related to Juice Processing 

In previous sections the effect of the different processing 

operations on the phenolic composition of apple and pear juice 
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was explained. It is expected that operations of similar nature 

would have ccmparable effect on the phenolic conposition of 

grape juice. Literature in the area of grape processing 

emphasizes the wine technology and some interesting aspects of 

that technology are pointed out. Depectinization of grape juice 

often is an operation common to both wine and juice processing. 

Complete hydrolysis of cinnamic esters (caftaric and ooutaric 

acid) in wines clarified with pectinases has been reported by 

many investigators (Baranowski and Nagel, 1981; Qieynier et al., 

1986). Some hydrolysis of cinnamics during depectinization of 

apple and pear juices should also take place as 1CM levels of 

free caffeic and coumaric acid are found in the juices (Beveridge 

1986; Lee and Wrolstad, 1988) despite their occurrence as esters 

in the fruit (Duggan, 1969b). 

The oxidation of cinnamic acids in grapes has drawn the 

attention of researchers in the field (Singleton et al., 1984; 

1985; Cheynier et al., 1986; Cheynier and Van Hulst, 1988). It 

is now established that oxidation of caftaric and coutaric acid 

by FPO leads to the formation of 2-S-glutathionylcaftaric acid. 

The reaction involves as a first step the enzymatic oxidation of 

caftaric acid to caftaric acid o-quinone and as the second step 

the spontaneous addition of the sulfhydryl to make the 

thioether. Figure 1.5 shows the difference in the UV absorbance 

spectra between caftaric and glutathionylcaftaric acid along 

with the structure of the thioether adduct. According to 

Singleton (1987) glutathionylcaftaric acid is not a substrate 
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for PPO, in spite of its g-dihydroxyphenol structure. This 

conversion of caftaric acid is therefore believed to be a way of 

limiting must browning by trapping caftaric acid quinones in the 

form of a stable glutathione substituted product (Cheynier 

et al.f 1986). Ihus, the varietal differences in grape 

susceptibility to browning, which are not determined neither by 

the grape PPO activity nor by the cinnamic acid content (Sapis 

et al., 1983), might depend on the glutathione to caftaric ratio 

(Cheynier and Van Hulst, 1988). 

In grapes such as Thompson Seedless, which have an adequate 

content of glutathione, quantitative conversion of caftaric to 

the glutathione derivative is easily achieved (Cheynier et al., 

1986). Thorough protection from enzymatic oxidation during 

pulping of grapes is required to avoid the formation of 

glutathionylcaftaric in grape juices (Singleton, 1987). 
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Figure 1.1   Structures of Cctranon Phenolic Acids 
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Figure 1.2 Inportant Flavonoid Structures Present in Apple, 
Pear and White Grape 
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Figure 1.3 Common Procyanidins of group B 
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Figure 1.4 Mechanisms of Haze Formation 
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Figure 1.5   UV     Spectra     of    Caftaric     (dashed     line)     and 
2-S-Glutathionylcaftaric (solid line) 
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ABSTRACT 

The application of HPLC separation and diode array detection 

for characterization of phenolic cctrpounds in fruit juices is 

presented. Quantitation of phenolic acids and flavonol 

glycosides was achieved with minimum sample preparation. 

Procyanidin quantitation, however, required removal of 

interfering compaunds with sample preparation. High recoveries 

(up to 92.3%) and reproducibility in procyanidin isolation were 

obtained by mini chroma tographic colvmins packed with 

Sephadex IH-20. The developed techniques were applied to study 

the effect of S02, enzymatic clarification, fining, bottling, 

concentration and storage on the phenolic corrposition of 

Thompson Seedless grape juice. SO2 addition during processing 

resulted in higher levels of phenolic acids and procyanidins but 

it had no apparent effect on the quercetin glycoside 

composition. Oxidation of caftaric acid to 

2-S-glutathionylcaftaric was evident in juices processed both 

with and without SO2. Enzymatic clarification caused hydrolysis 

of caftaric, coutaric and quercetin derivatives but it showed no 

effect on the 2-S-glutathionylcaftaric. Procyanidins 

demonstrated sensitivity to the heat applied during bottling and 

concentration. Storage of concentrates for nine months at 25°C 

lead to the formation of hydroxymethylfurfural (HMF) (up to 
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33.5 mg/L), extensive oxidation of cinnamics and total loss of 

procyanidins and quercetin glycosides. Coloriroetric measurement 

of phenol ics showed no correlation with the HPLC quant itat ion. 



38 

jmsooacFictf 

The complexity of the phenolic conposition and the 

irrportance of phenolic constituents in color, flavor and 

stability characteristics of grape juices and wines are well 

recognized (Singleton and Esau, 1969). It is also known that 

variety, processing practices and storage, among other factors, 

affect the phenolic conposition of grape juices and wines 

(Amerine and Ough, 1980). 

Previous work has shown that the tartaric esters of caffeic 

and coumaric acid are the itajor cinnamics (Ribereau-Gayon 1965; 

Singleton etal., 1978; Baranowski and Nagel, 1981). 

Procyanidins built on epicatechin and catechin units make vp the 

procyanidin fraction (Lea etal., 1979) of grape juices and 

wines. Flavonol derivatives (Cheynier and Rigaud, 1986) and 

hydroxybenzoic acids (Singleton and Trousdale, 1983) also occur. 

Colorimetric procedures and paper or thin layer chrcmatography 

that have been used in analysis of phenolics often give 

semiquantitative data. HPIC procedures have also been used 

recently but they present the difficulties of interpretation of 

conplex GhrcatBtograms and the possibility of coelution (Singleton 

and Trousdale, 1983). Recent advances in diode array detection 

are useful not only in phenolic identification but also in their 

quantitation by checking peak purity or by simultaneously 

recording more than one wavelength. Most of the efforts in the 
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research of grape phenol ics has focused on varieties and 

processing techniques associated with the production of wines and 

less emphasis has been given to varieties and processing of 

grapes for production of juice. 

This paper presents methodology that utilizes reverse phase 

HPLC and diode array detection to profile the phenolic 

composition of fruit juices. The influence of processing and 

storage on the phenolic composition of Thompson Seedless grape 

juice is investigated. Comparison between HFIC and colorimetric 

quantitation of phenolics is also made. 
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MATERIALS & MEIHODS 

Standards 

Hienolic standards (chlorogenic, caffeic, p-coumaric, gallic 

and protocatechuic acids, rutin, catechin and epicatechin), 

tryptophan, tyrosine and hydroxymethyl furfural (HMF) were 

obtained from Sigma Chemical Co. Procyanidins (Bl, B2, B3, B4, 

triiner and tetramer) were provided by Dr. A. Lea, Cadbury 

Schweppes Ltd., Lord Zuckerman Research Center, University of 

Whiteknights, UK. Caftaric and coutaric acids were donated by 

Dr. V. L. Singleton, Dept. of Enology, University of California, 

Davis, California. All solvents used in this investigation were 

HPLC grade. 

Preparation of Grape Juice 

Ihompson Seedless grapes obtained in fall 1986 frcm Papagni 

Vineyards, Clovis, California, were processed into juice in the 

pilot plant of the Dept. of Food Science at Oregon State 

University, according to the flow sheet diagram shewn in the 

figure 2.1. Juice samples were obtained in the intermediate 

processing steps as indicated on figure 2.1 and stored frozen at 

-30°C until analysis. Concentrates which have been kept frozen 

or stored for nine months at 25 °C were diluted to original °Brix 

before analysis. Detailed information about the processing is 

described elsewhere (Wrolstad et al., 1988). 
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Determination of Grape Rienolics with HPLC 

The general scheme for the preparation, separation and 

detection of the phenolics is shown in Figure 2.2. 

Sample Preparation for HPLC analysis of Phenolic Acids and 

flavonol qlyoosides 

Single strength grape juice was filtered with a Millipore 

0.45 ixm  filter (type HA) and injected onto HPLC. 

Sample Preparation for HPLC analysis of Procyanidins 

One g of Sephadex IH-20 (Phannacia, Uppsala, Sweden) was 

swelled in water and slurry-packed into a disposable Poly-Prep 

ciiramatography column, (graduated column, 0.8 x 4 an, holding up 

to 2 mL of chramatographic media and including an integral 10 mL 

reservoir, Bio-Pad Laboratories). The bed was rinsed with 5 mL 

of distilled water. Grape juice, 10 mL, was carefully applied 

onto the column and the bed was washed with 30 mL of 20% 

methanol. This fraction contained sugars, nonvolatile acids and 

phenolic acids and it was discarded. The procyanidins were 

eluted frcm the column with 15 mL methanol. Percolation through 

the column was assisted with the application of a slight vacuum. 

The procyanidin fraction was evaporated to dryness on a rotary 

evaporator (water bath 45 "C), dissolved in 2 mL of distilled 

water, filtered through a Millipore 0.45 /an (type HA) filter and 

injected onto the HPLC. 
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HPIC Separation of Phenolics 

The analytical equipment consisted of: a Ferkin-Elmer Series 

400 Liquid Oiramatograph; a Hewlett-Packard 104 0A Fhotodiode 

Array Detector interfaced with a Hewlett-Packard 9000 canputer; 

a Beckman 501 autosairpler with 40 /xL injection loop; and a 

Supelcosil LC-18, (5 /nn), 25 cm x 4.6 inm id, analytical column 

fitted with an ODS-10, 4 cm x 4.6 ram id, Micro-Guard column 

(Bio-Rad Laboratories). Elution was carried out at room 

temperature and utilized as solvent A 0.07 M KH2PO4 adjusted to 

pH 2.5 with concentrated phosphoric acid and as solvent B, 

methanol. The elution program was: flow rate 1 ml/inin; 2% B 

isocratic for 5 min followed by a 2-40% linear gradient with B 

for 40 min and holding with 40% B for additional 12 min. The 

Ghramatogram was monitored simultaneously at 280 and 320 nm with 

6 nm bandwidth. Analytical conditions were the same for both 

the phenolic acids and the procyanidin fraction. 

HPIC Quant itat ion of Phenol ics 

cis-, trans- Caftaric acid, cis-, trans- coutaric acid, 

2-S-glutathionylcaftaric and oxidized cinnamic acids were 

quantitated as chlorogenic acid, while a hydroxybenzoic 

derivative was quantitated as protocatechuic acid and flavonols 

were quantitated as rut in. Calculation of concentrations was 

based on the external standard method. Dilutions 1:0, 1:2, 1:4 

and 1:6 of a water solution containing 60 mg/L chlorogenic acid, 

25 mg/L caffeic acid, 20 mg/L p-coumaric acid, 10 mg/L ferulic 
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acid, 15 mg/L protocatechuic acid, 10 mg/L gallic acid, 10 mg/L 

rutin, 25 mg/L HMF, 25 mg/L tyrosine and 20 mg/L tryptophan were 

used to fit a standard curve (area vs concentration in mg/L) with 

linear regression for each individual compaund.  Concentration 

(C) of each individual phenolic in the samples was calculated 

frcm peak area (A) and the equation: 

C = a + 13 x A (1) 

where a   is curve intercept, and /? is curve slope (for the 

corresponding compound). 

Similar dilutions of a water solution of 80 mg/L catechin 

and 80 mg/L epicatechin and linear regression were used for the 

quantitation of catechins and procyanidins. All procyanidins 

were expressed as catechin. Equation (1) was modified to: 

C = (a + p x A) / CF x R (2) 

to accommodate the concentration factor (CF), and the recovery 

(R) resulting from the isolation of these compaunds with sample 

preparation. The average recovery, presented in the table 2.3, 

of each individual procyanidin and catechin was used in equation 

(2). 

CDloarimetric Determination of Total fhenolics 

Colorimetric determinations of total phenol ics were based on 

the procedure of Singleton and Rossi (1965). Grape juice, 

100 /il, filtered through a 0.45 jum Millipore (type HA) membrane 

was mixed with 900 /xl of distilled water and 5 mL of 

0.2 N Folin-Ciocalteau reagent (Sigma Chemical Co. St. Louis, 
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MD). Four mL of saturated sodium carbonate (75 g/L) was added to 

the mixture and then shaken. The absorbance of the solution at 

765 nm was measured after two hours with a Varian CMS 100 double 

beam spectrqphotometer. Quantitation was based on the standard 

curve of 100, 200, 300, 400 and 500 mg/L of gallic acid prepared 

at the same time. 
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RESULTS & DISCUSSICN 

Characterizaticn of Phenolic Acids and Flavcnols 

A typical chrcmnatogram of phenolic acids and flavonol 

glycosides fron Thompson Seedless grape juice is shown in figure 

2.3. Identification of the trans- isomers of caftaric, 

coutaric, caffeic, p-coumaric, fenilic (peaks 8, 12, 13, 14 and 

15 respectively) was based on ccmparisons of retention and 

spectral characteristics of the corresponding peaks with those 

of standards. Presence of gallic acid and rutin (peaks 3, 17 

respectively) was also verified by both retention and spectral 

data, while presence of another quercetin glyooside (peak 18) 

was clearly indicated by the spectral data. Peaks 7 and 10 were 

assigned as cis-caftaric and cis-ooutaric, respectively. 

cis-Isomers of cinnamics are present in grapes (Singleton 

et al., 1978; Baranewski and Nagel, 1981; Jaworski and Lee, 1987) 

and they are eluted before the corresponding trans-isomers in 

reverse phase HPLC systems (Baranowski and Nagel, 1981; Jaworski 

and Lee, 1987). Transformation of trans- to cis- coutaric can 

occur under UV light (Singleton et al., 1978). When standards of 

caftaric and coutaric were treated with UV light peaks with the 

same retention times and spectra with those of peaks 7 and 10 

were generated. Peak 9, which is a major 320 nm peak in the 

phenolic profile of Thompson Seedless  grape juice,  was 
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identified as 2-S-glutathionylcaftaric acid. It has been well 

established that oxidation of caftaric acid, catalyzed by 

polyphenoloxidase (PPO), leads to the formation of 

glutathionylcaftaric caftaric (Singleton et al., 1984; 1985; 

Cheynier et al., 1986; Cheynier and Van Hulst, 1988). Ihe 

spectrum of peaJc 9 which is shown in figure 2.4, relates very 

well with the spectrum of 2-S-glutathionylcaftaric published by 

Cheynier et al., (1986). Peak 9 has a slightly longer retention 

than caftaric. Cheynier et al., (1986) also report that 

2-S-glutathionylcaftaric elutes shortly after caftaric in a 

reverse phase HPIC system that uses methanol as mobile phase. 

In addition to phenolic, nonphenolic campounds such as 

amines and aminophenols, are expected to contribute to the 

complex chromatographic pattern of grape juice (Singleton and 

Trousdale, 1983) as nonphenolic substances can have appreciable 

absorbance in the UV (Somers and Zemielis, 1972; Myers and 

Singleton, 1979). L-tyrosine (peak 1), tryptophan (peak 11) and 

HMF (peak 5), were nonphenolic compounds identified by matching 

both retention and spectral data of the corresponding peaks with 

those of standards. Tyrosine and tryptophan are known to occur 

in grape juices and wines (KLuba et al., 1978; Sanders and Ough, 

1985). Although HMF was barely detected in the chromatogram of 

figure 2.3, it corresponded to a significant peak in the 

chromatograms of bottled juices and stored concentrates. Peaks 

2, 4, 6 and 16 were not completely identified. Some information 

about the nature of the aglycone of these ccarpounds, however, can 
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be obtained from the spectra of these peaks. The spectrum of 

peak 2 is identical with the spectrum of peak 6 and it is shown 

in figure 2.5. The similarity in the spectral characteristics 

and the difference in retention times of peak 2 and 6 indicate 

that these peaks have the same aglycone but peak 2 is more polar 

than peak 6. The spectrum of peak 4, shown in figure 2.6, 

exhibits the general characteristics of cinnamic spectra such 

those of caffeic or ferulic. Compourris with identical spectra 

with those of peaks 2 and 4 but longer retention times (less 

polar) were found and isolated from pear juice processed with SO2 

(see pear paper, Spanos and Wrolstad, 1988b). The compaunds were 

tentatively characterized as products of cinnamic oxidation 

formed in the presence of sulfites. Since grapes have 

considerable content of sulfhydryl compounds (Cheynier et al., 

1986) these peaks may correspond to products of similar nature. 

Peak 16 shewed spectrum (figure 2.7) similar to that of 

hydroxybenzoic acids such as vanillic or protocatechuic but it 

had longer retention than these compounds. It is likely that 

this peak corresponds to a hydroxybenzoic acid esterified with a 

hydrophbbic moiety. 

Influence of Processing and Storage en the Phenolic acids and 

Flavcnols 

Table 2.1 shows the cinnamic acid carnposition of Thcmpson 

Seedless grape juice at the different processing and storage 

stages. The levels of gallic acid and quercetin glycosides along 
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with levels of tyrosine, tryptophan and HMF and the changes that 

occur with processing and storage are shown in table 2.2. The 

phenolic acid composition of grape juice processed with addition 

of SO2 is consistently higher than that of grape juice processed 

without SO2 addition. The levels of each cinnamic acid amount to 

less than 1 mg/L in the juice processed without SO2. The 

presence of the reducing agent during processing results in less 

oxidation, and consequently, in higher phenolic acid 

concentrations. The levels of SO2, however, are not high enough 

to exclude any oxidation. Enzymatic oxidation of caftaric acid 

to caftaric p-quinone by PPO can be followed by spontaneous 

addition of glutathione. The high content of glutathione in 

Thompson Seedless grapes allows for quantitative formation of 2- 

S-glutathionylcaftaric (Cheynier etal., 1986). Caffeic and 

coumaric acids are found in the form of their tartrate esters in 

the SO2 processed juice sampled at the press stage. Juice 

clarification, however, caused almost complete hydrolysis of the 

tartrate esters and as a result the subsequent processing stages 

as well as the finished juices contain mostly the free forms of 

caffeic and coumaric acid. Esterase activity present in the 

enzymatic preparation used for clarification probably accounts 

for the observed hydrolysis. Similar hydrolytic activity on 

cinnamics by pectinase preparations have been reported 

(Baranowski and Nagel, 1981; Spanos and Wrolstad, 1988a,b). 

Hydrolysis of glutathionylcaftaric to glutathionylcaffeic during 

clarification was not observed.  The data on the quercetin 
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glycosides (table 2.2) show little effect of SO2 on the oxidation 

of queroetin constituents. It has been reported that flavonol 

glycosides are not direct PPO substrates (Baruah and Swain, 

1959). Ihere is apparent hydrolysis of rutin during enzymatic 

hydrolysis. Storage of concentrates for nine months at 25°C 

resulted in extensive degradation of phenolic acids, total loss 

of quercetin glycosides and formation of high amounts of HMF (up 

to 33.5 mg/L). Sane HMF was also formed during the heat 

treatment of bottling. Hardly any HMF, hcwever, was formed with 

the process of concentration. The effect of SO2 on the 

concentration of peaks 2, 4 and 6 (table 2.1), is similar to 

that on the identified phenolic acids but there is no apparent 

hydrolytic activity on these peaks similar to the observed on 

the cinnamics. It is worth noting that drastic changes in the 

composition of tyrosine and tryptophan occurred with storage 

(table 2.2). Total loss of tryptophan was observed while 

tyrosine was reduced by more than 50%. The involvement of these 

amino acids in browning reactions may account for their 

degradation. 

Characterization of Procyanidins 

Figure 2.8 shows a ciiromatogram of procyanidin standards. 

The retention times show that procyanidins have similar 

retention with other phenolic compounds especially cinnamic 

acids. The poor resolution of procyanidins frcm other 

interfering canpounds and their spectral characteristics (280 nm 
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absorbanoe and relatively low extinction coefficient) require 

selective removal of cinnaiuic acids and other interfering 

compounds with sample preparation. We based our initial efforts 

to isolate the procyanidins from the phenolic acids on the 

ionization of phenolic acids at pH 7. However, ethyl acetate 

extraction of grape juice at pH 7 as described by 

Salagoity-Auguste and Bertrand (1984) resulted in highly 

variable recoveries of procyanidins and in co-extraction of 

interfering cinnamics. Absorption of phenolics on a C^s Sep-Pak 

cartridge, selective elution of phenolic acid with 5% methanol 

of pi 7 and subsequent elution of procyanidins with methanol 

gave similar poor results. 

A typical chramatogram of procyanidins isolated frcan grape 

juice with Sephadex IH-20 is shown in figure 2.9. The spectral 

data and the 320 nm signal of the chramatogram indicate that the 

sample preparation effectively removes cinnamics that coelute 

with procyanidins (this is particularly important in commodities, 

such as apples and pears, that contain chlorogenic and isomers of 

chlorogenic acid). Caffeic acid, coumaric acid and quercetin 

derivatives that remain in the procyanidin fraction do not 

interfere with the elution of procyanidins. Table 2.3 shows the 

recoveries of catechirv'procyanidin standard solutions subjected 

to the Sephadex IH-20 sample preparation procedure. The 

recoveries and the degree of reproducibility between preparations 

as indicated by the coefficient of variation, (% CV), are high 

for every individual catechiiVprocyanidin.  Some epicatechin 
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elutes from the Sephadex IH-20 v*ien the cxalumn is washed with 20% 

methanol. Ihis probably accounts for the slightly lower and 

more variable recovery of epicatechin. 

Influence of Processing and Storage on the Procyanidins 

Table 2.4 shows the influence of processing and storage on 

the procyanidin composition of Thonpson Seedless grape juice. 

Bl (dimer of epicatechin-catechin) is the major dimer with low 

levels of B2 (dimer of epicatechin), B3 (alternative 

stereodhemistry of Bl) and B4 (dimer of catedhin) also present. 

The levels of catechin exceed the . levels of epicatechin. The 

trimer and tetramer are partially resolved and they are 

quantitated as the total. These procyanidin structures as well 

as catechin and epicatechin have been previously reported to be 

present in wines (Lea et al., 1979; Lee and Jaworski, 1987). A 

number of peaks (up to eight) shewed typical catechin 

procyanidin spectrum and they were assigned as unknown 

procyanidins. The data (table 2.4) show that the effect of SO2 

on the concentration of procyanidins is similar to that on 

phenolic acids previously discussed. Grapes processed without 

SO2 contain about half of the procyanidins of the SO2 processed 

grapes. The higher procyanidin content of the SO2 processed 

grapes is apparently due to the inhibition of oxidation of 

procyanidins by the reducing agent. Fining resulted in no 

apparent changes of the procyanidin composition but it appears 

that procyanidin degradation occurred with bottling and 
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concentration. It is known that procyanidins become very 

sensitive to nonenzymatic condensation and polymerization at 

elevated temperature. Degradation during concentration was more 

severe than degradation during bottling in all cases but the 

case of bottling of the fined grape juice processed without SO2. 

In this bottled juice, however, the levels of HMF were the 

highest of all the bottled juices which indicates that the 

sample received more heat treatment during bottling. Complete 

loss of procyanidins occurred during storage of concentrates for 

nine months at 25°C. 

Total Rienolics by HPLC and by the Cblorimetric Assay 

Table 2.5 shows the total phenolic ccmposition of grape 

juice as determined by HPUC and by the colorimetric assay. The 

two methods show no correlation at all (r2 0.141). Storage of 

concentrates resulted in decrease of phenolic levels as measured 

by HPLC. The color imetric assay, however, shewed increased 

levels of phenolics. According to the colorimetric assay, juice 

sampled at the clarification stage is higher in phenolics than 

juice sampled at the press stage. If the clarified juice is 

fined, then the levels of phenolics are reduced to the levels 

found at the press stage. If the juice, however, is 

subsequently processed without fining, then the levels of 

phenolics remain high. HPLC data do not demonstrate such 

changes. When the preparation vised for clarification was 

subjected to the colorimetric assay for total phenolics, no 
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readings were obtained. These observations suggest that seme 

ccempounds which are responsive to the colorimetric assay are 

formed during clarification but are removed with fining. Soners 

and Ziemielis (1980) reported synergistic interference between 

SO2 and p-dihydroxy phenol which becomes very significant as the 

ratio of SO2 to total phenolics increases. Our data do not 

indicate such a relation at least for the SO2 levels (ca. 70 ppm) 

used in our study. It seems that products of phenolic 

degradation and nonenzymatic browning intermediates such as 

enediols and reductones are the major reasons for the lack of 

correlation between these methods. 
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OCNCEIJBICN 

The utility of reverse phase HPLC system coupled with diode 

array detection for characterization of phenolics in grape juice 

was demonstrated. Effective fractionation of procyanidins based 

on Sephadex IH-20 chromatography was also described. 

The phenolic profile of Thompson Seedless grape juice shewed 

profound quantitative differences between the grapes processed 

with and without SO2 as both phenolic acids and procyanidins 

were present in much lower levels in the juice processed without 

SO2. Quercetin derivatives, however, were not affected by the 

presence of SO2. The commercial enzyme preparation used for 

clarification showed hydrolytic activity on caftaric, coutaric 

and quercetin glycosides. Procyanidins were shewn to be 

sensitive to degradation by the heat applied with bottling or 

concentration. Drastic degradation of phenolics and formation of 

HMF occurred during storage. The lack of correlation between 

HPDC and colorimetric quantitation of total phenols is due to 

specificity differences between the two methods. 
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Figure 2.1 Outline of Steps Utilized in Processir*? of 
Iharpson Seedless Grapes 

(   THOMPSON SEEDLESS GRAPES   ) 

(    Crushed and Destemmed    ) 

c SO2 Addition 
70 ppm 

(  No SO2 Addition  ") 

Prepress Pectinase Treatment 
50 ppm Rohapect DSL 
 (Rohm& Haas, Co.)  

Press Aid 
1 % Rice Hulls 

Press   * 
Willmess Bag Press 

Enzyme Clarification 
150 ppm Rohapect DSL 

Concentration * 
71° Brlx, Rot. Evap. - 60° C 

Bottling 
85° C for 2 mln. 

Storage 
9 months at 25° C 

Juice samples obtained for analysis 
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Figure 2.2 General Scheme for Analysis of Fhenolics 
in Fruit Juices 
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Figure 2.3   HPLC Oiranatogram of Thcmpson Seedless Fhenolic Acids and Flavonols 
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Figure 2.4   UV     spectrum    of    peak    9     (glutathionylcaftaric) 
(corresponding to figure 2.3) 
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Figure 2.5 UV spectrum of peak 2 (corresponding to figure 2.3) 
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Figure 2.6 UV spectrum of peak 4 (corresponding to figure 2.3) 
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Figure. 2.7   UV spectrum of peak 16 (corresponding to figure 2.3) 
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Figure 2.8 HPLC Chorxnatogram of Procyanidin Standards 
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Figure 2.9 HPDC Chontiatogram of Thcnpson Seedless Procyanidins 
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Table 2.1 Influence of Processing and Storage on the Cinnamic Cranposition (mg/L) 
of Thompson Seedless Grape Juioe 

Oxidized ^      ** 
cinnamics  Caftaric  2-S-gluta- Coutaric ** ***, TOTAL 

TREAHMENT A B C cis- trans- 
uixunyj. 

caftaric cis- trans- Caffeic ric lie MICS 

-fSOo 
Press 
Enzyme Clarif. 

6.7 
6.5 

4.9 
4.5 

2.0 
1.9 

1.0 
0.1 

14.0 
2.2 

7.6 *^Q.2 
7.3 ****tr 

2.2 
0.4 

2.4 
8.1 

1.6 
3.2 

0.4 
0.5 

43.0 
34.6 

Filtered, Fined 
Bottled, Fined 
Concentrated, Fined 
Concentrate, Stored 

5.1 
5.3 
5.4 
2.0 

3.8 
3.6 
3.0 
0.0 

1.9 
1.8 
1.8 
0.0 

0.0 
tr 
0.0 
0.0 

1.7 
2.6 
1.1 
0.0 

6.6 
6.3 
5.9 
3.5 

tr 
tr 
0.0 
0.0 

0.4 
0.3 
0.3 
0.0 

7.9 
7.6 
8.5 
4.9 

3.0 
3.0 
3.1 
2.7 

0.5 
0.5 
0.5 
0.1 

30.8 
31.0 
29.7 
13.3 

Filtered, Not Fined 
Bottled, Not Fined 
Concentrated, Not Fined 
Concentrate, Stored 

3.5 
4.8 
4.9 
1.3 

3.5 
3.4 
2.8 
0.0 

1.6 
1.8 
1.1 
0.0 

0.0 
0.3 
0.0 
0.0 

1.3 
2.6 
0.5 
0.0 

6.7 
6.0 
5.3 
2.5 

0.0 
0.0 
0.0 
0.0 

0.3 
0.3 
0.2 
0.0 

8.4 
7.4 
8.5 
4.4 

3.3 
3.1 
3.3 
2.9 

0.5 
0.5 
0.5 
tr 

29.1 
30.2 
27.1 
11.1 

-so2 Press 
Enzyme Clarif. 

2.3 
2.5 

2.0 
1.9 

0.4 
0.7 

0.0 
0.0 

0.6 
0.8 

8.4 
8.2 

0.0 
0.0 

0.4 
0.3 

0.2 
0.5 

0.3 
0.2 

0.0 
0.3 

14.7 
15.4 

Filtered, Fined 
Bottled, Fined 
Concentrated, Fined 
Concentrate, Stored 

1.2 
1.5 
1.3 
0.2 

1.2 
1.1 
1.1 
0.5 

0.4 
0.8 
0.3 
0.0 

0.0 
0.0 
0.0 
0.0 

0.9 
0.5 
0.4 
0.0 

8.2 
6.6 
6.6 
2.9 

0.0 
0.0 
0.0 
0.0 

0.2 
0.2 
0.5 
0.0 

0.9 
0.9 
0.8 
0.7 

0.9 
0.8 
1.1 
1.1 

0.2 
0.0 
0.3 
0.1 

14.3 
12.3 
12.3 
5.4 

Filtered, Not Fined 
Bottled, Not Fined 
Concentrated, Not Fined 
Concentrate, Stored 

1.7 
1.7 
1.5 
0.1 

1.3 
1.3 
1.3 
0.4 

0.4 
0.6 
0.6 
0.0 

0.0 
0.0 
0.0 
0.0 

0.9 
0.5 
0.4 
0.0 

8.6 
7.8 
7.1 
4.0 

0.0 
0.0 
0.0 
0.0 

0.3 
0.2 
0.2 
0.0 

1.1 
1.1 
1.3 
1.0 

0.8 
1.0 
1.4 
1.5 

0.3 
0.2 
0.2 
0.1 

15.5 
14.4 
13.9 
7.2 

•compounds A, B and C correspond to peaks 2,    4 and 6, respectively of figure 2.3, quantitated as 
chlorogenic acid 

**quantitated as chlorogenic acid 
*** includes oxidized cinnamics 

**** less than 0.2 mg/L 



Table 2.2 Influence of Processing and Storage on the Hydroxybenzoic acid, 
Flavonol glycoside, HMF, Tyrosine and Tryptophan Conposition 

(mg/L) of Iliairpson Seedless Grape Juice 

** 

TREAHMENT 

Hydroxy-  Queroetin 
benzoic     glyco- 

Gallic deriv. Rutin side  HMF Tyrosine Tryptophan 

4S02 Press 
Enzyme Clarif. 

1.2 
1.4 

4.1 
7.0 tr 

3.6 
4.5 

0.0 
0.8 

33.2 
34.9 

39.4 
39.0 

Filtered, Fined 
Bottled, Fined 
Concentrated, Fined 
Concentrate, Storpd 

1.5 
1.6 
1.6 
0.0 

6.5 
2.6 
6.3 
0.0 

tr 
tr 
tr 
0.0 

4.5 
7.5 
2.6 
0.0 

0.7 
2.3 
0.5 

32.2 

32.3 
30.1 
29.2 
14.9 

39.7 
33.4 
33.7 
0.0 

Filtered, Not Fined 
Bottled, Not Fined 
Conoentrat<=rf, Not Fined 
Concentrate, Stored 

1.4 
1.8 
1.6 
0.0 

6.1 
1.2 
5.8 
0.0 

0.0 
tr 
0.0 
0.0 

3.3 
7.2 
2.1 
0.0 

0.8 
5.4 
0.5 

31.1 

33.8 
31.2 
30.1 
13.8 

39.5 
35.4 
34.5 
0.0 

-B>2 Press 
Enzyme Clarif. 

0.7 
0.6 

2.4 
2.5 

5.7 
2.2 

3.5 
4.3 

0.0 
0.0 

32.8 
31.9 

37.7 
39.0 

Filtered, Fined 
Bottled, Fined 
Concentrated, Fined 
Concentrate, Stored 

0.8 
0.8 
0.9 
0.0 

3.3 
0.0 
4.1 
0.0 

1.8 
1.4 
tr 
0.0 

3.5 
6.3 
1.4 
0.0 

0.0 
7.1 
0.0 

28.9 

31.5 
30.3 
29.7 
16.2 

36.8 
24.8 
33.1 
0.0 

Filtered, Not Fined 
Bottled, Not Fined 
Concentrated, Not Fined 
Concentrate, Stored 

0.8 
0.5 
0.7 
0.0 

2.2 
0.0 
3.6 
0.0 

1.7 
1.5 
tr 
0.0 

4.2 
7.5 
1.7 
0.0 

0.0 
2.7 
0.0 

33.5 

32.2 
31.8 
29.1 
12.9 

39.0 
29.2 
31.6 
0.0 

*quantitated as protocatechuic acid 
**quantitated as rutin 

*** less than 0.8 mg/L 0\ 
0\ 



Table 2.3 Recoveries of Procyanidin Standard 
Solutions 

67 

somnoN* 

mm: 
max: 
avg: 

S.D. 
%CV 

Repli- 
cation B3 Bl B4 Catechin  B2 

Epica- 
techin 

A 1 92.6 94.1 88.3 94.6 96.0 81.1 
2 93.6 92.1 93.3 93.4 96.1 81.9 
3 89.1 92.4 82.4 91.1 89.8 78.7 

B 1 85.3 87.6 85.6 88.2 90.6 83.8 
2 95.4 89.5 91.6 91.6 92.1 77.1 
3 94.9 94.5 94.0 95.8 98.4 86.6 

C 1 81.5 88.1 79.5 89.7 88.1 73.0 
2 81.5 92.3 80.1 92.7 90.6 85.6 
3 87.4 93.1 84.6 92.5 91.5 75.6 
4 84.8 89.9 79.3 87.7 89.9 70.1 

81.5 
95.4 
88.6 

5.3 
6.0 

87 
94 
91 

2.4 
2.7 

79.3 
94.0 
85.9 

5.7 
6.6 

87.7 
95.8 
91.7 

2.6 
2.9 

88.1 70.1 
98.4 86.6 
92.3 79.4 

3.4 
3.7 

5.4 
6.9 

•Solution 
A: 43 mg/L of B3, 50 mg/L of. Bl, 34 mg/L of B4, 81 mg/L 

of B2, 110 mg/L of catechin and 85 mg/L of 
epicatechin 

B: 17.2 mg/L of B3, 20 mg/L of Bl, 13.6 mg/L of B4, 
32.4 mg/L of B2, 44 mg/L of catechin and 34 mg/L of 
epicatechin spiked with chlorogenic, caffeic, 
coumaric and ferulic acids 

C: 5.8 mg/L of B3, 6.2  mg/L of Bl, 4.2 mg/L of B4, 
10.1 mg/L of B2, 13.7 mg/L of catechin and 
10.6 mg/L of epicatechin 



TABLE 2.4 Influence of Processing and Storage on the Procyanidin 
Ocmposition* (mg/L) of Thcnpson Seedless Grape Juioe 

-*** 
,** 

B3 Bl  B4 

„ TOTAL" 
Trimerf Epica- Total  H«XYANI- 

Catechin B2 Tetramer techin Ifriknowns DINS 

+S02 
Prpfls 
Enzyme Clarif. 

3.4 
4.7 

13.9 
15.4 

2.6 
3.5 

6.6 
7.4 

1.3 
1.8 

1.0 
1.5 

2.0 
2.1 

10.4 
12.5 

41.3 
49.0 

Filtpred. Fined 
Bottled, Fined 
Concentrated, Fined 
Concentrate, Stored 

4.1 
3.7 
2.8 
0.0 

14.2 
11.4 
7.7 
0.0 

3.2 
2.7 
2.2 
0.0 

6.7 
6.3 
5.2 
0.0 

1.2 
1.1 
1.0 
0.0 

1.9 
1.0 
0.9 
0.0 

1.9 
1.8 
1.3 
0.0 

12.2 
8.7 
6.8 
0.0 

45.5 
36.7- 
27.9 
0.0 

Filtfined, Not Fined 
Bottled, Not Fined 
Concentrated, Not Fined 
Concentrate, Stored 

4.4 
3.8 
2.2 
0.0 

15.0 
12.1 
6.2 
0.0 

3.5 
3.2 
1.8 
0.0 

7.0 
6.5 
4.9 
0.0 

1.3 
1.2 
0.8 
0.0 

2.3 
1.4 
1.2 
0.0 

2.2 
1.9 
1.3 
0.0 

14.1 
10.0 
6.7 
0.0 

49.9 
40.3 
25.2 
0.0 

-*>2 Press 
Enzyme Clarif. 

2.4 
2.9 

7.9 
7.7 

1.8 
1.9 

2.9 
2.2 

0.8 
1.1 

0.9 
1.0 

0.8 
1.1 

8.0 
8.1 

25.4 
25.9 

Filfpred, Fined 
Bottled, Fined 
Concentrated, Fined 
Concentrate, Stored 

2.7 
0.7 
0.6 
0.0 

7.9 
1.9 
2.3 
0.0 

2-8**** 3-0 

tr**** 1.7 
0.6    1.6 
0.0    0.0 

0.8 
tr 
0.0 
0.0 

0.6 
tr 
0.0 
0.0 

1.0 
tr 
tr 
0.0 

7.4 
1.0 
1.1 
0.0 

26.2 
5.5 
6.4 
0.0 

Filtered, Not Fined 
Bottled, Not Fined 
Concentrated, Not Fined 
Concentrate, Stored 

2.9 
1.5 
0.9 
0.0 

8.1 
4.3 
3.1 
0.0 

2.1 
1.2 
0.6 
0.0 

3.1 
2.7 
1.8 
0.0 

1.2 
tr 
0.2 
0.0 

0.4 
tr 
tr 
0.0 

1.1 
0.6 
0.3 
0.0 

7.4 
3.8 
2.3 
0.0 

26.3 
14.1 
9.2 
0.0 

•procyanidins Bl, B2, B3, B4, trimer 
are quantitated as catechin 

••marked with "x" on the figure 2.9 
***includes catechin and epi catechin 

****less than 0.2 mg/L 

tetramer and total unknowns 

0\ 
00 
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Table 2.5 Total Rienolic by HPDC and by 
the Coloriroetric Assay 

TREAHMENT 

TOTAL 
FHENOLICi 
BY HPDC* 
(mg/L) 

TOTAL FHENOKEC BY 
CDIDRIMETEirC ASSAY 

in (mg/L) of 
Gallic Acid 

4S02 
Press 98.6 
Enzyme Clarif. 96.5 

Filtered, Fined 88.8 
Bottled, Fined 79.5 
Concentrated, Fined 68.0 
Concentrate, Stored 13.3 

Filtered, Not Fined 89.7 
Bottled, Not Fined 80.7 
Concentrated, Not Fined 61.8 
Concentrate, Stored 11.1 

379 
426 

371 
365 
369 
478 

421 
408 
393 
492 

-&>2 Press 52.4 
Enzyme Clarif. 50.9 

Filtered, Fined 49.9 
Bottled, Fined 26.3 
Concentrated, Fined 25.1 
Concentrate, Stored 5.4 

Filtered, Not Fined 50.7 
Bottled, Not Fined 38.0 
Concentrated, Not Fined 29.0 
Concentrate, Stored 7.2 

317 
361 

320 
315 
312 
369 

378 
352 
353 
391 

Sum of cinnamics, hydroxybenzoics, flavonols 
and procyanidins 
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ABsn»cr 

HPLC techniques were applied to study the effect of initial 

high temperature short time (HTST) treatment, enzyme 

clarification, fining, bottling, concentration and storage on 

the phenolic composition of Granny Smith apple juice pressed 

from fruit held at 10C for three and nine months. Extensive 

phenolic degradation was prevented by HIST treatment. Cinnainic 

hydrolysis occurred with enzymatic clarification but it was less 

apparent in fined samples or in bottled juices. Some procyanidin 

degradation occurred with enzyme clarification, bottling and 

concentration. Fining showed no apparent procyanidin reduction. 

Storage of concentrates for nine months at 25°C resulted in 

hydroxymethylfurfural formation (up to 27.9 mg/L), significant 

degradation of cinnamics (ca. 36%), quercetin and phloretin 

glycosides (ca. 60%) and total loss of procyanidins. The effect 

of diffusion extraction at 55°, 63 •, 67°, and 73 "C, on the 

phenolic composition of Red Delicious, Mclntosh and Spartan 

apple juice was also studied. Up to a three-fold increase in 

cinnamics and a five-fold in phloretin glycosides was measured 

in diffusion extracted juices relative to pressed juices. 

Procyanidin levels of pressed vs diffusion extracted juices at 

73°C ranged from 24.5 to 114.6 mg/L in Red Delicious, 1.9 to 

41.9 mg/L in Mclntosh and 2.8 to 89.5 mg/L in Spartan juice. 



74 

Although hardly any quercetin glycosides were detected in the 

pressed juices, a range from 29.9 to 51.8 mg/L was found in the 

diffusion extracted juices at 73 °C. 
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DraSXJUCEECN 

The phenolic composition of apple juice consists of 

cinnamic acids such as esters of caffeic and ooumaric acid with 

quinic acid (Van Buren, 1976; Lea, 1984), flavonols such as 

quercetin glucoside (Dick et al., 1987; Oleszek et al., 1988), 

dihydrochalcones such as phloridzin (Whiting and Coggins, 1975; 

Wilson, 1981; Oleszek et al., 1988), catechins such as 

epicatechin and procyanidins such as dimer B2 (Lea and 

Timberlake, 1974; Lea, 1978). 

The inportant role of phenolics, in taste characteristics, 

such as bitterness and astringency, formation of yellow and 

brcwn pigments, and hazes and sediments, has been realized (Lea 

and Arnold, 1978; Heatherbell, 1984; Lea, 1984). Although it has 

been reported (Van Buren, 1976; Lea and Timberlake, 1978) that 

variety, processing techniques and storage conditions of finished 

products influence the phenolic composition of apple juice, most 

of the reports are based on semiquantitave methods such as TLC 

or oolorimetric procedures. New technologies such as diffusion 

extraction and belt pressing that are being increasingly adopted 

by industry because of increased juice yields cure expected to 

affect the phenolic composition of the juices (Schobinger 

et al., 1978). Recent advances in analytical techniques, 

especially in diode array detection, allow for more accurate 
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characterization of the phenolic profile and the changes that 

occur during processing and storage. 

This paper describes the characterization of the phenolic 

profile of apple juices with the use of diode array detection. 

The changes that occur with pasteurization, enzymatic 

clarification, fining, bottling, concentration and storage on 

the phenolic coirposition of Granny Smith apple juice are 

investigated. The effect of diffusion extraction at different 

temperatures compared to conventional pressing on the phenolic 

composition of apple juice from Red Delicious, Mclntosh and 

Spartan fruit is also quantitated. 
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MATERIALS & MEIHODS 

Standards 

fhenolic standards (chlorogenic, caffeic and p-coumaric 

acids, jiiloridzin, rutin, catechin and epicatechin) and 

hydroxymethylfurfural (HMF) were obtained frcan Sigma Chemical 

Co. Procyanidin standards (Bl, B2, B3, B4, trimer and tetramer) 

were donated by Dr. A. G. H. Lea of Cadbury Schweppes Ltd., Lord 

Zudkerman Research Center, University of Whiteknights, Reading, 

UK. All the solvents used were HPLC grade. 

Sanples 

Preparation of Granny Smith Apple Juice 

Granny Smith apples obtained in fall 1986 from the 

Mid-Columbia Experiment Station, Hood River Oregon, were held in 

storage at 10C for three and nine months and then pressed into 

juice. The processing of the short and long stored apples was 

performed at the pilot plant of Oregon State University, Dept. of 

Food Science, according to the flow diagram shown in the figure 

3.1. Sanples were obtained in the intermediate processing stages 

(marked on the figure 3.1) and stored at -30°C until needed. 

Concentrates, which had been kept frozen or stored for nine 

months at 25°C, were diluted to the original "Brix before 

analysis. More details about the processing are described 

elsewhere (Wrolstad et al., 1988) 
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Diffusion Extracted Apple Juice 

Apple juice samples from Red Delicious, Mclntosh and Spartan 

apples prepared at Agriculture Canada, Food Processing Section, 

Surranerland, British Columbia with both conventional pressing 

techniques (rack and cloth press) and diffusion extraction at 

55°, 63°, 67° and 73"C were provided by Dr. D. B. Gumming and 

Dr. T. H. J. Beveridge. These samples were received and kept as 

single strength frozen juice. Detailed information about the 

processing history of these sanples is described by Gumming 

(1986). 

Commercial Apple Juice Samples 

Four commercial apple juice concentrates of Eurcpean origin 

(A, B, C and D) were supplied by Pepsico Inc. (New York). 

Concentrates B and C had been decolorized by treatment with 

activated carbon and then reconcentrated. Samples A and B had 

not undergone reprocessing with activated carbon. 

Determination of Apple Juice Ehenolics with HPLC 

The methodology and equipment for sample preparation, 

separation and quantitation of phenolics in grape juice 

previously described by Spanos and Wrolstad (1988) was used. 

p-Coumarylquinic acid was quant itated as dhlorogenic acid, 

phloretin xyloglucoside was quantitated as phloridzin while. 
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flavonol glycosides were quant itated as rut in. Procyanidin 

quantitation was based on the standard curve of catechin. 

Dilutions 1:0, 1:2, 1:4 and 1:6 of a water solution 

containing 80 mg/L chlorogenic acid, 25 mg/L caffeic acid, 

10 mg/L p-ccumaric acid, 12 mg/L rutin, 20 mg/L phloridzin and 

20 mg/L HMF were used to prepare the standard curve of these 

ocarpcunds. Similar dilutions of a water solution of 80 mg/L of 

catechin and 80 mg/L epicatechin were used for the quantitation 

of catechins and procyanidins. 

Isolaticn and Hydrolysis of Qircgnatographic Peaks 

Apple juice (30 mL) was adjusted to pH 2 with H2SO4 and 

extracted three times with 60, 30 and 30 mL of ethyl acetate. 

The extracts were combined, evaporated to dryness on a rotary 

evaporator and dissolved in 2 mL of water. 

Individual peaks from multiple injections of the isolate on 

the HFI£: system were collected with a Gilson PC 203 fraction 

collector as they were eluted of the analytical column. These 

peaks were concentrated by absorption on a C^g Sep-Pak, elution 

with methanol and evaporation of methanol on a rotary 

evaporator. One mL of peak isolates (ca. 600 mg/L) was subjected 

to alkaline hydrolysis for 10 hours with 0.5 mL of 10% KDH under 

nitrogen at room temperature in the dark. The hydrolysates were 

acidified with 2N HC1 and the aglycones were identified by the 

HPLC system for analysis of phenol ics. 
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For identification of quinic acid, the hydrolysate was 

adjusted to pH 6-7 with NH4OH and applied to an anion exchange 

resin (1 mL column bed of Bio-Rex 5, Bio-Rad Laboratories). The 

bed was eluted with 0.5 mL of 10% H2SO4 followed by 3 mL of 

water and the eluate was freeze-dried to ca. 0.2 mL. Quinic 

acid was detected by the reverse phase HPLC system for analysis 

of nonvolatile acids in fruit juice described by Coppola and 

Starr (1986). 

Oolorimetric Detemri nation of Total Rienolics 

Total phenolics were determined with the colorimetric 

procedure of Singleton and Rossi (1965) as described previously 

by Spanos and Wrolstad (1988). 



81 

KESUEES & DISCDBSICN 

Characterization of i^ple Rienolics. 

An HPDC chrcmatogram of cinnainics, fiiloretin and quercetin 

glycosides of juice processed with conventional pressing from 

Granny Smith apples is shewn in figure 3.2A. A similar 

dhramatogram of juice diffusion extracted at 67 "C frcm Mclntosh 

apples is shown in figure 3.2B. Peak assignment was based on 

the retention time of standards, spectral data of the peaks and 

in sane cases on peak isolation and hydrolysis. Information 

about the nature of the aglycone and the purity of individual 

peaks can be obtained frcm the spectral data of the eluting 

compounds. Although esterification of the aglycone with an acid 

or a sugar moiety may have little effect on the UV 

characteristics, it has significant effect on the polarity of 

the molecule. Consequently, the retention time of the peak may 

give tentative information about the nature of the 

esterification. Peak 2 was identified as a derivative of 

coumaric acid. The spectral data of the peak were very closely 

related to those of coumaric acid. In addition, peak isolation 

and hydrolysis yielded coumaric acid. Peak 4 exhibited identical 

spectral characteristics to chlorogenic acid and it was 

tentatively identified as an isomer of chlorogenic acid. 

Positional iscmers of chlorogenic acid such as neochlorogenic 

acid have been reported in apples (Van Buren, 1970) and they can 
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be separated by HPLC (Court, 1977). Gecmetrical iscroers, 

(cis-), of cinnamics are also possible (Singleton et al., 1978). 

Peak 6 was identified as coumarylquinic acid. Spectral data 

indicated that the aglycone is coumaric acid and this was 

verified by isolation and hydrolysis of the peak. Quinic acid 

was also identified as a hydrolysis product of this peak. The 

retention data indicate that esterification of caffeic or 

coumaric acid with quinic acid results in earlier elution of the 

cinnamic by approximately two min. The alkaline hydrolyses 

performed were coirplete but the yields based on the aglycones 

were about 15% due to the cinnamic degradation occurring in 

alkaline conditions. 

Peaks 9, 10, 12, 13 and 14 exhibited typical guercetin 

spectra and they were tentatively identified as the 

3-O-galactoside (gal), 3-O-gluooside (glu), 3-O-xyloside (xyl), 

3-O-arabinoside (arab), and 3-O-rhainnoside (rhairm) glyoosides of 

queroetin. Oleszek et al., (1988) identified the presence of 

these five quercetin glycosides in apple skins by means of mass 

spectroscopy and they report that the elution order of the 

quercetin glyoosides on reverse C^g HPIC system is galactoside, 

glucoside, xyloside, arabinoside, rhamnoside. Ihe HPDC system 

used in this study was very similar to that of Oleszek et al., 

(1988) allowing for tentative assignment of peak identity. Peak 

8 was identified as phloretin xyloglucoside (xylglu). The 

spectrum indicated that the aglycone is phloretin and the 

retention time indicated a more polar compound than phloridzin 
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(phloretin glucoside). Fhloretin xyloglucoside has been r^orted 

as a phloretin derivative other than phloridzin present in apples 

(Whiting and Coggins, 1975; Wilson, 1981; Oleszek et al., 1988). 

An HPLC chroBnatogram of procyanidins isolated with 

Sephadex IH-20 froam apple juice is shown in figure 3.3. Peaks 

marked with "x" on the chramatogram showed typical catechin 

spectra and they were assigned as unknown procyanidins. 

Isolation of procyanidins with sample preparation and analysis 

in a separate run are necessary because they are eluted at 

similar retention times with phenolic acids and detected at 

280 ran (Lea, 1982; Spanos and Wrolstad, 1988). The recoveries of 

procyanidins and the reproducibility of sairple preparation 

procedure have been previously reported (Spanos and Wrolstad, 

1988). 

Influence of Processing and Storage en the Cinnamics. 

Table 3.1A shows the cinnamic and HMF composition at the 

different processing and storage stages of juice extracted with 

conventional pressing frcm Granny Smith apples. Table 3.2A 

presents the effect of processing, pressing vs diffusion 

extraction at different temperatures, on the cinnamic 

composition of Red Delicious, Mclntosh and Spartan apple juice. 

Although chlorogenic acid is the major cinnamic in all varieties 

the highest concentration occurs in Red Delicious and the lowest 

in Granny Smith. This is about six-fold concentration 

difference when the finished juices of the Granny Smith are 
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catpared with the juice frcm conventional pressing of Red 

Delicious fruit. Chlorogenic concentration in Spartan is higher 

than in Mclntosh. The literature reports a wide range of levels 

of chlorogenic acid. Brause and Raterman (1982) reported 

concentrations of chlorogenic between 93 and 232 /xg/g for 

laboratory produced apple juices and frcm 0-208 /jg/g for 

ccratnercial apple juice. Lee and Wrolstad (1988) found levels of 

chlorogenic acid between 1.5 to 228 mg/L in Golden Delicious, 

Jonathan, Mclntosh and Granny Smith apple juices frcm different 

geographic origins. Coumarylquinic acid is present in 

significant amounts in the Red Delicious, Mclntosh and Spartan 

apple juices and in minor amounts in Granny Smith apple juice. 

Whiting and Coggins (1975) found levels of ooumarylquinic acid 

between 0.003 and 0.0769% w/v in ciders from different 

varieties, while Van Buren et al., (1976) reported the 

qualitative presence of coumarylquinic acid in Golden Delicious 

apple juice. Low levels of free caffeic and coumaric are present 

in all varieties. 

There is no apparent difference in the cinnamic composition 

of Granny Smith apple juice pressed from fruit held in short 

term vs long term storage, but there are seme profound changes 

in the cinnamic cemposition occurring with processing (table 

3. 1A). Initial HIST treatment protected cinnamics from 

oxidation during processing. The lowest levels of cinnamics are 

found in juice sampled at the press stage. It is known that 

drastic polyphenoloxidase (PP0), activity takes place at the 
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pulp before and during pressirjg and continues in the juice until 

HIST treatment (Van Buren et al., 1976; Lea and Timberlake, 1978; 

Lsa, 1984). Juice sampled at the press stage did not get the 

heat treatment that would inactivate the enzyme and the 

degradative activity on the cinnamics continued. HIST protects 

the cinnamics extracted in the juice frtxn further PPO action. 

Clarification enzymes caused hydrolysis of conjugated cinnamics. 

The compositional data at the clarification stage shew decreased 

levels of dhlorogenic, conjugated coumaric and ooumarylquinic 

acid, and increased levels of caffeic and coumaric acid relative 

to the compositional data at the HIST stage. The levels of 

chlorogenic are reduced by 8.7 mg/L and the levels of caffeic 

increase by 3.7 mg/L. From the standard curves of these 

compounds it is expected that for every mg of chlorogenic 

hydrolyzed approximately half a mg of caffeic should be 

generated. The above effect of clarification enzymes is not 

apparent in the fined samples or in the finished bottled juices. 

It was found losing electrophonesis techniques (Hsu et al., 1988) 

that pasteurization at the bottling stage precipitated enzymes 

added for clarification. They also found that concentration of 

the juice did not change its protein profile. Cinnamic 

hydrolysis is very evident in the filtered juice that was not 

fined, and on the concentrate made from unfined juice. These 

data indicate that the hydrolytic activity continued after 

clarification, but was removed with fining or bottling. Storage 

of concentrates for 9 months at 25 "C resulted in HMF formation 
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and approximate 36% loss in cinnamics. Increased levels of HMF 

and low levels of cinnamics may be a useful index of the storage 

history of apple concentrates. 

The data of table 3.2A demonstrate that diffusion extraction 

yields higher levels of cinnamics than conventional pressing. 

The increase of cinnamic concentration becomes more evident as 

the temperature of extraction increases. At elevated 

temperatures the membrane permeability increases, the 

concentration of oxygen decreases (because of lower solubility), 

and the enzymes became inactivated. These factors all account 

for the higher cinnamic yields (Cumming, 1986). Diffusion 

extraction at 55"C results in a three fold increase in the 

cinnamic concentration of Mclntosh and one and a half fold 

increase in Spartan juice, relative to the juice extracted with 

rack and cloth press. The cinnamic concentration, however, of 

the Red Delicious juice diffusion extracted at 55'C is lewer than 

that of pressed juice. When the diffusion extraction is 

performed at a relatively lew tenperature, any temperature drop 

(temperature fluctuations are not unusual in pilot plant scale 

operation) may facilitate oxidation. The cinnamic composition of 

the diffusion extracted at 73 "C juice is higher than the pressed 

juice approximately by one and a half times for the Red 

Delicious, three times for the Mclntosh and two and an half times 

for the Spartan juice. 
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Influence of Processing and Storage en the Queroetin and 

Rilaretin Glyoosides. 

Table 3.IB shews the quercetin and phloretin glycoside 

oompositian of Granny Smith apple juice. The queroetin and 

phloretin glycoside ccanposition of Red Delicious, Mclntosh and 

Spartan apple juice is shown in table 3.2B. Up to four 

different quercetin glycosides were found in Granny Smith juice, 

up to five queroetin glycosides were quantitated in diffusion 

extracted Red Delicious, Mclntosh and Spartan apple juice but 

hardly any quercetin glycoside was detected in these juices when 

processed with conventional pressing. Walker (1964) reported 

that flavonol glyoosides are concentrated on the epidermal 

tissues while the quercetin glycosides: arabinoside, 

galactoside, glucoside, rhamnoside and xyloside were found in 

the peels of Spartan apples by Dick et al., (1987) and in the 

skins of Rhode Island Greening apples by Oleszek et al., (1988). 

Durkee and Poapst (1965) found high levels of phloridzin in the 

core tissue and apple seeds. We found about 20 mg of phloridzin 

per g of seeds, when we analyzed water extracts of seeds 

extracted overnight at room temperature. Presence of phloretin 

xylogluooside in apple juice has been reported by Whiting and 

Coggins (1975), by Wilson (1981) and Oleszek et al., (1988). 

The lowest levels of quercetin and phloretin glyoosides 

(table 3.IB) were in the juice sampled at the press stage. 

Although flavonol glycosides are not direct substrates for PPO 

(Van Buren et al., 1976), it seems that HIST treatment has a 
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protective effect against oxidation of these constituents 

similar to that observed for cinnamics. Clarification, fining, 

bottling and concentration had no apparent effect on the 

quercetin and phloretin glycoside ccmpositian. Storage of 

concentrates at 25 °C for nine months resulted in 50 to 60% loss 

of the quercetin and phloretin derivatives. 

Diffusion extraction resulted in an extreme increase of 

quercetin and phloretin constituents (table 3. 2B). This is 

probably due to facilitated extraction of seeds and peels and 

also to increased solubility of quercetin and phloretin 

derivatives at the high temperatures of the diffusion process. 

Influence of Processing and Storage en the Procyanidins. 

The procyanidin composition of Granny Smith apple juice and 

the changes that occur with processing and storage are shewn in 

table 3.1C. The differences in procyanidin oomposition between 

pressing and diffusion extraction at different temperatures for 

Red Delicious, Ifclntosh and Spartan apple juice are shown in 

table 3.2C. The data show that epicatechin levels are hicflier 

than catechin. The major procyanidin dimers are B2 (dimer of 

epicatechin) and Bl (dimer of epicatechin-catechin). Lew levels 

of B3 and B4, dimers with alternative stereochemistry, are also 

present. Up to five unknown procyanidin peaks were detected in 

the different samples, and they are reported as total unknowns 

(by summation). These findings are in agreement with previous 

publications (Schmidt and Neukon, 1969; Lea, 1978; 1984) that 
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report ccmplex procyanidin ccmposition, consisting of the 

dimeric procyanidin B2 up to the heptameric, where seven 

epicatechin units are joined together. Mixed procyanidins of 

epicatechin and catechin, and also the procyanidins of 

alternative stereochemistry are also reported in these studies. 

The data of table 3.1C indicate that juice pressed from 

short stored fruit contains higher levels of procyanidins than 

the long stored fruit. The protection of procyanidins by HTST 

treatment is similar to that for cinnamics and it is more 

pronounced in the juice extracted fran the long stored fruit. 

The highest procyanidin concentrations are found in the juice 

sampled at the HIST stage, and it appears that some loss in 

procyanidins during enzyme clarification, bottling and 

concentration occurs. The increased sensitivity of procyanidins 

to chemical oxidation at increased temperatures may account for 

the observed reductions. Fining resulted in no apparent 

reduction of procyanidin concentrations. Storage of 

concentrates for nine months at 25 "C resulted in complete 

procyanidin degradation. 

Procyanidin yield in diffusion extracted juices is much 

higher than the procyanidin yield in conventional pressed juices 

(table 3. 2C). The effect of diffusion extraction on procyanidin 

composition is more pronounced than the effect of diffusion 

extraction on the cinnamic composition. The reasons for the 

higher procyanidin yields with diffusion extraction are probably 

similar to the reasons for the increased yields in cinnamics 
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previously discussed. Ihe high sensitivity of procyanidins to 

oxidation, hi^ier than that of cinnamics (Siegelman, 1955), 

probably aocounts for the low procyanidin levels found in the 

juices frcan conventional pressing. 

Analysis of Ocnmercial Concentrates 

Ihe cinnamic and HMF composition of four coommercial apple 

juice concentrates is shewn in table 3.3A. Moderate levels of 

HMF were found in these saitples relative to the stored 

concentrates of Granny Smith. Sairple A and B contained 

significant amount of cinnamics, sairple C had moderate levels 

and sample D contained only a trace of cinnamics. Carbon 

(charcoal) treatment probably accounts for the low levels of 

phenolics in sairple D. Ihe quercetin composition of all samples 

(table 3.3B) amounted to only traces, while sairple A and B 

contained high levels of phloridzin. Procyanidin levels (table 

3.3C) were very low, probably because of degradation during 

storage. Ihe high levels of phloretin glycosides in sairples A 

and B are not enough to lead one to suspect the possibility of 

diffusion extraction. 

Total Rienolics by HPLC and by Oolorimetric Assay. 

Table 3.4 shows the relation between the concentration of 

total phenolics as quantitated by HFIC and by the oolorimetric 

procedure for all the juice sairples analyzed. Some correlation 

(r2 0.874) was obtained between the two methods when all the 
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samples were considered as one group. The different groups of 

sanples, however, showed considerable difference in the 

correlation of these two methods. HPLC and colorimetric assay 

are correlated highly (r2 0.973) in the group of commercial 

sanples, poorly (r2 0.823) in the group of diffusion extracted 

sairples and not at all (r2 0.003) in the group of samples that 

consist of the different processing and storage stages of Granny 

Smith juice. HPLC is a specific method for quantitation of 

individual phenolic compounds, while the colorimetric procedure 

is a general assessment of the levels of phenolics. Degradation 

of phenolics occurring during processing and storage, as well as 

formation of browning intermediates, such as enediols and 

reductones (Van Buren et al., 1976), result in significant and 

variable interference with the colorimetric assay. HPLC 

quantitation in a sample that has undergone considerable phenolic 

degradation would give a lower concentration of phenolics, while 

colorimetric assay may show an even higher concentration of 

phenolics depending upon the levels and reactivity of the 

interfering compounds present. The commercial concentrates may 

be considered as a uniform group of samples in terms of the 

extent of phenolic degradation, and levels of interfering 

conpounds generated during storage. This uniformity would allow 

a hic£i correlation between the specific quantitation of HPLC, and 

the less specific quantitation of the colorimetric assay.  The 
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different processing and storage stages for the Granny Smith 

apple juice lack uniforroity and as a result there is no 

correlation between the two methods. 
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OCNCEUBICN 

Ihere are considerable quantitative differences in the 

phenolic oanposition of apple juices from different varieties. 

In addition to variety, processing techniques affect the level 

of phenolics present in the finished juices. HIST treatment 

immediately after pressing effectively protected the phenolics 

extracted in the juice from the activity of PPO. Enzymatic 

clarification caused hydrolysis of conjugated cinnamics. This 

was less apparent in fined samples or in the bottled juices. 

Long term storage of fruit resulted in lower concentration of 

procyanidins. Fining had little effect on the procyanidin 

profile. Some loss of procyanidins was observed with 

clarification, bottling and concentration. Storage of 

concentrates resulted in formation of HMF, loss of approximately 

36% of cinnamics, 50 to 60% of quercetin and phloretin 

derivatives, and total loss of procyanidins. Diffusion 

extracted juice contained increased levels of phenolics relative 

to juice processed with conventional pressing. It appears that 

better extraction and less oxidation of phenolics occurs as the 

tenperature of extraction increases. The effect of diffusion 

extraction on the procyanidin, quercetin glycoside and phloretin 

glycoside composition was more pronounced than the effect of 

diffusion on the cinammic composition. The phenolic profile, 

especially the levels of phloretin and quercetin derivatives, 



94 

may provide an indicator for diffusion extraction. The 

concentration of phenolics obtained by the Folin-Ciocalteu 

procedure should be interpreted with caution as norphenolic 

material can interfere with the assay. 
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Figure 3.1 Outline of Steps Utilized in Processing 
Of Granny Smith Apple Juice 

C GRANNY SMITH APPLES J 

Short Stored 
(3 months) 

Long Stored 
(9 months) 

Crush 

Prepress Pectinase Treatment 
50 ppm Rohapect DSL 

(Rohm& Haas, Co.) 

Press Aid 
1 % SilvaCel 

Press    * 
Hydraulic Rack & Cloth 

HTST     » 
89° C, 90 sec 

Enzyme Clarification    * 
100 ppm each Rohapect DAIL and HT 

D 

Fine 
500 ppm Bentonlte 

100 ppm Gelatin 
300 ppm Silica Sol 

i 

C No Fine 

C Cold Settle Overnight 

Filter     * 
1 SDE 

Concentration    * 
69° Brix, Rot. Evap. ~ 60° C 

Bottling   * 
85° C for 2 min. 

Storage     * 
9 months at 25° C 

Juice samples obtained for analysis 



Figure 3.2   HP1£: Chromatograin of Cinnamics, Dihydrochaloones and Flavonols 
A. Granny Smith (Extracted with Oanventional Pressing) 
B. Mclntosh (Diffusion Extracted at 67 0C) 
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-     320   nm 

280   nm 

W \^~-AJV^— 

r4 0 

r3 0 

r2 0 
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i0 

Peaks:   1. HMF, 2. conjugated ooumaric, 3. chlorogenic, 4.chlorogenic isomer, 
5. caffeic, 6. p-ooumarylquinic, 7. p-ooumaric, 8. Fhloretin xylogluooside 
9. quercetin galactoside, 10. quercetin gluooside, 11. phloridzin, 
12. quercetin xyloside, 13. quercetin arabinoside, 14. quercetin rhamnoside 
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Figure 3.3   HPDC Chronatogram of Apple Juioe Procyanidins 

D 
CE 
E 

280 nm CUPPER SIGNRL) 
25l320 nm (LONER SIGNRL) 
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15- 
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VUVAA 

-T 1 1 1 r ■  i  i -i 1 1 r- 

20 30        40 
Time (m i n. ) 

50 60 

Peaks:   1. Procyanidin B3, 2. Procyanidin Bl, 3. Procyanidin B4, 4. catechin, 
5. Procyanidin B2, 6. trimer, 7. tetramer, 8. epicatechin, 
"x" unknown procyanidins 



Table 3.1A Influence of Processing and Storage on the Cinnamic and HMF 
Coitposition (mg/L) of Granny Staith Apple Juice 

TREAHMENT 

Chloro- .        . 
Chloro- genie      Conjugated Coumaryl-        TOTAL 

HMF genie isomer Caffeic ooumaric   quinic Coumaric CINNAMICS 

Short Stored Fruit 
Press 
HlbT 
Enzyme Clarif. 

0.0 
0.0 
0.0 

3.4 
13.4 
4.7 

0.3 
0.6 
0.3 

2.5 
1.3 
5.0 

0.9 
4.5 
1.2 

0.0 
1.9 
0.0 

1.4 
0.3 
2.6 

8.5 
22.0 
13.8 

Filtpred. Fined 
Bottled, Fined 
Concentrated, Fined 
Concentrate, Stored 

0.0 
0.3 
0.0 

25.3 

9.5 
9.5 
11.1 
6.8 

0.5 
0.5 
0.5 
0.2 

2.7 
2.2 
3.0 
1.9 

1.9 
1.8 
2.1 
1.4 

1.0 
1.1 
1.1 
0.8 

1.6 
1.5 
2.6 
1.9 

17.2 
16.7 
20.5 
13.0 

Filtered, Not Fined 
Bottled, Not Fined 
Concentrated, Not fined 
Concentrate, Stored 

0.0 
0.6 
0.0 

27.9 

5.4 
8.8 
6.4 
2.3 

0.5 
0.6 
0.4 
0.6 

4.7 
2.5 
4.0 
2.6 

1.0 
1.8 
0.9 
0.6 

0.3 
1.0 
0.5 
0.9 

2.5 
1.9 
2.4 
1.9 

14.5 
16.6 
14.6 
8.9 

Lang Stored Fruit 
Press 
Hiyr 
Enzyme Clarif. 

0.0 
0.0 
0.0 

2.9 
13.1 
7.0 

0.0 
0.5 
0.4 

0.7 
1.7 
3.1 

2.3 
5.4 
1.1 

0.4 
1.5 
0.3 

0.6 
0.1 
2.3 

6.9 
22.2 
14.2 

Bottled, Fined 
Concentrated, Fined 

0.0 
0.0 

9.5 
12.1 

0.5 
0.7 

1.9 
2.6 

2.2 
3.1 

1.0 
1.1 

1.8 
2.4 

16.9 
22.0 

Bottled, Not Fined 
Concentrated, Not fined 

0.0 
0.0 

9.7 
5.4 

0.6 
0.8 

3.2 
3.3 

2.2 
2.0 

1.0 
1.1 

3.2 
2.4 

19.9 
15.0 

*quantitated as chlorogenic acid 

o o 



Table 3.IB Influence of Processing and Storage on the Queroetin and Riloretin 
Glyooside Ccmposition (mg/L) of Granny Smith Apple Juioe 

Queroetin 3-0-" TOTAL 
QUEKChTlN : 
GLYO0SIDES 

Fhloretin** 
xylglu 

Fhlori- 
dzin 

TOTAL 
FHTDREl'lN 

GLTOOSIDES TREMMENT gal glu xyl arab rhamn 

Short Stared Fruit 
Prass 
HIST 
Enzyme Clarif. 

2.7 
3.6 
3.0 

0.0 
3.1 
2.8 

0.0 
0.0 
0.0 

0.0 
2.1 
1.6 

3.2 
2.9 
3.7 

6.0 
11.7 
11.1 

2.2 
4.3 
4.2 

2.6 
4.4 
4.1 

4.8 
8.7 
8.3 

Filtpred, Fined 
Bottled, Fined 
Concentrated, Fined 
Concentrate, Stored 

3.1 
2.8 
2.9 
1.2 

2.6 
2.8 
2.4 
1.1 

0.0 
0.0 
0.0 
0.0 

2.9 
2.6 
2.0 
1.7 

1.0 
0.0 
1.4 
0.0 

9.7 
8.2 
8.7 
4.0 

4.2 
4.4 
4.2 
2.9 

4.3 
3.6 
3.7 
2.5 

8.5 
8.0 
7.8 
5.4 

Filtered, Not Fined 
Bottled, Not Fined 
Concentrated, Not fined 
Concentrate, Stored 

3.2 
3.2 
3.9 
1.0 

3.0 
2.8 
3.2 
0.9 

0.0 
0.0 
0.0 
0.0 

2.6 
2.9 
2.0 
0.0 

0.9 
0.0 
1.6 
2.4 

9.8 
8.9 
10.7 
4.3 

4.5 
4.6 
5.6 
2.3 

4.3 
3.1 
3.6 
1.7 

8.9 
7.6 
9.1 
4.0 

Long Stored Fruit 
Press 
HIST' 
Enzyme Clarif. 

2.2 
2.9 
2.6 

1.4 
2.2 
2.5 

0.0 
0.0 
0.0 

0.0 
3.8 
3.4 

0.0 
1.8 
1.6 

3.6 
10.7 
10.0 

0.0 
2.9 
2.7 

1.3 
3.3 
2.7 

1.3 
6.2 
5.4 

Bottled, Fined 
Concentrated, Fined 

2.1 
2.8 

1.8 
2.3 

0.0 
0.0 

2.4 
3.1 

0.0 
0.0 

6.3 
8.2 

2.2 
2.8 

2.3 
2.8 

4.6 
5.6 

Battled, Not Fined 
Concentrated, Not Fined 

3.2 
2.8 

2.4 
2.3 

0.0 
0.0 

3.1 
1.5 

0.0 
3.2 

8.8 
9.7 

2.9 
2.8 

2.7 
2.6 

5.6 
5.4 

*quantStated as rut in 
**quantStated as phloridzin 



TABLE 3.1C Influence of Processing and Storage on the Procyanidin 
Ccnposition* (mg/L) of Granny Smith Apple Juioe 

,** TOTAL' 
*** 

TREAHMENT 
Trimerf Epica-  Total  FRDCYANI- 

B3  Bl  B4 Catechin B2 Tetramer techin Unknowns  DINS 

Short Stared Fruit 
PTPSS 
HIST 
Enzyme Clarif. 

0.4 
0.4 
0.2 

1.3 
2.8 
2.5 

0.2 

tr*'*** 

2.1 
3.5 
3.8 

0.7 
2.9 
2.7 

0.8 
2.8 
2.7 

3.4 
7.8 
7.1 

2.6 
5.3 
3.0 

11.6 
26.0 
22.0 

Filtpred, Fined 
Bottlfid, Fined 
Concentratfd, Fined 
Concentrate, Stored 

tr 
tr 
tr 
0.0 

2.3 
2.2 
1.9 
0.0 

tr 
tr 
0.7 
0.0 

3.3 
3.5 
2.9 
0.0 

2.7 
2.6 
2.4 
0.0 

2.5 
2.0 
2.8 
0.0 

6.9 
6.5 
6.1 
0.0 

5.1 
3.1 
4.1 
0.0 

23.0 
20.0 
21.0 
0.0 

Filtered, Not Fined 
Bottled, Not Fined 
Concentrated, Not Fined 
Concentrate, Stored 

0.7 
tr 
tr 
0.0 

2.6 
1.6 
2.3 
0.0 

0.9 
tr 
0.2 
0.0 

3.4 
2.5 
3.0 
0.0 

2.8 
1.9 
2.7 
0.0 

2.9 
1.6 
2.7 
0.0 

7.9 
4.9 
6.0 
0.0 

3.3 
2.3 
4.1 
0.0 

24.5 
15.0 
21.0 
0.0 

Lang Stared Fruit 
Press 
HIST 
Enzyme Clarif. 

tr 
0.2 
tr 

tr 
1.6 
1.7 

tr 
0.1 
0.2 

0.2 
1.9 
2.1 

0.2 
2.1 
1.8 

tr 
2.1 
1.7 

tr 
4.4 
4.7 

0.1 
2.9 
1.8 

0.7 
15.4 
14.0 

Bottled, Fined 
Oonoentrated, Fined 

tr 
tr 

1.9 
1.2 

tr 
0.0 

1.7 
1.9 

1.7 
1.4 

1.4 
1.6 

3.5 
3.6 

1.3 
1.6 

11.6 
11.4 

Bottled, Not Fined 
Concentrated, Not Fined 

tr 
tr 

1.8 
2.0 

tr 
0.2 

1.7 
2.1 

1.8 
1.9 

1.7 
1.8 

3.4 
3.7 

2.7 
2.3 

13.2 
14.0 

•procyanidins Bl, B2, B3, B4, trimer, tetramer and total unknowns 
are quantitated as catechin 

**marked with "x" on the figure 3.3 
***includes catechin and epicatechin 

****less than 0.2 mg/L 

H 
O 



Table 3.2A Influence of Extraction Procedure (pressing vs diffusion extraction) 
on the Cinnamic and HMF Camposition* (mg/L) of Apple Juioe 

TREMMENT 

Chloro- jtjt JL . 
Qiloro-   genie Conjugated     Coumaryl- TOTAL 

HMF   genie    iscsner Caffeic   coumaric quinic     Coumaric CINNAMICS 

Red Etelicious 
Pressed (Control) 0.0 59.2 3.7 3.5 2.2 21.5 1.5 91.6 
Diffusion 

550C 0.0 27.5 3.5 6.4 0.0 10.8 5.7 53.9 
63°C 0.0 59.0 4.2 8.5 0.0 17.4 5.7 94.7 
67"C 0.0 67.8 4.0 8.0 0.0 19.7 5.3 104.7 
73 0C 0.0 82.6 3.3 9.6 0.0 19.2 6.2 120.9 

MiEntosh 
Pressed (Control) 0.0 17.4 8.8 2.7 4.8 15.7 0.8 50.2 
Diffusion 

550C 0.0 82.5 14.3 5.8 5.7 31.6 1.3 141.2 
67 0C 0.0 98.6 14.5 6.8 6.2 34.0 1.7 161.8 

Spartan 
Pressed (Control) 0.0 34.7 2.9 1.9 7.1 10.9 0.7 58.4 
Diffusion 

550C 0.0 43.9 2.8 2.0 5.3 10.1 1.1 65.1 
630C 0.0 98.8 3.9 3.5 8.0 14.5 1.0 129.8 
73 0C 0.0 113.7 2.8 4.7 8.7 15.2 1.3 146.4 

* d a t a normalized to 11.50Brix 
"quantitated as chlorogenic acid 

H 
O 
to 



Table 3.2B Influence of Extraction Procedure (pressing vs diffusion) on the Queroetin 
and Fhlonetin Glyooside Ocaiposition* (mg/L) of Apple Juice 

Quer oetin 3-0-" TT 'lUlMi 
Biloretin*** 

TOTAL 
OUERCfcTlN ; Ehlori- FHTORETIN 

TKEMMENT gal glu xyl arab rhaitin GLYOOSIDES xylglu dzin GLYOOSIDES 

Rod Delicious 
Pressed (Control) 0.0 0.0 0.0 0.0 0.0 0.0 4.3 11.8 16.1 
Diffusion 

550C 5.4 0.0 2.3 4.7 5.1 17.5 3.0 14.5 17.4 
63 0C 10.2 0.0 4.8 8.5 7.8 31.2 6.4 32.3 38.7 
67 0C 13.8 0.0 5.9 9.5 6.3 35.5 7.4 41.5 48.9 
730C 14.4 0.0 6.3 10.6 6.8 38.2 8.7 50.4 59.1 

Mclntosh 
Pressed (Control) 0.0 0.0 0.0 0.0 0.0 0.0 6.0 8.7 14.7 
Diffusion 

550C 6.6 7.3 4.2 13.8 13.2 45.1 14.9 44.0 58.9 
67 0C 8.0 9.1 4.9 16.0 13.8 51.8 18.6 56.0 74.6 

Spctrtan 
Pressed (Control) 0.0 0.0 0.0 0.0 0.0 0.0 3.4 5.2 8.6 
Diffusion 

550C 5.2 2.0 2.7 5.2 2.3 17.4 3.9 17.7 21.6 
63 "C 3.4 0.0 4.0 8.9 3.7 19.9 3.9 33.2 37.0 
73 "C 8.2 1.6 3.7 10.3 6.1 29.9 8.8 36.2 45.0 

♦data normalized to 11 . 5 • B r i x 
**quantitated as rutin 

***quantitated as phloridzin 

O 



Table 3.2C Influence of Extraction Procedure (pressing vs diffusion extraction) 
on the Procyanidin Ccmposition (nq/L) Apple Juice 

** 

TREMMENT B3 Bl 
Trimer)- Epica-  Total 

B4 Catechin B2 Tetramer techin Unknowns 

TOTAL 
lEOCTANI- 

DINS 

Bed Delicious 
Pressed (Control) 0.5 2.6 1.8 4.0 1.3 2.7 9.1 2.5 24.5 
Diffusion 

550C 0.0 1.2 1.1 2.0 1.1 1.5 4.2 1.5 12.6 
630C 2.4 4.5 2.5 9.5 3.8 3.9 20.7 6.1 53.4 
67 "C 1.3 5.1 2.8 10.1 2.1 7.7 24.9 10.5 64.5 
73 0C 0.6 12.7 2.4 13.5 2.3 24.2 44.4 14.6 114.6 

Mclntosh 
Pressed (Control) 0.0 0.0 0.0 0.2 0.0 0.0 0.6 1.0 1.9 
Diffusion 

550C 0.0 1.5 1.1 4.0 0.0 2.6 6.6 7.1 22.9 
67 "C 1.2 4.2 2.1 5.5 2.2 7.7 10.2 8.8 41.9 

^artan 
Pressed (Control) 0.0 0.0 0.0 1.2 0.0 0.0 1.6 0.0 2.8 
Diffusion 

55°C 0.0 0.6 0.0 4.0 0.8 0.5 6.0 0.5 12.5 
630C 0.0 0.5 0.0 1.0 0.0 0.5 7.5 0.0 9.6 
730C 0.7 10.6 2.9 16.9 3.1 12.8 34.0 8.5 89.5 

*procyanidins 81, 82, 83, 84, trimer, tetramer and total unknowns 
are quantitated as catechin, data normalized to 11 . 5 ° B r i x 

**marked with "x" on the figure 3.3 
***includes catechin and epicatechin 

o 



Table 3.3A Cinnainic and HMF Ccmposition* (mg/L) of Ccaranercial Concentrates 

Oiloro-**             .. .. 
A44   Chloro- genic       Conjugated Coumaryl-         TOTAL 

SAMPLE  HMF  genic iscraer Caffeic ooumaric quinic  Coumaric CINNAMICS 

A 5.1 44.9 3.9 2.3 2.8 17.2 1.0 72.0 
B 7.2 48.5 3.7 2.2 2.6 18.0 0.8 75.8 
C 7.9 26.7 2.5 1.5 1.5 9.7 0.7 42.6 
D 4.9 0.9 0.0 0.0 0.0 0.0 0.1 1.1 

•data normalized to 11.5°Brix 
**quantitated as chlorogenic acid 

***samples C, 0 had been decolorized with activated carbon then reconstituted 

H 
O 



Table 3.3B Queroetin and Phloretin Glyooside Ocaiposition (nq/L) 
of Oaramercial Concentrates 

Quercetin 3-0- TOIMJ 
....   QUEROETTN Fhloretin 

SAMPI£    gal glue xyl arab rhamn GLTOOSIDES  xylglu 

*** TOTAL 
EW.ori- EHIORETIN 
dzin  GLVOOSIDES 

A 0.0 0.0 0.0 0.0 0.0 0.0 10.6 11.1 21.8 
B 0.0 2.7 0.9 0.0 0.0 3.5 12.7 11.7 24.3 
C 0.0 0.0 0.0 0.0 0.0 0.0 2.5 1.3 3.8 
D 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

•data normalized to 11.5*Brix 
**quantitated as rut in 

***quantitated as phloridzin 
****santples C, 0 had been decolorized with activated carbon then reconstituted 

O 
^1 



Table 3.3C   Procyanidin Oaitposition*  (mg/L) of Ccanmercial Concentrates 

TOTAL*** 
Triroerf    Epica-      Total** ERDCYANI- 

SAMPIE**** B3      Bl     B4    Catechin   B2   Tetramer   techin   Unknowns     DINS 

A 0.0 0.5 0.4 0.9 0.3 0.5 0.3 0.3 3.3 
B 0.0 0.5 0.3 0.5 0.0 0.0 0.7 0.0 2.1 
C 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
D 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

♦procyanidins 61, 62, 83, 84, trimer, tetramer and total unknowns 
are quantitated as catechin, data normalized to 11.S0Brix 

"♦marked with "x" on the figure 3.3 
♦♦♦includes catechin and epi catechin 

♦♦♦♦samples C, D and been decolorized with activated carbon 
then reconstituted 

O 
oo 
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Table 3.4 Total Hienolics by HPLC and by Colorimetric Assay (mg/L) 

VAKEETY/TREAIMENr 

TOTAL* 
EHENOLICS 

BY 
HPLC 

TOTAL FHENOUCS BY 
OOIDRIMETRIC ASSAY AS 

Gallic Acid Chlorog. Acid 

GRANNY SMITH 
Short Stored Fruit 

Press 30.9 
HIST 68.4 
Enzyme Clarif. 55.2 

Filtered, Fined 58.4 
Bottled, Fined 52.9 
Concentrated, Fined 58.1 
Concentrate, Stored 22.4 

Filtered, Not Fined 57.6 
Bottled, Not Fined 48.1 
Concentrated, Not fined 55.4 
Concentrate, Stored 17.2 

188 
251 
252 

216 
207 
224 
310 

223 
231 
229 
316 

319 
422 
425 

365 
351 
378 
523 

377 
390 
385 
525 

Long Stored Fruit 
Press 12.5 142 244 
HIST 54.5 228 384 
Enzyme Clarif. 43.6 217 368 

Bottled, Fined 39.3 178 303 
Concentrated, Fined 47.2 211 356 

Bottled, Not Fined 47.4 219 370 
Concentrated, Not Fined 44.1 232 391 

Bed Delicious 
Pressed (Control) 132.3 374 622 
Diffusion 

550C 101.5 401 672 
63 0C 218.0 579 963 
67 0C 253.7 624 1037 
730C 332.8 780 1292 

Ifclntosh 
Pressed (Control) 66.8 160 274 
Diffusion 

550C 268.1 483 801 
67 "C 330.2 580 961 

Spartan 
Pressed (Control) 69.7 176 298 
Diffusion 

550C 116.5 272 457 
63 "C 196.3 502 833 
730C 310.8 567 939 

GdMERCIAL OONCKTERAIES 
A 97.1 204 341 
B 105.8 224 374 
C 46.7 113 193 
D 1.1 49 88 

♦includes cinnamics, 
and procyanidins 

quercetin and phloretin glucosides. 
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ABSTRACT 

The influence of SO2, initial high temperature short time 

(HIST) heat treatment, enzymatic clarification, fining, bottling, 

concentration and storage on the phenolic ccmposition of pear 

juice pressed frcra "hard" and "soft" Oconice, d'Anjou and Bartlett 

fruit was studied by means of HPLC and diode array detection. 

Variety and maturity introduced major quantitative differences in 

the phenolic profile. Considerable oxidation of cinnamics and 

total oxidation of procyanidins occurred in the juices processed 

without SO2. Initial HTST treatment protected cinnamics and 

procyanidins from degradation during processing. Hydrolysis of 

cinnamics occurred during enzymatic clarification of juices. The 

hydrolytic activity was removed with bottling. There was no 

apparent reduction of phenolics with fining. Procyanidins were 

sensitive to the heat applied during bottling and concentration. 

Artoutin and flavonol glycosides were less affected by SO2 and 

processing. Storage of concentrates for nine months at 25 °C 

resulted in formation of low levels of hydroxymethylfurfural, 

extensive degradation of cinnamics and flavonol glycosides and 

total loss of procyanidins. 
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HHRODDCHCN 

Browning of pear juice and juice concentrate has been a 

major problem in processing and marketing of pear juice products 

(Montgcmery and Fetrqpakis, 1980). Although the color 

deterioration occurring during storage is primary due to the 

Maillard reaction (Comwell and Wrolstad, 1981), the development 

of brcwn color during processing is caused by oxidation of the 

phenolic ccmnpounds by polyphenoloxidase (PPO) present in the pear 

fruit (Rivas and Whitaker, 1973; Halim and Mbntgamery, 1978). 

The major phenolic constituents, other than arbutin (Williams, 

1957), that have been reported in pears are cinnamic acids, such 

as chlorogenic and coumarylquinic acid (Siegelman, 1955; Sioud 

and Luh, 1966; Ranadive and Haard, 1971), glycosides of the 

flavonols quercetin and isorhamnetin such as rutin and 

isorhamnetin 3-glucoside (Nortje and Kbeppen, 1965; Duggan, 

1969a), and catechins such as epicatechin and procyanidins (Sioud 

and Luh, 1966). Most of the reports, however, are qualitative 

rather than quantitative, and very few studies characterize the 

changes of individual phenolic coirpounds during processing. 

This work utilizes HPLC separation and diode array detection 

to profile the influence of variety, maturity, processing and 

storage on the phenolic composition of pear juice. Comparisons 

of HPLC quantitation with colorimetric measurement of phenolic 

concentrations are also made. 
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MATERIALS & MEITODS 

Standards 

Rienolic standards (chlorogenic, caffeic and p-coumaric 

acids, arbutin, rutin, catechin and epicatechin) and 

hydroxymethylfurfural (HMF) were obtained from Sigma Chemical 

Co. p-Coumarylquinic acid was previously isolated from apple 

juice (Spanos and Wrolstad, 1988b), procyanidin standards (Bl, 

B2, B3, B4, trimer and tetramer) were donated by Dr. A. G. H. Lea 

of Cadbury Schweppes Ltd., Lord Zuckerman Research Center, 

University of Whiteknights, UK. All the solvents used were HPLC 

grade. 

Preparation of Pear Juices 

Cornice, d'Anjou and Bartlett pears were obtained in fall 

1986, from the Mid-Columbia Experiment Station, Hood River 

Oregon. Hard green (unripe) and soft (ripened) fruit was 

processed into juice in the pilot plant of the Dept. of Food 

Science at Oregon State University. Ccmice and d'Anjou juices 

extracted frcm hard fruit were processed with and without the 

addition of SO2. Figure 4.1 shows a schematic outline of the 

steps utilized in processing. Juice was sampled at the 

intermediate processing stages as indicated on figure 4.1 and 

stored at -30"C until analysis. Concentrates which had been kept 

frozen or stored for nine months at 25°C  were diluted to the 
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original "Brix before analysis. Additional information 

concerning the processing of pear juice is reported elsewhere 

(Wrolstad et al., 1988). 

Detptrmi nation of Pear Juice Hienolics with HPLC 

The methodology and equipannent for sairple preparation, 

separation and quantitation of phenolics in grape juice 

previously described by Spanos and Wrolstad (1988a) was used. 

Coumarylquinic acid and an isomer of chlorogenic acid were 

quantitated as chlorogenic acid, flavonol glycosides were 

quant itated as rutin while, procyanidin quantitation was based on 

the standard curve of catechin. 

Dilutions 1:0, 1:2, 1:4 and 1:6 of a water solution 

containing 80 mg/L chlorogenic acid, 25 mg/L caffeic acid, 

10 mg/L coumaric acid, 12 mg/L rutin, 25 mg/L arbutin and 25 mg/L 

HMF were used to prepare the standard curve of these ccmpounds. 

Similar dilutions of a water solution of 80 mg/L of catechin and 

80 mg/L epicatechin were used for the quantitation of catechins 

and procyanidins. 

Isolation and Hydrolysis of Ouxnatographic Peaks 

The phenolic constituents of pear juice were concentrated 

(ca. five-fold) by means of absorption on a C-^Q Sep-Pak, elution 

of sugars and nonvolatile acids with water and subsequent elution 

of the phenolics with methanol. The methanol was evaporated and 

the phenolic oonpounds were redissolved in water.  Individual 
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HPIC peaks were isolated frcm multiple injections of the isolate 

and subjected to alkaline hydrolysis as previously described 

(Spanos and Wrolstad, 1988b). 

Golorimetric Detemri nation of Total Ihaiolics 

Total phenol ics were determined with the color imetric 

procedure of Singleton and Rossi (1965) as described previously 

by Spanos and Wrolstad (1988a). 
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EESOUES & nrscassicw 

Characterization of Hienolic OcnpDunds 

A typical HFIC chranatogram of cinnamics, flavonol 

glyoosides, arbutin and HMF frcm pear juice is shewn in figure 

4.2. Chlorogenic, caffeic, coumaric and ooumarylquinic acids 

(peaks 5, 7, 8 and 9 respectively) were identified by matching 

both retention data and spectral characteristics of the 

corresponding peaks with those of standards. Similarly, the 

presence of arbutin (peak 1), HMF (peak 2) and rutin (peak 10) 

was verified by both retention times and spectral data. Peak 6 

was tentatively identified as an iscmer of chlorogenic acid by 

ocirparing its spectral and retention data with those of an iscroer 

of chlorogenic acid reported in apples (Spanos and Wrolstad, 

1988b). Peak 11 was identified as quercetin-galactoside. It 

exhibited quercetin spectrum and retention time similar to that 

of quercetin-galactoside found in apple juice (Spanos and 

Wrolstad, 1988b). Peaks 12, 13 and 14 were assigned as 

glyoosides of isorhamnetin. They had typical quercetin spectra 

but their longer retention (longer than any quercetin derivative) 

suggested a more hydrophobic structure. Isorhamnetin has the 

same chromqphore as quercetin, but it is more hydrophobic because 

of the methyl group at the 3' position. The galactoside, 

glucoside, rutinoside and glucorutinoside derivatives of 

isorhamnetin have been reported in pear fruits (Nortje and 
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Kbeppen, 1965; Duggan, 1969a); the presence of isorhaimetin 

aglycone in hydrolyzed pear extracts has also been reported 

(Duggan, 1969b). 

Peaks 3 and 4 were not oampletely characterized. Ihey were 

major peaks in the chramatograms of SO2 processed pear juices 

from Conice and d'Anjou fruit; they remained nearly stable during 

the storage of Ccmioe and d'Anjou concentrates, but they were not 

detectable in any pear juice processed without SO2. Ihey were 

extracted from juice to a small degree in ethyl acetate which 

indicates that they are polar compounds. Their UV spectra are 

shewn in figures 4.3 and 4.4. Peaks with similar spectra but 

shorter retention times have been previously reported in Thcmpson 

Seedless grape juioe (Spanos and Wrolstad, 1988a). A UV spectrum 

similar to that of figure 4.3 was obtained by recalling frcm the 

ccraputer the normalized spectrum of a cinnamic acid such as 

caffeic acid, and a hydroxybenzoic acid such as protocatechuic 

acid. Ihe UV spectrum of peak 4 exhibits some similarities with 

the spectrum of caffeic acid (figure 4.4). If these compounds 

were esters of caffeic acid, one would expect that the ester 

linkage would cleave with alkaline hydrolysis and caffeic would 

be formed. Attempts to detect a cinnamic or a hydroxybenzoic 

acid as a product of alkaline or acid hydrolysis of the isolated 

peaks, however, were not successful. Degradation of these 

compounds under the alkaline condition of hydrolysis was less 

than the degradation of chlorogenic acid under the same 

conditions.  Based on the data about the stability of these 
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conpounds during storage and in alkaline hydrolysis, it is 

unlikely that these compounds were present in the juices 

processed without S02, and in the absence of the reducing agent 

were rapidly oxidized. On the contrary, it seems likely that 

they are products of oxidation of chlorogenic or caf feic acid 

formed in the presence of SO2/ and their UV spectra are modified 

spectra of chlorogenic or caf feic acid. These ccmpounds do not 

readily undergo further oxidation and this could explain the 

clear white color of the SO2 processed juice relative to the 

brown color of the juice processed without SO2. A similar 

mechanism preventing the formation of brown conpounds is believed 

to take place in grapes where caftaric acid is oxidized to the 

relatively stable and colorless glutathionylcaftaric acid 

(Singleton et al., 1985; Cheynier et al., 1986; Singleton, 1987; 

Cheynier and Van Hulst, 1988). Stable colorless conpounds from 

phenolic oxidation in the presence of sulfites and other 

sulfhydryl catpounds have been reported in a number of studies 

(Walker, 1964; Walker and Reddish, 1964; Mdntgcmery, 1983; 

Singleton, 1987). 

An HPIC chromatogram of procyanidins isolated with 

Sephadex LH-20 frcm pear juice is shown in figure 4.5. 

Identification of catechin, epicatechin and procyanidins Bl, B2, 

B3, B4 trimer and tetramer was based on retention times and on 

the typical catechin spectrum. A number (up to 8) of minor 

peaks also exhibited typical catechin spectra and they were 

considered to be unknown procyanidins. 
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Effect of Variety, Maturity, Processing and Storage on Cinnamics 

The influence of processing and storage on the cinnamic 

ccmposition of Ccmioe, d'Anjou and Bartlett pear juice is shown 

in tables 4.1, 4.2 and 4.3. SO2, fruit maturity and variety 

have apparent influence on the cinnainic ccmposition of pear 

juice. The data (tables 4.1 and 4.2) on Cornice and d'Anjou 

juices frcm unripe fruit, which was processed both with and 

without S02, illustrate the effect of sulfites on the cinnainic 

composition. Significant cinnamic oxidation occurred in juices 

from both varieties that were not protected from oxidation by 

the reducing agent. Direct inhibition of PFO and reduction of 

the quinones generated upon PFO activity on cinnamics are the 

mechanisms that retard phenolic degradation in the presence of 

SO2 (Mayer and Harel, 1979). The presence of SO2 also resulted 

in formation of the products of cinnamic oxidation previously 

discussed. Increased levels of cinnamics were found in the pear 

juices pressed from Cornice and d'Anjou soft (ripe) fruit 

relative to those from hard (unripe) fruit. Comparison between 

juice from ripe and unripe fruit is made at the zero SO2 level 

as ripe fruit was processed only without SO2. Increase in 

chlorogenic acid from 50 /xg/g (fresh weight) to 170 /xg/g with 

storage of d'Anjou fruit at 10C for 170 days has been reported 

(Meadows, 1983). Varietal comparisons show that d'Anjou juice 

contains higher levels of cinnamics than Cornice juice. 

Cinnamics in Bartlett juice amounted to very lew levels and the 
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spectral data of cinnamic peaks indicated presence of 

interfering oaipounds. 

Besides the influence of SO2, maturity and variety, 

processing also has an important effect on cinnamics. The 

minimum cinnainic levels were found in juice sarrpled at the press 

stage, while the maximum cinnamic levels occurred in the juices 

sarrpled at the HIST stage. It is known that PPO activity causes 

drastic phenolic oxidation which takes place in the pulp before 

and during pressing and continues in the juice until HIST 

treatment (Van Buren et al., 1976; Lea and Timberlake, 1978; 

Spanos and Wrolstad, 1988b). Juice sampled at the press stage 

did not receive the HIST treatment that would inactivate the 

enzyme, hence the degradation of cinnamics continued. HIST 

protected the cinnamics that were extracted in the juice from 

further PPO activity. 

Hydrolysis of chlorogenic acid with enzymatic clarification 

was evident in juice processed from either ripe or unripe fruit 

and regardless of the presence of SO2. The compositional data 

at the clarification stage show lower levels of chlorogenic acid 

and higher levels of caffeic acid relative to those at HIST. 

The reduction in chlorogenic acid is in agreement with the 

increase in caffeic acid, as the standard curves of these 

compounds indicate that for every mg of chlorogenic hydrolyzed 

approximately half a mg of caffeic should be generated. Less 

loss of chlorogenic acid in bottled samples suggests that 

hydrolysis of cinnamics continues after clarification, but it 
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can be deactivated with the pasteurization of bottling. Fining 

of juice pressed from ripe fruit also seemed to remove 

hydrolytic activity on chlorogenic acid. 

Storage of concentrates for nine months at 25 "C resulted in 

approximately 50 to 60% degradation of cinnamics in all the 

juices. Hydroxymethylfurfural (HMF) (up to 9.4 mg/L) was also 

formed during storage. The levels of HMF, however, found in 

the stored concentrates of pear juice are much lower than those 

in concentrates of grape or apple juice stored under the same 

conditions (Spanos and Wrolstad 1988a,b). 

Effect of Variety, Maturity, Processing and Storage en Arbutin 

and Flavcnol Glyoosides 

Tables 4.4, 4.5 and 4.6 show the arbutin and flavonol 

glycoside ocraposition of Cornice, d'Anjou and Bartlett juices. 

The levels of arbutin in Cornice juice are higher than those of 

d'Anjou and Bartlett juice. d'Anjou and Bartlett have similar 

arbutin contents. Slight increases in arbutin levels were 

measured in Cornice and d'Anjou juice pressed from ripe fruit. 

Bartlett juice frcm ripe fruit, however, contained a slightly 

lower arbutin concentration than juice from unripe juice. The 

influence of SO2 on arbutin is minor relative to the influence 

of SO2 on cinnamics. Processing resulted in no apparent changes 

in the levels of arbutin. Storage of concentrates for nine 

months at 25 "C resulted in formation of a compound interfering 

with the quantitation of arbutin as evidenced by the UV spectra 
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of the peak that had the retention time of arbutin. 

Consequently, the data on arbutin levels do not represent the 

effect of storage on arbutin. 

Ihe levels of quercetin and isorhamnetin glycosides in most 

of the juices were close to the quantitation limit (0.8 mg/L). 

Apparent changes at such a low levels cannot be described. 

Although the phenolic profile of pear juice has many 

qualitative similarities with the phenolic profile of apple 

juice arbutin and isorhamnetin glycosides are characteristic of 

pear juice and they may provide an index for detection of pear 

juice in apple juice concentrates. On the other hand, phloretin 

glycosides are characteristic of apple juice and their detection 

in pear juice can be used as an indicator of adulteration of pear 

juice with apple juice. 

Effect of Variety, Maturity, Processing and Storage on the 

Procyanidins. 

Table 4.7 shows the influence of processing and storage on 

the procyanidin composition of pear juice.   Procyanidin B2 

(dimer of epicatechin), trimer and tetramer along with 

epicatechin and catedhin were present in pear juice processed 

with SO2.  SO2 processed juice also contained low levels of Bl 

(dimer of epicatechin-catechin) and B4 (dimer of catechin- 

epicatechin). Pear juice, however, processed without SO2 from 

either hard or soft Cornice, d'Anjou or Bartlett fruit contained 

only trace, if any, amounts of procyanidins.  Apparently, PPO 
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activity caused complete degradation of procyanidins in the 

juices processed without SO2. The effect of SO2 on the 

procyanidins of pear juice seems to be more pronounced than that 

on the procyanidins of grape or apple juices, as procyanidins 

are present in grape or apple juice processed without SO2 

(Spanos and Wrolstad 1988a,b). 

Ihe sensitivity of procyanidins to oxidation does not allow 

for compositional comparison between juices pressed from ripe 

and unripe fruit. Some comparison can be made, however, 

concerning the composition and the influence of processing and 

storage on the procyanidins of Cornice and d'Anjou pear juices 

pressed form hard fruit in the presence of SO2. These juices 

have similar qualitative profiles, with Cornice containing much 

higher levels of procyanidins than d'Anjou. The effect of HIST 

on the procyanidins is similar to that on the cinnamics 

previously discussed. Minor procyanidin loss seems to occur 

during enzymatic clarification, while fining resulted in no 

apparent procyanidin changes. Bottling and concentration 

resulted in procyanidin degradation which was more pronounced in 

bottling of d'Anjou pear juice. Storage of concentrates for 

nine months caused complete procyanidin oxidation. 

Total Ehenolics by HPLC and by the Ooloriinetric assay 

The quantitation of total phenol ics by HPLC and by the 

colorimetric procedure is shown in table 4.8. Although 

colorimetric quantitation results in much higher levels of total 
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phenolics than the HPIC quantitation, sane correlation between 

the two methods was obtained for the juice extracted frcan Cornice 

(r2 0.843) and d'Anjou pears (r2 0.734). No correlation, 

however, was obtained for the juice frcm Bartlett fruit 

(r2 0.243). Extensive phenolic degradation in the Bartlett 

juice does not allow for correlation between the specific HPIC 

and the non-specific colorimetric quantitation. The discrepancy 

in total colorimetric quantitation of phenolics in the stored 

concentrates results frcm interference of intermediates and 

final browning products with the assay (Van Buren et al., 1976; 

Spanos and Wrolstad, 1988a,b). 

Scaners and Ziemelis (1980) reported synergistic interaction 

between SO2 and o-dihydroxy phenolics in response to 

Folin-Ciocalteu reagent. According to these authors, the 

interference depends on the ratio of SO2 to o-dihydroxy 

phenolics and it becomes very significant as the ratio 

increases. For example in model solutions with molar ratios of 

SO2 to caffeic acid 1:10, 1:5, 1:2, 1:1 and 2:1 the magnitude of 

errors due to the SO2 artefact were 2.9, 5.9, 14.7, 29.8 and 

59.7% respectively. At a molar ratio of 10:1 the magnitude of 

error was 298%. In an effort to determine if such interference 

was occurring in the quantitation of total phenolics by the 

colorimetric assay, SO2 processed juice from unripe d'Anjou 

fruit was treated with 1, 5 and 10% (w/v) PVPP to remove 

pihenolic conpounds which would increase the ratio of SO2 to 

o-dihydroxy phenolics.   HPIC quantitation showed that PVPP 
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treatment at 1, 5 and 10% levels resulted in approximately 5, 40 

and 85% reduction of total phenolics. Similar total phenolic 

reductions were indicated by colorimetric quantitation, which 

allowed for good correlation (r2 0.902) between HPLC and 

colorimetric assay in the PVPP treated samples. The above data 

indicate that for the low SO2 (ca. 30 ppm) content of the 

processed pear juices there is no significant interference 

between SO2 and colorimetric quantitation of phenolics. 
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GCNCUEICN 

Variety and maturity showed considerable quantitative 

differences in the cinnamic composition of pear juice. The 

levels of phenolics, especially cinnamics and procyanidins, in 

the finished juices were dependent on the degree of enzymatic 

oxidation. Major oxidation occurred in the pulp before and 

during pressing. Ihe oxidation continued until HIST treatment 

and resulted in significant degradation of cinnamics and total 

procyanidin loss in juices that were not protected by SO2. The 

hydrolytic activity on cinnamics by the clarification enzymes 

was removed with bottling. Fining showed no apparent effect on 

the phenolic profile while, bottling and concentration resulted 

in seme procyanidin oxidation. Artoutin and isorhamnetin 

glyoosides were less affected by processing and since they are 

characteristic of pear juice, may be used as indicators of 

adulteration of apple juice with pear juice. Storage of 

concentrates resulted in formation of HMF, significant loss of 

cinnamics and total degradation of procyanidins. 

Although there were no indications of significant 

synergistic interference of SO2 and g-dihydroxy phenolics in 

response to the Folin-Ciocalteu reagent, colorimetric 

measurements on total phenolics are not specific and should be 

interpreted cautiously as nonphenolic compounds can interfere 

with the assay. 
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Figure 4.1   Outline of Steps Utilized in Processing 
of Pear Juice 
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Figure 4.2 HPDC Qiranatograin of Pear Juioe Cinnamics, Flavonols and Arbutin 
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Figure 4.3 UV spectrum of peak 3 
(corresponding to fig. 4.2) 
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Figure 4.4 UV spectnim of caffeic and peak 4 
(corresponding to fig. 4.2) 
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Figure 4.5        HPLC Separation of Pear Juice Procyanidins 
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Table 4.1 

TREMMENT 

Influence of Processing and Storage on the Cinnamic and HMF 
Conposition (ng/L) of Oomioe Pear Juice 

Oxidized        Chloro- 
Cinnamics Chloro- genie      Coumaryl-       TOTAL 

HMF  A  B  genie iscmer Caffeic quiriic Coumaric CINNftMICS 

-spz UNEOIE 4b Press 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.4 0.6 
HlbT 0.0 0.0 0.0 9.2 0.0 0.3 0.7 0.4 10.6 
Enzyme Clarif. 0.0 0.0 0.0 4.1 0.0 2.3 0.0 0.9 7.3 
Fined, Filtered 0.0 0.0 0.0 2.6 0.0 2.4 0.0 0.8 5.7 
Bottlwi 0.0 0.0 0.0 4.2 0.0 1.5 0.0 0.6 6.4 
Concentrated 0.0 0.0 0.0 2.5 0.0 2.7 0.0 0.8 6.0 
Concentrate, Stored 4.2 0.0 0.0 1.8 0.0 1.2 0.0 0.5 3.5 

+SOo UNRIPE 
£a 

Press 0.0 21.9 27.2 34.8 0.0 5.2 0.8 1.2 91.1 
HIST 0.0 20.7 23.1 89.9 0.6 1.8 1.9 0.5 138.4 
Enzyme Clarif. 0.0 21.0 24.7 62.5 0.6 13.9 1.0 1.3 125.0 
Fined, Filtered 0.0 17.8 23.1 61.7 0.3 12.5 0.6 1.0 117.0 
Bottled 0.0 18.7 23.0 69.7 1.0 7.6 1.0 1.0 121.9 
Concentrated 0.0 19.0 22.5 53.8 0.6 17.1 0.7 1.3 115.0 
Concentrate, Stored 3.8 14.5 20.0 14.5 0.3 18.4 0.9 1.4 69.9 

-spz PIPE A* Press 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
HIST 0.0 0.0 0.0 65.1 0.5 0.8 1.8 0.4 68.6 
Enzyme Clarif. 0.0 0.0 0.0 27.7 0.2 18.8 0.0 1.9 48.6 
Fined        J.J.J.. .0.0 0.0 0.0 34.9 0.2 12.3 0.0 1.7 49.2 
Bottled      '"^"tr 0.0 0.0 41.8 0.9 8.3 0.2 1.7 52.8 
Concentrated 0.0 0.0 0.0 35.9 0.8 13.1 0.3 1.7 51.7 
Concentrate, Stored 3.1 0.0 0.0 10.8 0.0 12.4 0.0 0.0 23.1 

•compounds A and B correspond to peaks 4 and 5, respectively of figure 4.2, quantitated 
as chlorogenic acid 

**quantitated as chlorogenic acid 
***includes oxidized cinnamics 

****less than 0.2 mg/L 



Table 4.2 Influenoe of Processing and Storage on the Cinnamic and HMF 
Ccmposition (mg/L) of d'Anjcu Pear Juioe 

TREAIMENT HMF 

Oxidized 
Cinnamics 
A   B 

** Chloro- 44 *** 
Chloro-      genie Ooumaryl- TOTAL 

genie   isoaner Caffeic   quimc   Ccaimaric CINNAMICS 

-so2 UNRTPE £i Press 0.0 0.0 0.0 0.7 0.0 0.5 0.0 0.6 1.8 
HibT 0.0 0.0 0.0 12.2 0.0 0.6 0.9 0.6 14.4 
Enzyme Clarif. 0.0 0.0 0.0 4.4 1.0 3.4 0.0 1.9 10.7 
Fined, Filtered 0.0 0.0 0.0 5.1 0.6 2.2 0.0 1.0 8.9 
Bottled ^0.0 0.0 0.0 6.7 0.8 1.6 0.0 1.3 10.3 
ConoentratPrt     ~™~tr 0.0 0.0 4.7 0.9 2.9 0.3 1.5 10.3 
Concentrate, Stored 5.1 0.0 0.0 1.1 0.6 2.3 0.0 1.5 5.5 

4500 UNRIPE «• Press 0.0 13.2 12.9 126.5 1.5 14.2 2.7 1.7 172.6 
HlbT 0.0 12.5 12.2 156.8 1.7 2.1 3.7 0.8 189.8 
Enzyme Clarif. 0.0 11.7 12.8 116.5 1.6 18.4 2.0 1.9 164.9 
Fined, Filtered 0.0 10.6 12.3 117.9 1.5 17.0 1.9 1.8 163.1 
Bottled tr 11.1 12.8 131.3 1.8 9.1 2.1 1.7 169.9 
Concentrated 0.0 11.4 12.5 116.3 1.3 17.9 1.1 2.1 162.7 
Concentrate, Stored 8.6 8.5 13.0 41.6 1.4 25.4 0.0 2.2 92.1 

-s0^ RIPE 
PTRSS 0.0 0.0 0.0 1.0 0.7 0.7 0.0 0.4 2.7 
HIST 0.0 0.0 0.0 84.1 2.0 1.0 3.0 0.7 90.8 
Enzyme Clarif. 0.0 0.0 0.0 42.6 1.6 22.0 0.6 2.5 69.4 
Fined, Filtered 0 0 0.0 0.0 59.1 1.5 11.3 0.8 2.0 74.7 
Bottled 0.0 0.0 0.0 60.7 2.1 8.8 1.3 2.0 75.0 
Concentrated tr 0.0 0.0 56.8 1.9 12.8 1.1 2.5 75.1 
Concentrate, Stored 9.4 0.0 0.0 24.4 0.8 13.0 0.3 1.5 40.0 

•compounds A and B correspond to peaks 4 and 5, respectively of figure 4.2, quantitated 
as chlorogenic acid 

**quantitated as chlorogenic acid 
***includes oxidized cinnamics 

****less than 0.2 mg/L 
CO 
ON 



Table 4.3 Influence of Processing and Storage on the Cinnamic and HMF 
Ocanposition (mg/L) of Bartlett Pear Juice 

TREMMENT HMF 

Oxidized 
Cinnamics 
A    B 

** 
** *** Chloro- 

Chloro- genie     Coumaryl-""      TOTAL" 
genie isomer Caffeic quinic Coumaric CINNAMICS 

-SO, UNRUE .... 
* Press 0.0 0.0 0.0 0 .0 0.0 0.0 0.0 tr 0.0 

HIST 0.0 0.0 0.0 3.3 2.1 0.4 0.0 0.5 6.2 
Enzyme Clarif. 0.0 0.0 0.0 0.0 2.1 1.7 0.0 0.8 4.5 
Fined, Filtered 0.0 0.0 0.0 1.4 0.0 1.1 0.0 tr 2.3 
Bottled 0.0 0.0 0.0 2.9 0.0 1.2 0.0 0.3 4.4 
Concentrated 0.0 0.0 0.0 0.7 0.6 1.1 0.0 0.4 2.9 
Concentrate, Stored 6.9 0.0 0.0 tr 0.0 0.3 0.0 0.4 0.8 

SOo RUE 
Press 0.0 0.0 0.0 0.4 0.0 1.1 0.0 0.5 1.9 
HIST 0.0 0.0 0.0 4.6 0.0 tr 0.0 0.3 4.9 
Enzyme Clarif. 0.0 0.0 0.0 0.6 0.0 3.1 0.0 2.7 6.4 
Fined, Filtered 0.0 0.0 0.0 1.7 2.1 2.8 0.0 2.2 8.8 
Bottled 0.0 0.0 0.0 0.6 0.0 1.2 0.0 0.7 2.4 
Concentrated 0.0 0.0 0.0 0.6 1.0 2.7 0.0 2.1 6.4 
Concentrate, Stored 5.1 0.0 0.0 0.0 0.0 1.0 0.0 tr 1.0 

♦compounds A and B correspond to peaks 4 and 5, respectively of figure 4.2, quant itated 
as chlorogenic acid 

**quantitated as chlorogenic acid 
***includes oxidized cinnamics 

****less than 0.2 mg/L 



Table 4.4 Influence of Processing and Storage on the Artoutin and 
Flavonol Composition (mg/L) of Ocmioe Pear Juice 

Isorhamnetin' 
** 

Queroetin glyoosides 
.A. galacto- TOTAL 

TREMMENT              Artoutin Rutin side A B C FIAVONOIS 

-SO-, UNRIPE .L..X.X 

^ Press 13.5 tr"' *" 1.2 0.0 1.3 2.6 5.1 
HIST 13.0 1.1 1.4 tr 1.3 2.6 6.4 
Enzyme Clarif. 14.3 1.2 1.4 tr 1.4 2.5 6.5 
Fined, Filtered 13.7 1.0 1.3 tr 1.2 2.7 6.2 
Bottled 12.9 1.0 1.1 tr 1.1 2.6 5.8 
ConoentraterJ 13.5 1.1 1.3 tr 1.0 2.9 6.3 
Concentrate, Stored 14.2 0.0 tr 0.0 tr 1.1 1.0 

-fflO, UNRTPE 
^ PTPSS 17.0 1.8 1.8 l.l 2.1 3.1 9.9 

HIST 16.1 2.5 3.6 1.1 2.3 3.0 12.4 
Enzyme Clarif. 16.4 2.4 3.3 1.3 1.9 3.2 12.1 
Fined, Filtered 16.0 1.9 4.4 1.0 2.1 3.2 12.6 
Bottled 16.8 3.0 1.4 1.1 2.0 2.9 10.4 
Concentrated 15.7 2.7 2.3 1.2 2.1 2.8 11.1 
Concentrate, Stored 18.8 0.0 1.4 0.0 1.0 2.1 4.5 

-SO, KCPE 
Press 16.6 0.0 0.0 tr 1.6 2.3 3.9 
HIST 17.0 1.8 1.8 1.1 1.7 2.1 8.5 
Enzyme Clarif. 16.7 2.7 2.6 1.0 1.6 2.0 9.9 
Fined, Filtpred 16.5 2.0 1.8 1.2 1.9 1.5 8.5 
Bottled 16.1 2.2 2.6 1.1 1.5 1.9 9.4 
Concentrated 15.8 1.9 1.6 1.2 1.3 2.1 8.1 
Concentrate, Stored 16.8 2.4 0.0 0.0 tr 1.1 3.4 

interference   present    in   the   quant i tat ion   of   arbutin 
in   the   stored   concentrates 

**quantitated   as    rutin 
*** less   than   0.9   mg/L w 

CD 



Table 4.5 Influence of Processing and Storage on the Arbutin and 
Flavonol Composition (mg/L) of d'Anjou Pear Juice 

.... Isorhaitmetin 
Queroetin   glyoosides 

.1. galacto- TOTAL 
TWSA3MENT              Arbutin" Putin side A B C FIAVONOIS 

-flOp UNRIPE J.J.J. 

Press 6.5 tr"' tr 0.0 tr 1.3 1.3 
HlbT 6.3 1.3 tr 0.0 tr 1.5 2.8 
Enzyme Clarif. 6.8 1.1 tr 0.0 tr 1.1 2.2 
Fined, Filtered 6.1 tr tr 0.0 tr tr 0.0 
Bottled 6.5 tr tr 0 0 tr 1.2 1.2 
Concentrated 7.0 tr tr 0.0 tr 1.2 1.2 
Concentrated, Stored 10.3 0.0 0.0 0.0 tr tr 0.0 

+30, UNRTPE 
Press 7.9 3.1 1.9 0.0 tr 1.7 6.6 
HTST 8.1 3.6 1.6 0.0 tr 2.5 7.7 
Enzyme Clarif. 7.7 2.3 2.3 0.0 tr 2.8 7.4 
Fined, Filtered 8.0 3.6 2.0 0.0 tr 2.1 7.7 
Bottlprt 6.7 3.6 1.8 0.0 tr 2.2 7.6 
Concentrated 7.2 3.3 1.2 0.0 tr 1.8 6.3 
Concentrated, Stored 10.8 2.1 tr 0.0 0.0 0.0 2.1 

-SO, ROE 
Press 7.6 0.0 0.0 0.0 tr tr 0.0 
HTST 8.9 5.1 2.0 0.0 tr tr 7.1 
Enzyme Clarif. 9.0 5.1 2.2 0.0 tr tr 7.3 
Fined, Filtered 8.5 4.6 2.0 0.0 tr tr 6.6 
Bottled 8.6 5.0 1.4 0.0 tr tr 6.4 
Concentrated 8.1 4.9 2.0 0.0 tr tr 6.9 
Concentrated, Stored 16.4 2.3 tr 0.0 0.0 0.0 2.2 

•interference present in the quantitation of arbutin 
in the stored concentrates 

**quantitated as rut in 
***less than 0.9 mg/L to 



Table 4.6 Influence of Processing and Storage on the Arbutin and 
Flavonol Composition (mg/L) of Bartlett Pear Juioe 

Quercetin 
Isortiamnetin 
glycosides 

j. galacto- TUTAL 
TREMMENT             Acbutm Rutin side A B C FIAVONOIS 

SO? UNRIPE a..Lj. 
z Press 10.8 tr"' ""  tr tr tr 1.5 1.5 

HlfeT 9.9 1.1 tr 0.0 1.2 1.6 3.9 
Enzyme Clarif. 10.1 tr tr 0.0 1.1 1.3 2.4 
Fined. Filtered 9.5 tr tr 0.0 tr 1.6 1.6 
Bottled 9.4 tr tr 0.0 tr tr 0.0 
Concentrated 9.7 tr tr 0.0 tr tr 0.0 
Concentrate, Stored 12.0 0.0 0.0 0.0 0.0 0.0 0.0 

-SO, RIPE 
* Press 7.7 tr 0.0 0.0 tr tr 0.0 

HlbT 6.7 tr 0.0 0.0 tr 1.4 1.4 
Enzyme Clarif. 7.2 tr 0.0 0.0 tr 1.6 1.6 
Fined, Filtered 7.4 tr 0.0 0.0 tr 1.2 1.2 
Bottled 7.9 tr 0.0 0.0 tr 1.8 1.8 
Concentrated 7.2 tr 0.0 0.0 tr 1.4 1.4 
Concentrate, Stored 8.1 0.0 0.0 0.0 0.0 0.0 0.0 

* interference present in the quantitat ion of arbutin 
in the stored concentrates 

**quantitated as rutin 
***less than 0.8 mg/L 

o 



Table 4.7 Influence of Processing and Storage on the Procyanidin* Coirposition (mg/L) 
of Pear Juice 

Trimerf  Epica-  Total**  TOTAL*** 
TREATMENT B3   Bl   B4 Catechin B2 Tetramer techin Unknowns PROCYANIDINS 

OCHICE 
-SO2 UNRIPE       No procyanidins or catechins were detected in any processing stage 

+SO2 UNRIPE 
Press 
HIST 
Enzyme Clarif. 
Fined, Filtered 
Bottled 

Concentrate, Stored  0.0  0.0  0.0   0.0   0.0   0.0    0.0     tr      0.0 

-SO2 RIPE No procyanidins or catechins were detected in any processing stage 

d'AHTOJ 
-SO2 UNRIPE       No procyanidins or catechins were detected in any processing stage 

+SO9 UNRIPE 
" Press tr 0.7 0.6 2.0 3.9 3.1 6.5 0.2 17.0 

HIST tr 1.0 1.6 2.9 5.2 4.4 8.4 1.2 24.9 
Enzyme Clarif. tr 0.7 1.3 2.4 4.5 3.9 7.1 1.0 21.2 
Fined, Filtered tr 0.9 1.6 2.6 5.2 4.5 8.3 1.4 24.6 
Bottled tr tr 0.8 1.5 2.4 1.1 4.3 1.2 11.3 
Concentrated tr 0.4 1.1 1.6 2.7 3.6 6.2 0.8 16.4 
Concentrate, Stored  0.0 0.0 0.0 0.0 0.0 0.0 0.0 tr 0.0 

****.. 0.6 0.4 1.5 6.8 8.7 6.2 3.1 27.2 
tr 1.5 1.7 3.5 28.0 26.7 25.6 11.1 98.1 
tr 1.3 1.7 3.3 26.4 25.2 22.0 10.6 90.6 
tr 1.5 1.6 3.3 27.5 24.3 18.4 9.7 86.3 
tr 1.0 1.3 3.1 22.0 20.6 19.0 7.2 74.2 
tr 1.2 1.3 3.5 23.3 20.5 14.8 7.6 72.3 

-S02 RIPE No procyanidins or catechins were detected in any processing stage 

BARTLETT 
-SO2 UNRIPE No procyanidins or catechins were detected in any processing stage 

-SO2 RIPE No procyanidins or catechins were detected in any processing stage 

•procyanidins 81, 82, 83, 84, trimer, tetramer and total unknowns are quantitated as catechin 
**marked with "x" on the figure 4.5 

***includes catechin and epicatechin 
****less than 0.2 mg/L 
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