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Different technologies for processing cantaloupe fruit 

into clarified and pulpy juice concentrates were evaluated 

in an effort to improve utilization of fresh fruit and 

trimmings from processing wastes.  Fruits with rind were 

pressed into juice which was clarified by subsequent 

depectinization, centrifugation and filtration unit 

operations.  A portion of the juice was treated with cation 

exchange resin to remove free amino acids.  This treatment 

reduced the pH from 6.50 to 2.28; the pH of a portion of 

this juice was restored to 6.50 with NaOH.  The juices were 

concentrated to 650Brix and stored at 250C for six months. 

Measurements included browning (A420nm) ,  Hunter L*a*b* 

values, %haze, "Brix, pH, titratable acidity, formol 

indices, mineral content, ascorbic acid, sugars, and 

nonvolatile acids.  Ion exchange treatment reduced 

nonenzymic browning rates in clarified juices by 3-4X and 

also prevented haze/sediment formation.  Ion-exchanged juice 



with pH of 6.50 had a slightly higher browning index 

compared with pH 2.28 juice.  The browning rates of these 

two juices during storage were very similar, however. 

Fruits without rind (flesh only) were processed into pulpy 

single-strength juice and concentrated to 40oBrix using 

conventional and direct osmotic concentration methods. 

Complete degradation of ascorbic acid occurred during 

processing.  Sensory evaluation using descriptive analysis 

revealed significant reduction in overall cantaloupe aroma 

occurred after ion-exchange treatment.  Non-ion-exchanged 

cantaloupe juice concentrate, at 0 time storage, was 

described as salty, butterscotch, and metallic, but after 6 

months of storage was described as bitter, molasses and 

burnt caramel.  Pulpy cantaloupe juice concentrate produced 

via direct osmotic concentration was described as rind-like, 

grassy, pungent and spoiled in aroma and bitter, sour, salty 

and astringent in flavor. 
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USE OF ION-EXCHANGE AND DIRECT OSMOTIC CONCENTRATION 
TECHNOLOGIES FOR PROCESSING CANTALOUPE JUICE 

Introduction 

Cantaloupe Cucujnis melo  is grown in many countries 

around the world.  The USA is considered the largest 

producer followed by Spain and Italy (Nath and Ranganna, 

1977).  The estimate of total production for California, as 

a main producing state in the USA, in the year 1992 was 

546,031,750 kg of fresh fruit (Chonge, 1993).  The estimate 

of total value of the produced cantaloupe in California for 

the year 1992 was $208,292,000 (Chonge, 1993). 

Cantaloupe is universally popular because of its 

attractive color, delicate flavor and pleasant taste.  In 

addition to its use as a dessert fruit, cantaloupe has a 

great potential usage as frozen melon balls.  Siddappa and 

Bhatia (1958) also showed that it is possible to can 

cantaloupe with other more acidic fruits like mango, 

pineapple, and grape.  The product was palatable.  There is 

need for utilization of excess production and fruits that 

are non-uniform in size and mechanically damaged.  Hence, 

cantaloupe juice might be an appropriate way of increasing 

utilization. 

With new technology developed in the fruit juice-making 

industry, the production of clarified and cloudy juices has 

become common practice.  Cantaloupe has a considerable 

amount of total soluble solids, which offers a possibility 
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of utilizing cantaloupe in producing clarified juice 

concentrate (Caleb, 1990).  Clarified cantaloupe juice 

concentrate suffers from a high browning rate and haze 

formation during storage (Caleb, 1990).  The high amount of 

free amino acids in cantaloupe contributes to non-enzymic 

browning.  Therefore, ion-exchange might be a way to reduce 

non-enzymic browning and haze formation in cantaloupe juice 

concentrate. 

With the successful elimination of processing and 

storage problems, clarified cantaloupe juice concentrate 

would be produced.  Its use would be as canning syrup or for 

blending in fruit juices.  An ideal cantaloupe juice product 

would be one which retains cantaloupe color, flavor and 

nutritional value.  Production of pulpy cantaloupe juice 

concentrate through a new techniques such as direct osmotic 

concentration may provide an alternative way to maximize the 

utilization of cantaloupes. 

The main objectives of this research were: 

1. To develop processes for production of clarified and 

pulpy cantaloupe juice concentrates. 

2. To evaluate the effectiveness of ion-exchange 

treatment in reducing non-enzymic browning in clarified 

cantaloupe juice concentrate. 
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To evaluate the sensory characteristics of ion-exchange 

treated cantaloupe juice and juice subjected to non- 

enzymic browning during storage. 

To evaluate the effects of maceration and concentration 

method on the sensory characteristics of pulpy cantaloupe 

juice concentrate. 



4 

I. LITERATURE REVIEW 

NAME, HISTORY AND VARIETIES 

Cantaloupe belong to the Cucumis genus of the family 

Cucurbitaceae which includes cucumbers, muskmelons, 

watermelons, pumpkins, squash and others (Whitaker and 

Davis, 1962).  Cantaloupe (Cucumis melo)   variety 

cantaloupensis is the true cantaloupe which is native to 

Europe while the melons known as cantaloupe in the USA are 

Cucumis melo  variety "reticulatus" (Mattern, 1990; Bubel, 

1991) .  Cantaloupe is also called Rockmelon in Australia 

(Morris, 1977).  Although muskmelon is another name used to 

describe sweet melons including cantaloupe, Bubel (1991) 

indicated that cantaloupe are different from muskmelons. 

Seelig (1973) stated that: 

•"The word cantaloupe comes from the Italian 
"cantaluppi", the name of a former summer residence of 
the popes near Rome, where a melon introduced from 
Armenia was cultivated.  Actually the melon grown near 
Rome was of the variety cantaloupensis while as 
indicated under Botany the melon known here (in the 
USA) as cantaloupe is the variety "reticulatus".  The 
general class of muskmelon were so named because of the 
aroma of the ripe fruit.  "Musk" is from the Persian, 
meaning a kind of perfume and "melon" from the French 
or Italian is derived from the Latin "melopepo" meaning 
"apple-shaped melon."  The Latin word is based on the 
Greek having the same meaning.'• 

The geographic origin of muskmelon is not exactly known 

but it is believed that Columbus brought the seeds of 

muskmelons to the New World in 1494 upon his return to Italy 

from his second voyage.  Muskmelon fruits were first 
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reported to exist in Virginia in 1609 and in Philadelphia in 

1748 (Tapley et al., 1937).  By 1806 thirteen varieties were 

known to American growers (Lloyd, 1928; Tapley et al., 

1937) .  Muskmelons were commercially produced in USA in the 

period 1870-1899.  Testing the production and guality of new 

varieties such as Rocky Ford at that time made a significant 

change in the muskmelon industry in the USA (Seelig, 1973). 

Several orange-fleshed melon varieties were grown in the USA 

in the 1900's; among those reported by Beattie (1926) were 

Defender, Paul Rose, Admiral Togo, Burrel Gem, Ford, and 

Hoodoo.  Nowadays there are new and modified cantaloupe 

varieties that offer disease resistance, earliness, drought 

tolerance and high yield.  Mattern (1990) listed fifteen of 

those new varieties.  Five of them (Aurora, Columbia, 

Earligold, Pulsar and Starship) are grown in the eastern 

region of the USA and four (Abrosia, Mission, Saticoy 

hybrid, and Topmark) are grown in the western region.  The 

remainder include Channel, Gallicum, Pancha, Rocky sweet, 

Savor, and Sweet dream, which are exotics. 

PRODUCTION AMD UTILIZATION 

Cantaloupe production in the USA is mainly concentrated 

in California, Texas, Arizona, Georgia, Indiana, Colorado, 

Michigan, Ohio, South Carolina, and Oregon.  Annual 

production in each state seems to fluctuate depending on 

supply and demand.  California, as a major producing state, 
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for example, produced 11,760,000 CWT (CWT=100 Lb) in 1988 

(USDA, 1991).  That estimate production increased to 

15,352,000 CWT in 1989.  Then decreased to 13,530,000 CWT in 

1990.  The estimated production in California for 1992 is 

12,040,000 CWT (Chonge, 1993).  Texas ranks second in 

cantaloupe production behind California.  Approximately 65% 

of Texas cantaloupe is produced in the lower Rio Grande 

Valley through May to Sept. (Fuller et al., 1991). 

The plant we know in Yemen as "SHAMMAM" (Cucujnis melo) 

var. reticulatus is identified by the name "Kawoon Shabaki" 

in the native arable language (Ba'albaki, 1987).  The name 

"Kawoon Shabaki" literally means the yellow-flesh netted 

muskmelon which is named cantaloupe in the USA.  While 

commercial production of cantaloupe has occurred for over 

100 years in the USA, they have been commercially produced 

in Yemen only recently.  There are three main regions for 

cantaloupe production in Yemen; Marib, Tihama and Saadah. 

No statistical data could be regarding estimated cantaloupe 

production in any of the three regions. 

Because of its attractive color and pleasant flavor, 

cantaloupe is mainly consumed as fresh ripe fruit during its 

seasonal production.  Another way of cantaloupe utilization 

is using cantaloupe flesh for making melon-flavored ice 

called "sorbet".  Sorbet is typically served between courses 
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as a palate refresher.  Cool yogurt-moistened couscous 

beaten with raisins,nuts and mint all cradled in a 

cantaloupe wedge makes a very good breakfast meal 

(anonymous, 1989b).  In the USA, cantaloupe is also reported 

to be used in making fresh fruit punches (Anonymous, 1989a), 

as an  ingredient of salad dishes (Ross, 1990), in making 

fruit soups (Karoff, 1990; Anonymous, 1992b), in quick 

prepared meals with berries, yogurt and honey (Anonymous, 

1991) and in cool shake drinks (Anonymous, 1992a). 

Cantaloupe flesh is blended with milk and used as a 

refreshment drink in Yemen, Saudi Arabia and some 

Mediterranean countries. 

Very little has been written in the scientific 

literature about cantaloupe utilization.  Two researchers at 

the University of California tried to produce frozen 

cantaloupe balls pre-dipped in a sucrose solution of 

slightly greater strength than the Brix of cantaloupe, with 

added 1% ascorbic acid and 0.25% malic acid (Anonymous, 

1971).  Fermentation of the product during processing and 

costs of sucrose required for dipping solution were two main 

problems in that study.  Shin et al. (1978) tried to 

preserve cantaloupe in the form of natural juice or lactic 

fermented juice.  Sensory evaluation of the two products 

showed that the natural cantaloupe juice was preferred over 
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the lactic fermented cantaloupe juice.  However, both 

products suffered from peroxidase activity. 

Caleb (1990) at Oregon State University conducted an 

experiment to produce cantaloupe juice concentrate from 

cantaloupe with and without rind.  In that study, cantaloupe 

fruits were successfully processed into clarified juice and 

juice concentrate.  However the final product had two main 

problems: l)high non-enzymic browning rate during storage 

compared to other fruit concentrates, and 2)post-haze 

formation. 

COMPOSITION 

Nutrient Composition: 

In addition to being a good source of nutrients, fruit 

is an important part of today's trend toward light, fresh 

and healthful eating.  Cantaloupe are easy to serve, 

pleasant in taste and low in calories, so they deserve to be 

a part of that healthy trend.  Little has been written about 

cantaloupe composition.  Taper et al. (1985) and Eitenmiller 

et al. (1985) independently reported the proximate 

composition and mineral content of the edible portion of 

cantaloupe samples obtained from seven major U.S. markets. 

The first group obtained their cantaloupe samples from 

Atlanta, Boston, Denver, Minneapolis, Seattle and St. Louis. 

The second group obtained their cantaloupe samples from the 
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same first five cities of the first group plus Kansas City 

as a sixth market place.  Both groups sampled cantaloupe 

from the cities mentioned above in different ways and none 

of them defined what varieties were used. 

Proximate composition and mineral content of cantaloupe 

as reported in three studies from the literature are listed 

in Table 1.1.  From this table, it is apparent that 

cantaloupe is reasonably high in moisture content, low in 

protein and low in fat.  Mineral content exhibits wide 

variation.  However, all of the three studies agreed that 

cantaloupe is high in potassium content.  Brands (1987) also 

mentioned that cantaloupe is low in calories, low in sodium, 

and high in potassium.  Cantaloupe also seems to be a good 

source of vitamin C (Taper, et al. 1985; Caleb, 1990) and 

rich in /J-carotene (vitamin A precursor) (Taper, et al., 

1985; Philip and Chen, 1988). 

Sugars 

The sensory quality of cantaloupe fruit partially 

depends on the sugar content of its flesh (Dull, 1984; Dull 

et al. 1989).  The maturity stage at which cantaloupe is 

picked affects the total sugar content of the fruit.  That 

is because cantaloupe does not have reserve starch which can 

be converted to sugars after harvest (Pratt, 1971; Morris, 

1977; Mutton et al., 1981; Hubbard et al., 1990).  While 
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sucrose is the predominant sugar in mature cantaloupe fruit 

(Wade, 1982), fructose and glucose were reported to be the 

other two main sugars in most cantaloupe varieties (Sweeney 

et al. 1970; Bianco and Pratt, 1977; Cohen and Hicks, 1986; 

Caleb, 1990). 

Sugar content of cantaloupe has received considerable 

attention because it is used as a criterion of fruit 

quality.  Cohen and Hicks (1986) stated that muskmelon must 

have a soluble solid content of at least 9% to make U.S. #1 

grade.  Soluble sugars (sucrose, fructose, and glucose) 

represent more than 97% of the soluble solids in cantaloupe 

(Bianco and Pratt, 1977).  Cantaloupe soluble sugar 

composition varies throughout fruit development.  According 

to McCollum et al. (1988), reducing sugars (glucose and 

fructose) account for more than 90% of the total soluble 

sugars in the immature fruits, but sucrose represents 

approximately 50% of the total soluble sugars in the ripe 

fruits.  Hubbard et al. (1989) also studied the sucrose 

accumulation process in cantaloupe fruits as they ripen on 

the plant.  They found that sucrose reaches its highest 

concentration at fruit maturity. 

Time of harvest, timing of the growing season, and 

weather preceding harvest were found to be among those 

factors which affect the final quality of muskmelon (Morris, 
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1977) .  There is a strong correlation between sugar content 

and cantaloupe fruit quality (Pratt, 1971; Hughes and 

Yamaguchi, 1983) .  Cohen and Hicks, (1986) reported that 

storage time and temperature affect the monosaccharide 

levels in cantaloupe fruits.  They studied this effect on 

•Gold Star', 'Saticoy1, and 'Superstar' varieties and found 

that fructose and glucose levels decrease with an increase 

in storage time and temperature.  The total soluble content 

and sucrose concentration, however remained constant. 

The effect of storage time and temperature on 

cantaloupe variety Doublon grown in summer and winter were 

also studied by Dumas de Valeux and Aubert (1976).  The 

investigators reported 50% decrease in soluble solids 

content in the fruits grown in the summer under a plastic 

tunnel when the fruits were stored at 25 0C for four days. 

However they found only 14% decrease in the soluble solid 

content of the same variety (grown in the winter in 

controlled green house) when the fruits were stored at 25 0C 

for five days.  The researchers also reported that there was 

no changes in soluble solids content after fifteen days in 

both samples when fruits were stored at 4 0C. 

Organic Acids 

Almost all plant organic acids in cantaloupe are citric 

acid cycle intermediates.  Fruits are considered a rich 
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source of organic acids (Ulrich, 1970).  Organic acids are 

becoming increasingly important for several reasons.  They 

impart the acidic taste in foods and food products, so that 

perceived acidity might be recognized as an important 

quality attribute.  Organic acid data are required in the 

food industry for quality control and nutritional labelling 

(Palmer and List, 1973).  Quantitative determination of 

organic acids and their ratios can be useful to determine 

the percent juice content of juice products (Coppola and 

Starr, 1986).  They can be used as a criterion for detecting 

adulteration in fruit juices (Lee and Wrolstad, 1988). 

Organic acids might be useful also as indicators for 

maturity, ripeness, or spoilage of fruits (Palmer and List, 

1973) . 

Organic acids of melons, especially of cantaloupe, have 

received little attention when compared with the extensive 

work done on acids of other fruit juices.  According to 

Pratt (1971), citric acid is considered the major organic 

acid in most rauskmelons varieties.  Sweeney et al. (1970), 

however, showed that citric, malic and succinic acids were 

major acids of "Hearts of Gold" and "Hale Best" cantaloupe 

varieties.  Caleb (1990) found that citric and malic acids 

were the two major acids in "Superstar" cantaloupe. 
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pH and titratable acidity (TA) can also be used to 

express acidity in fruit and fruit juices (Ulrich, 1970). 

Table 1.2 lists pH and titratable acidity of muskmelon 

fruits as compiled from the literature.   From this table, 

it is apparent that pH values of muskmelons were similar, 

but their titratable acidity varied from one study to 

another.  Mendlinger and Pasternak (1992) reported a pH 

range from 5.85-6.10 in "Galia", "BGS" and "305" muskmelon 

cultivars.  In their study, they showed that the pH of the 

three muskmelon cultivars was significantly affected by 

salinity treatment.  They also reported a titratable acidity 

range from 0.04%-0.05%, as citric, in the same three 

cultivars.   The titratable acidity was not significantly 

affected by salinity treatment in their study. 

Volatile Compounds 

Measurement of all attributes that affect cantaloupe 

quality appears to be the best way to define cantaloupe 

quality (Mutton, et al., 1981).  However the flavor and 

aroma quality characteristics of cantaloupe fruits partially 

depend on the volatile compounds which are produced during 

fruit ripening (Yabumoto et al., 1978).  The presence of 

volatiles in cantaloupe fruit is controlled by different 

factors such as cultivar, maturity stage, postharvest 

treatment, genetics, and analytical procedures (Wyllie and 

Leach, 1992). 
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Volatile constituents of muskmelon have been 

investigated by several workers.  Table 1.3 lists most of 

muskmelons' volatile compounds reported in the literature. 

The alcohol nonadienol identified by Kemp et al. (1972a) was 

described as a muskmelon-like aroma compound in cantaloupe 

(cucujnis melo) var. Penn Sweet.  This compound also was 

isolated from watermelon and identified as cis^is-S ,6- 

nonadienol by Kemp et al., (1974).  Kemp et al. (1972a) also 

described the alcohol cis-6-nonen-l-ol as a melon green 

flavor compound in muskmelon.  cis-6-nonenal was another 

melon-like flavor isolated and identified in muskmelon 

(Cucumis melo) var. Supermarket by Kemp et al. (1972b). 

Kemp et al. (1973) indicated that alcohols and esters of 

muskmelon have strong attractive fruity odors and may well 

contribute to the overall flavor of the fruit. 

The volatile compounds reported in ripe cantaloupe 

(Cucumis melo) vars. PMR-45 and TOP MARK by Yabumoto et al. 

(1977) were mostly esters.  Those esters significantly 

contribute to the fruity aroma of cantaloupe (Yabumoto et 

al., 1977).  Dimethyl disulfide, a sulfur compound that is 

believed to play an important role in the flavor of many 

fruits and vegetables, was identified in cantaloupe by 

Yabumoto et al. (1977).  Horvat and Senter (1987) mentioned 

that ethyl (methylthio) acetate and the esters they 
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identified, listed in Table 1.3, contribute to the flavor of 

(Cucumis melo) var. "Saticoy" cantaloupes. 

Wyllie and Leach (1990) studied the volatile 

constituent of muskmelon (Cucumis melo)   var. Golden Crispy. 

The investigators concluded that the thioesters but not the 

diesters are the major contributor to the melon aroma in 

this cultivar.  Schieberle, et al. (1990) found that methyl 

2-methylbutanoate, (Z)-3-hexenal, (E)2-hexenal, and ethyl 2- 

methylpropanoate are the primary muskmelon odorants.  They 

also concluded that (Z)-6-nonenal, identified by Kemp et al. 

(1972b), is not an important odorant in the cultivar they 

studied. 

More recent studies in volatile constituents of 

cantaloupe were done by Wyllie and Leach (1992) and 

Homatidou et al. (1992).  Wyllie and Leach (1992) studied 

the occurrence of six aroma compounds, including methyl 

(methylthio)acetate, ethyl (methylthio)acetate, 2- 

(methylthio)ethyl acetate, methyl 3-(methylthio)propanoate, 

ethyl 3-(methylthio)propanoate, and 3-(methylthio)propyl 

acetate in 26 different cantaloupe cultivars.  The 

investigators found that 2-(methylthio)ethyl acetate and 3- 

(methylthio)propyl acetate are dominant in many of the 

cultivars.  However, the presence and concentration of 

almost all volatile compounds are genetically controlled. 
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Homatidou, et al. (1992) studied the volatiles of 

cantaloupe (Cucumis melo)  var.  Cantaloupensis using the 

Feron 11 extraction method and a combination of 

multidimensional gas chromatography and gas chromatography- 

mass spectrometry.  They reported more than 100 volatile 

compounds in this cultivar.  Most of those compounds were 

reported previously by other workers (Table 1.3).  The 

researchers indicated that sulfur compounds significantly 

contribute to the aroma of cantaloupe. 

Ascorbic Acid 

L-threo-2-hexenono-l,4-lactone is commonly known as L- 

ascorbic acid or vitamin C (Loewus and Loewus, 1987; Liao 

and Seib, 1988).  While L-ascorbic acid naturally occurs in 

plants (Loewus and Loewus, 1987; Robinson, 1991), it is not 

produced by animals (Loewus and Loewus, 1987).  Although L- 

ascorbic acid is well known to prevent scurvy and some other 

pathologies, it might cause several health problems if the 

ingested amount exceeds the maximum recommended limits 

(Gennaro and Bertolo, 1990). 

L-ascorbic acid plays very important roles in fresh and 

processed foods.  Its content could be used as an indicator 

for the retention of other nutrients in processed fruits and 

vegetables (Ashoor et al.,1984; Orzaez Villanueva et al., 

1991).  On the other hand its loss could be used as an 
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indicator for browning in fruit juices (Sawamura et al., 

1990).  L-ascorbic acid also substitutes for sulfur dioxide 

in preventing enzymatic browning in apple slices (Ponting, 

et al., 1972; Santerre, et al., 1988).  Langdon (1987) also 

showed that L-ascorbic acid, as a sulfite substituent, was 

effective in preventing enzymatic browning in prepared fresh 

potatoes.  Because it is highly unstable, L-ascorbic acid 

might be used in salt forms to prevent browning at cut 

surfaces of raw apple fruits (Sapers, 1991).  Ascorbic acid- 

2-phosphate and ascorbic acid-2-triphosphate were two forms 

that are reported by Sapers et al. (1989).   Golubkina, et 

al. (1992) also reported sodium ascorbate as a stable source 

of ascorbic acid in vitamin C-enriched syrups which can be 

used for preparation of hot non-alcoholic beverages. 

Ascorbic acid content of fresh cantaloupe varies 

depending on variety, maturity stage, post harvest storage 

conditions, and method of determination (Caleb, 1990). 

Table I.4 shows ascorbic acid (AA) content and methods of 

determination in fresh cantaloupe fruit reported in the 

literature.  From Table 1.4, it is apparent that method of 

determination may be an important factor in ascorbic acid 

quantification in cantaloupe fruit.  Caleb (1990) also 

showed that ascorbic acid content in fresh Superstar 

cantaloupe determined via the indophenol method was 39.00 

mg/100 g.  This value was within the range reported in the 
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literature (Table 1.4).  Using more specific methods such as 

enzymatic and HPLC, however, showed values of ascorbic acid 

approximately 75% lower in the same cultivar. 

Amino Acids 

The quantitative and qualitative distribution of amino 

acids in fruits could be a useful criterion for detecting 

adulteration in fruit juices (Flores et al. 1970).  Very 

little information about amino acid content of cantaloupe 

was found in the literature.  Flores et al. (1970) reported 

results of amino acid analysis of fresh cantaloupe (unknown 

variety).  The total amino acid content as total free amino 

acids in their study was 292.3 mg/100 g fruit.  Major amino 

acids reported in this study were alanine, 3 6.74%; glutamic 

acid, 18.47; aminobutyric acid, 12.59%; aspartic acid, 

11.50%.  Other quantitatively important amino acids found in 

this study were glycine, 4.52%; serine, 4.34%; proline, 

3.11%; valine, 2.50%; phenylalanine, 1.98%; leucine, 1.44%; 

hydroxyproline, 1.33%; lysine, 0.92%.  Tyrosine was reported 

as trace also. 

The formol value is used to measure the total free 

amino acids in fruit juices.  This value is generally 

expressed as milliequivalent/100 mL juice.   Caleb (1990) 

reported formol values of 4.43 and 4.53 meq/100 ml 

cantaloupe juice obtained from flesh only and from flesh and 
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rind respectively.  These values are vert high compared to 

formol values of other fruit juices.  Table 1.5 shows the 

formol values (meq/100 mL juice) of some fruit juices 

reported in the literature. 

ION EXCHANGE TREATMENT OF FRUIT JUICES 

An acceptable definition for ion exchange might be a 

reversible interchange of ions between a solid and a liquid 

phase in which there is no permanent change in the solid 

phase (Wheaton and Seamster, 1987; Norman, 1989).  The two 

main practical uses of ion exchange resins are concentrating 

a desired product and removing undesirable components from a 

dilute solution (Mulligan, 1985).  The first application of 

ion exchange was its use for industrial water softening at 

the beginning of the twentieth century.  According to Norman 

(1989) , ion exchange materials synthesized from 

polymerization of styrene and divinylbenzene can be 

classified to three categories relating to functional group. 

A strong acid cation (SAC) exchanger which is capable of 

exchanging cations (positively charged ions), a strong base 

anion (SBA) exchanger which is capable of exchanging anions 

(negatively charged ions) and a weak base (WBA) exchanger 

which has high capacity for adsorbing strong acids without 

affecting other desirable food properties. 



' 20 

There are many applications for ion exchange in the 

food and beverage industry.  Fruit juice demineralization, 

decolorization, and deacidification are some of those 

applications that use ion-exchange technology (Mulligan, 

1985; Norman, 1989).  An ion-exchange technology that is 

being practiced in Italy is passing grape juice through a 

series of SAC, WBA, SBA and SAC (Norman, 1989).  This 

process produces a de-colorized and de-mineralized grape 

juice which then can be concentrated and a concentrate 

suitable for blending into a low sugar grape must for 

fermentation.  Similar treatments for apple, pear, and 

pineapple mill juices are useful for producing final 

products suitable for canning syrups or for juice blends 

(Norman, 1989). 

Ending with a juice product that has a good appearance 

besides its acceptable taste is a hope for all juice 

processors.  However, the technigues used to produce such a 

product must be legally permitted.  Ion-exchange is an FDA- 

approved food treatment method under 21 CFR 175.25 (1991). 

The legal status of decharacterized juices, however, is 

still a matter of controversy.  Williams and Shrikhande 

(1992) pointed out that partial ion-exchange treatment of 

grape juice concentrate is different from deionization 

treatment of the same product.  They indicated that the 

former treatment produces unmodified juice while the second 
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treatment does produce a modified product.  They also 

concluded that ion-exchange treatment has no significant 

effect on the composition of treated grape juice.  The FDA, 

21 CFR 101.30, (1993) on the other hand stated that "if 

major modifications  (i.e., changes in the color, taste, or 

other organoleptic properties) are made to a juice to the 

extent that the original juice is not recognizable at the 

time processing complete, or if its nutrient profile has 

been diminished to a level below the normal nutrient range 

for the juice, then the juice may not be included in the 

total juice percentage declaration". 

CONCENTRATION METHODS 

Single strength fruit juices are basically aqueous 

mixtures of organic and inorganic components.  Different 

fruit juice concentration methods are being used in the 

juice industry to achieve all or some of the following 

objectives: 1)reduced transport, packaging, and storage 

costs; 2)utilization of excess production during peak 

season; 3)utilization of mis-shaped fruits; 4)preservation 

of fruit juices.  Some of the fruit juice concentrates are 

also used in manufacture of wines, jellies and other foods 

and beverages (Wrolstad et al., 1981). 

All fruit juice concentration methods basically depend 

on water removal from the processed juice.  While removing 
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the water, the original food quality should be retained as 

much as possible.  The water removal process may or may not 

involves a phase change, depending on the technique being 

applied.  Deshpande and Salunkhe (1982) classified the fruit 

juice concentration methods, according to phase change 

requirement, to 1) processes which require a phase change 

include distillation, evaporation, and crystallization or 

freezing; 2)processes which do not require a phase change 

and those include direct and reverse osmosis. 

Almost all concentration methods suffer from 

disadvantages of one type or another.  However, some 

valuable juice attributes can be retained by applying 

certain concentration methods.  Juice aroma can be retained 

by using slush evaporation method (Lowe and King, 1974), 

reverse osmosis technique (Bomben et al., 1973) or freeze 

concentration method (Braddock and Marcy, 1985).  Beaudry 

and Lampi, 1990b, also reported that the flavor, color, and 

other essences of the concentrated fruit juice are retained 

when using direct osmotic concentration method. 

Evaporation is generally defined as the removal by 

vaporization of water from a liquid (Karel, 1975).  In this 

type of concentration, the liquid has to be concentrated at 

least four-fold (Deshpand et al., 1982).  Because they are 

highly economical, fast and efficient, evaporative methods 
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are widely applied for liquid food concentration (Thijssen, 

1970).  Serious drawbacks, however, are the loss of heat 

sensitive compounds including aroma components, and protein 

denaturation.  The aroma recovery technique is one of the 

solutions being used to obtain a concentrate with 

characteristics close to the fresh sample.  Concentration 

under vacuum to minimize concentration temperature is a 

partial solution to avoid protein denaturation also. 

Freeze concentration is the process in which the water 

is removed from a liquid food as ice crystals.  This type of 

concentration is considered superior in terms of quality 

preservation compared to evaporation methods (Thijssen, 

1970).  The solids losses, which was a common problem, has 

been minimized with the innovations in technology (Deshpande 

and Salunkhe, 1982).  Juice loss due to entrainment with the 

ice mass, however, is another common drawback in this type 

of concentration processes (Lowe and King, 1974). 

The use of membranes for removing water selectively 

from aqueous solutions is considered the method of choice 

when thermal damages need to be avoided.  Reverse and direct 

osmosis are the two common techniques that have been of 

interest to the food industry for about 25 years.  The 

principle is to use a membrane that has the ability to pass 
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water but reject all other components present in the liquid 

to be concentrated. 

Reverse osmosis is a membrane process in which a 

hydraulic pressure is applied to remove the water out of an 

aqueous solution e.g fruit juice.  A liquid food can be 

concentrated up to 35 "Brix or higher using this technique 

(Hribar and Sulc, 1990).  Reverse osmosis has the advantages 

of aroma retention (Bomben et al., 1973), reduction in 

energy consumption, and lower capital equipment costs 

(Hribar and Sulc, 1990).  However it mainly suffers from the 

disadvantages of membrane fouling (Beaudry and Lampi, 1990b) 

and severe concentration polarization (Lowe and King, 1974). 

A general definition of direct osmosis is a process in which 

a solvent is transported through a membrane as a result of 

trans-membrane concentration (Rautenbach and Albrech 1989). 

With the recent development in membrane technology, Beaudry 

and Lampi (1990a, 1990b) introduced direct osmosis 

concentration as a process which may offer the promise of 

concentrating fruit juices at a reasonable cost, and with 

higher quality preservation than other concentration 

methods. 
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STORAGE PROBLEMS IN FRUIT JUICES AND JUICE CONCENTRATES 

Non-enzymic Browning 

Color change during storage is considered one of the 

major quality problems of fruit juices and concentrates. 

Non-enzymic browning is well known to be the major cause of 

that color change.  Reviews of non-enzymic browning by Hodge 

(1953), Reynolds (1963), Reynolds, (1965), Eskin, (1990) and 

Wedzicha (1984) have helped us to understand some of the 

involved chemical mechanism of the non-enzymic browning 

reactions.  Those studies were also used as a base to 

clarify what type of non-enzymic browning reaction is 

involved in a certain model juice concentrate system. 

Carmelization, ascorbic acid oxidation, and Maillard 

and Strecker degradation are the main types of non-enzymic 

browning reactions which commonly occur in fruit juice 

concentrates (Wong and Stanton, 1989).  The pH and the type 

and level of both amino acids and reducing sugars in 

addition to the amount of ascorbic acid present in the juice 

concentrate seem to be the major factors which control the 

type and the rate of a non-enzymic browning reaction.  Water 

activity, storage temperature and specific ion concentration 

are other factors on which the browning reaction rate depend 

(Beveridge and Harrison, 1984).  Joslyn (1957), Clegg (1964) 

and Wong and Stanton (1989) reported that ascorbic acid-type 

reaction is the major type of browning in the fruit juice 
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concentrates with a high acid content and considerably high 

ascorbic acid content.  Maillard-type reaction was reported 

as the major type of non-enzymic browning in apple juice 

concentrates by Toribio et al., (1984), Toribio and Lozano 

(1984) and Babsky et al., (1986).  Maillard-type reaction 

also plays a significant part in non-enzymic browning of 

pear juice concentrates (Cornwell and Wrolstad, 1981; 

Beveridge and Harrison, 1984).  Lee and Nagy (1988) 

concluded that Maillard-type reaction and acid-catalyzed 

sugar degradation might serve as one of the potential 

sources of browning in stored, canned grape juice. 

Non-enzymic browning's adverse effects on quality of 

fruit juice concentrates have received attention for 

decades.  Maillard browning reactions are considered the 

most common and severe deteriorative reactions that occur in 

fruit juice concentrates (Spark, 1969; Lee and Nagy, 1988). 

Color changes, flavor deterioration, and nutrient losses are 

the major incidences which can occur in fruit juice 

concentrates.  The three deteriorative incidences might not 

occur all together in the same fruit juice concentrate; 

however, the extent to which any of them mainly depends on 

water activity and storage temperature (Dryden et al., 1955; 

Labuza, 1972; Wolform et al., 1974; Warmbier et al., 1976; 

Resnik and Cherife, 1979; Lee and Nagy, 1988).  While 

darkening appears to be a common quality problem in almost 
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all fruit juice concentrates, flavor and nutrient losses may 

depend on the composition of the juice concentrate (Labuza, 

1972; Wolform et al., 1974; Toribio and Lozano, 1984; 

Beveridge and Harrison, 1984; Lee and Nagy, 1988). 

Very little information about browning in cantaloupe 

juice concentrate was found in the literature.  Caleb (1990) 

found that cantaloupe juice concentrate either obtained from 

flesh only or from flesh and rind, highly darkens during 

storage at room temperature.  Cantaloupe contains high 

amount of free amino acids (Flores, 1970), considerable 

amount of ascorbic acid and sugars (Caleb, 1990) and it has 

ca. 6.50 pH value (Esebua and Abdurazakova, 1972; Caleb, 

1990).  All these factors may contribute to non-enzymic 

browning in cantaloupe juice concentrate.  Further studies 

are needed to verify what type of reactions predominate 

browning in cantaloupe juice concentrate. 

Haze Formation 

Haze formation is one of the major problems that 

confront the producers of clarified juices and juice 

concentrates.  This problem might have an adverse effect on 

the quality of a final product such as juice concentrate. 

Heatherbell (1984) defined the turbid juices as "complex 

colloidal systems containing molecules in true solution as 

well as in particulate suspension".  Haze or turbidity in 
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clarified juices and concentrates might be related to very 

fine particles which are not removed through 

preclarification steps (Haflelbeck and Junker, 1988; Van 

Buren, 1989; Hsu et al., 1989; Frei, 1992).  Although these 

particles cause no problem in the early stages, they get 

larger and larger, then they form haze or sedimentation 

during storage.  For example, in well clarified apple juice 

these particles are less than 0.1 /zm in diameter and the 

juice looks clear.  However, they develop maximum turbidity 

when they reach 0.3-1.0 nm  in diameter (Heatherbell, 1984). 

The problem of haze formation in some fruit juices such 

as apple juice has been studied extensively in the 

literature (Van Buren, 1989).  Haze formation in almost all 

fruit juices and concentrates can be of either biological or 

chemical origin (Heatherbell 1984; Wucherpfennig et al. 

1986; Brunner and Tanner 1986; Van Buren, 1989;).  Frei 

(1992) however, related the turbidity-causing factors mainly 

to organic, inorganic-organic and inorganic origins.  In an 

early study by Johnson et al. (1968), phenolic-protein 

complex was found to be the major source of sedimentation in 

clarified apple juice.  Further studies by Heatherbell 

(1984); Schmitt (1985); Ducroo (1987); Hsu et al. (1989); 

and Van Buren (1989); showed that haze formation in apple 

juice is specifically due to tannin-protein complexes. 

Schmitt (1985) and Ducroo (1987) also found that araban was 
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another possible source of post haze formation in apple 

juice. 

Van Buren (1989), in his study, described the causes 

and prevention of turbidity in apple juice.  The procedures 

used to deal with haze formation in this study seem to be 

applicable in other fruit juices.  The researcher also 

provided general testing procedures which can be used to 

characterize hazes in fruit juices.  Frei (1992) more 

recently described a process for production of high quality 

apple juices and apple juice concentrates.  In this study, 

the investigator described the causes of haze formation and 

the possibilities of preventing such problem. 

To our knowledge, neither clarified cantaloupe juice 

nor cantaloupe juice concentrate has been commercially 

produced.   While, cantaloupe juice concentrate was 

successfully produced by Caleb (1990), the product suffered 

from haze formation during storage.  Since storage stability 

and clarity are the main attributes required in juice 

concentrates, more careful work is needed to characterize 

hazes in cantaloupe juice concentrate.  Once cantaloupe haze 

is characterized, the following step would be the production 

of clear stable cantaloupe juice concentrate. 
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ENZYMES IN FRUIT JUICES 

Enzymes are biocatalyst substances which accelerate a 

biochemical reaction without being consumed in the process 

(Schmitt, 1988).  Fruit naturally produce ripening enzymes 

that cause the fruit to be softer when it gets overripe. 

The presence of the native enzymes in processed fruit and 

vegetables is often undesirable.  However the presence of 

some of those enzymes, such as the pectic enzymes in apples 

and grapes, can be advantageous.  Such enzymes might help in 

producing clarified juices. 

Commercial enzymes have been widely applied in food 

technology.  One of those important application of enzymes 

in recent food technology is their use in fruit juice 

production.  Pectolytic enzymes are the most important group 

that have been used for different purposes in fruit juice 

industry since 1930 (Reising, 1990).  This group of enzymes 

is used for clarification, maceration, liquefaction and 

some other special applications such as preparation of 

clouding agents of fruit juices (Romboust and Pilnik, 1978). 

Pectolytic enzymes when combined with cellulolytic 

enzymes are called mash enzymes (Dorreich, 1983, 1986; 

Janda, 1983; Stutz and Felix, 1988; Resising, 1990).  The 

mash enzymes were introduced to the juice industry to help 

in obtaining higher juice yield and to mainly overcome the 
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problems of processing techniques (Schmitt, 1988; Stutz and 

Felix, 1988; Reising, 1990).  Problems of processing 

techniques included juice extraction difficulty and haze 

formation in clarified juices and juice concentrates.  Mash 

enzymes were successfully used for production of purees and 

pulpy juices also (Schmitt, 1990).  The mash enzymes allows 

highly concentrated pear puree to be prepared (Gherardi et 

al. 1985).  Mash enzymes also help in producing Guava puree 

with improved flow properties (Askar et al. 1991;  El-Zoghbi 

et al. 1992). 

Very little information about the enzymology of 

cantaloupe fruit has been found in the literature.  Ascorbic 

acid oxidase, catalase, glucose-6-phosphate dehydrogenase, 

glutathione reductase, invertase, peroxidase, 

phosphoenolpyruvate carboxykinase, phosphogluconic 

dehydrogenase and polyphenol oxidase are some of the enzymes 

reported as naturally present in muskmelon by Pratt (1971). 

Nath and Rangnna (1977) found polyphenol oxidase to be 

absent in muskmelon (unknown cultivar).  However, they 

reported pectin methylesterase as a native enzyme in 

muskmelon in their study. 

In addition to the presence of inhibitors or 

activators, specificity, optimal pH and temperature range 

through which the enzymes work are the main factors that 
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practically determine the efficiency of an enzyme in a 

certain process (Urlaub, 1992).  But understanding enzymes 

mechanisms on their substrates (cell wall components in the 

case of juice processing) allows optimum utilization of 

enzyme technology in fruit juice industry (Dietrich et al., 

1991).  Pectinex Ultra SP-L prepress enzyme and Pectinex 3X- 

L clarification enzyme (NOVO laboratories Inc., Danbury, CT, 

06810-5101) were used in processing cantaloupes to clarified 

cantaloupe juice concentrate by Caleb (1990).  Using 

Pectinex 3X-L alone however, was reliable to produce 

clarified juice concentrate from cantaloupe flesh and rind. 

Further investigations are needed to select the best enzyme 

treatment to help overcoming haze formation problem in 

cantaloupe juice concentrate during storage. 

SENSORY EVALUATION 

According to Prell (1976) and Gatcahlian (1981), the 

committee on sensory evaluation of the Instituted of Food 

Technologists (IFT) defined sensory evaluation as "a 

scientific discipline used to evoke, measure, analyze, and 

interpret reactions to those characteristics of foods and 

materials as they are perceived by the senses of sight, 

smell, taste, touch and hearing".  Peryam (1990) mentioned 

that psychology, physiology, sociology and statistics are 

the primary sources of sensory evaluation.  Accordingly he 

expressed sensory evaluation as a way of learning how to use 
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human senses and perceptions as measuring instruments.  In 

addition to its status as a science; sensory evaluation 

should be recognized as a technology due to its considerable 

practicality (Peryam, 1990).  Sensory evaluation might be 

used to test the effect of defined experimental treatments 

on a specific population.  Sidel and Stone (1976) stated 

that such an effect usually is described as changes or 

differences in a response which are measured and then 

analyzed using one or more mathematical operations. 

Sensory evaluation plays significant roles in measuring 

characteristics and acceptability of foods and food 

products.  Sensory evaluation also has widely spread to 

become a dynamic force in the food business (Chambers IV, 

1990) .  In fruit juices, for example, the sensorial 

properties of the final product is the most important 

quality parameter (Fischer-Ayloff-Cook and Hofsommer, 1992). 

One of the most common techniques in sensory evaluation 

is descriptive analysis.  In this technique, the attributes 

of a food or food product are identified, described, and 

quantified by highly trained panelists (Einstein, 1991). 

The typical procedures that should be followed to carry out 

a descriptive analysis are selection and training of 

panelists, developing descriptive terms which can be used 

for scoring later on, testing and data analysis. 
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Descriptive analysis can be applied in the areas of new 

product development, quality control, storage stability and 

correlation of sensory with chemical and physical tests 

(Meilgaard et al., 1988).  The major disadvantages of this 

test are the difficulty of getting all  panelists to agree 

to use a given descriptor and the fact that it is time 

consuming (Quarmby and Ratkowsky, 1988). 



Table I.l. Proximate composition and mineral content of 
cantaloupe as reported in the literature 

Reference Proximate composition (%) 
Protein Moistur Fat Ash 

Gebhardt et al. (1982) 0.88 89.8 0.28 0.71 
Eitenmiller et al. (1985) 0.65 90.3 0.15 0.80 
Taper et al. (1985) 0.90 89.8 0.47 0.78 

Mineral content (ppm) 
P K Ca Mg Na Fe Cu 

Gebhardt et al. (1982) 170 3090 110 110 90.0 2.10 0.42 
Eitenmiller et al. (1985) 96.0 2370 64.5 126 83.8 1.60 0.50 
Taper et al. (1985) 159 2950 116 109 12.4 1.56 0.42 

Table 1.2. Ranges of means of pH and titratable acidity 
(TA)in cantaloupe as reported in the literature  
Reference pH TA (% citric) 

Sweeny et al. (1970) 
Esebua and abdurazakova 

(1972) 
Galeb (1990) 

10 

10 

mm. max. mean mm. max. mean 
6.20 6.50 6.40 0.06 0.08 0.07 

6.60 6.20 6.40 0.19 0.14 0.17 
6.34 6.83 6.52 0.03 0.05 0.04 

U1 
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Table  1.3.   Volatile constituents of cantaloupe as reported 
in the literature 

Compound Reference 

Esters 
Ethyl n-hexanoate Kemp et al. (1972a); Yabumoto et al. 

(1977; ; Wyllie and Leach (1990); 
Homatidou et al. (1992) 

Hexyl propanoate Kemp et al. (1972a) 
Octyl acetate Kemp et al. (1972a) 
Butyl octanoate Kemp et al. (1972a) 
Hexyl hexanoate Kemp et al. (1972a) 
Octyl n-butanoate Kemp et al. (1972a) 
Ethyl n-decanoate Kemp et al. (1972a); Horvat and 

Senter (1987) 
Decyl acetate Kemp et al. (1972a) 
Ethyl dodecenoate Kemp et al. (1972a) 
Hexyl octanoate Kemp et al. (1972a) 
Octyl hexanoate Kemp et al. (1972a) 
Ethyl n-dodecanoate Kemp et al. (1972a) 
Ethyl tetradecenoate Kemp et al. (1972a) 
Methyl n-pentadecanoate Kemp et al. (1972a) 
Methyl palmetoleate Kemp et al. (1972a) 
Methyl hexadecadienoate Kemp et al. (1972a) 
Methyl hexadecanoate Kemp et al. (1972a) 
Ethyl palmitoleate Kemp et al. (1972a) 
Ethyl hexadecadienoate Kemp et al. (1972a) 
Ethyl hexadecanoate Kemp et al. (1972a); Homatidou et al. 

(1992) 
Ethyl (E)-2-butenoate Homatidou et al. (1992) 
Propyl butanoate Homatidou et al. (1992) 
Ethyl 3-methylbutanoate Homatidou et al. (1992) 
Butane-2,3-diol monoacetate Homatidou et al. (1992) 
Allyl pentanoate Homatidou et al. (1992) 
2-methyl- 2-butenoate Homatidou et al. (1992) 
Propyl pentanoate Homatidou et al. (1992) 
Ethane-1,2-diol diacetate Homatidou et al. (1992) 
Dimethyl malonate Homatidou et al. (1992) 
Ethyl (E.E^.A-hexadienoate Homatidou et al. (1992) 
1-octene-yl acetate Homatidou et al. (1992) 
Ethyl 3-hydroxyhexanoate Homatidou et al. (1992) 
2-butanone- 3-hydroxybutanoate Homatidou et al. (1992) 
1-methylethyl dodecanoate Homatidou et al. (1992) 
Butyl acetate Kemp et al. (1973); Yabumoto et al. 

Isobutyl  acetate 

2-Methylbutyl  acetate 

(1977);  Horvat and Senter  (1987); 
Wyllie  and Leach   (1990) 

Kemp  et al.   (1973);   Yabumoto  et al. 
(1977);   Horvat and Senter   (1987); 
Wyllie  and Leach  (1990);   Homatidou 
et al.   (1992) 

Kemp et  al.   (1973) 
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Table 1.3 (cont.) 

Compound Reference 

Isopropyl acetate 
Methyl acetate 

Ethyl acetate 

Propyl acetate 

Pentyl acetate 

2-Methylbutyl acetate 

cis-3-hexenyl acetate 

Methyl propanoate 

Ethyl propanoate 
Butyl propanoate 
Isobutyl propanoate 
2-Methyl propanoate 
Methyl butanoate 

Ethyl butanoate 

Propyl butanoate 
Butyl butanoate 
Isobutyl butanoate 
2-Methyl butyryl butyrate 
Methyl isobutanoate 
Ethyl isobutanoate 
Butyl isobutanoate 
Isobutyl isobutanoate 
Methyl pentanoate 
Ethyl pentanoate 

Methyl 2-Methylbutanoate 

Propyl 2-inethylbutanoate 
Butyl 2-methylbutanoate 
Isobutyl 2-methylbutanoate 
2-methylbutyl 2-methylbutanoate 
Methyl hexanoate 

Ethyl 3-hexanoate 

(z)-6-nonenyl acetate 
(z, z)-3,6-nonadienyl acetate 

Benzyl propionate 
3-Phenylprobyl acetate 
Cinnamyl acetate 
Butane-2,3-diol diacetate 

Yabumoto et al. 
Yabumoto et al. 
Senter (1987); 
(1992) 

Yabumoto et al. 
Senter (1987) 

(1977); Wyllie and 
(1977); Horvat and 
Homatidou et al. 

(1977); Wyllie and 

(1977); Horvat and 
Wyllie and Leach 

(1990); Homatidou et al. (1992) 
Yabumoto et al. (1977); Horvat and 
Senter (1987); Wyllie and Leach 
(1990); Homatidou et al. (1992) 
Leach (1990) 
Yabumoto et al. (1977); Wyllie and 
Leach (1990) 

Yabumoto et al 
Leach (1990) 

Yabumoto et al. (1977); Horvat and 
Senter (1987); Wyllie and Leach 
(1990); Homatidou et al. (1992) 

Yabumoto et al. (1977); Homatidou et 
al. (1992) 

Yabumoto et al. 
Yabumoto et al. 
Yabumoto et al. 
Yabumoto et al. 
Yabumoto et al. 
al. (1992) 

Kemp et al. 
(1977); 

Yabumoto et al. 
Yabumoto et al. 
Yabumoto et al. 
Yabumoto et al. 
Yabumoto et al. 
Yabumoto et al. 
Yabumoto et al. 
Yabumoto et al. 
Yabumoto et al. 
Yabumoto et al. 

(1977) 
(1977) 
(1977) 
(1977) 
(1977) Homatidou et 

(1973); Yabumoto et al. 

(1977) 
(1977) 
(1977) 
(1977) 
(1977) 
(1977) 
(1977) 
(1977) 
(1977); 
(1977); Schieberle et 

al. (1990); Wyllie and Leach (1990) 
Yabumoto et al. (1977); Schieberle et 
al. (1990); Wyllie and Leach (1990); 
Homatidou et al. (1992) 

Yabumoto et al. (1977) 
(1977) 
(1977) 
(1977) 
(1977); Homat idou et 

Yabumoto et al 
Yabumoto et al 
Yabumoto et al 
Yabumoto et al 
al. (1992) 

Yabumoto et al 
al. (1992) 

Horvat and Senter 
Horvat and Senter 
et al. (1992) 

Horvat and Senter 
Horvat and Senter 
Horvat and Senter (1987) 
Wyllie and Leach (1990); 
Leach and (2992) 

(1977); Homatidou et 

(1987) 
(1987); 

(1987) 
(1987) 

Homatidou 

Wyllie and 
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Table 1.3 (cont.) 

Compound Reference 

Propene-l,2-diol diacetate 

Butane-2,3-diol diacetate 
Butane-2,3-diol acetate propanoate 

Ethyl benzoate 
Ethyl phenyl acetate 
Phenylethyl acetate 
Methyl dodecanoate 
Ethyl dodecanoate 
Butane-2,3-diol acetate butanoate 

Wyllie and Leach (1990); Homatidou et 
al. (1992) 

Wyllie and Leach (1990) 
Wyllie and Leach (1990); Homatidou et 
al. (1992) 

(1992) 
(1992) 
(1990) 
(1990) 
(1990) 
(1990) 

Homatidou et al. 
Homatidou et al. 
Wyllie and Leach 
Wyllie and Leach 
Wyllie and Leach 
Wyllie and Leach 

Octanol 

Nonanol 

Nonenol 

cis-6-nonen-l-ol 

Nonadienol 
Hexanol 

l-octen-3-ol 

cis-3-nonen-l-ol 
Ethanol 

Butanol 

Isobutanol 

Pentanol 
2-methyl butanol 

3-hexanol 
3,3-dimethyl- 2-butanol 
l-nonen-4-ol 
(z,z)-3,6-nonadien-l-ol 
Benzyl  alcohol 
Phenyl  ethyl  alcohol 
Phenyl propyl alcohol 
(E)-cinnamic alcohol 

(1972a); Homatidou et al. 
Alcohols 

Kemp et al. 
(1992) 

Kemp et al. (1972a); Horvat and 
Senter (1987); Homatidou et al. 
(1992) 

(1972a); Homatidou et al. Kemp et al. 
(1992) 

Kemp et al. 
(1992) 

Kemp et al. 
Kemp et al 

(1972a); Homatidou et al. 

(1972a) 
(1973); Yabumoto et al. 

(1977); Wyllie and Leach (1990); 
Homatidou et al. (1992) 
Kemp et al. (1973); Homatidou et al. 
(1992) 

Kemp et al. (1973) 
Yabumoto et al. (1977); Horvat and 
Senter (1987) 

Yabumoto et al. (1977); Wyllie and 
Leach (1990) 
Yabumoto et al. (1977); Wyllie and 
Leach (1990) 

Yabumoto et al. 
Yabumoto et al. 
Leach (1990) 
Homatidou et al. 
Homatidou et al. 
Homatidou et al. 
Homatidou et al. 
Homatidou et al. 
Homatidou et al. 
Homatidou et al. 
Homatidou et al. 

(1977) 
(1977); Wyllie and 

(1992) 
(1992) 
(1992) 
(1992) 
(1992) 
(1992) 
(1992) 
(1992) 

Benzaldehyde 

2-ethylbutanal 
n-nonanal 

Aldehydes and Ketones 
Kemp et al. (1972a); Horvat and 
Senter (1987); Homatidou et al. 
(1992) 

Homatidou et al. (1992) 
Kemp et al. (1972a) 
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Table  1.3   (cont.) 

Compound Reference 

2-nonenal 

Cis  6-nonenal 

Acetaldehyde 

Hexanal 

(z)-3-hexenal 
(E)-2-hexenal 
j-ionone 

6-methyl-3-heptanone 
6-methyl-3-hepten-2-one 
3-octanone 
3-hydroxy-2-butanone 
Decanal 

Dimethyl disulfide 

2-(methylthio)ethanol 
3-(methylthio)propanel-ol 
Ethyl (methylthio)acetate 

Ethyl(methylthio)propanoate 
Methyl (methylthio)acetate 

2-(methylthio)ethyl acetate 

3-(methylthio)propyl acetate 

Methyl 3-(methylthio)-propanate 

Isoeugenol 

Kemp et al. (1972a); Horvat and 
Senter (1987); Homatidou et al. 
(1992) 

Kemp et al. (1972b); Homatidou et al. 
(1992) 

Yabumoto et al. (1977); Horvat and 
Senter (1987) 
Schieberle et al. (1990); Homatidou 
et al. (1992) 
Schieberle et al. (1990) 
Schieberle et al. (1990) 
Kemp et al. (1972a); Horvat and 
Senter (1987) 

Homatidou et al. (1992) 
Homatidou et al. (1992) 
Homatidou et al. (1992) 
Homatidou et al. (1992) 
Homatidou et al. (1992) 

compounds 
Yabumoto et al. 
al. (1992) 

Homatidou et al. 

(1977); Homatidou et 

(1992) 

Horvat 
Leach 
(1992) 

Wyllie 
Wyllie 
Leach 
(1992 

Wyllie 
Leach 
(1992) 

Wyllie 
et al. 

Wyllie 
Leach 
(1992) 

Phenols 
Wyllie 
et al, 

and Senter (1987); Wyllie and 
(1992); Homatidou et al. 

and Leach (1990) 
and Leach (1990); Wyllie 
(1992); Homatidou et al. 
) 
and Leach (1990); Wyllie 
(1992); Homatidou et al. 

and Leach (1990); Homatidou 
(1992) 

and Leach (1990); Wyllie 
(1992); Homatidou et al. 

and Leach 
(1992) 

(1990); Homatidou 
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Table 1.4. The mean values of ascorbic acid 
cantaloupe as reported in the literature 

(AA) content of 

AA (mg/100 g) Method of 
determination 

Reference 

45.00 Indophenol Pratt (1971) 
33.00 Indophenol Watt and Merrill (1975) 
33.13 Indophenol Adams (1975) 
42.20 Indophenol Gebhardt et al. (1981) 
39.00 Indophenol Evensen (1983) 
28.77 Fluorometric Eitenmiller et al. (1985) 
47.80 Indophenol Taper et al. (1985) 

Table 1.5. The Formol values (total free amino acids) of 
cantaloupe and some other fruits reported in the literature 

Juice sample Formol value 
(■eq/100 aL) 

Cantaloupe 4.43 
Grapefruit 2.00 
Raspberry 1.50 
Bartlett pear 0.11 
White grape 0.21 
Apple 0.07 

Reference 

Caleb (1990) 
Bielig et al. (1987) 
Bielig et al. (1987) 
Wrolstad et al. (1989) 
Wrolstad et al. (1989) 
Wrolstad et al. (1989) 
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CANTALOUPE JUICE CONCENTRATE 
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ABSTRACT 

Cantaloupe fruit (Superstar cultivar), with rind, were 

processed into clarified juice.  A portion of the juice was 

treated with strong acid cation resin to remove the free 

amino acids.  The juices were subsequently concentrated to 

65 0Brix by using a centritherm evaporator.  Compositional 

analyses of juice concentrates included pH, 0Brix, 

titratable acidity formol values, j8-carotene, Hunter L* a* 

b* values, %haze, and mineral content.  Sugars, organic 

acids and ascorbic acid were determined by HPLC.  The effect 

of ion-exchange treatment (IE) on non-enzymic browning of 

cantaloupe juice during storage was investigated. 

Characterization of haze in the non-ion-exchange treated 

juice (NIE) showed that araban is a major cause of turbidity 

in cantaloupe juice concentrate.  Sensory analysis data 

revealed significant differences in aroma and flavor 

characteristics between stored and non-stored and IE treated 

and NIE juice concentrates. 
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INTRODUCTION 

Non-enzymic browning and haze formation are two major 

causes of quality deterioration in fruit juice concentrates 

during storage.  They both have marked influences on the 

marketability of the final product.  Cantaloupe juice 

concentrate suffers from high non-enzymic browning and haze 

formation during storage (Caleb, 1990).  An ideal solution 

for such a problem would be the complete exclusion of the 

causative materials.  Amino acids and proteins are known to 

be major contributors to non-enzymic browning in fruit 

juices.  These compounds can be removed by strong cation 

exchange treatment (Norman 1989).  Haze in fruit juices is a 

more complicated problem, however.  Haze in almost all fruit 

juices and concentrates can be either biological or chemical 

in origin (Heatherbell, 1984; Wucherpfennig et al., 1986; 

Brunner and Tanner, 1986; Van Buren, 1989).  Adsorbents have 

been used successfully to remove materials which cause post- 

hazing in fruit juices (Norman, 1989; Van Buren, 1989; Frei, 

1992) .  Strong acid cation exchange resin not only acts as 

an ion-exchanger, but also acts as an adsorbent (Norman, 

1989) .  These kinds of resins are composed of a polystyrene 

backbone which can adsorb polymeric and hydrophobic 

materials.  The first objective of this study was to 

investigate the effect of ion-exchange treatment on non- 

enzymic browning of cantaloupe juice concentrate during 

storage.  The second objective was to evaluate juice 
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concentrate quality (color, flavor, nutrient composition) 

and composition (sugars, organic acids and ascorbic acid). 

MATERIALS AND METHODS 

Fruit Source 

Ripe cantaloupe fruit (Superstar variety) was obtained 

August 15, 1991 from the Hermiston Agricultural Research and 

Extension Center, Hermiston, Oregon, and stored at 4 0C for 

24 hr before processing. 

Juice Processing 

Figure II.1 shows the unit operations used for making 

single strength cantaloupe juice and cantaloupe juice 

concentrate.  Cantaloupe fruits (227 kg) were washed with 

tap water, cut into quarters, seeds removed, and ground with 

Comminuting machine model D (Fitzptrick Co., Chicago, IL) 

with 6.25 mm screen wide (speed was 700 RPM).  Ground 

materials were pressed, with 1% SilvaCel press aid, into 

juice using a Wilmes bag press (60 type, Moffett Co., San 

Jose, CA) with a final pressure of 4 bars.  Depectinization 

enzyme Pectinex 3X-L (Novo laboratories Inc., Danbury, CT 

06810-1907) was added at 100 mL/1000 kg and the sample held 

for 50 min at 55 0C.  Juice was centrifuged on a Westfalia 

continuous centrifuge model KA 06-075.  Juice then heated in 

an APV-Crepaco high-temperature short time (HTST) unit (APV 

Crepaco, Tonawanda, NY) to 85 0C for 90 seconds and cooled 
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to 8 0C.  Juice was filtered with 1.0% SuperCel Diatomaceous 

Earth (DE) (Manville, Denver, Co).  The filtrate was 

transferred into 18.75-L containers and randomly assigned 

the following treatments: l)No ion-exchange treatment (NIE), 

2)Ion-exchange treatment without pH adjustment (IEWO) and 

3)Ion-exchange treatment with pH adjustment (IEW).  All 

treatments were replicated and then followed by storage at 

-35 0C for further processing. 

Ion-exchange Treatment 

The hydrogen form of XYS 40032 strong cation exchange 

resin (Dow Chemical Co., Midland, Michigan 48674) was used 

to remove amino acids from the clarified cantaloupe juice 

samples. 

Preliminary experiments were carried out to investigate 

the effectiveness of amino acid removal from cantaloupe 

juice with the resin.  The formol value determination was 

used to measure free amino acids in the juice samples.  A 

formol value of zero indicates that the amino acids have 

been removed from the juice.  The amount of ion exchange 

resin required to remove all amino acids from the cantaloupe 

juice was estimated based on the amount of amino acid 

content (292.3 mg/lOOg) in cantaloupe as reported by Flores 

et al. 1970  and the ion exchange capacity 

(equivalents/liter) of the resin as provided by the 
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manufacturer.  Eight mL of strong cation exchange resin was 

the minimum amount calculated to remove all amino acids in 

500 mL cantaloupe juice.  This quantity was increased by a 

factor of 4 to ensure complete removal (Hawkes, personal 

communications 1992).  Experiments were conducted with glass 

columns of different diameter with different flow rates to 

select the most effective operating conditions. 

The XYS 40032 resin was mixed with distilled water and 

1500 ml was poured into a 150-cm-long and 4.5-cm-ID column, 

plugged with glass wool.  The resin bed was treated, 

according to the manufacturer recommendation, as follows: 

1. Rinsed with distilled water to neutral pH. 

2. Rinsed with 1 N HCL (6 X resin volume). 

3. Rinsed with distilled water to neutral pH. 

Cantaloupe juice samples which were assigned the ion- 

exchange treatments IEW0 and IEW and their replications were 

run through the ion-exchange resin in a batchwise manner. 

The head space volume was drained before the thawed 

cantaloupe juice was carefully added from a marked 18.75 L 

container.  The flow rate was maintained at 80 mL/min, and 

the eluants were collected into clean dry containers. 

Formol values were monitored with random sampling throughout 

the process.  Resin regeneration was performed following the 

three steps mentioned above. 
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Juice Concentration 

All cantaloupe juice samples included NIE, IEWO and 

IEW, and their replications, were individually concentrated 

to ca. 60 0Brix or higher using a Centri-Therm centrifugal 

evaporator, model CT-1B (Alfa-Laval, Inc., Newburyport, MA 

01950).  Operating conditions were: vacuum -0.9 kg/cm2, 

jacket temperature 86 0C, head temperature 55 0C and feed 

rate ca. 0.5 L/min.  Table II.1 lists the processing 

parameters and juice characteristics for the concentrated 

cantaloupe juice samples. 

Table II.1. The processing conditions for cantaloupe juice 
concentration by evaporation process 

Sample  ID Initial 0Brix Final  Brix 
@   20   °C 

Notes 

(NIE)         rep   1 

rep  2 

7.8 

7.8 

65.0 

65.0 

(IEWO)      rep   1 

rep  2 

7.0 

7.0 

59.0 

68.0 

Foaming  during 
the  process 

(IEW)        rep   1 

rep  2 

6.8 

6.8 

65.4 

61.0 

Determination of 0Brix 

0Brix was determined by using a Bausch & Lomb 

refractometer equipped with a circulating H20 bath § 20 
0C. 
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Determination of pH. Titratable Acidity (TA). and Formol 

Value 

pH, TA, and the formol index were determined using a 

Brinkmann Metrohm 605 pH meter, 614 Impulsomat and 655 

Dosimat.  TA was determined as citric acid (g/lOOmL juice) 

as described by Amerine and Ough (1980).  The formol value 

(total free amino acids) was determined by the formol 

titration (AOAC, 1984) and reported as meq/100 mL juice 

single strength § 10.0 0Brix. 

HPLC Determination of Sugars 

The sugar composition of cantaloupe juice samples was 

determined using the procedures described by Spanos and 

Wrolstad (1987). 

High Performance Liquid Chromatograph (HPLC) - Varian 

Model LC 5020 equipped with a column heater and a Varian 

Refractive Index detector (Varian Instrument Group, Walnut 

Creek, CA.) and a LC-100 Perkin Elmer Laboratory Computing 

Integrator (Perkin Elmer Corp., Norwalk, CT). 

A 30 cm x 7.8 mm Bio-Rad HPX-87C column fitted with a 

Bio-Rad Carbon C 4 cm x 4.6 mm Micro Guard column (Bio-Rad 

Laboratories, Richmond, CA.). 
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The mobile phase was prepared by adding 200 mg of 

Ca(N03)2 to 1000 mL deionized water with subsequent 

filtration through a 0.45 /iM type HA millipore filter 

(Millipore Corp., Bedford, MA 01730). 

Sugar standards (Sigma Chemical Co., St. Louis, MO 

63178) were prepared by adding 1.500 g of reagent grade 

sucrose, 1.500 g of reagent grade glucose, and 2.300 g of 

reagent grade fructose to a volumetric flask and dilution to 

volume with distilled water.  Thirty g of reagent grade 

mannitol dissolved in 1000 mL distilled water was used as an 

internal standard to quantitate sugars in the cantaloupe 

juice samples. 

Three mL of juice was mixed with 2 mL of internal 

standard and 5 mL of water, then passed through an activated 

SEP-PAK C18-cartridge (Waters Associates, Milford, MA).  The 

collected eluate was then passed through a 1.2 mL BioRex-5 

resin, filtered through a 0.45 /xm millipore filter (type HA) 

and injected into the HPLC. 

Sugars in cantaloupe juice samples, were quantified via 

the internal standard method and graphical interpretation of 

the results as described by Spanos and Wrolstad (1987) . 
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HPLC Determination of Nonvolatile Acids 

All samples were prepared for HPLC analysis as 

described by Spanos and Wrolstad (1987).  The organic acids 

content of cantaloupe juice samples was then determined 

using the following system: 

1. High Performance Liquid Chromatograph (HPLC) - 

Varian Model LC 5020 equipped with a Varian Refractive 

Index detector (Varian Instrument Group, Walnut Creek, 

CA.) and an LC-100 Perkin Elmer Laboratory Computing 

Integrator (Perkin Elmer Corp., Norwalk, CT). 

2. A 30 cm x 7.8 mm Bio-Rad HPX-87H column fitted with 

a Bio-Rad Cation H 30 x 4.6 mm Micro Guard column (Bio- 

Rad Laboratories, Richmond, CA.). 

The mobile phase, 0.007M sulfuric acid solution, was 

prepared by adding 0.39 mL of 18M sulfuric acid to a 1000-mL 

volumetric flask and dilution to volume with deionized 

water.  The solution was then filtered through a 0.45 JUM 

type HA Millipore filter (Millipore Corp., Bedford, MA). 

The nonvolatile acid standards were prepared by adding 

0.500 g citric acid and 0.250 g malic (Sigma Chemical Co., 

St. Louis, MO 63178), to a 100 mL volumetric flask and 

diluting to volume with deionized water. 
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Five mL of juice was passed through 1.2 mL BioRex-5 

resin, washed with 5 mL of deionized water, and the acids 

were eluted with 5 mL of 10% sulfuric acid followed by 5 mL 

deionized water.  The eluate was then mixed and passed 

through an activated C-18 SEP-PAK minicolumn, filtered 

through a 0.45-|zm Millipore filter (type HA) and injected 

onto the HPLC.  The following conditions were used for 

separation of acids in the samples: 100% mobile phase in 

isocratic elution for 11 min; flow rate: 0.8 mL/min; 

injection volume: 50 /LIL; elution temperature: 65 0C. 

Compounds were detected by an RI detector.  Organic acids 

were characterized by comparison of their retention times 

with spiked samples with standards. 

Nonvolatile acids, in cantaloupe juice samples, were 

quantified via the external standard method.  A set of 

external standards, consisting of the external standard at 

five different dilutions from the original (1/1, 1/2, 1/5, 

1/10, 1/15), was run alternately with the cantaloupe juice 

samples through HPLC analysis.  A standard curve was fitted 

by linear regression (peak area vs. concentration g/100 mL). 

The concentration of citric and malic acids was calculated 

from measured peak area (A) using the equation C=I+SA, where 

I and S were the intercept and slope of the fitted line for 

the corresponding external standard.  All samples were 

normalized to 10.0 °Brix. 
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HPLC Determination of Ascorbic and Dehydroascorbic Acids 

The procedures described by Dennison et al. (1981), 

with some modifications, were used to determine the ascorbic 

and dehydroascorbic acid content of cantaloupe juice 

concentrate. 

High Performance Liquid Chromatograph (HPLC) - Varian 

Model LC 5020 equipped with a Hewlett-Packard diode-array 

detector, model 1040A and a data station, series 9000 

(Hewlett-Packard Co,. Palo Alto, CA).  A 30 cm x 7.8 mm Bio- 

Rad HPX-87H column (Bio-Rad Laboratories, Richmond, CA.) was 

used for isocratic separation of ascorbic acid with a 0.005M 

sulfuric acid solution as a mobile phase.  Column effluents 

were monitored at 245 nm, the absorbance maximum for 

ascorbic acid in the mobile phase.  The flow rate was 0.6 

mL/min.  Sample injection volume was 50 fil.   Elution 

temperature was 30 0C. 

The ascorbic acid standard was prepared by adding 0.02 

g ascorbic acid (Sigma Chemical Co., St. Louis, MO 63178), 

to a 100 mL volumetric flask and diluting to volume with 

deionized water. 

Reconstituted cantaloupe juice concentrate samples 

(10.0 0Brix) were centrifuged, passed through an activated 

C-18 SEP-PAK minicolumn, and filtered through a 0.45-/zm 
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Millipore filter (type HA) before injection.  A fresh frozen 

cantaloupe sample was thawed, squeezed through cheese cloth, 

and treated the same as concentrates to demonstrate the 

original amount of ascorbic acid present in cantaloupe.  The 

analysis of total ascorbic acid was performed by adding 2.0 

mL of 0.8% DL-homocysteine (Sigma Chemical Co., St. Louis, 

MO 63178) solution to 0.5 mL of the sample juice.  After 15 

min, the sample was filtered and assayed immediately. 

Dehydroascorbic acid was determined by subtraction of 

ascorbic acid from total ascorbic acid. Ascorbic acid was 

characterized by its UV spectrum, which has an absorption 

maximum § 245 nm and by comparison to standards (standards 

were separated by HPLC either by themselves or mixed with 

cantaloupe juice). 

Mineral Analysis 

Cantaloupe juice samples were sent to the Soil Science 

Lab at the collage of Agriculture Science (Oregon State 

University, Corvallis, OR) for mineral analysis.  Samples 

were digested in a nitric acid-perchloric acid solution, 

diluted with distilled water and analyzed with a Perkin- 

Elmer atomic absorption Model 4000 to determine the content 

of potassium, calcium, magnesium, sodium, iron, and copper. 

Phosphorus content was determined by the molybdate 

colorimetric method using an Alpkem RFA 300 continuous flow- 
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analyzer. Mineral content was expressed as part per million 

(ppm). 

Color. %Haze and Browning Determination 

Storage conditions: Concentrate samples (100 g) were 

adjusted to 65.0 0Brix by addition of water or anhydrous 

sorbitol.  Samples were stored § 25 0C for 6 months in the 

dark. 

Color and %Haze determination: At monthly intervals, three 

gram samples were diluted with distilled water to 10.0 0Brix 

and the Hunter L*, a*, and b* values along with percent 

transmission haze were measured in the transmission mode, 

spectral included, using a Color Difference meter.- Hunter 

CT1100 ColorQUST C5115, (Hunterlab, Hunter Associates 

Laboratories Inc., Reston, VA).  Samples were placed in a 

0.5 cm pathlength cell. 

Browning determination: Following Hunter measurements, the 

samples were centrifuged (International Clinical Centrifuge 

Model CL; International Equipment Co., Boston, MA) at full 

speed for 7 min. Then the absorbance reading @ 420 nm of 

each sample in 1-cm cells was determined by using a Varian 

DMS 100 spectrophotometer (Varian Instrument Group, Walnut 

Creek, CA.). 
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Total Carotenoids Determination 

The total carotenoid content of fresh cantaloupe,  non 

ion-exchange treated and ion-exchange juice concentrate 

samples was determined as described by Caleb (1990). 

Partial Characterization of Cantaloupe Haze 

Sample preparation: Haze was obtained from NIE cantaloupe 

juice concentrate samples which was stored @ 25 0C for six 

months in the dark.  The samples were reconstituted to 10.0 

0Brix and haze was isolated by centrifugation with 

(International Clinical Centrifuge Model CL) at full speed 

for 10 min.  The resulting pellet was washed with distilled 

water and recentrifuged three times.  Part of the pellet was 

resuspended in distilled water for microscopic and iodine 

examinations and the reminder was placed in an aluminum dish 

and dried in forced air oven @ 65 0C for 24 hours for 

chemical analysis.  Another haze sample was isolated, washed 

with distilled water and freeze-dried for carbohydrate 

analysis by Gas-Liquid Chromatography (GLC). 

Microscopic test: A sample of haze suspension was spread on 

a glass slide and covered with a cover slip prior to 

examination.  Microscopic examination was done on an Epistar 

standard microscope equipped with an Image Analysis System, 

composed of a computer system loaded with an Image-pro plus 

program ver. 2.0 (Image Tech. Inc., Bedford, MA) and 
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connected with a Coho camera.  The images were displayed in 

a Triniton color video monitor type Sony (Model 1342Q). 

Iodine test: The procedures described by Van Buren (1989) 

were used to test for starch in the NIE cantaloupe juice 

concentrate samples. 

Protein determination: The micro Kjeldahl procedures 

described by Association of Official Analytical Chemists 

(AOAC sec. 47.023, 1984) was used to determine the percent 

protein in the oven-dried haze.  The factor 6.25 was used to 

calculate protein in the sample. 

Total phenolics determination: The total phenolics in the 

oven-dried cantaloupe haze was determined using the Folin- 

Ciocalteau procedure described by Singleton and Rossi 

(1965) .  The reagents used in this experiment were obtained 

from Sigma (Sigma Chem. Co., St. Louis, Mo, 63178).  A 7% 

sodium carbonate solution was prepared by dissolving 70g of 

grade sodium carbonate in 1000 mL distilled water.  A 

standard curve was prepared by serial dilutions of 0.100 

grade gallic acid in 1000 mL of deionized water to give a 

range 50-600 /xg/mL.  The absorbance at 750 nm of each 

standard (in duplicates) was recorded and a standard curve 

was determined by plotting absorbance versus concentration. 

Total phenolics were calculated by interpolation on the 
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standard curve and by application of the dilution factors. 

The total phenolics was expressed as /^g/mL gallic acid. 

Sugars by GLC: The procedures described by Albersheim et al. 

(1967), with slight modifications, were followed to analyze 

the sugar composition of the freeze-dried cantaloupe haze. 

One hundred mg haze (dry weight) was contained in a screw- 

capped test tube and hydrolyzed with 2 mL of 2 M 

trifluoroacetic acid (TFA) for one hour at 121 0C.  The 

hydrolysate was cooled to room temperature and filtered 

through a glass filter paper (Millipore Corp., Bedford, MA 

01730) .  200 /xL of 1 g/100 mL myoinositol (internal 

standard) and 0.5 ml of 2 g/100 mL sodium borohydride 

(reducing agent) were added to the filtrate and mixed 

thoroughly.  The mixture was then kept at room temperature 

for 1 hr and neutralized with glacial acetic acid (drop by 

drop) till no more gas was released.  The mixture was then 

dried with a stream of filtered air at 4 0 0C.  To the dried 

materials of this mixture, 5 additions of methanol (1 mL 

each) were made,  followed by evaporation to dryness at 40 

0C under a stream of filtered air.  Acetic anhydride (1 mL) 

was then added and the tube was sealed and heated for 3 hr 

at 121 0C. 

One-/xL injections of the above prepared sample were run 

alternately with standard mixture of rhamnose, fucose, 
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arabinose, xylose, mannose, galactose, glucose, and 

myoinositol (prepared the same as the sample) through a 

Varian Aerograph GC system equipped with a stainless steel 

column (2m x 2mm i.d.) packed with SP2330 on 100/120 

Supelcoport (Supelco, Inc., Bellfonte, PA) and an HP 

integrator model 3380A (Hewlett Packard Co. Palo Alto, CA). 

Nitrogen gas at flow rate of 20 mL/min was used as a carrier 

gas during the runs.  Column initial temperature was set at 

150 0C and raised by 20 0C/min to 220 0C (upper limit) . 

Sugars were characterized by comparison to spiked samples 

with standards and with the relative retention times of the 

standards. 

Sensory Evaluation 

The sensory characteristics (aroma and flavor) of the 

cantaloupe juice concentrate samples were evaluated using 

descriptive analysis.  The effects of ion-exchange treatment 

and storage at 25 0C for 6 months on sensory quality of the 

above cantaloupe juice samples were evaluated.  A 2 X 2 

factorial treatment in a completely randomized design (CRD) 

was used to test the above effects.  All treatments were 

replicated twice. 

Training: Thirteen volunteers participated on a trained 

panel to evaluate the samples. Panelists were graduate 

students, faculty and staff from the Department of Food 
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Science and Technology at Oregon State University with 

varying degree of sensory evaluation experience.  A total of 

ten sessions (1 hr each) were devoted to accomplish this 

work.  Two sessions were used for descriptor generation, six 

sessions for ballot development and training, and two 

sessions for testing.  In the first two sessions, panelists 

generated their own descriptors.  In the following six 

sessions, reference materials were provided as reference 

standards to encourage the panelists to use consistent 

descriptive terms.  The last two of the six training 

sessions were devoted to group discussions under the panel 

leader's guidance.  The whole panel reached an agreement on 

the use of terms and a final ballot.  Standards used to 

represent each aroma and flavor descriptor during training 

and testing are listed in table II.2. 
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Table II.2 Attribute definitions and reference standards 
used by the descriptive sensory panel during the evaluation 
of cantaloupe juice concentrate aroma and flavor. 

Attribute Reference definition and preparation 

Aroma 
Overall aroma 

Cantaloupe 

Total impact of all aromas 

Primary aroma of a reference prepared 
by: 
1- 30 g fresh cantaloupe flesh diced 

in 1 cm cubes 
2- 30 g frozen cantaloupe flesh diced 

in 1 cm cubes 
3- 30 g overripe cantaloupe flesh 

diced in 1 cm cubes 

Hay-like 

Raw squash 

Cooked caramel 

Primary aroma of 25 g of Purina Rabbit 
Chow, Complete Blend, (Purina Mills 
Inc., St. Louis, MO) 

Primary aroma of a reference prepared 
by: 30 g fresh pumpkin with rind diced 
in 1/2 cm cubes. 

Primary aroma of a reference prepared 
by heating 90 g KRAFT caramel candy 
(Kraft, Inc. Glenview, IL.) in 300 ml 
spring water (Aqua cool, Portland, OR) 
at 90 0C for 30 min on an electrical 
stove. 

Molasses/Brown sugar 

Butterscotch 

Primary aroma of a reference prepared 
by: 
1- 10 mL of New Orleans style dark 

full-flavored molasses (Del Monte 
Co., San Francisco, CA). 

2- 25 g brown sugar bulk food (Cub 
Foods, Corvallis, OR). 

Primary aroma of a reference prepared 
by dissolving 3 BRACKS hard 
butterscotch candy in hot spring 
water. 

Fried Onion Primary aroma of a reference prepared 
by frying 30 g red diced onion in 20 
ml vegetable cooking oil for 15 min on 
an electrical heat stove. 
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Table II.2 (cont) 

Attribute Reference definition and preparation 

Tamari/Soy sauce 

Stale milk 

Flavor 

Overall flavor 

Bitter 

Sour 

Salty 

Sweet 

Astringent 

Cantaloupe 

Primary aroma of a reference prepared 
by: 
1- 5 mL San-J traditional soy sauce 

(San-J International INC., 
Richmond, VA). 

2- 5 mL Sun Luck Chinese style soy 
sauce (SEASIA, SEATTLE, WA). 

Primary aroma of 20 g dry milk Powder 
(First alternative Food Co-op, 
Corvallis OR). 

Total impact of all flavors 

Primary flavor of 0.25 g caffeine 
(Fisher Scientific, Fairlawn, NJ) in 
500 mL spring water (Aqua Cool, 
Portland, OR) 

Primary flavor of 0.25 g of citric 
acid (Haarman and Reimer C., Elkahart, 
IN) in 500 mL bottled drinking water 
(Aqua cool, Portland, OR) 

Primary flavor of 1 g NaCl (Morton 
International, INC., Chicago, IL) in 
500 mL bottled drinking water(Aqua 
cool, Portland, OR) 

Primary flavor of 10 g sucrose (C & H 
Sugar Col, Concord, CA) in 500 mL 
bottled drinking water (Aqua cool, 
Portland, OR) 

Primary flavor of 0.15 g alum 
(McCormack, Baltimore, MD) in 500 mL 
bottled drinking water (Aqua cool, 
Portland, OR) 

Primary aroma of a reference prepared 
by: 
1- Diced fresh cantaloupe flesh 
2- Diced frozen cantaloupe flesh 
3- Diced overripe cantaloupe flesh 
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Table II.2 (cont) 

Attribute Reference definition and preparation 

Cantaloupe rind 

Maple Syrup/ 
Brown sugar 

Butterscotch 

Metallic 

Primary flavor of a whole fresh 
cantaloupe fruit (with out seeds) (Cub 
Foods, Corvallis, OR). chopped 
by Waring blender. 

Primary flavor of: 
1- USA grade A Dark Amber Gary's maple 

syrup (Borden, Inc., Columbus, OH) 
2- Brown sugar (Bulk food. Cub Foods, 

Corvallis, OR). 

Primary flavor of BRACKS hard 
butterscotch candy. 

No standard. 

In all training sessions, the samples of cantaloupe 

juice concentrate were thawed, then reconstituted to 10.0 

0Brix one hour prior to each panel session.  Thirty mL 

samples were served in opaque, tulip shaped wine glasses 

(250 mL) coded with 3-digit random numbers and capped with 

an aluminum lid.  Aroma and flavor intensities were rated 

using a 16-point scale which ranged, (0=none, l=just 

detectable, 2,3=slight, 4,5=slight to moderate, 

6,7=moderate, 8,9=moderate to large, 10,ll=large, 

12,13=large to extreme, 14,15=extreme).  To avoid 

variability among panelists, intensity standards in a scale 

reference points were provided.  The standards were anchored 

at point 3 (40 mL of safflower oil, Saffola Quality Foods 

Inc. Los Angeles, CA), point 7 (30 mL of orange drink, Hi-C, 

Coca Cola Foods, Houston, TX), point 11 (30 mL of Welch's 



73 

grape juice (Concord, MA 01742) and point 13 (cinnamon 

bubble gum, Plen T-Pak Big Red). 

Testing: Testing was performed in individual booths with 

samples served in 350 mL amber glasses covered with an 

aluminum foil lid and served at room temperature under red 

light.  Samples for aroma evaluation were presented to 

panelists in two rows, evaluated from left to right within 

rows and from front to back over rows.  Once the aroma was 

evaluated, panelists returned the samples to the sensory 

attendant, who replaced the three-digit codes and randomized 

the order of the samples to be evaluated for flavor by 

mouth.  The panelist took a 20-30 minute break, then came 

back to evaluate the replicate samples. 

Statistical analysis: Analysis of Variance with LSD 

comparisons at a  level of 0.05 was used to determine the 

intensity differences of each descriptor by using SAS/STAT 

(SAS Institute Inc. Gary, NC) software.  A mixed model was 

used, in which the factors ion-exchange treatment and 

storage were treated as fixed and replications within 

treatments and storage and panelists as random.  In this 

balanced design, comparisons of ion-exchange treatment and 

storage are effectively based on averages over panelists for 

each of the 2x2x2 experimental units. 
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RESULTS AND DISCUSSION 

Juice Processing 

Figure II.1 shows the processing unit operations 

followed to produce single strength cantaloupe juice and 

cantaloupe juice concentrate.  Pressing cantaloupes with 

rind gave 80% yield.  Addition of 1% SilvaCel press aid 

however, increased the percent yield to 84%.  Enzyme 

treatment with Pectinex 3X-L, a pectolytic enzyme which 

contains pectin-transeliminase, polygalacturonase, 

pectinesterase and hemicellulases, was required mainly to 

avoid post haze formation in cantaloupe juice concentrate 

(Caleb, 1990).  Centrifugation of the enzyme-treated juice 

was also required to remove the suspended particles and 

facilitate HTST treatment.  Clear juice was obtained after 

filtration with 1% SuperCel DE. 

The single-strength cantaloupe juice treated with XYS 

40032 cation exchange resin had a very light yellow color 

compared to the NIE treated juice.  Its A420 was 0.30.  This 

value was 50% lower than that of the NIE treated juice.  The 

reduction in the color of the IE treated juice is due to the 

effect of the IE resin which absorbed the material 

responsible for yellow color. 
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Total Soluble Solids f0Brix) 

The 0Brix of fresh squeezed Superstar cantaloupe fruit 

was  10.89 0Brix.  This value was a mean of 10 randomly 

selected fruits from the entire lot.  The 0Brix varied from 

9.70-11.50 in the 10 selected fruits.  It was lower than the 

0Brix value (12.00) which was reported by Cohen and Hicks 

(1986) in the same cultivar. 

The ''Brix, 7.8, (Table II. 1) of the processed single 

strength cantaloupe juice obtained from flesh and rind in 

this study was lower than the USA standard for single- 

strength juice, 9.60 (CFR 101.30,1993).  The initial 0Brix 

in the flesh of the fresh fruit was 10.89.  The decrease in 

the soluble solids content of the single strength juice 

resulted from the low 0Brix juice expressed from the rind 

during juice extraction. The 0Brix of the single strength 

processed cantaloupe juice treated with XYS 40032 cation 

exchange resin was 6.8 0Brix.  This value was one 0Brix 

lower than that of the NIE treated juice samples (Table 

II.1).  In addition to using four times the estimated amount 

of resins calculated for complete removal of amino acids in 

the juice, the ion-exchange column preparation involved 

washing with water, washing with hydrochloric acid and 

rinsing with water.  Any amount of adsorbed water on the 

resin beads would cause juice dilution during each run. 
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This undoubtedly accounted for the 1 "Brix decrease in the 

IE treated juices. 

The 0Brix of cantaloupe fruit will vary with cultivar, 

maturity, horticultural parameters, and environmental 

conditions.  Mendlinger and Pasternak (1992), reported that 

cantaloupe var. "BGS", treated with saline water, had higher 

soluble solids content than cantaloupe varieties "BGS" and 

"Galia" treated with fresh water.  In a study using 14 

different cultivars, Wyatt et al. (1991), showed that 

soluble solids content varied from 8.20-12.50.  Clayberg 

(1992) reported that "Earlibush Crenshaw", a hybrid 

muskmelon cultivar, had a soluble solid content of 12.30. 

The immature cantaloupe fruit is approximately 50% lower in 

soluble solids content than mature (full-slip) fruit (Dull, 

1984; Dull et al., 1989).  Soluble solids content also 

varies within each fruit.  It has been shown by Dumas de 

Valux and Aubert (1976) and Cohen and Hicks (1986) that the 

inner flesh of cantaloupe fruit is 2-3 0Brix higher in 

soluble solids content than the flesh which is close to the 

rind. 

pH. Titratable Acidity (TA) and Formol Value 

The pH, TA, and formol value of cantaloupe juice 

concentrate samples are shown in Table II.3.  The pH of the 

NIE juice was almost neutral (6.50).  This pH value was 
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higher than the value 6.10 which was reported in muskmelon 

by Lee (1975).  It was also higher than those pH values, 

ranged from 5.88-6.10, which were reported in muskmelon by 

Mendlinger and Pasternak (1992).  However, it was in 

agreement with muskmelon pH values reported by Sweeney et 

al. (1970); Esebua and Abdurazakova, (1971); and Caleb, 

(1990); where they reported pH mean values of 6.40, 6.40, 

and 6.50, respectively. 

Ion-exchange treatment substantially lowered the pH of 

the single strength processed cantaloupe juice to 2.28. 

The hydrogen form of XYS 40032 strong cation exchange resin 

is rich in hydrogen ions, which exchange in a stoichiometric 

basis with cations from the juice.  This accounts for the 

high hydronium ion concentration in the IE treated juice. 

Since pH difference of this magnitude would be expected to 

affect Maillard browning rate in the concentrate, half of 

the juice was restored to pH 6.50 with sodium hydroxide. 

The TA of NIE cantaloupe juice was 0.18 (Table II.3). 

This value was almost three-times higher than that reported 

in muskmelon by Mendlinger and Pasternak (1992), where they 

reported a TA mean value of 0.06.  It was also twice as much 

as that value reported in muskmelon by Sweeney et al. 

(1970).  However, it was very similar to those values 

reported in muskmelon by Esebua and Abdurazakova (1971) 
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where they reported a TA value of 0.17% as citric.   Caleb 

(1990) reported a TA value of 0.05 in the same cultivar. 

It is apparent that titratable acidity varies among 

cantaloupe cultivars.  Another influential factor seems to 

be the end point to which titration is made.  In this study, 

titration to pH 8.30 was performed.  Sweeny et al. (1970) 

titrated to a pH of 8.0.  Titration to pH less than 8.10 

would give lower TA values (Amerine and Ough, 1980). 

The TA of IEW0 sample was significantly higher (p<0.05) 

than those of both NIE and IEW.  That significant increase 

of TA in the IEW0 was due to the increase in H* 

concentration which was exchanged into the juice from the 

ion-exchange resin.  Since NaOH was added to the IEW sample, 

there would be a decrease in its measured TA.  Therefore, 

the TA of IEW was slightly lower than that of the NIE but 

the samples were not significantly different (p<0.05). 

Also shown in Table II.3 are the formol values (total 

free amino acids) of the samples.  The formol value of NIE 

was slightly lower than the value 4.43 reported in the same 

cultivar by Caleb (1990).  However it is much higher than 

those of other fruits reported by Wrolstad et al. (1989), 

e.g. pear (0.12), white grape (0.20), and apple (0.07). 

There was 85-93% reduction in the total free amino acids in 
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the ion-exchange treated samples.  This accounts for part of 

the lower browning rate in IEW and IEWO samples (Figure 

II.5), which will be discussed later in this study.  The 

formol value of NIE sample was significantly higher (p<0.05) 

than those of the IEWO and IEW samples.  The formol value of 

IEWO sample appeared to be higher than that of the IEW 

sample.  However, the two samples were not significantly 

different (p<0.05).  The pH adjustment to 6.50 in the IEW 

with sodium hydroxide will confound the formol determination 

also.  Sample flow rate and resin efficiency after the 

regeneration steps are two other factors that account for 

differences between replications (Mulligan, 1985). 

Sugars Composition 

The HPLC separation of cantaloupe juice sugars is shown 

in Figures II.2A and II.2B.  The identities of sucrose, 

glucose and fructose confirmed the previous identification 

by Wade (1982) and by Caleb (1990).  Sucrose was the major 

sugar in NIE (Fig II.2A), whereas fructose was the major 

sugar in IEWO and in IEW samples (Figs II.B).  The pH of 

IEWO sample was 2.28.  Under such a pH, sucrose hydrolysis 

can occur and cause a significant change in each sugar 

proportion.  Therefore sucrose became a minor component in 

the IEWO sample.  Invertase is a native enzyme in cantaloupe 

(Pratt, 1971; Ranwala, 1991).  However would be expected to 
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be inactivated during HTST treatment and evaporation 

process. 

Table II.4 summarizes the sugar composition of NIE, 

IEWO and IEW cantaloupe juice samples.  The amount of each 

individual sugar of the NIE sample was higher than what 

Caleb (1990) reported for cantaloupe juice (10.0 0Brix) 

obtained from flesh and rind of the same cultivar where he 

found 1.48, 1.32, and 2.13 g/100 mL for sucrose, glucose, 

and fructose respectively.  It also was higher than what 

Cohen and Hicks (1986) reported for the fresh fruit of same 

cultivar, where they found 2.50, 1.10 and 1.40 for sucrose, 

glucose and fructose respectively. 

The amount of each individual sugar in muskmelon seems 

to vary from cultivar to another and vary within the same 

cultivar when planted at different times.  Sweeny et al. 

(1970), for example, reported 4.75, 0.83 and 0.97 g/100 g 

fruit for sucrose, glucose and fructose respectively in 

cantaloupe var. Hearts of Gold planted in the first year of 

their study.  In the same cultivar, planted in the second 

year, they found 3.43, 1.42 and 1.62 g/lOOg fresh fruit for 

sucrose, glucose and fructose respectively.  The maturity 

stage at which cantaloupe is picked also is a determinant 

factor that define the amount of each individual sugar in 
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cantaloupe.  At full-slip, sucrose is the predominant sugar 

in most cantaloupe varieties (Morris, 1977). 

Sucrose of the NIE juice was higher than that of the 

IEWO juice, but not significantly different (p<0.05) from 

that of the IEW sample.  Glucose and fructose of the NIE 

were lower than those of the IEWO but not significantly 

different (p<0.05) from those of the IEW sample.  The total 

sugar content was not significantly different (p<0.05) among 

the three samples.  Sucrose inversion occurred during ion- 

exchange treatment or during the concentration process which 

undoubtedly accounts for these changes in sugar composition 

in the processed samples. 

Nonvolatile Acid Composition 

The HPLC separation of cantaloupe juice nonvolatile 

acids on the Bio-Rad HPX-87H column with sulfuric acid as 

mobile phase is shown in Figure II.3.  Refractive index 

detection was preferred over UV detection at 227 nm for 

acids due to the coelution of unidentified highly UV 

absorbing compound with cantaloupe acids.  Sample clean up 

through an anion exchange resin was required in this system 

to avoid the interference of sugars with acids.  Citric acid 

eluted first is the major acid (peak #1).  An unidentified 

compound eluted next (peak 2) with a retention time of 6.4 

min, followed by malic acid (peak #3).  Citric and malic 
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were reported as major acids in cantaloupe by Sweeney et al. 

(1970); Pratt (1971) and Caleb (1990).  Sweeny et al. (1970) 

also reported succinic acid as a major acid in cantaloupe. 

While the retention time of succinic (6 min) was close to 

that of Peak #2, it could be resolved from peak #2. 

Spiking cantaloupe juice with a succinic acid standard 

produced peak #2 with a retention time of 6.4 min preceded 

by succinic acid peak at a retention time of 6.0 min. 

Therefore peak #2 is not succinic acid. 

The nonvolatile acid composition of cantaloupe juice 

samples are presented in Table II.5.  The NIE was low in 

citric acid but had considerable amount of malic acid when 

compared to IEW and IEW0.  The total acid content of the NIE 

sample was significantly lower (p<0.05) than that of IEW0 

and that of IEW.  In fresh cantaloupe, approximately 70% of 

the acids are present as acid salts (Sweeney et al. 1970). 

Ion-exchange treatment lowered the pH of the juice to 2.28 

and the mobile phase (0.007M H2S04) used for HPLC 

nonvolatile acids separation in this study was at pH 2.50; 

so any acid salt in the samples will be converted to its 

acid form.  Therefore the sum of the HPLC results will 

exceed the titratable acidity of corresponding samples. 

The nonvolatile acid content of cantaloupe will vary 

with cultivar, maturity, horticultural treatments, and 
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postharvest storage conditions.  Sweeney et al. (1970), in a 

study carried out during two crop years, reported higher 

values of each individual acid in cantaloupe, where they 

found 0.57 and 0.11 (g/lOOg fruit) for citric and malic 

respectively in the first year.  In the second crop year, 

they reported 0.36 and 0.03 (g/lOOg fruit) for citric and 

malic, respectively.  The nonvolatile acid contents of 

cantaloupe in this study, however, are in accordance with 

what Sweeny et al. reported in 1970. 

Ascorbic and Dehydroascorbic Acids Determination 

Shown in Figure II.4 are typical HPLC chromatograms of 

ascorbic acid in reconstituted cantaloupe juice concentrate 

(A) and fresh frozen cantaloupe juice (B).  Ascorbic and 

dehydroascorbic acids were not detected in any of the 

reconstituted juice concentrate samples.   Ascorbic acid 

(AA) eluted with a retention time of 9.5 min was a major 

peak in the fresh frozen cantaloupe juice, however. 

Fresh cantaloupe is considered a good source of 

ascorbic acid (Taper et al. 1985; Caleb, 1990).  Its 

ascorbic acid content varies based on the origin of 

production (Pratt, 1971; Dumas de Valeux and Aubert, 1976). 

Caleb (1990) also indicated that ascorbic acid content in 

fresh cantaloupe varies depending on cultivar, maturity, 

storage conditions, and method of determination.  Ascorbic 
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acid content in fresh cantaloupe range from 28.8-47.8 mg/100 

g fresh fruit (Table 1.4 sec. II pp 39).  Ascorbic acid 

content of single-strength juice obtained from flesh and 

rind of Superstar cantaloupe, as determined by HPLC, was 

9.96 mg/100 mL (Caleb, 1990). 

Ascorbic acid is a highly reactive compound.  Its 

stability in a food system partially depends on the 

composition of the food, the pH of the food and the forms in 

which the ascorbic acid is present.  Ascorbic acid 

degradation can occur either through oxidative or non- 

oxidative types of reactions (Kurata and Sakurai, 1967). 

Processing cantaloupe into single strength cantaloupe juice 

involved cutting, crushing, pressing, mixing etc.  During 

all these steps cantaloupe was exposed to air, allowing for 

oxidative reactions.  The initial result of these reactions 

would be the formation of dehydroascorbic acid. 

Ascorbic acid oxidase is naturally present in 

cantaloupe fruit (Pratt, 1971).  This enzyme also degrades 

ascorbic acid to dehydroascorbic acid.  Dehydroascorbic acid 

is nutritionally valuable, but its stability depends on 

juice pH.  The pH of the processed single strength 

cantaloupe juice was almost neutral (6.50), and at neutral 

pH, dehydroascorbic acid is decarboxylated and degraded to 

2,3-diketogulonic acid (Liao and Seib, 1988).  When ascorbic 
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acid degradation reaches the step of formation of 2,3- 

diketogulonic acid (biologically inactive), there is a total 

loss of vitamin C activity. 

Cantaloupe juice samples which have been subjected to 

ion-exchange treatment had pH of 2.28.  According to Liao 

and Seib (1988), dehydroascorbic acid is fairly stable at 

such a pH.  However, concentrating the cantaloupe juice will 

subject it to heat.  Kurata and Sakurai (1967) showed that 

ascorbic acid, at pH 2.20 and under cooking condition, non- 

oxidatively degrades to furfural.  This also means a total 

loss of vitamin C activity.  Therefore, it is apparent from 

Figure II.4 that complete degradation of ascorbic acid 

occurred during the processing of cantaloupes into 

cantaloupe juice concentrate. 

Mineral Analysis 

Table II.6 presents the content of phosphorus, 

potassium, calcium, magnesium, sodium, iron, and copper in 

the cantaloupe juice concentrate samples.  The NIE sample 

tended to be higher in phosphorus, calcium, magnesium, 

sodium, and copper than were reported in Handbook 8-9 by 

Gebhardt et al. (1982).  The mineral content of the edible 

part of fresh cantaloupe reported in Handbook 8-9 were 170, 

3090, 110, 110, 90, 2.1 and 0.42 ppm for phosphorus, 

potassium, calcium, magnesium, sodium, iron, and copper 
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respectively.  Eitenmiller et al. (1985) reported the 

mineral composition in fresh cantaloupe obtained from six 

different cities across the USA (Atlanta, Boston, Denver, 

Kansas City, Minneapolis, and Seattle).  They found 96, 

2370, 64.5, 126, 83.8, 1.6 and 0.5 ppm for phosphorus, 

potassium, calcium, magnesium, sodium, iron, and copper 

respectively.  The NIE sample had lower values of potassium 

and iron, the same value of copper, and higher values of 

phosphorus, calcium, magnesium, and sodium, when compared 

with these values. 

Ion-exchange treatment of clarified cantaloupe juice 

concentrate resulted in more than 98% reduction in the 

content of K*, Ca++, Mg** and Na*.  Ion-exchange treatment 

also caused 70% reduction in the Cu++ content of the 

samples, but did not significantly affect (p<0.05) the 

content of P*** or F++.  The IEW sample was high in sodium 

content due to the pH adjustment with NaOH.  Ionic valence 

and ionic strength are two important factors which affect 

ion-exchangers selectivity.  Mulligan (1985) mentioned that 

higher valency ions are selectively removed over lower 

valency ions in dilute solutions, whereas the selectivity 

for monovalence ions over multivalence ions is preferred in 

concentrated solutions. 
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Color. %Haze and Browning 

Browning: Shown in Figure II.5 is the change of non-enzymic 

browning in the cantaloupe juice concentrate samples during 

storage at 25 0C for six months.  It is evident that 

browning proceeded at faster rate in the NIE sample.  The 

browning rate constant (A420.months"
1) for this sample was 

0.22.  A browning rate constant (A420.months"
1) of 0.40 for 

Superstar cantaloupe juice concentrate stored at 25 0C for 

four months was reported by Caleb (1990).  Browning rate in 

cantaloupe juice concentrate is fairly high when compared to 

that of apple, white grape, or pear.  Wrolstad et al. 

(1989) , reported browning rate constants (A420.months"
1) of 

0.01, 0.01, and 0.03 for apple, white grape, and pear 

respectively. 

Ion-exchange treatment resulted in a much lower rate 

constant and showed effective reduction of non-enzymic 

browning in cantaloupe juice concentrate.  That was due to 

the high percentage removal of free amino acids.  The IEW 

tended to have higher absorbance reading at zero-time 

storage than IEW0.  That was due to the effect of pH in non- 

enzymic reactions.  Shallenberger and Birch, (1975) 

indicated that non-enzymic browning reactions are slowed 

when the pH is decreased to 2-3. The browning rate constant 

(A420.months'
1) of IEW and IEWO during storage were 0.05 and 
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0.06 respectively, however, they were not statistically 

different. 

Non-enzymic browning in fruit juices and juice 

concentrates can be categorized into carmelization, ascorbic 

acid degradation, Strecker degradation, and Maillard 

browning (Wong and Stanton, 1989).  The occurrence of these 

reactions will depend on the composition of the juice. 

Processing and storage conditions also are other important 

factors which influence non-enzymic browning rate (Beveridge 

and Harrison, 1984; Toribio and Lozano, 1984).  The non ion- 

exchange treated cantaloupe juice concentrate, when compared 

to apple, pear, and white grape, has high pH (6.50), 

considerable amount of sugars (8.1g/100 mL),  and high 

amount of total free amino acids (3.1 meq/100 mL).  Ascorbic 

acid degradative products such as dehydroascorbic acid, and 

2,3-Diketogulonic acid must also be present due to the 

complete degradation of ascorbic acid in cantaloupe during 

processing. 

Maillard browning (the reaction of amino acids with 

reducing sugars) at constant temperature is favored under 

alkaline conditions (Eskin, 1990).  Therefore it would be 

dominant in the NIE sample.  Due to the high percentage 

removal of free amino acids, ascorbic acid degradation and 

carmelization would be the dominant browning reactions in 
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IEW and IEWO.  While carmelization occurs to the same extent 

under alkaline and acid conditions, ascorbic acid 

degradation is favored at pH below 4.0 (Eskin, 1990).  That 

might explains why IEWO had slightly higher browning rate 

than IEW (Figure II.5).  Another contributing factor in 

browning of cantaloupe juice concentrate could be the 

minerals.  Copper and iron enhance Maillard browning 

reactions by lowering the energy activation of the reactions 

(Cornwell and Wrolstad, 1981).  Therefore, ion-exchange 

treatment helped in preventing this effect in IEW and IEWO 

cantaloupe juice samples. 

Color and %Haze: Hunter parameters L*, a* and b* and percent 

haze reading of the cantaloupe juice concentrate samples 

stored for six months at 25 0C are shown in Table II.7.  The 

Hunter parameters were used to determine the differences in 

color which developed due to browning during storage where: 

Decrease in L* value was indicative of increased darkness. 

Increase in a* value was indicative of increased redness. 

Increase in b* value was indicative of yellowness. 

From Table II.7, it is apparent that L* value of NIE 

sample decreased during storage whereas those of IEWO and 

IEW remained relatively constant.  These results were in 

accordance with the samples' A420 readings.  The NIE 

cantaloupe juice concentrate sample stored for 6 months at 
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25 0C appeared visually darker than IEW and IEWO samples. 

The Hunter parameter a* had negative values and showed 

slight increase in all samples especially in the period of 

storage 1-6 months.  Since all cantaloupe juice samples were 

obtained from flesh and rind, that green color (negative a* 

value) in all samples might be imparted by rind.  The Hunter 

parameter b* showed gradual increase in all samples during 

storage.  But its rate of increase in the NIE sample was 

higher than the rates of increase in IEW and IEWO samples. 

Haze developed in the NIE sample during the first 3 

months of storage and was stable till the end of storage 

time.  The value for % haze in IEWO and IEW samples were 

very low compared to that in NIE.  Both ion-exchange treated 

samples did not show much change in % haze during storage 

also.  the reasons ion-exchange effects will be discussed 

later in this study. 

Total Carotenoids Determination 

Shown in Table II.8 are the total carotenoids contents 

of fresh and processed cantaloupe samples.  The total 

carotenoids content of the fresh cantaloupe flesh was 19.0 

ppm.  This value was a little higher than that (17.6 ppm) 

reported by Philip and Chen (1988) in cantaloupe (unknown 

cultivar) and higher than that (12.3 ppm) reported by Caleb 

(1990) in frozen cantaloupe flesh (Superstar cultivar). 
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However, it is within the range 8-25 ppm mentioned by Pratt 

(1971).  The total carotenoids content of the non ion- 

exchanged clarified cantaloupe juice was 8.04 ppm.  This 

value was almost 60% lower than that of the fresh flesh of 

this study and 35% lower than that of the frozen flesh 

reported by Caleb (1990).  The ion-exchange treated juice 

had only 0.01 ppm carotenoids content.  This value is quite 

low when compared with the non ion-exchange treated juice. 

The predominant pigment in cantaloupe is /3-carotene 

(Pratt, 1971; Philip and Chen, 1988).  The pigment is fat 

soluble (Robinson, 1991) and located in the mesocarp of 

cantaloupe fruit (Pratt, 1971).  Most of it will remain in 

the pomace after juice extraction.  Therefore, the total 

carotenoids content of the processed fruit was lower than 

that of the fresh.  Ion-exchange resins are composed of a 

copolymer of styrene crosslinked with divinylbenzene 

(Mulligan, 1985) .  This material can effectively adsorb 

hydrophobic compounds such as ^-carotene pigment.  Therefore 

ion-exchange treatment resulted in substantial reduction the 

carotenoids content of the juice. 

Characterization of Cantaloupe Haze 

Shown in Figure II.6 is an image analysis micrograph of 

cantaloupe haze taken under 100X objective.  These granule 

particles were similar in shape and size to the haze 
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particles in apple juice shown in a photograph by Schmitt 

(1985), who described those particles as round, double 

shapes similar to starch grains.  Iodine test, however, gave 

no evidence for presence of starch in the juice or in the 

haze suspension.  Heating the juice up to 70 0C showed no 

effect on haze solubility. 

Shown in Table II.9. is the composition of cantaloupe 

haze.  The amount of haze (300 mg/L) in the juice was fairly 

high when compared to the range (11-70 mg/L) reported by Van 

Buren in apple juice.  The protein content (2.40% w/w) in 

cantaloupe haze was low when compared to the range (11-49%) 

reported by Van Buren (1989) in apple juice haze.  The total 

phenolics content (3.52% w/w) was also high when compared to 

those of apple and white grape.  Cantaloupe haze also was 

high in Ca, Mg, Fe, and Cu when compared to those of NIE 

cantaloupe juice reported earlier in this study. 

Shown in Figure II.7 is a GLC chromatogram of the 

alditol acetates of reduced sugars from acid hydrolysate of 

freeze-dried cantaloupe haze.  From this figure, it is 

apparent that arabinose (peak #1) was a major sugar in 

cantaloupe haze.  Peak #2 was not identified but, peak #3 

was myoinositol (the internal standard) used in the 

analysis.  Araban contain more than 97% arabinose, 1.7% 

glucose, 0.5% rhamnose, 0.3% galactose, and 0.1 xylose 
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(Schmitt, 1985). Therefore, cantaloupe haze may have been 

partially related to araban. 

Ion-exchange treated juice, as reported earlier, had 

low %haze compared to the NIE juice.  Reduction of haze in 

the ion-exchanged juice can be referred to removing and/or 

preventing its formation.  Ion-exchange resins are composed 

of polystyrene support medium to which is covalently bound 

positive or negative functional group (Mulligan, 1985). 

Haze removal would occur due to adsorption or filtration 

processes.  Whereas haze prevention would occur due to the 

removal of causative materials such as phenolic compounds 

(Hsu and Heatherbell, 1987).  Substantial reduction of metal 

ions such as K*, Ca++, Mg**, and Na* also prevent acid salts 

formation, which is a main cause of haze formation in grape 

juice and wines. 

Sensory Evaluation 

Twenty two attributes (10 for aroma and 12 for flavor 

by mouth) were used to describe the effect of ion-exchange 

treatment (IE) , storage at 25 0C for six months (Strg) and 

their interaction (IE*Strg) on the aroma and flavor 

characteristics of cantaloupe juice concentrate. 

Main effect: The F-values for the interaction IE*Strg of 

aroma and flavor attributes were not significant (p>0.05) in 
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fourteen attributes.  Hence, the main effects IE and Strg 

for these attributes were considered and presented 

separately in one-way tables.  In each table, the mean, 

standard deviation, LSD and p-value of each attribute were 

listed. 

Table II.10A shows the Strg effect, regardless of the 

IE effect, on the aroma and flavor characteristics of 

cantaloupe juice concentrate evaluated by the trained panel. 

From this table, it is evident that cantaloupe juice 

concentrate at 0 time storage was significantly higher 

(p<0.01) in cantaloupe and raw squash aroma characters than 

cantaloupe juice concentrate stored for 6 months.  The 

alcohol nondienol and its corresponding aldehyde cis-6- 

nonenal are responsible for cantaloupe aroma character in 

cantaloupe fruit (Kemp et al. 1972b).  These compounds are 

not stable and will be lost after 6 months of storage due to 

oxidation and non-enzymic browning in cantaloupe juice 

concentrate.  Cantaloupe juice concentrate stored for 6 

months was significantly higher (p<0.01) in overall 

intensity and molasses aroma characters than the juice at 0 

time storage.  Several compounds are formed in stored fruit 

juices as a result of sugar and ascorbic acid degradation 

(Lee and Nagy, 1988).   Among them are 2,5-dimethyl-4- 

hydroxy-3(2H)-furanone, furfural, and 5-hydroxymethyl 

furfural.  These compounds were described as similar to hay, 
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caramel, or bread-like in orange juice.  They might be 

responsible for high rating of overall intensity and 

molasses aroma characters in the stored cantaloupe juice 

samples. 

Glutamine is a major amino acid in cantaloupe (Flores 

et al., 1970).  This compound interacts with carbonyl 

compounds at the initial stages of browning to yield sweet 

and butterscotch aroma and flavor characters (Shallenberger 

and Birch, 1975).  Cantaloupe juice concentrate at 0 time of 

storage was significantly higher (p<0.01) in sweet and 

butterscotch flavor characters than the juice stored for 6 

months. 

Table II.10B shows the effect of ion-exchange treatment 

on the aroma and flavor characteristics of cantaloupe juice 

concentrate.  There are significant differences (p<0.05) in 

seven attributes.  The IE treated cantaloupe juice was lower 

in cantaloupe and overall intensity aroma characters and in 

rind flavor character than the non-IE treated juice. 

However it was higher in salty, sweet, butterscotch and 

metallic flavor characters.  The compounds responsible for 

green/rind aroma and flavor character in cantaloupe flesh 

are hexenal, (Z)-3-hexenal and (E)-2-nonenal (Kemp et al., 

1973; Schieberle et al., 1990).  Cantaloupe rind also might 

contains compounds which can contribute to the green aroma 
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and flavor character detected by the trained panel.  These 

compounds or their precursors might have been removed during 

ion-exchange treatment. 

Ion-exchange treatment caused significant reduction in 

the pH of cantaloupe juice (6.5-2.28).  Preliminary testing 

of sensory characteristics of the sample showed no 

possibility for using such a sample in a sensory panel. 

Therefore, the ion-exchange treated with pH adjustment was 

used instead.  The pH adjustment, to 6.50, was achieved by 

sodium hydroxide.  This may have enhanced the sweet and the 

metallic flavor characters.  It also imparted the salty 

flavor character.  Hence, the IE-treated samples were higher 

in salty sweet and metallic flavor characters than the non 

IE-treated samples.  Ion-exchange treatment seems to play a 

significant effect in removing some of the aroma and flavor 

compounds and their precursors depending on their charges. 

Interactions: The F-values for the interaction (IE*Strg) of 

aroma and flavor attributes were significant at (p<0.05) in 

eight attributes.  Therefore the effect IE*Strg for these 

attributes was considered and presented in a two-way table. 

Table II.IOC summarizes the interaction effect IE*Strg 

on the aroma and flavor characteristics of cantaloupe juice 

concentrate evaluated by the trained panel.  The mean, 
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standard deviation and LSD for each attribute are shown. 

From this table, it is evident that the non-IE treated juice 

at 0 time storage was higher in butterscotch, and stale milk 

aroma characters and in cantaloupe flavor character than all 

of the other juice samples.  As explained above, glutamine 

is precursor compound responsible for butterscotch aroma and 

flavor characters and nonadienol and cis-6-nonenal are 

responsible for cantaloupe aroma and flavor characters. 

Glutamine is removed by ion-exchange treatment or interacts 

with reducing sugars during storage.  Alcohols and aldehydes 

are not stable and will be lost during ion-exchange 

treatment or oxidized during storage. 

The non-IE juice sample stored for six months was 

remarkably high in fried onion, tamary/soy sauce aroma 

characters and in bitter and burnt caramel flavor characters 

than any other juice sample.  The formation of furans such 

as hydroxymethyl furfural and furfural are mainly 

responsible for bitter and burnt caramel flavor 

(Shallenberger and Birch, 1975).  These compounds also might 

have strong aroma characteristics detected by the panel. 

Therefore, the non-IE at 6 months storage was rated high in 

fried onion and tamary/soy sauce aroma characters.  The ion- 

exchange treatment undoubtedly accounts for the low rating 

of these aroma and flavor characters in the IE treated 

samples. 
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CONCLUSIONS 

Removal of amino acids from cantaloupe juice by XYS 

40032 cation exchange treatment substantially reduced 

the rate of browning. 

Ion-exchange treatment of cantaloupe juice reduced the 

pH from 6.50-2.28. 

Restoration of the pH of ion-exchanged juice to the 

original pH had no significant effect on browning rate 

during storage. 

Ion-exchange treatment prevented haze formation in 

cantaloupe juice concentrate. 

Ion-exchange treatment resulted in a substantial 

reduction in mineral content (K*, Ca**, Mg++ and Na+) of 

cantaloupe juice. 

Complete degradation of ascorbic acid occurred during 

processing. 

Significant differences were found in sensory 

evaluation of ion-exchanged and non ion-exchanged 

juices at 0 and 6 months storage times. 
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The high yield, high sugar content, and low acidity of 

the juice suggests its use as an alternative sweetener 

source. 



Table II.3 pH, Titratable acidity and Formol value in cantaloupe juice 
concentrate*. 

Sample n PH Titratable Acidity 
g/100 mL citric 

Formol value 
Meq/IOOmL 

Non ion-exchange treated (NIE) 4 6.50a 0.18b 3.13a 
(0.02) (0.08) (0.02) 

Ion-exchange treated without pH adjustment (IEWO) 4 2.28b 0.61a 0.46b 
(0.03) (0.10) (0.36) 

Ion-exchange treated with pH adjustment (IEW) 4 6.54a 0.04b 0.19b 
(0.03) (0.04) (0.01) 

*   Samples were normalized to 10.0 0Brix. 
n = number of observations. 
Values between parenthesis are standard deviations. 
Means with the same letter within the same column are not significantly different (p < 0.05) 

H 
o 
o 



Table II.4 Sugar composition of cantaloupe juice concentrate* as determined by HPLC 

Sample n Sucrose Glucose Fructose Total Percent of total sugars 
g/100 mL g/100 mL g/100 mL g/100 mL 

Sue Glue fruc 
Non ion-exchange treated (NIE) 4 3.22a 

(0.17) 
2.13b 
(0.09) 

2.75b 
(0.19) 

8.10a 39.7 26.3 44.0 

Ion-exchange treated without pH adjustment (IEWO) 4 0.26b 
(0.01) 

3.14a 
(0.13) 

4.41a 
(0.16) 

8.08a 3.20 42.20 54.6 

Ion-exchange treated with pH adjustment (IEW) 4 3.18a 
(0.11) 

2.47b 
(0.08) 

3.51ab 
(0.68) 

9.16a 34.7 27.0 38.3 

* = all samples were normalized to 10.0 0Brix 
n = number of observations 
Values between parenthesis are standard deviations 
Means with the same letter within the same column are not significantly different  (p <   0.05) 

H 
o 



Table II.5 Nonvolatile acid composition of cantaloupe juice concentrate* as 
determined by HPLC. 

Sample n Citric Malic Total Percent of total acids 
g/100 mL g/100 mL g/100 mL 

Citric Malic 
Non ion-exchange treated (NIE) 4 0.18b 

(0.01) 
0.04b 
(0.00) 

0.22b 81.8 18.2 

Ion-exchange treated without pH adjustment (IEWO) 4 0.22a 
(0.00) 

0.05a 
(0.01) 

0.27a 81.5 18.5 

Ion-exchange treated with pH adjustment (IEW) 4 0.22a 
(0.00) 

0.04b 
(0.00) 

0.26a 84.6 15.4 

* Samples were normalized to 10.0 0Brix 
n = number of observations 
Values between parenthesis are standard deviations 
Means with the same letter within the same column are not significantly different (p < 0.05) 

H 
o 



Table II.6 Mineral composition (part per million) of cantaloupe juice concentrate* 

Sample n P K Ca Mg Na Fe Cu 

Non ion-exchange treated (NIE) 2 216a 1960a 210a 210a 350b 1.40a 0.50a 

(18.4) (84.9) (14.1) (0.00) (14.1) (0.14) (0.00) 
Ion-exchange treated without pH 2 245a 19.5b 2.65b 1.00b 1.10b 1.00a 0.15b 

adjustment (IEWO) (54.5) (0.07) (0.07) (0.14) (0.92) (0.28) (0.07) 
Ion-exchange treated with pH 2 246a 15.5b 4.55b 2.15b 1980a 0.85a 0.15b 

adjustment (lEWI (42.4) (6.36) (2.76) (1.63) (226) (0.21) (0.07) 

*  all samples were normalized to 10.0 0Brix 
n = number of observations 
Values between parenthesis are standard deviations 
Means with the same letter within the same column are not significantly different  (p <   0.05) 

o 
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Table  II. 7 Hunter parameters and  % haze of  cantaloupe 
juice  concentratea stored for six months  at  25  0C  in 
the dark 

Sample n Hunter 
Parameter 

Storage time (months) 

0 1 2 3 4 5 6 

NIE 6 L* 83.8 82.1 78.8 78.4 77.8 76.0 74.79 

<0.24) (0.68) (0.96) (0.831 (0.49) (0.67) (0.74) 

a" -1.81 -3.43 -3.27 -2.78 -2.00 -1.69 -0.76 

(0.08) (0.07) (0.08) (0.36) (0.65) (0.25) (0.34) 

b* 13.5 18.7 25.4 27.7 31.7 36.3 43.14 

(0.33) (0.48) (0.81) (0.77) (1.27) (0.68) (0.81) 

Haze 21.3 24.4 26.8 27.1 24.6 25.0 24.29 

(0.49) (1.18) (1.61) (2.23) (0.89) (1.22) (1.56) 

IEW0 6 L* 93.6 89.5 88.8 89.6 89.1 88.2 89.5 

(0.51) (1.43) (0.45) (0.53) (0.50) (1.07) (0.50) 

a* -1.25 -1.40 -1.13 -1.39 -1.39 -1.33 -1.59 

(0.40) (0.33) (0.23) (0.19) (0.09) (0.12) (0.20) 

b* 7.42 21.7 24.7 25.3 26.2 29.7 31.4 

(0.32) (0.50) (0.24) (0.48) (0.38) (1.49) (0.62) 

Haze 3.11 2.84 4.84 3.98 4.47 4.51 4.64 

(0.22) (0.13) (0.38) (0.86) (0.33) (0.22) (1.24) 

IEW 6 L« 93.7 91.3 90.5 90.7 90.0 89.0 89.7 

(0.27) (1.15) (1.24) (1.19) (0.91) (2.04) (1.63) 

a* -2.57 -3.34 -3.60 -3.56 -3.50 -3.44 -3.66 
(0.25) (0.26) (0.25) (0.13) (0.17) (0.11) (0.06) 

b* 10.3 14.8 16.6 17.4 18.5 18.5 19.1 

(0.80) (0.21) (0.67) (0.31) (0.54) (0.57) (0.63) 

Haze 3.55 4.68 4.81 4.55 6.63 6.40 5.35 

(0.35) (0.51) (0.80) (0.51) (0.32) (0.35) (0.11) 

n Samples were normalized to 10.0 0C 
n = number of observations 
NIE-non ion-exchange treated 
lEW-ion-exchange treated 
lEWO-ion-exchage treated with pH adjusment 
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Table II. 8 Total carotenoids content in fresh and 
processed cantaloupe* 

Sample n Carotenoids content 
(ppm) p-carotene 

Fresh cantaloupe flesh 4 19.0 
(0.14) 

Non ion-exchange treated juice (NIE) 4 8.04 
(0.01) 

Ion-exchange treated juice without pH 4 0.01 
adjustment (IEWO) (0.00) 

* Samples were normalized to 10.0 0Brix 
n = number of observations 
Values between parenthesis are standard deviations 
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Table  II .9  Composition  of  cantaloupe juice haze. 
Haze (mg/L) 
Dry weight 

Protein 
(%) 

Total phenolics 
(%) 

Mineral content (ppm) 
Element Concentration 

300 2.40* 3.52* P 30 
(0.31) (0.43) K 

Ca 
Mg 
Na 
Fe 
Cu 

14 
918 
9.2 
25 
6.6 
2.6 

* Means of two replications 
Values between parenthesis are standard deviations 
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Table II.IOA Means, standard deviations and least 
significant difference (LSD) for descriptors 
showing storage effect on cantaloupe juicea 
aroma and flavor 
Descriptor n 0 time storage 6 months storage LSD p-value 

AROMA 
OVERALL   INTENSITY 52 7.65 

(2.01) 

8.69 

(1.98) 

0.28 * * 

CANTALOUPE 52 3.44 

(2.42) 

1.08 

(1.47) 

0.64 ♦ • 

HAY-LIKE 52 0.90 

(1.80) 

1.77 

(1.99) 

NS 

RAH  SQUASH 52 2.35 

(2.59) 

0.42 

(1.19) 

0.54 * * 

COOKED  CARAMEL 52 2.40 
(2.35) 

2.31 
(2.39) 

NS 

MOLASSES 52 1.99 

(2.17) 
3.73 

(3.04) 

0.69 « « 

FLAVOR BY MOUTH 

SOUR 52 0.48 

(1.08) 

0.56 

(1.19) 

NS 

SALTY 52 3.69 

(2.55) 

3.67 

(2.59) 

NS 

SWEET 52 10.1 

(2.68) 

9.14 

(3.00) 

0.75 * 

ASTRINOENT 52 0.94 

(1.75) 

1.36 

(1.99) 

NS 

RIND 52 1.90 

(2.55) 

1.44 

(2.63) 

NS 

MAPLE   SYRUP/ 52 4.87 5.33 NS 
BROWN  SUGAR (2.38) (2.76) 

BUTTERSCOTCH 52 5.06 

(3.19) 

3.37 

(2.69) 

0.89 * * 

METALLIC 52 1.06 
(1.98) 

1.21 
(2.31) 

NS 

n Samples were normalized to 10.0 "Brix 
*:p^0.05; **:p<.01 
n = number of observations 
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Table II.IOB Means, standard deviations and least 
significant difference (LSD) for descriptors showing 
ion-exchange treatment effect on cantaloupe juicea 
aroma and flavor 
Descriptor n IE 

TREATMENT 
NO IE 

TREATMENT 
LSD P-value 

AROMA 
OVERALL  INTENSITY 52 7.54 

(1.84) 

8.81 

(2.07) 

0.28 * * 

CANTALOUPE 52 1.71 

(2.21) 

2.81 

(2.32) 

0.64 * * 

HAY-LIKE 52 1.12 

(1.77) 

1.56 

(2.08) 

NS 

RAH  SQUASH 52 1.62 

(2.41) 

1.15 

(2.02) 

NS 

COOKED  CARAMEL 52 2.25 
(2.11) 

2.46 
(2.60) 

NS 

MOLASSES 52 2.75 

(2.44) 

2.96 

(3.09) 

NS 

FLAVOR BY MOUTH 

SOUR 52 0.46 

(1.06) 

0.58 

(1.19) 

NS 

SALTY 52 4.54 

(2.65) 

2.83 

(2.13) 

0.71 * * 

SWEET 52 10.0 

(2.65) 

9.23 

(3.05) 

0.75 * 

ASTRINGENT 52 0.94 

(1.63) 

1.39 

(2.10) 

NS 

RIND 52 0.89 

(1.70) 

2.46 

(3.06) 

0.80 * * 

MAPLE   SYRUP/ 52 5.39 4.81 NS 
BROWN  SUOAR (2.49) (2.66) 

BUTTERSCOTCH 52 4.83 

(3.22) 

3.40 

(2.78) 

0.89 • 

METALLIC 52 1.48 
(2.59) 

0.79 
(1.53) 

0.29 * * 

n Samples were normalized to 10.0 0Brix 
♦:P<0.05; *#:P<0.01 
n = number of observations 



Table II.IOC Means, standard deviations and least significant 
difference (LSD) for descriptors showing (IE*strg) effect on 
cantaloupe juicea aroma and flavor, 

Descriptor n 
0 TIME STORAGE 6 MONTHS STORAGE 

LSD P-VALUE non-IE IE non-IE IE 

AROMA 
BUTTERSCOTCH 26 5.46a 3.58b 2.38c 3.92b 0.53 # 

(2.98) (2.53 (2.56) (2.87) 

FRIED   ONION 26 0.19c 0.15c 4.81a 2.70b 0.29 * ♦ 

(0693) (0.54) (2.61) (2.70) 
TAMARI/SOY   SAUCE 26 0.46c 0.81c 6.19a 3.08b 0.51 * 

(1.03) (1.44) (2.64) (2.71) 
STALE  MILK 26 2.73a 0.96b 0.96b 0.62b 0.37 # 

(3.24) (1.71) (2.72) (1.20) 
FLAVOR BY MOUTH 

OVERALL  INTENSITY 26 10.46b 11.53a 10.85ab ,10.27b 0.82 * 

(2.20) (2.19) (1.99) (1.89) 

BITTER 26 1.58b 0.46c 3.62a 1.35b 0.55 # 

(3.04) (1.07) (3.46) (2.19) 
CANTALOUPE 26 4.19a 2.46b 0.96c 1.42c 0.95 * 

(2.47) (2.14) (1.78) (1.68) 
BURNT  CARAMEL 26 1.61c 1.50c 6.00a 2.65b 0.96 * * 

(2.10) (2.25) (2.51) (2.97) 
n Samples were normalized to 10.0 0Brix 
•:P<0.05; •*:P<.01 
n = number of observations 
Means with the same letter within the same raw are not significantly different (p < 0.05) 

H 
o 
to 
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c washing of cantaloupe samples 

cutting and seeds removal 

i       — 
f milling / grinding ^ 
V       Comminuting mach. (700 RPM) J 

( pressing 
\i% SilvaCel press aid (Willmes bag press, 4 bars) ) 

depectinization 
Pectinex 3-XL, 100 mU/IOOOKg, 50 min ,55 "C 

I 
centrifugation 
Westfalia centrifuge J 

H.T.S.T treatment 
85 "C, 90 sec 

c Filtration 
1%DE 

ion exchange treatment 
XYS 40032 cation exchange 

I 
single strength juice 

@ 8 "Brix 

i 
concentration 
Centritherm 55 "C 

650Brix 

Figure II.1 Unit operations for processing cantaloupe 
juice samples. 
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Figure II.2A. HPLC separation of sugars in non ion-exchange 
treated clarified cantaloupe juice concentrate 

Peak identification: 1.sucrose, 2.glucose, 
3. fructose, -i.mannitol (internal standard) 



112 

« 

0) 
(0 
c 
o 
a 
u 
a) 
a 
u 
o 
-P 
o 
0) 
•P 
a) 
Q 

5      10 

Time (min) 

15 20 

Figure II.2B. HPLC separation of sugars in ion-exchange 
treated clarified cantaloupe juice 
concentrate 

Peak identification: 1.sucrose, 2.glucose, 
3.fructose, 4. mannitol (internal standard) 
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Figure II.3 HPLC separation of cantaloupe nonvolatile 
acids. 

Peak identification: 1.Citric, 2.unknown, 
3.malic. 
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Figure II.4  HPLC chromatogram for ascorbic acid (AA) 
in A- cantaloupe juice concentrate, B- 
fresh frozen cantaloupe. 



115 

2 3 4 

STORAGE TIME (MONTHS) 

Figure II.5 Browning (A420 nm) of clarified cantaloupe 
juice concentrate during storage at 25 0C 
for 6 months. NIE- non ion-exchange 
treated, IEWO- ion-exchange treated 
without pH adjustment, IEW- ion-exchange 
treated with pH adjustment. 
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Figure II.6 Image analysis micrograph of cantaloupe 
haze taken under 100X objective. 
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Figure II.7 GLC chromatogram of alditol acetates of 
reduced sugars obtained from acid 
hydrolysis of freeze-dried cantaloupe 
haze. 

Peak identification: l.arabinose, 
2.unknown, 3.myoinositol (internal 
standard). 
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III. USE OF DIRECT OSMOTIC AND CONVENTIONAL TECHNIQUES 
FOR PROCESSING OF PULPY CANTALOUPE JUICE CONCENTRATE 

Abduljalii D.S. Caleb and Ronald E. Wrolstad 

Department of Food Science and Technology, Wiegand Hall, 

Oregon State University, Corvallis, Oregon 97331-6602 

ABSTRACT 

Cantaloupe (Superstar cultivar), flesh only, was processed 

into pulpy single-strength juice and concentrated to 40 

0Brix using conventional and direct osmotic concentration 

methods. The effects of maceration method (mechanical vs 

enzymatic) were also investigated.  Compositional 

measurements included pH, 0Brix, titratable acidity, formol 

values, mineral content, ascorbic acid content, sugars and 

nonvolatile acids.  HPLC analysis data showed that sucrose 

inversion occurred in all samples of pulpy cantaloupe juice 

concentrate.  Maceration by either mechanical or enzymatic 

processes only resulted in minor differences in the organic 

acid content of the samples.  Juice samples subjected to 

conventional concentration were significantly higher 

(p<0.05) in pH and organic acid content than juice samples 

subjected to osmotic concentration.  Descriptive analysis 

revealed significant differences in aroma and flavor 

characteristics between osmotically concentrated and 

conventionally concentrated juice samples. 
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INTRODUCTION 

Processing fruits into juice concentrates is one of the 

more convenient ways to manage surplus fruit.  Juice 

concentrates also offer a better utilization of the existing 

space and warehouse capacity and offer more convenient 

handling (Philipp, 1987).  Quality and flavor of juice 

concentrates are dependent upon several factors.  Among them 

are processing conditions and concentration method.  Several 

processing methods are currently available, and what process 

has to be chosen depends on what final product is aimed for 

and what best processing is efficient.  Juice concentration 

can be achieved by evaporation, reverse osmosis, or freeze 

concentration (Nistelrooij, 1987).  It also can be achieved 

by direct osmosis (Beaudry and Lampi 1990a, 1990b). 

Cantaloupe is one of the most delicious fruits.  It has 

attractive color, delicate aroma, fine texture, and pleasant 

taste.  Many of attributes were lost when clarified 

cantaloupe juice concentrate was made (Ch. II).   By 

including only the pulp, cantaloupe juice might be given a 

better color, stronger cantaloupe aroma and higher 

nutritional value.  Unlike clarified juices, it is difficult 

to concentrate pulpy juices more than three to four fold and 

this is possible only if specific techniques are applied. 

Direct osmotic makes it possible to concentrate pulpy non- 

clarified juices without heat application.  Pulpy cantaloupe 
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juice concentrate will have some potential uses, for 

example, in making melon-flavored ice "sorbet", frozen 

desserts, and pulpy beverages.  This study was aimed to 

develop processes for production of pulpy cantaloupe juice 

concentrate in an effort to retain the characteristics 

color, flavor and texture of cantaloupe.  Other objectives 

were to investigate the effect of maceration method 

(mechanical vs enzymatic) on the quality of pulpy cantaloupe 

juice concentrate, and to measure concentrate composition 

(sugars, non-volatile acids and ascorbic acid) and sensory 

characteristics (aroma and flavor) of the final product. 
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MATERIALS AND METHODS 

Fruit Source and Juice Processing 

Ripe cantaloupe fruit (Superstar cultivar) was obtained 

August 8, 1992 from the Hermiston Agricultural Research and 

Extension Center, Hermiston, Oregon.  Fruit was held at 4 0C 

for approximately 13 hr before the time of processing.  3 60 

Kg cantaloupe fruit were washed by tap water, cut into 

quarters, peeled, and seeded.  The obtained flesh was cut 

into smaller pieces, mixed and contained in plastic 

containers (22.5 Kg each).  The treatments a)maceration 

method (mechanical vs enzymatic) and b)concentration method 

(conventional vs osmotic) were randomly assigned to the 

containers as 2 x 2 factorial treatment in a completely 

randomized design (CRD) as illustrated in table III.l.  All 

samples were replicated and then held at -35 0C for 

subsequent processing. 

Table III.l. Factorial sets of pulpy cantaloupe juice 
treatments as assigned by a (CRD) 

Treatment Type Factorial sets 

Maceration method Mechanical (M) 
Enzymatic (Z) 

M C       Z C 

Concentration 
method 

Conventional (C) 
Osmotic (0) 

MO       Z 0 

For making pulpy cantaloupe juice concentrate, each 

replicate was processed as described in figure III.l. 

Mechanical maceration was achieved using a Comminuting 

grinding machine model D with 1.5 mm width screen at a speed 
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500 RPM.  Preliminary experiments were conducted in the lab 

to examine the possibility of making a single strength pulpy 

cantaloupe juice from cantaloupe flesh using different 

maceration enzymes.  Ultra sp (Novo Laboratories, Inc., 

Danbury, CT 06810-5101), Rohapect BIL and Rohapect TL (Rohm 

Tech Inc., Maiden, MA 02148) maceration enzymes were tried 

to select the most effective enzyme in maceration of 

cantaloupe flesh.  Enzymatic maceration was then achieved by 

adding 200 mL/1000 kg Rohapect TL maceration enzyme and the 

samples were held for 55 min at room temperature.  The 

processed single strength pulpy cantaloupe Juice was then 

subjected to centrifugation by using a Westfalia centrifuge 

model KA 06-075.  The pulp was held at 4 0C and the serum 

(19 L from each replicate) was concentrated using the two 

different techniques described below. 

A. Conventional concentration: The serum obtained through 

centrifugation was concentrated to 40 0Brix or higher using 

a centrifugal film evaporator (centritherm CT-1B). 

Operating conditions were: vacuum -0.9 kg/cm2, jacket 

temperature 85 0C, head temperature 55 0C and feed rate 0.8 

1/min.  Table III.2 shows the processing parameters and 

juice characteristics for conventional concentration of the 

cantaloupe juice samples.  The pulp was mixed back with the 

concentrated serum using a Waring blender at low speed for 
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10 min. All samples then stored at -35 0C for compositional 

and sensory analyses. 

Table III.2. Processing parameters of conventionally 
concentrated cantaloupe juice 

Sample  ID Initial 0Brix Final 0Brix 

MC rep  1 
rep 2 

7.8 
8.0 

40 
44 

ZC  rep  1 
rep 2 

7.8 
7.8 

45 
45 

B. Direct osmotic concentration: An osmotic laboratory 

concentration unit with three channels having 55 M2 total 

membrane area (Osmotek Inc. Corvallis, OR) was used to 

concentrate cantaloupe juice serum.  Replicates were 

concentrated to ca. 4 0 0Brix under ambient temperature in a 

batch wise manner.  High Fructose Corn syrup with a 73 

initial 0Brix was used as an osmotic agent.  Nitrogen was 

used to blanket the vapor space above the juice.  The pulp 

was mixed back with the concentrated serum using a 15-L 

stainless steel Waring blender at low speed for 10 min and 

the samples were then stored at -3 5 0C. 

Determination of 0Brix 

Degree Brix of all samples was determined at 20 0C by 

using a Bausch & Lomb refractometer. 

The following compositional analyses were performed on 

a single strength basis using, 10.0 0Brix as the standard 
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for normalization.  All samples were subjected to 

centrifugation prior to any compositional analysis. 

Determination of pH. Titratable Acidity, and Formol Value 

The procedures described in sec. II pp 58 were followed 

to determine pH, titratable acidity, and formol value in 

pulpy cantaloupe juice concentrate. 

HPLC Determination of Sugars 

Sugar compositional content of pulpy cantaloupe juice 

concentrate was determined by using the procedures described 

in sec. II pp 58. 

HPLC Determination of Nonvolatile Acids 

Nonvolatile acid content of all sample was determined 

using the procedures described in sec. II pp 60. 

HPLC Determination of Ascorbic and Dehydroascorbic Acids 

The procedures described in sec. II pp 62 were followed 

to determine the ascorbic acid and dehydroascorbic acid 

content of pulpy cantaloupe juice concentrate. 

Mineral Analysis 

Samples of pulpy cantaloupe juice concentrated through 

direct osmotic and conventional concentration methods were 

sent to the Soil Science Lab at the collage of Agriculture 
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Science (Oregon State University, Corvallis, OR) for mineral 

analysis.  The methods used to determine the content of 

phosphorus, potassium, calcium, magnesium, sodium, iron, and 

copper in pulpy cantaloupe juice samples were the same as 

described in sec. II pp 63. 

Sensory Evaluation 

The sensory characteristics (aroma and flavor by mouth) 

of pulpy cantaloupe juice concentrate were evaluated using 

descriptive analysis. 

The same group of panelists who volunteered to evaluate 

clarified cantaloupe juice concentrate were also used to 

evaluate the pulpy cantaloupe juice concentrate.  A total of 

twelve sessions (1 hr each) were devoted to accomplish this 

work.  The procedures used for descriptors generation and 

training were the same as described in sec. II pp 68. 

Standards used to represent each aroma and flavor descriptor 

during training and testing are listed in Table III.3 
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Table III.3 Attribute definitions and reference standards 
used by the descriptive sensory panel during the evaluation 
of pulpy cantaloupe juice concentrate aroma and flavor. 

Attribute Reference definition and preparation 

Aroma 
Overall aroma 

Overall cantaloupe 

Fresh 

Frozen 

Overripe 

Cantaloupe rind 

Grassy 

Total impact of all aromas. 

Total impact of aroma in cantaloupe 
fruit 

Primary aroma of a reference prepared 
by: 
30 g fresh cantaloupe flesh diced in 1 
cm cubes. 
Primary aroma of a reference prepared 
by: 
30 g frozen cantaloupe flesh diced in 
1 cm cubes 
Primary aroma of a reference prepared 
by: 
30 g overripe cantaloupe flesh diced 
in 1 cm cubes 

Primary aroma of 30 g of a whole fresh 
cantaloupe fruit (with out seeds) 
chopped by Waring blender for 5 min. 

Primary aroma of a reference prepared 
by: 
One drop of Cis-3-hexen-l-ol (Aldrich 
Chemical Co., Inc., Milwaukee, WI) on 
an aroma stick. 

Raw squash 

Karo syrup 

Cooked squash 

Primary aroma of a reference prepared 
by: 
3 0 g fresh pumpkin with rind diced in 
1/2 cm cubes. 

Primary aroma of 25 ml of Karo dark 
corn syrup (CPC International Inc., 
Englewood Cliffs, NJ) 

Primary aroma of 20 g of baby food 
squash (Gerber product Co. MI., USA) 
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Table III.3 (cont.) 

Attribute Reference definition and preparation 

Cheesy 

Wet cardboard 

Pungent 

Spoiled fruit 

Primary aroma of 25 ml of Lucerne 
sweetened condensed milk (Safeway Inc. 
Oakland, Ca.) 

Primary aroma of a reference prepared 
by imbibing 15 g of cut cardboard 
paper in water 

Primary aroma of 15 ml of Heinz 
Distilled White Vinegar (Safeway Inc. 
Oakland, Ca.) 

No standard 

Flavor 

Overall flavor 

Bitter 

Sour 

Salty 

Sweet 

Astringent 

Overall cantaloupe 

Total impact of all flavors 

Primary flavor of 0.25 g caffeine 
(Fisher Scientific, Fairlawn, NJ) in 
500 mL bottled drinking water (Aqua 
Cool, Portland, OR) 

Primary flavor of 0.25 g of citric 
acid (Haarman and Reimer C., Elkahart, 
IN) in 500 mL bottled drinking water 
(Aqua cool, Portland, OR) 

Primary flavor of 1 g NaCl (Morton 
International, Inc., Chicago, IL) in 
500 mL bottled drinking water (Aqua 
Cool, Portland, OR) 

Primary flavor of 10 g sucrose (C & H 
Sugar Col, Concord, CA) in 500 mL 
bottled drinking water (Aqua Cool, 
Portland, OR) 

Primary flavor of 0.15 g alum 
(McCormack, Baltimore, MD) in 500 mL 
bottled drinking water (Aqua Cool, 
Portland, OR) 

Total impact of flavor in cantaloupe 
fruit 
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Table III.3 (cont.) 

Attribute Reference definition and preparation 

Fresh 

Frozen 

Overripe 

Cantaloupe rind 

Primary flavor of fresh cantaloupe 
flesh 

Primary flavor of frozen cantaloupe 
flesh 

Primary flavor of overripe cantaloupe 
flesh 

Primary flavor of a whole fresh 
cantaloupe fruit (without seeds) 
chopped by Waring blender for 5 min. 

Karo syrup 

Cooked squash 

Buttermilk 

After taste 

Primary flavor of Karo dark corn 
syrup (CPC International INC., 
Englewood Cliffs, NJ) 

Primary flavor of baby food squash 
(Gerber product Co. MI., USA) 

Primary flavor of Lucerne Grade A 
pasteurized, homogenized, cultured low 
fat buttermilk (Safeway Inc., Oakland 
CA) 

No standard. 

Testing was performed in individual booths and samples 

were served at room temperature under white incandescent 

light.  The four pulpy cantaloupe juice treatments, 

illustrated in Table III.l, with their replicates and 

subsamples were tested in two days.  In the first day, 

panelists first received four samples (thirty mL each) in 

225 mL wine glasses covered with an aluminum foil lid for 

aroma evaluation. The samples were presented in two rows. 
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evaluated from left to right within rows and from front to 

back over rows.  Once the aroma were evaluated, panelists 

returned the samples and then received another set of the 

same four samples in small plastic cups, in a random order, 

to be evaluated for flavor by mouth.  The panelist took a 

30-50 min break, and then returned to evaluate another set 

of four samples.  In the second day the panelists evaluated 

the rest of the samples for aroma and flavor by mouth in the 

same manner.  Each sample was coded with a three-digit 

random number. 

Analysis of Variance with LSD comparisons at a level of 

0.05 was used to determine intensity differences of each 

descriptor by using SAS/STAT (SAS Institute Inc. Gary, NC) 

software.  A mixed model in which the factors maceration 

method (MAC) and concentration method (CONC) were treated as 

fixed and replications within MAC and CONC and panelists as 

random.  In this balanced design, comparisons of MAC and 

CONC are effectively based on averages over panelists for 

each of the 2x2x2 experimental units. 
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RESULTS AND DISCUSSION 

Juice Processing 

Shown in Figure III.l are the processing unit 

operations followed to make pulpy cantaloupe juice 

concentrate by using conventional and direct osmotic 

concentration methods.  Mechanical maceration of cantaloupe 

flesh produced a pulpy juice which was successfully 

centrifuged through a Westfalia centrifuge.  Treating 

cantaloupe flesh with Rohapect TL maceration enzyme lowered 

juice viscosity and reduced centrifugation time. 

Centrifugation was required to separate the pulp and 

facilitate conventional concentration.  It was possible to 

concentrate pulpy cantaloupe juice by osmotic concentration 

without centrifugation, but it was difficult to completely 

obtain highly viscous concentrate from the osmotic unit. 

More than 40% of the juice concentrate was lost. 

Centrifugation prior to osmotic concentration however, 

lowered the time required for osmotic concentration and 

prevented juice loss.  Approximately 45 min was required to 

concentrate 19 L of cantaloupe juice from 7.8-40 0Brix 

through the conventional concentration unit, whereas 8 hr 

total processing time was required to concentrate the same 

amount of cantaloupe juice from 7.8-40 0Brix at 25 0C 

through the direct osmotic concentration unit. 
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Total Soluble Solids ("Brixl 

The 0Brix mean value of fresh squeezed flesh of 10 

random cantaloupe fruits in this study was 7.97.  0Brix 

values of the 10 samples ranged from 7.8-8.2 with a standard 

deviation of 0.15.  This 0Brix value of Superstar cantaloupe 

was ca. 3 0Brix lower than that of the same variety obtained 

for making clarified cantaloupe juice concentrate in the 

year 1991.  This was due to the low 0Brix of Superstar 

cantaloupe planted in the Hermiston Agricultural Research 

and Extension Center, Hermiston, Oregon in the crop year 

1992 (Reed, 1992). 

The total soluble solids content of the processed 

single strength pulpy cantaloupe juice obtained from 

macerated flesh, either mechanically or enzymatically, was 

7.85± 0.09 0Brix.  This 0Brix value was low compared to the 

standard value 9.60 recommended by the CFR 101.30, 1993. 

But that was due to the characteristics of cantaloupe fruit 

of this season. 

pH. Titratable Acidity (TA), and Formol Value 

Table III.4 shows the pH, TA and formol value of pulpy 

cantaloupe juice concentrate.  The pH values of cantaloupe 

juice samples subjected to direct osmotic concentration were 

significantly lower (p<0.05) than the pH values of 

cantaloupe juice samples subjected to conventional 
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concentration.  The pH of the single-strength cantaloupe 

juice was 6.50 while that of the osmotic agent was 4.30. 

This pH difference accounts for the reduction of the pH in 

cantaloupe juice concentrate samples subjected to osmotic 

concentration. pH adjustment of the osmotic agent should 

overcome such a problem. 

The processing time (8 hr) required to process 19 L of 

7.8 0Brix single strength cantaloupe juice to 2 L of 40.0 

0Brix juice concentrate using the direct osmotic 

concentration method was long compared to the time (45 min) 

required to process the same amount of juice using the 

conventional concentration method.  Fruits, in general, 

contain active enzyme systems.  Unless inactivated, these 

enzymes may cause undesirable changes in the processed fruit 

juices.  Cantaloupe contains ascorbic acid oxidase, 

catalase, glucose-6-phosphate dehydrogenase, glutathione 

reductase, invertase, peroxidase, phosphoenolpyruvate 

carboxykinase, phosphogluconic dehydrogenase, and polyphenol 

oxidase (Pratt, 1971).  Nath and Rangnna (1977) also 

reported peroxidase and pectin methylesterase.  Invertase 

was also confirmed by Ranwala et al. (1991).  Therefore, 

through the 8 hr period of time, compositional changes might 

have occurred and affected the pH of the juice samples. 
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The pH values of cantaloupe juice samples subjected to 

conventional concentration were similar to the pH value of 

muskmelon reported by Lee (1975), where he reported a pH 

value of 6.10.  They also were within the range (5.88-6.10) 

reported in muskmelon by Mendlinger and pasternak (1992). 

Although pH and TA have no predictable relation between 

them (Amerine and Ough, 1980), they appeared directly 

related in cantaloupe juice concentrate samples in this 

study.  Titratable acidity of cantaloupe juice samples 

subjected to osmotic concentration were significantly higher 

(p<0.05) than that of the juice samples subjected to 

conventional concentration.  The pH reduction which occurred 

in these samples partially accounts for their low TA.   All 

samples were not significantly different (p<0.05) in formol 

values. 

Sugar Composition 

Shown in Figure III.2 is a typical chromatogram of 

pulpy cantaloupe juice sugars separated by HPLC.  Fructose 

(peak #3) was the major sugar in all juice samples either 

concentrated by using osmotic or conventional concentration 

method.  Sucrose (peak #1) was a minor sugar in all pulpy 

cantaloupe juice concentrate of this study.  However, it was 

reported as a major sugar in clarified cantaloupe juice 

concentrate by Caleb (1990) and by Caleb and Wrolstad (Ch 
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II).  It also was reported as a major sugar in fresh 

cantaloupe flesh by Sweeny et al. (1970); Wade (1982); Cohen 

and Hicks (1986). 

The results of sugar analysis by HPLC for pulpy 

cantaloupe juice concentrate are summarized in table III.5. 

Sucrose was not significantly different (p<0.05) in all 

samples.  Glucose was not significantly different (p<0.05) 

in all samples also.  The osmotically concentrated samples, 

however, were significantly lower (p<0.05) than the 

conventionally concentrated samples in fructose content, 

therefore, the conventionally concentrated samples appeared 

significantly higher (p<0.05) than the osmotically 

concentrated samples in the total sugar content. 

Sucrose hydrolysis to glucose and fructose occurs under 

low pH.  It also occurs due to the presence of invertase in 

cantaloupe (Ranwala et al., 1991).  Since there was no heat 

treatment involved during osmotic concentration, the second 

factor undoubtedly accounts for the low amount of sucrose in 

these samples.  High Temperature Short Time (HTST) treatment 

was not applied in the conventionally concentrated samples. 

Therefore, sucrose inversion in these samples could be due 

to the lack of invertase inactivation. 
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Nonvolatile Acid Composition 

A typical HPLC chromatogram of pulpy cantaloupe juice 

nonvolatile acids obtained using refractive index and anion 

exchange cleanup is shown in Figure III.3.  Citric acid 

(peak #1) was a major acid in all cantaloupe juice samples. 

The second major peak (peak #2) eluted after citric acid was 

unidentified.  This peak was also detected in clarified 

cantaloupe juice concentrate by Caleb and Wrolstad (Ch. II). 

Malic acid (peak #3) was another major acid in all pulpy 

cantaloupe juice concentrate samples. 

Table III.6 shows the results of HPLC analysis of 

nonvolatile acids for pulpy cantaloupe juice concentrate. 

All samples were significantly different (p<0.05) in citric 

acid content.  Juice samples subjected to enzymatic 

maceration (ZC and ZO) were significantly lower (p<0.05) in 

citric acid content than juice samples subjected to 

mechanical maceration (MC and MO).  The citric acid content 

of the mechanically macerated juice subjected to 

conventional concentration (MC) was significantly lower 

(p<0.05) than that of the mechanically macerated juice 

subjected to osmotic concentration (MO).  On the other hand, 

the citric acid content of the enzymatically macerated juice 

concentrated using conventional concentration (ZC) was 

significantly higher than that of the enzymatically maerated 

juice concentrated using osmotic concentration (ZO). 
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While the maceration method had no significant effect 

on the malic acid content of the osmotically concentrated 

juice samples, it showed significant effect on the malic 

acid content of the conventionally concentrated juice 

samples.  Therefore, malic acid content of the (MC) juice 

sample was significantly higher than that of the (ZC) juice 

sample. 

The total nonvolatile acid content of each pulpy 

cantaloupe juice sample subjected to conventional 

concentration was similar to its corresponding titratable 

acidity values listed in Table III.4.  On the other hand, 

that of each pulpy cantaloupe juice sample subjected to 

osmotic concentration was lower than its corresponding 

titratable acidity values listed in Table III.4.  Organic 

acids such as malic and citric do not pass through the 

membrane of the osmotic concentration unit (Beaudry, 1993). 

Enzymes might have affected the level of organic acid 

content during the 8-hr processing in these samples. 

Another factor could be the sensitivity of the method used 

for determination such low levels of acids in the samples. 

Ascorbic and Dehydroascorbic Acids 

A typical chromatogram of L-ascorbic acid of pulpy 

cantaloupe juice concentrate is shown in Figure III.4B.  The 
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chromatogram in Figure III.4A also shows the total ascorbic 

acid content of the same sample after D-L homocysteine 

treatment.  Comparing chromatograms A and B with 

chromatogram C (a standard contained 100 ng  ascorbic/lOO mL 

mobile phase), it is evident that a total degradation of 

ascorbic acid occurred in the samples during processing. 

Similar results also was reported in clarified cantaloupe 

juice concentrate by Caleb and Wrolstad (Ch. II). 

Processing cantaloupe fruit into a single-strength 

pulpy cantaloupe juice involved cutting, crushing and 

mixing.  Conventionally concentrated samples were subjected 

to heat treatment.  Osmotically concentrated samples were 

subjected to agitation for ca. 8 hr.  All these factors in 

addition to the presence of ascorbic acid oxidase in 

cantaloupe will cause ascorbic acid degradation. 

The content of L-ascorbic acid and its oxidized form, 

dehydroascorbic acid, in fruit juices are commonly 

determined by using the indophenol method.  A blue dye, 

2,6-dichloroindophenole is decolorized when reduced by 

ascorbic acid present in the sample.  This method suffers 

from the drawback of interference by other reducing 

components present in the sample.  In order to avoid 

overestimation of ascorbic acid in any sample, its 

evaluation should be free from interference by other 
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component.  HPLC technique seems to offer such a 

possibility.  Gennaro and Bertolo (1990), for example, 

showed that a reverse phase C-18 /im spherical packing column 

as stationary phase and octylamonium salicylate 0.0050 M 

flowing at 1.0 mL/min as mobile phase was the method of 

choice for L-ascorbic acid separation in fruit juices.  They 

pointed out that this method had high sensitivity and 

reproduciblity.  Caleb (1990) also showed that L-ascorbic 

acid content of fresh frozen cantaloupe determined by the 

indophenol method was significantly higher than L-ascorbic 

acid content of the same sample determined by HPLC and by 

enzymatic methods. 

Mineral Analysis 

Table III.7 presents the content of phosphorus, 

potassium, calcium, magnesium, sodium, iron and copper in 

pulpy cantaloupe juice concentrate.  From this table it is 

apparent that cantaloupe juice concentrate samples were not 

significantly different (p<0.05) in their content of each 

individual element.  This means that the mineral content of 

pulpy cantaloupe juice concentrate was neither affected by 

concentration method nor by maceration method.  Although 

these values are comparable to the values reported in non 

ion-exchange clarified cantaloupe juice concentrate (Ch. 

II), they are still higher than the values reported by 

Gebhardt et al. (1982) in fresh cantaloupe (see Ch.II). 
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These values also much more higher than what Eitenmiller et 

al. (1985) reported in fresh cantaloupe (see Ch.II). 

Sensory Evaluation 

Twenty nine attributes (14 for aroma and 15 for flavor 

by mouth) were used to describe the effects of maceration 

method (MAC), concentration method (CONC) and their 

interaction (MAC*CONC) on the sensory characteristics of 

pulpy cantaloupe juice concentrate.  The F-values for the 

interaction MAC*CONC of all aroma and flavor attributes were 

not significant at (p<0.05).  Therefore, the main effects 

MAC and CONC were considered and presented in one-way 

tables.  In each table, the mean, standard deviation, least 

significant difference (LSD), and p-value of each attribute 

are listed. 

The effect of MAC on pulpy cantaloupe juice concentrate 

aroma and flavor is summarized in Table III.8.  Only four 

descriptors (three for aroma and one for flavor) were found 

to be significant from the trained panel data analysis. 

Juice samples subjected to mechanical maceration were 

significantly higher (p<0.01) in overripe cantaloupe and 

cooked squash aroma characters than juice samples subjected 

to enzymatic maceration.  However, they were significantly 

lower (p<0.05) in rind aroma character and in salty flavor 

character. 
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Because enzyme systems were not inactivated in any of 

pulpy juice samples, many enzymatically induced aroma and 

flavor compounds could be formed which would give different 

aroma and flavor characteristics.  Rind aroma character in 

the enzymatically macerated samples, for example, could be 

due to the formation of aldehydes such as hexenal, (Z)-3- 

hexenal and (E)-3-nonenal (Kemp et al., 1973; Schieberle et 

al., 1990).  Liquefying enzymes also contribute to the 

changes in aroma and flavor of processed juices (Jenniskens 

et al., 1991). 

The effect of CONC on the sensory characteristics of 

pulpy cantaloupe juice concentrate is summarized in Table 

III.9.  Pulpy juice samples subjected to osmotic 

concentration were significantly higher (p<0.01) in overall 

intensity, overripe, rind, grassy and pungent aroma 

character than pulpy cantaloupe juice samples subjected to 

conventional concentration.  These aroma changes in the 

juice samples might be related to enzymatic effect 

(maceration enzyme and endogenous enzymes).  Because of the 

cooking effects which occur during conventional 

concentration, pulpy cantaloupe juice samples subjected to 

this method were significantly higher (p<0.05) in heat 

induced aroma characters (e.g. raw squash, Karo syrup and 

cooked squash) than the juice samples subjected to osmotic 

concentration. 
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The pulpy cantaloupe juice samples subjected to osmotic 

concentration were significantly higher (p<0.05) in overall 

intensity, bitter, sour, salty and astringent flavor 

characters than the pulpy cantaloupe juice samples subjected 

to conventional concentration.  The time required to 

concentrate (19 L) of each sample to 40 0Brix was ca. 8 hr. 

Therefore, these flavor changes were probably due to the 

formation of enzymatically induced flavor compounds.  The 

juice samples subjected to conventional concentration were 

significantly higher (p<0.01) in sweet, overall cantaloupe, 

karo syrup, cooked squash and buttermilk flavor characters 

than the juice samples subjected to osmotic concentration. 

The flavor change in the first two characters was related to 

the enzyme treatment which may have lead to the formation of 

low molecular weight compounds.  Compounds that have 

undesirable aroma and flavor in pulpy cantaloupe juice 

concentrate.  The remainder were due to the formation of 

heat induced flavor compounds.  The juice samples subjected 

to osmotic concentration were significantly higher (p<0.01) 

in after taste than juice samples subjected to conventional 

concentration.  The trained panel also described this 

attribute as an off- flavor.  Enzymatic effects undoubtedly 

account for this flavor attribute. 
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CONCLUSIONS 

Cantaloupes were successfully processed into pulpy 

juice concentrate (40 0C) using direct osmotic and 

centritherm evaporation techniques. 

Samples subjected to osmotic concentration were 1 pH 

lower than samples subjected to conventional 

concentration. 

Sucrose inversion occurred in all samples during 

processing. 

Complete degradation of ascorbic acid occurred in all 

samples during processing. 

No statistical differences were found in mineral 

content of juice concentrates subjected to osmotic and 

to conventional concentration methods. 

The sensory characteristics (aroma and flavor) of pulpy 

cantaloupe juice concentrate were highly affected by 

the concentration method. 



Table III.4 pH, Titratable acidity and Formol value 
of pulpy cantaloupe juice* 
Sample ID n PH Titratable Acidity 

g/100 mL citric 
Formol value 
Meq/IOOmL 

MC 8 6.00a 0.14b 4.96a 
(0.04) (0.01) (0.73) 

ZC 8 5.83a 0.14b 4.18a 
(0.04) (0.02) (0.07) 

MO 8 5.00b 0.21a 4.45a 
(0.28) (0.01) (0.27) 

ZO 8 4.99b 0.18a 4.66a 
(0.13) (0.03) (0.48) 

* Samples were nomalizec to 10.0 0Brix 
MC - mechanically macerated, conventionally concentrated;  ZC - enzymatically 
macerated, conventionally concentrated;   MO - mechanically 
macerated, osmotically concentrated;  ZO - enzymatically macerated, 
osmatically concentrated. 
Values between parenthesis are standard deviations 
Means with the same letter within the same column are not significantlly different 
(p<0.05) 

00 



Table III.5 Sugar composition (g/100 mL) of pulpy cantaloupe juice 
concentrate* as determined by HPLC 
Sample ID n Sucrose Glucose Fructose Total Percent of total sugars 

Sue        Glue fruc 
MC 4 0.14a 

(0.00) 
2.90a 
(0.11) 

3.55a 
(0.08) 

6.59a 2.12      44.0 53.9 

ZC 4 0.19a 
(0.09) 

2.68a 
(0.15) 

3.49a 
(0.22) 

6.36a 2.99      42.1 54.9 

MO 4 0.12a 
(0.01) 

2.48a 
(0.30) 

3.03b 
(0.26) 

5.63b 2.13      44.0 53.8 

zo 4 0.11a 
(0.01) 

2.51a 
(0.35) 

2.94b 
(0.32) 

5.56b 1.98      45.1 52.9 

* Samples were normalized to 10.0 0Brix 
MC - mechanically macerated, conventionally concentrated; ZC - enzymatically macerated, 
conventionally concentrated;  M0 - mechanically macerated, osmotically concentrated; 
Z0 - enzymatically macerated, osmotically concentrated 
Values between parenthesis are standard deviations 
Means with the same letter within the same column are not significantly different (p < 0.05) 



Table III.6 Nonvolatile acid composition of pulpy cantaloupe 
juice concentrate* as determined by HPLC 

Sample ID n Citric Malic Total Percent of total acids 
g/IOOmL g/IOOmL g/IOOmL 

Citric          Malic 
MC 4 0.08b 

(0.00) 
0.05a 
(0.01) 

0.13a 61.5             38.5 

ZC 4 0.07c 
(0.00) 

0.03b 
(0.00) 

0.10b 70.0             30.0 

MO 4 0.10a 
(0.01) 

0.01c 
(0.00) 

0.11b 90.9              9.10 

ZO 4 0.06d 
(0.00) 

0.01c 
(0.00) 

0.07c 85.7              14.3 

* Samples were normalized to 10.0 0Brix 
MC - mechanically macerated, conventionally concentrated; ZC - enzymatically 
macerated, conventionally concentrated; MO - mechanically macerated, 
osmotically concentrated;  ZO - enzymatically macerated, conventionally concentrated 
n = numer of observations 
Values between parenthesis are standard deviations 
Means with the same letter within the same column are not significantly different (p <   0.05) 

H 
(Jl 
O 



Table III.7 Mineral composition (part per million) of pulpy 
cantaloupe juice concentrate* 
Sample n P K Ca Mg Na Fe Cu 

MC 2 272.a 3580a 150a 215a 60.0a 3.25a 0.55a 
(18.4) (41.4) (28.3) (21.2) (14.1) (0.64) (0.21) 

ZC 2 380a 3940a 165a 250a 95.0a 3.15a 0.65a 
(54.5) (537) (21.2) (42.4) (21.2) (0.35) (0.21) 

MO 2 246a 3580a 145a 215a 60.0a 3.70a 0.60a 
(14.1) (141) (21.2) (21.2) (0.00) (0.85) (0.14) 

ZO 2 253a 3380a 145a 220a 105a 3.45a 0.80a 

(33.9) (367) (7.07) (14.1) (21.2) (0.35) (0.00) 
*  all samples were normalized to 10.0 0Brix 
MC - mechanically macerated, conventionally concentrated;  ZC - enzymatically macerated, 
conventionally concentrated;   MO - mechanically macerated, osomtically concentrated; 
ZO - enzymatically macerated, osmotically concentrated. 
n = number of observations 
Values between parenthesis are standard deviations 
Means with the same letter within the same column are not significantly different  (p <   0.05) 

(ji 
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Table III.8 Means, standard deviations and least 
significant difference (LSD) for descriptors 
showing maceration method effect on pulpy cantaloupe 
juice concentratea aroma and flavor 
Descriptor n MECHANICAL 

MACERATION 
ENZYMATIC 

MACERATION 
LSD p-value 

AROMA 
OVERALL   INTENSITY 48 8.19 

(2.18) 

7.84 

(2.13) 

NS 

OVERALL  CANTALOUPE 48 4.90 

(2.27) 

4.65 

(2.03) 

NS 

FRESH 48 1.04 

(1.89) 

1.06 

(1.88) 

NS 

FROZEN 48 1.70 

(2.44) 

1.93 

(2.44) 

NS 

OVERRIPE 48 2.80 
(2.82) 

1.97 
(2.43) 

0.49 »# 

RIND 48 3.51 
(2.44) 

4.53 
(4.33) 

0.69 # 

GRASSY 48 1.24 
(2.08) 

1.46 
(2.29) 

NS 

RAW  SQUASH 48 1.28 
(2.35) 

1.33 
(2.51) 

NS 

KARO  SYRUP 48 1.22 
(2.17) 

1.09 
(1.81) 

NS 

COOKED   SQUASH 48 1.36 
(2.04) 

0.81 
(1.49) 

0.27 • * 

CHEESY 48 2.18 
(2.46) 

1.91 
(2.31) 

NS 

WET  CARDBOARD 48 0.43 
(1.23) 

0.55 
(1.52) 

NS 

PUNGENT 48 3.18 
(3.25) 

3.13 
(2.93) 

NS 

SPOILED 48 3.40 
(3.17) 

2.41 
(2.88) 

NS 

FLAVOR BY MOUTH 
OVERALL  INTENSITY 48 8.96 

(2.17) 
9.35 

(2.32) 
NS 

BITTER 48 3.92 

(2.16) 

4.51 

(2.65) 

NS 

SOUR 48 5.24 

(3.12) 

5.69 

(3.04) 
NS 

SALTY 48 1.98 

(2.65) 

2.52 

(2.79) 

0.40 » 
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Table  III.8   (cont •) 
Descriptor n MECHANICAL 

MACERATION 
ENZYMATIC 

MACERATION 
LSD p-value 

SWEET 48 4.37 
(3.27) 

4.05 
(2.99) 

NS 

ASTRINGENT 48 3.40 
(2.72) 

3.40 
(3.03) 

NS 

OVERALL  CANTALOUPE 48 5.45 
(2.11) 

4.96 
(2.03) 

NS 

FRESH 48 1.07 

(1.92) 

1.08 

(2.03) 

NS 

FROZEN 48 2.15 

(2.75) 

1.83 

(2.71) 

NS 

OVERRIPE 48 2.98 

(2.72) 

2.27 

(2.43) 

NS 

RIND 48 3.44 

(2.58) 
3.66 

(2.78) 

NS 

KARO  SYRUP 48 1.03 

(1.94) 

1.17 

(2.02) 

NS 

COOKED   SQUASH 48 1.39 
(2.17) 

1.68 
(2.36) 

NS 

BUTTERMILK 48 1.39 

(3.66) 

1.68 

(3.61) 

NS 

AFTER TASTE 48 3.19 
(3.37) 

3.17 
(3.44) 

NS 

n Samples were normalized to 10 0Brix 
*:p<0.05; ••:p<0.01 
n = number of observations 
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Table III.9 Means, standard deviations and least 
significant difference (LSD) for descriptors showing 
concentration method effect on pulpy cantaloupe juice 
concentraten aroma and flavor 
Descriptor n CONVENTIONAL 

CONCENTRATION 
OSMOTIC 

CONCENTRATION 
LSD p-value 

AROMA 
OVERALL   INTEHSITY 48 7.29 

(1.84) 
8.74 

(2.22) 
0.75 • • 

OVERALL  CANTALOUPE 48 4.82 
(2.01) 

4.72 
(2.30) 

NS 

FRESH 48 1.16 
(1.97) 

0.95 
(1.79) 

NS 

FROZEN 48 2.06 
(2.59) 

1.56 
(2.25) 

0.47 • 

OVERRIPE 48 1.97 
(2.54) 

2.80 
(2.72) 

0.49 * * 

RIND 48 3.42 
(2.33) 

4.63 
(4.37) 

0.69 • • 

GRASSY 48 0.67 
(1.53) 

2.03 
(2.51) 

0.42 • • 

RAW   SQUASH 48 1.81 
(2.75) 

0.80 
(1.93) 

0.58 • * 

KARO   SYRUP 48 1.37 
(2.17) 

0.96 
(1.79) 

0.28 * 

COOKED   SQUASH 48 1.44 
(1.92) 

0.74 
(1.61) 

0.27 • • 

CHEESY 48 1.88 
(2.25) 

2.21 
(2.51) 

NS 

WET   CARDBOARD 48 0.32 
(1.15) 

0.66 
(1.57) 

NS 

PUNGENT 48 1.81 
(1.92) 

4.49 
(3.44) 

1.14 * * 

SPOILED 48 2.25 
(2.66) 

3.55 
(3.30) 

1.22 • 

FLAVOR BY MOUTH 
OVERALL  INTENSITY 48 8.08 

(1.74) 
10.2 

(2.22) 
0.43 »• 

BITTER 48 3.59 
(2.16) 

4.83 
(2.53) 

0.69 • • 

SOUR 48 3.51 
(1.99) 

7.42 
(2.73) 

0.87 • • 
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Table  III.   9   (cont. ) 
Descriptor n CONVENTIONAL 

CONCENTRATION 
OSMOTIC 

CONCENTRATION 
LSD p-value 

SALTY 48 1.35 
(2.04) 

3.15 
(3.03) 

0.40 *• 

SWEET 48 5.33 
(3.06) 

3.05 
(2.79) 

0.49 » » 

ASTRINGENT 48 2.90 
(2.46) 

3.90 
(3.17) 

0.98 • 

OVEKATX  CANTALOUPE 48 6.00 
(1.53) 

4.41 
(2.25) 

0.72 • * 

FRESH 48 1.87 
(2.02) 

0.97 
(1.93) 

NS 

FROZEN 48 3.01 
(2.96) 

0.97 
(2.01) 

0.96 • • 

OVERRIPE 48 2.59 
(2.76) 

2.66 
(2.44) 

NS 

RIND 48 3.48 
(2.45) 

3.62 
(2.90) 

NS 

KARO  SYRUP 48 1.65 
(2.29) 

0.55 
(1.43) 

0.22 *« 

COOKED   SQUASH 48 2.07 
(2.51) 

0.99 
(1.86) 

0.55 • • 

BUTTERMILK 48 2.07 
(2.28) 

0.99 
(3.67) 

0.55 • • 

AFTER TASTE 48 1.48 
(2.49) 

5.42 
(3.78) 

0.80 » » 

n Samples were normalized to 10.0 "Brix 
•:p<0.05; **:p<0.01 
n = number of observations 
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washing cantaloupe samples 1 

c cutting / seeds and rind removal 

rmechanicai maceration 
Comminuting grinder 

1.5 mm scr. wide; 500 RPM 

enzymatic maceration 
RohapectTL 

200 mL/1(X)0 Kg, 55 min 25 "C 

pulp}- centrifugation 
Westfalia centrifuge 

r 
Serum 

conventional 
Centritherm, 55 "C J 

direct osmotic 
Osmotek module , 25 °C 

pulpy concentrated juice 
40oBrix 

Figure III.l Unit operations for processing pulpy 
cantaloupe juice. 
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10    15 
Time (min) 

20 

Figure III.2 HPLC separation of sugars in pulpy cantaloupe 
juice concentrate 

Peak identification: 1.sucrose, 2.glucose, 
3. fructose, 4.inannitol (internal standard) 
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Figure III.3 HPLC separation of nonvolatile acids in 
pulpy cantaloupe juice concentrate. 

Peak identification: 1.citric, 2.unknown, 
3.malic 
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