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Sensory evaluation and instrumental methods were applied to the 

evaluation of strawberry juice concentrate (680Brix) stored at 

20oC which had been produced both commercially (C-SJC) and in a 

pilot plant (SJC).  Sensory evaluation included taste and aroma 

ratings by intensity scaling and time-intensity of taste, and visual 

colorimetry by matching Munsell color chips.  Instrumental analyses 

included tristimulus colorimetry (i.e. Hunter colorimeter), 

spectrophotometric colorimetry for pigment analyses, titrametric 

analyses for acidity (pH and titratable acidity) and free a-amino 

acids (formol number), and headspace gas analyses for CO2 and O2. 

During six days storage of C-SJC, a decrease in concentration of 

anthocyanins and increase in polyphenolics (tannin) was associated 

with an increase in astringency.  Free a-amino acids were 

observed to decrease, while CO2 was released.  These changes were 

associated with an increase in musty/moldy and pungent aromas.  Free 

sugars and titratable acidity did not change. 



The pilot plant SJC was processed from blanched and unblanched 

fruit to evaluate the relative importance of oxidase activity (i.e. 

polyphenoloxidase) prior to pasteurization.  The blanching treatment 

increased the astringency and sourness in unstored SJC.  These 

affects were associated with an increase in concentration of 

polyphenolics (tannin).  During storage, the blanch treatment 

decreased the rate of anthocyanin loss and decreased the release rate 

of COo, yet degradation rates were still high.  The 0^ 

concentration in headspace did not change significantly during 

storage indicating that polyphenoloxidase (PPO) activity during 

storage was low.  The musty/moldy and pungent aromas increased 

similarly to C-SJC. 

A chemical mechanism accounting for these changes is proposed 

where products from the oxidative degradation of ascorbic acid 

contribute directly or indirectly to the degradation of anthocyanins 

to yield browning.  Further, high initial concentrations and 

subsequent decreases during C-SJC storage of free a-amino acids 

indicate that Strecker degradation is a participating mechanism. 

Associations of browning with the development of off-flavors suggest 

this chemical mechanism forms odor-active volatile compounds. 
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INTERRELATIONSHIPS AMONG CHANGES IN FLAVOR AND AROMA, 

AND COMPOSITION OF STORED STRAWBERRY JUICE CONCENTRATE 

INTRODUCTION 

According to a recent survey (Schutz, 1988), strawberries are one 

of the five most popular foods consumed in the United States. 

Therefore, strawberry flavor is of great commercial importance to the 

food industry.  Strawberry juice (SJ) and concentrate (SJC) are 

commercially produced as natural flavorings and are added to a wide 

variety of products.  SJ is often concentrated to 680Brix as a 

matter of convenience and expense in transportation and storage. 

Preservation from microbial degradation is also increased by the 

concentration of solids through an increase in osmotic pressure. 

It is well known that the quality of SJC is unstable upon storage 

at room temperature.  Relative to other fruit concentrates, it 

undergoes more rapid color and flavor degradation.  This fact has 

stimulated considerable research over the past 40 years.  However, in 

spite of the extensive body of research data on this subject, the 

problem has yet to be fully characterized. 

There are many reasons for the failure to fully characterize SJC 

degradation.  One reason is the complexity of the system.  Various 

enzymatic and non-enzymatic degradation pathways have been shown to 

contribute to storage instability, however the relative importance of 

these pathways is difficult to determine.  The composition and 
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concentration of substrates and reactants affects the degradation 

properties as do processing and storage conditions. 

A second reason is that biochemical assays and sensory 

evaluation methods available during the 40's through 60's differed 

greatly from those currently.  Advancements in analytical equipment 

have greatly enhanced the detection and identification of 

compositional changes.  The advancement of the micro-computer and the 

use of a more scientific approach to sensory research has greatly 

enhanced characterization and quantification of sensory attributes. 

Further, through statistical techniques (e.g., multivariate methods), 

great strides have been made in the development of methods to relate 

compositional change to sensory attributes. 

This dissertation is an extension of ongoing research at Oregon 

State University into the strawberry juice degradation problem.  The 

research goals are to investigate the interrelationships among 

sensory and compositional variables which could further the 

characterization of this degradation process.  Secondly, the relative 

importance of enzymatic and non-enzymatic quality degradation 

pathways was investigated under simulated industrial processing and 

storage conditions.  The objectives chosen to meet these goals 

include: 

1) characterize the sensory changes in color, taste and aroma 

during the degradation of industrially produced concentrate. 

2) interrelate change in composition to color, taste and 

aroma change during the storage of industry produced 

concentrate by associating sensory evaluation with 

compositional assays. 
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3) develop a pilot plant process which simulates the industrial 

process. 

4) modify the process to investigate the relative effects of 

enzymatic activity on the degradation of SJC. 

5) characterize the differences in processing and storage with 

respect to sensory time-intensity and scaled intensity and 

compositional change. 

6) compare commercially produced to pilot plant produced 

concentrate before and after storage. 



LITERATURE REVIEW 

Composition of Strawberry Fruit and Juice 

Strawberries, including the wild and cultivated species and 

varieties, belong to the genus Fragaria.  The composition of 

strawberry fruit has been reported by Wrolstad et al. (1970a) for 

five varieties from the Pacific Northwest, and Goodall and Scholey 

(1975) for 33 varieties found world-wide.  From these reports it is 

clear that strawberries vary considerably in composition. 

Coefficients of variation ranged from 12% (total solids) to 100 and 

148% for some amino acids (Goodall and Scholey, 1975).  Compositional 

differences are due to variety, maturation level, and factors 

affecting growth (i.e. environmental conditions).  What will follow 

will be a brief overview of the major compositional characteristics 

of strawberries. 

Free Sugars 

Whiting (1970) reports that the free glucose, fructose and 

sucrose content in strawberry fruit is 2.59, 2.32 and 1.30 g/lOOg, 

respectively.  In an article compiled from seven sources, Wrolstad 

and Shallenberger (1981) report free sugars in strawberry at a 1:1 

ratio of glucose to fructose with glucose, fructose and sucrose 

ranging from 1.02-3.20, 1.48-3.40 and 0.20-1.56 g/lOOg fruit. 

Sorbitol was reported in trace quantities. 



Solids 

Strawberries have a very low solids content.  Insoluble solids 

range from 1.1 to 3.3% (w/w), soluble solids range from 6.0-11.6%, 

and total solids range from 7.9 to 14.4% (Goodall and Scholey, 

1975).  Insoluble solids are primarily due to seeds (Green, 1971). 

In spite of this low solids content, strawberries can still form a 

rigid structure.  Therefore, the network of pectic substances, and 

other polysaccharide fractions have a high water holding capacity. 

Knee and Hartley (1981) reported the cell wall of strawberry to 

contain: galacturonic acid (40.3%), glucose (31.1%), amino acids 

(10.7%), galactose (7.6%), arabinose (6.5%), xylose (1.9%), mannose 

(1.7%), rhamnose (1.1%) and hydroxyproline (0.1%).  Buerger (1986) 

found cell wall neutral sugars to vary greatly among four varieties 

and different cell wall fractions.  Wesche-Ebling et al. (1985) 

reported water-soluble polysaccharides to increase, while 

chelator-soluble fractions to decrease during ripening. 

Goodall and Scholey (1975) determined the ash and mineral 

content for 54 samples of strawberries from various cultivars.  The 

ash, P, K, Na, Ca and Mg content were reported to range 0.34-0.58, 

14.2-30.8, 107-222, 0.57-2.38, 14.5-41.4 and 7.6-14.4 mg/lOOg fruit 

(dry basis), respectively.  In the Hood and Tioga cultivars grown in 

Oregon, Abers and Wrolstad (1979) report K, P, Ca and Mg at 1.45, 

0.26, 0.10 and 0.06 mg/lOOg dry fruit.  Green (1971) points out that 

mineral content is greatly influenced by agricultural conditions and 

practices.  Various metal ions are not only important in structure, 
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but are important in regulating and affecting enzymatic and 

non-enzymatic biochemical pathways. 

Acidity and Organic Acids 

The acidity of strawberry is primarily due to its non-volatile 

organic acids.  The pH and titratable acidity (TA), as % citric acid, 

have been reported as ranging from 3.21-3.81 and 0.61-1.21 (Wrolstad 

et al., 1970a), respectively.  Green (1971) reported a pH of 3.26 and 

TA to range 0.57-2.26 with the major organic acids including citric, 

malic, ascorbic, succinic, and quinic.  Ascorbic acid will be covered 

in the discussion of vitamins.  Citric (10-18%, meq/ 100 g), malic 

(1-3%), succinic (0.1%), and quinic (0.1%) acids have been reported 

by Ulrich (1970).  Other organic acids in lesser quantities include 

succinic, shikimic, glyceric, glycolic, salicylic, gentisic and 

vanillic (Hulme and Wooltorton, 1958; Stohr and Herrmann, 1975). 

Vitamins 

Various vitamins are reported in strawberry.  The most notable 

is vitamine C (ascorbic acid).  Ascorbic acid has been reported to 

range from 28.5 to 94.3 mg/100 g fruit (Wrolstad et al., 1970a). 

Vitamin A (carotene) has been reported ranging from 0.03 to 0.15 

mg/100 g (Green, 1971).  The B complex vitamins have been reported to 

be 0.03, 0.03-0.07, and 0.6 mg/100 g for thiamine, riboflavin, and 

nicotinic acid, respectively (Green, 1971). 



Free Amino Acids 

Free amino acids are found in relatively high concentrations in 

strawberry juice.  Rockland (1958) found asparagine, glutamine and 

alanine to be in higher concentration than glutamic acid, aspartic 

acid and serine. Asparagine (59%, mg/100 ml juice)), glutamine 

(14%), alanine (12%), and glutamic acid (3%) were present in greatest 

quantities with lesser amounts (<2%) of serine, threonine, valine, 

leucine/isoleucine and cysteic acid for the Marshall variety (Tinsley 

and Bockian, 1959).  Burroughs (1970) reports glutamine > asparagine 

> glutamic acid > aspartic acid, alanine > serine > threonine, 

amino-butyric acid » valanine, leucine.  Gallander (1979) reported 

asparagine to be greatly reduced in concentration during fruit 

maturity for four varieties (Robinson, Midway, Guardian, Raritan). 

Early fruit ranged from 64 to 218 mg/100 ml juice, while late fruit 

ranged from 60 to 136 mg/100 ml juice.  Amino acids were hypothesized 

to be catabolized during the ripening process.  Compared to other 

soft berry fruit, strawberries have a slightly lower total nitrogen 

content (mg/100 g). This point, however, is overshadowed by the fact 

that strawberries have a greater water content than other berry 

fruits.  It may also be important to note that the distribution of 

amino acids favor those with reactive secondary amino groups. 

For the Hood and Tioga varieties in Oregon, Abers and Wrolstad 

(1979) reported glutamine and asparagine concentrations of 269 and 

242 umoles/100 g of fruit, respectively.  For these two varieties, 

other free amino acids, in addition to those reported above, include 

amino sugars (68.6 and 23.3, respectively), histadine (4.24 and 
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1.25), glycine (2.43 and 3.45), tyrosine (1.36 and 2.95), methionine 

(trace) and proline (trace). 

The free a-amino acid concentration, measured by the formol 

titration method, was reported to range from 0.2-1.85 meq/100 g fruit 

(strained and diluted 50% v/v with water) by Goodall and Scholey 

(1975). Ryan and Dupont (1973) also used the formol titration and 

reported a-amino acids ranging 0.43-2.37 meq/100 g fruit. 

Flavonoids 

The flavonoid compounds of importance in strawberries include 

anthocyanins (ACN), catechins (flavan-3-ols), flavanols, 

leucoanthocyanins, and cinnamic acid derivatives (Figure 1.1).  The 

pigment responsible for the red color of strawberries was isolated 

and identified as pelargonidin (pg)-3-glucoside (Sondheimer and 

Kertesz, 1948).  Lukton et al. (1956) report pg and cyanidin (en) 

-3-glucoside.  Wrolstad et al. (1970b) reported a third ACN.  Hong 

(1987) noted five anthocyanins in strawberry juice with pg and en-3 

glucoside confirmed and pg-3-rutinoside, a pg derivative and 

pg-3-glucoside acylated with acetic acid tentativly identified. 

Van Buren (1970) noted that strawberry had considerable less 

ACN pigment than other red berry fruits such as raspberries, 

blackberries, cranberries, and grapes.  The total ACN content has 

been reported to range from 343 to 966 uM/g (Wrolstad et al., 

1970a).  Hassanein (1982) report a total ACN concentration 

(pg-3-glucoside equivalent) of 19.48 mg/100 ml from unblanched 

strawberry juice.  The relative composition of ACN pigments were 
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reported as 72-95% pg-3-glucoside (Wrolstad and Erlandson, 1973). 

Wrolstad et al. (1970a) reported the pg:cn -3-glucoside ratio to be 

20:1. 

The flavanols first identified were quercitrin-3-glucoside and 

kaempferol-3-glucoside (Williams and Wender, 1952).  Co and Markakis 

(1968) identified catechin (flavan-3-ol), and isolated five different 

leucoanthocyanins and four unknown flavanoids.  Leucoanthocyanins are 

defined as those flavanoids which yield anthocyanidins upon acid 

hydrolysis.  Leucoanthocyanins were found at 67 mg/100 g (cyanidin) 

and represented the largest fraction of "tannin" (Co and Markakis, 

1968).  Green (1971) reported "tannin" to represent 0.11-0.15% (w/w) 

of the fruit where tannin is the material oxidized by potassium 

permanganate under standard conditions.  It may include various 

polyphenolic and proteinaceous material, as well as 

leucoanthocyanins.  Ryan (1971) concluded that the major flavanols in 

one or more "Ottawa market" varieties of strawberry were: quercetin 

(qu) -^-3-glucuronic acid, qu-/9-3-glucose, kaempferol (km) 

-/3-3-glucuronic acid, km-/3-3-glucose, km-7-glucoside, and 

km-7-glucose.  The major flavan-3-ol in the Tioga variety of 

strawberry was found to be D-catechin (Wesche-Ebeling, 1984), while 

L-epicatechin, and D-gallocatechin were also found by Stohr and 

Herrmann (1975).  Stohr and Herrmann (1975) identified cinnamic acid 

derivatives and other phenolic substances to include: gallic acid, 

4-hydroxybenzoic acid > p-coumaric acid, methyl gallate, ellagic acid 

> protocatechuic acid » chlorogenic and neochlorogenic acids. 



11 

Lipids 

Nothing was found in the literature regarding the lipid content 

of strawberry fruit. Seed composition is generally comprised of very 

different fatty acids from those in the rest of the fruit. 

Strawberry does not have a fleshy outer pericarp to encase seeds such 

as in other fruit (grapes, cranberry, current and apple). Therefore, 

the lipid content may be expected to be less. 

Many lipids, including aliphatic fatty acids and phospholipids, 

are associated with cell wall structure and various proteins. 

Mazliak (1970) notes that all fruits contain oleic acid (octadecanoic 

acid).  Small chain fatty acids, which are volatile, are covered in a 

discussion of volatile components. 

Volatile Components 

More than 150 volatile components were detected from strawberry 

pomace (McFadden et al., 1965).  This research involved the 

concentration of ten tons of vapor condensate into a few milliliters 

of "strawberry oil".  From this list, more than 130 have been 

identified including at least 50 esters (ethyl hexanoate, methyl 

hexanoate, methyl butyrate, ethyl butyrate, ethyl-2-methylbutyrate, 

ethyl benzoate, and benzyl acetate), 20 acetals, 20 aldehydes and 

ketones, 23 alcohols (mostly aliphatic), 11 acids, and 10 

hydrocarbons (Buttery, 1979).  Mussinan and Walradt (1975) identified 

33 acids from fresh strawberries. 
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In spite of this large list of volatile components, the source 

for strawberry aroma has not been reported in the literature. 

Nursten (1970) mentions that a synthetic "strawberry aldehyde" (ethyl 

1-methyl-2-phenylglycidate) is important commercially for artificial 

strawberry aroma.  Pickenhagen et al. (1981) detected 

2,5-dimethyl-4-hydroxy-3(2H)-furanone (Furaneol) in wild and 

cultivated strawberry cultivars.  Furaneol was believed to be a major 

flavor component to strawberries.  Dirinck et al. (1977) found esters 

to be the major fraction of headspace volatile compounds from 

strawberry fruit upon liquefaction in a blender.  Their claim, 

however, that these esters are the major components of fresh 

strawberry aroma was unsubstantiated by sensory evaluation.  Research 

has not been reported regarding the "odor-activity" (Acree et al., 

1984) of the volatile components of strawberry fruit. 

Enzymatic activity has been found responsible for the 

development of some strawberry aromas.  Yamashita et al. (1975) found 

seventy esters to be formed from the incubation of nine aliphatic 

alcohols (C1-C6) with whole strawberries.  The incubation of alcohols 

resulted in the formation of their respective esters and other 

esters.  No ester formation was observed when the strawberry was 

crushed or homogenized.  Amino acids may be precursors to some 

volatile components.  Isoamyl acetate (banana aroma component), 

formed in the strawberry/aliphatic alcohol mix, was hypothesized to 

be formed from leucine (Yamashita et al., 1975).  Amino acid analysis 

of strawberry found 0.4 mg/100 g of leucine, compared to 16.8 mg/100 

g for banana.  Later work by Yamashita et al. (1976a, 1976b, 1977) 

found aldehydes to be precursors to various aroma components via 
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alcohol dehydrogenase systems.  Therefore, aldehydes can be formed 

from the degradation of free amino acids. 

Schen (1978) found changes in the aroma of strawberry pomace 

under various treatments of incubation temperature, incubation time 

and pH.  Incubation temperature had the greatest effect on strawberry 

aroma "quality" (undefined sensory attribute) over 20-40° C.  A 

loss of "quality" was observed at 50° C, especially at a pH>6.  In 

general, as pH increased, intensity decreased.  This "quality" 

attribute approached a maximum when the strawberry pomace was 

incubated greater than 4 hr at pH 4.0 and 40oC.  These results were 

hypothesized to relate to changes in enzyme activity. 
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Compositional Changes During Juice Processing 

Juice Extraction, Clarification 

During juice extraction procedures, the cellular structure of the 

strawberry is disorganized, bringing into contact active enzymes and 

their respective substrates.  Possible substrates for enzymatic 

activity include ascorbic acid (Hooper and Ayres, 1950); various 

phenolics (Wesche-Ebeling, 1984); amino acids (Yamashita et al., 

1976); sugars or phenolic glycosides (Huang, 1955,1956); or organic 

acids, aliphatic alcohols and fatty acids (Yamashita et al., 1976). 

Enzyme catalyzed reactions may form products which directly or 

indirectly affect juice color, taste and aroma through various 

coupled reactions.  These degradation pathways are to be discussed in 

the next section.  For this reason, Wesche-Ebeling (1984) proposed 

that pre-liquefaction blanching be employed to minimize enzymatic 

activity.  Processing steps discussed below often require long time 

periods (8-10 hr) at temperatures optimal for enzyme activity. 

The addition of various pectinase enzymes to facilitate juice 

extraction is a routine processing step in many commercial operations 

(Pollard and Timberlake, 1971).  During this liquefaction step, 

various combinations of pectinesterase, polygalacturonase, and 

pectin-trans-eliminase enzymes are used. Whitaker (1984) reviews 
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other pectinases including many different pectate lyases and 

arabinases.  These enzymes are often prepared from fungus strains, 

especially Asperpillus niger.  The result is the breakdown of 

cellulose, pectic substances, hemicelluloses and other 

polysaccharides into sacchrides of low degree of polymerization. 

Once liquefaction has been completed, juice extraction by 

pressing (i.e. hydrolic rack and cloth method) removes insoluble 

solids (i.e. seeds, cell wall constituents).  Soluble strawberry 

components remain in solution.  Part of this includes inherently 

unstable colloidal suspensoids (Pollard and Timberlake, 1971).  The 

removal of these colloidal suspended components is desirable in 

strawberry processing where a clear juice is required. Methods used 

to accomplish this include depectinization, fining and/or 

filtration.  Commercial depectinization is facilitated further by the 

addition of pectinases.  Byrde et al. (1960) noted that some berry 

fruits many show some resistance to depectinization due to the 

presence of fungal proteolytic enzymes which cleave and inactivate 

pectinases.  Lea (1984) mentions that procyanidins ("true tannins") 

can inhibit the action of some pectolytic enzymes in apple juice 

processing. 

Clarification is the final step in achieving a clear juice. 

Fining is often used in the stabilization of juices by complexing via 

electostatic forces with colloidal suspensoids of the opposite charge 

(Pollard and Timberlake, 1971).  The complex then dissociates from 

solution in the form of a precipitate.  Other processes include 

filtration which removes suspensoids via size exclusion properties. 

Possible processes used include filtration or ultrafiltration 
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(Heatherbell et al., 1982). 

Heat Processing 

Many fruit products where the cell structure has been damaged are 

exposed to heat processes to inactivate enzymes such as 

polyphenoloxidase (Vamos-Vigyazo, 1981). Polyphenoloxidase (PPO) 

inactivation temperature from 70-90oC for various times have been 

reported. Apple PPO half-life at 70oC was 12 min. Instantaneous 

(6 sec) inactivation was found over 89.50C (Vamos-Vigyazo, 1981). 

Wesche-Ebeling (1984) found the half-life of strawberry PPO to be 

2.78, 0.92, and 0.75 min at 70, 80, and 90oC, respectively. 

Heating, however, must be done with caution as to not cause 

non-enzymatic browning reactions.  Markakis et al. (1957) found color 

degradation of buffered solutions of pg-3-glucoside to be of first 

order over 20-100oC.  In strawberry preserves, similar degradation 

rates were observed by Meschter (1953).  It was recommended to use 

high temperature short time (HTST) processing for optimal color 

quality. 

Other reactions, promoted by heat, will be discussed in the next 

section.  A few worth quick mention are the production of 

hydroxy-5-methlyfurfural and furfural from Maillard or ascorbic acid 

degradation.  These reactive species have been shown to react 

directly with ACN (Daravingas and Cain, 1968).  Beattie et al. (1943) 

found ascorbic acid to degrade more rapidly at higher temperatures. 

Maillard reactions precede more rapidly when heat is applied 

(Shallenberger and Birch, 1975). 
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Concentration 

Fruit juices are often concentrated by vacuum distillation as a 

matter of convenience and decreased cost in transportation.  In 

addition, the increase in osmotic pressure decreases their 

susceptibility to microbial spoilage (Pollard and Timberlake, 1971). 

Concentrates are used for reconstituted juice formulation, fruit 

juice drinks and as an ingredient in a variety of other products. 

However, they are labile to non-enzymatic, oxidative and occasionally 

microbial instability, especially when held in storage at elevated 

temperatures (Pollard and Timberlake, 1971). 

Many changes occur in juices during and after concentration which 

increase the susceptibility of the beverage system to these 

deleterious effects.  The most obvious change is the removal of the 

solvent (water).  Many studies have related degradation rates to 

changes in moisture content.  These include pathways involving 

ascorbic acid browning (Hendel et al., 1955; Dennison and Kirk, 1982; 

Kristberggson, 1985), Maillard and Strecker reactions (Wolfrom and 

Rooney, 1953; Kearsley and Rodriguez, 1981; Seow and Cheah, 1985), 

enzyme activity (Drapron, 1985) and anthocyanin instability (Markakis 

et al., 1957).  Often the juice has already undergone some 

degradation prior to concentration as noted by Beveridge and Harrison 

(1984).  The result is the concentration of reactive products which 

may become more important with respect to degradation in a 

concentrate, rather than a juice. 

The relationship of water to degradation has received 

considerable attention in the literature.  Water affects degradation 
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rates in many ways by: (1) acting as a reactant, (2) acting as a 

solvent through diluting or imparting mobility to reactants, (3) 

hydrogen bonding or complexing with reactive species, and (4) 

affecting the conformation of proteins or the transition between 

crystaline and amorphous states of sugars and starches (Leung, 

1987).  Labuza et al. (1970) describes three states of water based on 

their availability to interact with food components.  At 0-20% 

equilibrium relative humidity (ERH) all water is tightly associated 

with other food constituents as a tightly bound monolayer.  The 

bonding energies are greater than the free energy of the system to 

allow water to be available for interaction with other food 

components. At intermediate moisture levels (ERH 20-55%), 

intra-molecular water molecule associations increase as they form 

multilayers around food constituents.  Therefore, availability 

increases.  At high ERH (>55% ERH) capillary condensation and free 

water movement increases.  The availability to interact depends on 

the concentration of other reactants. 

Fennema (1985) notes that water bondedness depends on several 

factors including: water structure (e.g. entropy related to factors 

such as hydrophobic interactions), mobility, bond-dissociation 

energies, and water activity (i.e., mole fractions of water). 

Gilbert (1986) uses the concept of "available water" in a 

thermodynamic context to discuss the importance of water binding 

energy at these moisture levels.  As clusters of water molecules 

form, the energy to free water decreases since intra-molecular bonds 

(10-12 Kcal/mole) are more easily broken than bonds between other 

food components.  The enthalpy of activation energy is also decreased 
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due to an increase in randomness among the food components (decreased 

entropy). 

Juice concentrates exist at the boundary of intermediate to high 

moisture water activity.  Apple juice concentrated to 65 and 

750Brix, reached an aw of 0.78. and 0.67, respectively (Toribio 

and Lozano, 1984).  Pear juice concentrated to 65.1 and 72.50Brix, 

reached an aw of 0.77 and 0.67, respectively (Beveridge and 

Harrison, 1984).  Iglesias and Chirife (1982) give the sorption 

isotherms for freeze-dried strawberry from puree at 250C, and 

compared it to other sorption isotherms of strawberry at 10oC and 

sucrose solutions at 20oC.  An aw of 0.7 (20
oC) can be achieved 

with solutions of sucrose and water at only 0.05% MC, while 

freeze-dried strawberry puree at 250C required 30% MC.  Temperature 

had little effect on the isotherm; however, as noted above the 

increase of high molecular solids decreased the a^.  Therefore, 

strawberry juice concentrate (680Brix) would be expected to fall 

close to the sorption isotherm of freeze-dried puree, with some 

differences depending of composition change due to depectinization 

and filtration. 

Literature sources have addressed the issue of degradation rates 

with increases in concentration.  Erlandson and Wrolstad (1972) 

demonstrated that anthocyanin degradation rates increased with 

increased relative humidity over freeze-dried strawberry puree.  In 

apple juice concentrate, Toribrio and Lozano (1984) found the 

activation energy for browning to decrease and browning rate to 

increase as 0Brix increases (65-750Brix) and a^ decreases (0.78 

to 0.67 a ), respectively.  Eichner and Karel (1972) found browning 



20 

to reach a maximum in sugar-glycine solutions at a^^ between 0.3 and 

0.7.  In glycerol/water model solutions, anthocyanin degradation was 

least in the range of 0.63 to 0.79 aw (Kearsley and Rodriguez, 

1981).  Lee and Labuza (1975) found ascorbic acid degradation to 

increase over the range of 0.2 to 0.7 a^ due to increased solute 

mobility.  At the same aw, Kristberggson (1985) found the ascorbic 

acid rate to decrease in the presence of components that bind water 

more tightly. 
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Theories Related to Compositional Changes 

Considerable attention has been given to compositional changes 

in processed and stored strawberry juice and concentrate.  Since the 

early 1940's various hypotheses have been proposed to account for 

changes in color, taste and flavor.  Compositional change related to 

color has received the most attention in the literature.  This may be 

due, in part, to the applications of colorimetry to food science.  It 

may also be due to the relative importance of color to overall 

quality assessment.  Kostyla and Clydesdale (1978) review 

psychophysical relationships bewteen color and flavor perception. 

However, taking into account the masking effects that natural and 

artificial colorings can provide, taste and flavor can also be argued 

to be of great importance to quality.  In any case, color change is a 

clear indication of compositional change and, therefore, quite often 

indicative of changes in taste and flavor. 

Both enzymatic and non-enzymatic mechanisms have been 

investigated where compositional change has been followed in model 

and strawberry systems.  The basis for color changes appear to be due 

to destabilization and loss of the anthocyanin (ACN) red pigment and 

the formation of various brown pigments.  Various other mechanisms 

related to browning can also form products which impart off-flavors. 

Stability of the Anthocyanin Pigment 

The red color of the ACN pigment is due to the absorbance 

spectra resulting from the resonance stabilization of the flavilium 
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cation (AH ).  In solution, this molecular species exists in 

equilibria with at least four other molecules (Figure 1.2). 

Equilibria Shifts in Aqueous Solution.  Meschter (1953) found 

spectral shifts in absorbance at 500 nm to vary with pH in freeze 

concentrated strawberry juice (67° Brix).  Absorbance reached a 

maximum at pH 1, while over the range of pH 5-6 no further decrease 

occurred.  This indicated that the red pigment was most stable at pH 

1 with complete loss of color at pH's above 5.  Sondheimer (1953) 

proposed that an equilibrium exists between the red flavilium cation 

(AH ) of pg-3-glucoside and the colorless carbinol pseudobase (B). 

In model systems and strawberry juice, Lukton et al. (1956) noted the 

rate of pigment decrease (measured at 500 nm) to be pH dependent in 

the presence of O2 at 45° C.  However, in a No headspace over a 

pH range of 3.05 to 4.30, pigment decrease was comparatively 

independent of pH.  This suggested that B or one of its breakdown 

products was labile to oxidative degradation.  These results were 

more apparent in the juice system. 

Markakis et al. (1957) investigated color loss in purified model 

systems of ACN and proposed that color loss in strawberry juice is 

related to an acid hydrolysis of pg-3-glucoside.  This was based of 

the observation that ACN was stable in dry (anhydrous), crystalline 

form.  Acid hydrolysis was proposed to occur by either hydrolysis of 

the glucose moity or a ring opening at the 1-2 position to form a 

chalcone (C).  The later reaction was believed more prevalent since 

free glucose was not detected during the degradation process in 

conditions of 80 to 100° C and pH 2.0 to 3.4.  Jurd (1963a) 

proposed an equilibrium exists between the flavilium cation (AH2), 
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carbinol pseudobase (B), and chalcone (C).  Timberlake and Bridle 

(1966) expanded this by proposing a pH dependent equilibria between 

four compounds: AH , a quinoidal base (A), B, and C. 

Adams (1973a,b) found cn-3-glucoside to form the pseudobase 

glucoside (B) faster than the cyanidin aglycone in acidified (pH 1-4) 

solutions at 100  C.  A mechanism was postulated where B was 

further degraded to C-glucoside and, subsequent, to the C-aglycone. 

Under aerobic conditions, the C was irreversibly oxidized to an 

a-diketone.  The rate limiting step was the hydration reaction to 

form B.  Therefore, oxidation of C resulted in loss of AH+ 

resulting in greater loss of color. 

Shrikhande (1976) proposed a equilibrium scheme to incorporate 

the quinoidal base (A) where: 

AH23piB^A-^C. 

This involved the successive change in color of aqueous solutions 

from red (Al^), to colorless (B), to blue (A) as pH increases from 

1, to 4-5, to 7-8, respectively.  Brouillard and Delaporte (1977) 

proposed a different scheme based on shifts in absorbance spectra at 

different temperature and pH: 

A^ AHj-r^B^C. 

For malvidin-3-glucoside, they determined rate constants for a proton 

transfer reaction from AHo to A, a hydration reaction between AH2 

and B, and a tautomeric reaction between B and C.  The AHo, A, and 

B can be distinguished by absorbance differences at 520 nm, while the 

C form is distinct from the rest with a greater absorbance at 360 

nm.  At pH greater than 4, the B and C forms were favored.  At the 

most acidic pH's, only the AFU and B are stable, while a pH jump to 
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5 resulted to progressively slower shifts to the A and C forms, 

respectively.  Heating was found to shift the reaction in favor of 

the chalcone (C), while cooling takes much longer for the C to shift 

back to the B, than B to the AH2.  These results were explained by 

a hypothesis that the hydration reaction, which is slower, is 

kinetically flavored as pH increases due to the A form being less 

stable than B.  This scheme suggests that under conditions where 

water is less available for the hydration reaction (i.e. 

concentrates), equilibrium shifts may favor A as pH is increased. 

Oxidation by Hydrogen Peroxide.  Sondheimer and Kertesz (1952) 

proposed a mechanism for the oxidation of pg-3-glucoside by hydrogen 

peroxide.  Jurd (1966, 1968) reports the oxidation of 

anthocyaniri-3-glucosides to o-benzoyloxyphenylacetic acid esters 

(Figure 1.3A).  This was further substantiated by Hrazdina and 

Franzese (1974) as a product formed by hydrogen peroxide oxidation of 

the anhydro base (A) in acidified solutions (pH 1-3). 

Hydrolytic Loss of Glycolytic Moiety.  Loss of the ACN sugar 

moiety has been shown to result in destabilization of the ACN 

molecule.  Lukton et al. (1956) noted the half-life for pelargonidin 

to be only 5 minutes at pH 3.4 and 250C.  Huang (1955,1956) noted 

decolorization in pigment extracts from strawberry and other fruit 

with addition of crude fungal preparations due to enzymatic loss of 

the glucose moiety from the flavilium cation (AH2).  The result was 

destabilization of the cation and spontaneous degradation to the 

ketonic tautomer of pseudobase carbinol (B) aglycone (Figure 1.4). 

This degradation product was observed to undergo further oxidative 

degradation. 
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Figure 1.4.     Destabilization of the anthocyanin by loss  of the  sugar 
moiety and spontaneous  degradation to a ketone of the pseudobase 
carbinol  aglycone   (Huang,   1955b). 
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Nucleophilic Attack.  Debicki-Pospisil et al. (1983) studied 

the relative reactivities to nucleophilic attack of different atomic 

positions on the cyanidin cation, keto-pseudobase, anhydrobase and 

chalcone.  The cation had the lowest pie electron charge distribution 

at the C2 position (with the C4 position also low).  This supports 

the model proposed by Huang (1955b) that the ACN aglycone is very 

labile to nucleophilic attack at the C2 position. 

Jurd (1963b) found addition of sodium bisulfite to reversibly 

react with the flavilium cation by nucleophilic attack at the C2 

position (Figure 1.5).  This addition, which quickly bleaches out the 

red color, is reversed in strong acid with heating.  Adams and 

Woodman (1973) found sulphite addition to stabilize cn-3-rutinoside 

by effectively competing with the hydration reaction which forms the 

pseudobase (B).  Proposed was sulfite addition to the C2 position and 

an equilibrium set up between the cation, pseudobase and 

sulfite-flavilium compound. 

Electrophilic Attack.  Timberlake and Bridle (1976) indicate 

that addition reactions also can occur at the C6 or C8 positions. 

This is the basis for an electrophilic attack by a catechin-catechin 

complex (discussed later under the role of aldehydes). 

Non-enzymatic Browning 

There are many different non-enzymatic degradation pathways 

involved in the food chemistry of strawberry juice and concentrate. 

The relative importance of different pathways depend on the 

conditions which compositional substituents are subject to under 
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Figure 1.5. Addition reaction of sulfite to the C2 position of 
anthocyanin-3-glucosides or the C4 positions of anthocyanidins (Jurd, 
1963). 
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processing and storage.  In the presence of catalyzing enzymes, some 

non-enzymatic pathways increase greatly in their relative 

contribution to browning. 

Color change is attributed by loss of the red flavilium cation 

and the development of brown (yellow/red) pigments.  The web of 

complexity of non-enzymatic browning can be catagorically classified 

by pathways associated with compositional change in the red flavilium 

cation, various colorless phenolics, ascorbic acid, reducing sugars, 

and free amino acids.  As reviewed above, the equilibrium between 

various flavilium derivatives changes with processing and storage 

conditions.  The relative reactivities of these different compounds 

to oxidative destruction and nucleophilic attack depend also on these 

conditions, as well as the reactivities and availability of other 

compositional components in the strawberry juice or concentrate. 

Role of Ascorbic Acid.  During the 1940's, ascorbic acid (AsA) 

received some attention since it was found to be very liable to 

oxidative degradation.  Hydrogen peroxide and dehydroascorbic acid 

(dHAsA) were found to be formed by the copper and iron catalyzed 

oxidative decomposition of AsA (Dekker and Dickenson, 1940; 

Silverblatt et al., 1943; Weissberger and LuValle, 1944). 

Eison-Perchonok and Downes (1982) determined oxidation of AsA 

followed second order kinetics.  The O2 dissociation rate was 

dependent on the headspace ©2 partial pressure and temperature.  At 

this same time strawberry juice color loss was receiving attention 

since its degradation was reported to more dramatic than other fruit 

juices (Beattie et al., 1943; Sondheimer and Kertesz, 1948).  Beattie 

et al. (1943) demonstrated that the color loss in strawberry juice 
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was more severe in the presence of an oxygen filled headspace.  In 

addition, AsA loss was shown to parallel this color change. 

Sondheimer and Kertesz (1948) found brown color formation to be 

preceded by major losses of red pigments.  In addition, they 

supported contention by Beattie et al. (1942) that AsA was related to 

color loss.  Later studies by Starr and Francis (1968), Shirkhande 

and Francis (1974), Calvi and Francis (1978), and Poei-Langston and 

Wrolstad (1981) have confirmed this relationship. 

Sondheimer and Kertesz (1953) proposed a mechanism for the 

indirect oxidative degradation of pg-3-glucoside by AsA with hydrogen 

peroxide participating as an oxidizing agent (Figure 1.6A).  Jurd 

(1972) and Poei (1979) proposed a mechanism exists for the direct 

condensation of AsA and ACN.  The proposed mechanism is an addition 

reaction at the C4 position (Figure 1.6B). 

The roll of AsA and its degradation products were further 

elucidated by studies of various additives.  Markakis et al. (1957) 

found the addition of AsA into strawberry juice accelerated pigment 

loss.  Meschter (1953) agreed with these results, while noting that 

the addition of dHAsA contributed to accelerated pigment loss.  The 

degradation rate, however, was less than for equivalent additions of 

AsA.  These results suggested that degradation products of AsA may 

also contribute to ACN degradation. 

Therefore, it can be concluded that the relationship of AsA on 

the degradation of ACN is very complex.  It is now reasonable to 

conclude that direct condensation reactions can occur between AsA 

radicals and ACN pigments. However, the addition of dHAsA also 

resulted in ACN degradation.  Therefore, decomposition products of 
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dHAsA may be further involved in ACN degradation. 

Redox Stabilization.  In model systems containing anthocyanin 

(ACN) pigments, riboflavin (another redox constituent of strawberry) 

was found to accelerate the destruction of AsA, while not in the 

absence of ACN pigments (Pratt et al., 1954).  In strawberry juice, 

however, Markakis et al. (1957) found that the addition of riboflavin 

into strawberry juice decelerated color loss.  This suggests that 

riboflavin can act as an anti-oxidizing agent, free radical quencher, 

or be involved in reducing dHAsA back to AsA.  The rate of pigment 

degradation was also slowed by the addition of cystine, a redox 

constituent (Sondheimer and Kertesz, 1953; Markakis et al., 1957). 

Ascorbic acid was observed to protect model systems including ACN 

from browning only up to 6 hours storage at 50° C (Sistrunk and 

Cash, 1968).  However, after 18 hours storage the browning was 

greater in the presence of AsA. 

Thiourea, a metal complexing agent, reduced the rate of ACN 

degradation as measured by change in absorbance at 500 nm (Sondheimer 

and Kertesz, 1953; Markakis et al., 1957). Sistrunk and Cash (1970) 

investigated ascorbic acid and ACN degradation after addition of 

various metal chelating additives.  Addition of SnCl^ was found to 

stabilize the red color.  Wrolstad and Erlandson (1973), however, 

concluded that SnCl^ protected color by formation of a red complex 

with leucoanthocyanins or their oxidative products, while ACN 

degradation rates were not changed. 

Hooper and Ayres (1950) investigated black current since AsA was 

found to be more stable in this system. At least two components were 

isolated which were believed to be responsible: one associated with 
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the red pigments, the other a yellow material believed to be a 

flavanone.  Davidek (1960) found the flavonols rutin and quercitin to 

have a stabilizing effect on AsA degradation.  It was hypothesized 

the protective effect was by forming a metal complex with Cu ions. 

Clegg and Morton (1968) found equal AsA protection with or without Cu 

salts in the presence of flavonol aglycones and quercitrin.  Harper 

et al. (1969), however, demonstrated the stabilizing effect to be due 

to anti-oxidation properties of flavonols.  Free radical chain 

initiated reactions of AsA, catalyzed by Cu metal ions, were proposed 

which result in the production of dHAsA, hydrogen peroxide or free 

radicals of AsA.  Skalski and Sistrunk (1973) found cysteine to have 

a 'protective effect on AsA and ACN degradation; and, proposed this to 

be due, in part, to increasing the reducing potential of the system. 

Likewise, Shrikhande and Francis (1974) noted a protective effect on 

pg-3-glucoside and AsA by the addition of quercitin or quercitrin in 

either the absence or presence of Cu metal ions.  Poei-Langston and 

Wrolstad (1981) found the major strawberry flavonol, catechin, to 

reduce the degradation rate of pg-3-glucoside in the presence of 

excess AsA and Oo. 

Ascorbic Acid Breakdown Components.  The further breakdown of 

dHAsA has been investigated by many researchers.  Fearon and Kawerau 

(1943) reported the spontaneous anaerobic formation of a red pigment 

in an unheated solution of dHAsA.  It was hypothesized the pigment 

was various furfural derivatives.  Lambden and Harris (1950) found 

AsA decrease to be related to a decrease in CU, CCU evolution, 

and an increase in absorbance at 410 nm in model solutions heated at 

50oC.  Diketogulonic acid was hypothesized as an intermediate with 
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the formation of furfural.  Huelin et al. (1971) found AsA to degrade 

anaerobically to form CO2 and furfural at both 50 and 100oC in 

the pH range of strawberry.  The oxidation of AsA was inhibited by 

adding potassium cyanide.  Kurata and Sakurai (1967) proposed two 

possible pathways for the production of furfural and CO2 from dHAsA 

at 100oC and storage at room temperature.  In both cases 

intermediates were identified as 2-keto-L-gulonic acid (KGA), 

2,3-diketo-L-gulonic acid (dKGA), L-xylosone (X), and 

3-deoxy-L-pentosone (DP).  Tannenbaum (1976) schematically presents 

the possible mechanisms responsible for AsA browning (Figure 1.7). 

Condensation Reactions With Other Phenolics.  Various oxidized 

phenolic components have been shown to form condensation reactions 

with ACN.  Lukton et al. (1956) noted that ACN degradation products 

formed an insoluble red-brown precipitate and a soluble brown 

material.  The aglycone alone did not form a red-brown precipitate. 

In nitrogen, only a small precipitate was formed.  Therefore, it was 

postulated that an oxidative reaction was responsible for possible 

polymerization reactions involving the pseudobase of the glucoside. 

Livingston and Markakis (1956) found up to 85% of ^C  labeled ACN 

in the insoluble precipitate. 

Somers (1966, 1967, 1968) separated monomeric and polymeric wine 

pigments by gel filtration and evaluated their absorbance spectra. 

Wine aging increased the polymeric and decreased the monomeric 

pigments (Somers, 1968).  Polymers with molecular weights above 2000 

were hypothesized to be comprised of 5-20 flavanol units. 

Leucoanthocyanin: ACN ratios within these polymers were found to be 

4:1 with ACN believed to be loosely associated by physical, rather 
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than covalent bonding (Jurd, 1966).  Jurd (1967) detected the 

formation of condensation products from a 2:1 mixture of a synthetic 

flavilium salt (aglucone) and catechin.  Formed was a condensation 

product, which was detected by a 50% decrease in absorbance at 429 

nm, and a reduction product (i.e. flavene).  The reaction mechanism 

scheme assumed that the flavilium salt was the oxidant in the 

condensation reaction.  Erlandson and Wrolstad (1972) found red-brown 

insoluble residue from strawberry puree to form three fractions from 

eluted methanol extracts by gel filtration.  All three fractions had 

similar chromatographic migration behavior as pg-3-glucoside. 

Somers (1971) proposed a mechanism where flavylium salts undergo 

condensation reactions at the C4 position by electrophilic 

substitution from the C6 or C8 position of dimeric proanthocyanins. 

The resulting poly-flavene is oxidized to a condensed ACN, which then 

undergoes deprotonation to a stable quinoidal polymeric pigment 

(Figure 1.8).  Further substitution can occur by this mechanism to 

further build the polymer. 

Maillard Reactions.  The influence of Maillard reactions 

involving reducing sugars in beverage systems has received 

considerable attention in the literature.  In dilute solutions, it 

appears that Maillard reactions are of minor consequence compared to 

juice concentrates.  Pollard and Timberlake (1971) suggest that 

Maillard reactions are not a major degradation pathway in fruit 

juices due to the dilution effect of reactants and low acidity. 

Ellis (1959) determined the amino group of amino acids is protonated 

in high acid solutions, reducing glycosylamine formation (rate 

determining step).  Barnes and Kaufman (1947) found a 50% decrease in 
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Figure 1.8. Polymerization reaction by electrophilic substitution 
involving a carbonium cation and dimeric proanthocyanidin (Somers, 
1971). 
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color development as pH decreased from 6 to 4 in 50% glucose/glycine 

and water.  The Maillard reaction also depends greatly on moisture 

content, heat treatment and sugar profile.  In model systems, 

browning rates have Q-IQ rate increases of 2-3 with temperature, 

while this can increase exponentially with increase in sugar content 

(Shallenburger and Birch, 1975).  Wolfrom and Rooney (1953) found 

Maillard reactions of a xylose/glycine solutions to be maximum at 30% 

moisture content.  Fennema (1984) places fruit juice concentrates at 

water activities (aw) of 0.80-0.87, near the maximum browning 

rate.  Susceptability to browning is inversely related to the 

relative stability of the hemiacetal ring structure with pentoses 

being less stable than hexoses (Burton and McWeeney, 1963). 

Meschter et al. (1953) observed browning in solutions of 

strawberry pigment and various carbohydrates (40% solids and pH 

3.0).  The pigment half-life was found to be proportional to ring 

stability (mannose, sucrose and maltose > arabinose and levulose > 

sorbose).  The effect of added sugar has been confirmed by Tinsley 

and Bockian (1960).  Calvi and Francis (1978) found sucrose to affect 

ACN degradation in heated (185-203° C, pH 3.2) solutions of grape 

skin extract (GSE), while glucose had little effect.  Singh et al. 

(1948) noted that glucose exhibits a stabilty optimum to thermal 

treatment over a pH range of 2.5-3.5.  Acid hydrolysis of sucrose to 

invert sugar formed more carbonyl degradation products (absorbance at 

285 nm), presumably through Maillard reactions of fructose. 

It has been proposed that sugar degradation products (i.e., 

5-hydroxymethyl-2-furfural, furfural) are responsible for degrading 

ACN (Daravingas and Cain, 1968; Debicki-Pospisil et al., 1983).  This 
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reaction is covered in more detail in the discussion of aldehydes. 

The detected levels of carbonyl compounds, measured as HMF, by Calvi 

and Francis (1978) were much lower (10  ) than levels used by 

Daravingas and Cain (1968) and Debicki-Pospisil et al. (1983). This 

raises the point that some other factor, rather than direct 

condensation by furfural or HMF, may be responsible for ACN 

degradation. 

Role of Amino Acids.  Free a-amino acids (AA) also have 

been found to contribute to the formation of brown pigments.  The GSE 

in Calvi and Francis (1978) may have had appreciable levels of free 

amino acids to catalyze various deleterious reactions.  It is known 

that AA can react with o-dicarbonyls via Strecker degradation 

(Figure 1.9A).  Carbonyls can be formed from Maillard reactions 

involving reducing sugars or from ascorbic acid browning. 

Koppanyi et al. (1945) observed AA to react with AsA in the 

presence of hydrogen peroxide at 100oC to form a red color.  In 

model systems of citric acid and AsA, Clegg (1964) found absorbance 

at 400nm increased with the addition of amino acids at pH 2.5 and 

4.5.  However, in this study no "obvious reduction in concentration" 

of AA nitrogen content was observed.  Lalikainen et al. (1958) found 

a smaller proportion of CO2 from labeled glycine (less than 4%), 

than from AsA in model systems of AsA, glycine and citric acid (pH 

3.7 or 7, 50oC, presence or absence of O2).  No aldehydes (e.g., 

formaldehyde) was detected as a product.  These results suggest that 

the presence of AA can catalyze the degradation of dHAsA; however, 

the mechanism for degradation is unclear. 

In contrast, Ranganna and Setty (1968) noted a decrease in AA 
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and an increase in red color in solutions ranging from 0 to 9% 

ethanol at various temperatures and pH.  Aldehydes were present 

indicating a Strecker degradation mechanism.  The Strecker reaction 

was preferred under conditions of high concentration of reactants and 

low moisture (i.e. increased percent ethanol) at 370C.  Glycine 

produced formaldehyde, while alanine produced acetaldehyde.  During 

storage the red product broke down to form a brown precipitate and 

COo.  Clegg (1966) found greater browning in model systems of 

citric acid and AsA when AA were added.  Kurata et al. (1973) noted a 

red pigment to form from heated mixtures of all a-amino acids 

(except L-proline) and dHAsA (Figure' 1.9B).  This reaction was 

preferred at neutral pH since dHAsA undergoes rapid acid hydrolysis 

to diketogularic acid.  However, at low moisture content this 

reaction may be of greater relative importance.  These studies 

indicate that Strecker degradation of dHAsA degradation products and 

AA could become an important degradation pathway in fruit juices, 

especially when stored as a concentrate.  Cornwell and Wrolstad 

(1981) found AsA and deHAsA more stable when AA had been removed by a 

cation exchange resin. 

Role of Aldehydes.  Various accounts in the literature have 

noted the increased degradation of ACN in the presence of various 

aldehydes.  Aldehydes can be formed from Maillard reactions of 

reducing sugars, AsA browning, and Strecker Degradation reactions. 

Furfural (FUR) and 5-hydroxymethylfurfural (HMF) are both products of 

Maillard reactions of reducing sugars, while FUR can be formed from 

AsA browning.  In citrus products, furfural production is believed to 

be the main product of AsA degradation ans in solution has been 
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related to quality loss (Handwerk and Coleman, 1988).  Formaldehyde, 

acetaldehyde and other aldehydes can be formed from the decomposition 

of a-amino acids through Strecker degradation.  Meschter (1953) 

found increased concentration of either FUR or HMF to contribute to 

an increase in color loss. It was noted that FUR had a greater 

detrimental effect than HMF.  Tinsley and Bockian (1960) noted a 

decrease in pg-3-glucoside with additions of FUR and HMF; and, they 

proposed a condensation reaction with the keto-pseudobase of the 

aglycone (Figure 1.10).  Other reports confirming similar effects of 

HMF and FUR on cn-3-glucoside have been reported by Daravingas and 

Cain (1968) and Debicki-Pospisil et al.(1983). 

Timberlake and Bridle (1977) observed increased color density in 

strawberry juice by the addition of acetaldehyde.  As the ratio of 

catechin to ACN ratio increased, more bridges were formed. 

Therefore, catechin was assumed to be related to the rate determining 

step.  Chen and Wrolstad (1980) determined the reaction resulted in 

decreased monomeric pigments, stable polymeric color, but increased 

darkening.  The proposed mechanism was a Baeyer-type condensation 

reaction between pg-3-glucoside and catechin, linked by a 

CHoCH-bridge (Figure 1.11).  When acetaldehyde was added to 

strawberry juice, color density (absorbance at 420 nm) was enhanced, 

but samples darkened and lost more ACN pigment during storage. 

Other aldehydes have shown similar effects on ACN stability. 

Debicki-Pospisil (1983) found the order of reactivity in degrading 

cn-3-glucoside at 70oC in model systems as follows: formaldehyde > 

acetaldehyde > benzaldehyde.  This reaction was greater in the 

presence of Oo, than in a N2 headspace, suggesting oxidative 
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mechanisms may be involved in these reactions. 

Enzymatic Browning 

Enzymes can be inherent components of the system or introduced 

into the system from another source (i.e. fungal contamination) as 

noted by other researchers (Huang, 1955a; Pilando, 1982). 

Determining the roles of enzymes in degradation require first the 

consideration of the non-enzymatic nature of chemical reactions since 

enzyme catalyzed reactions must also obey the laws of chemistry 

(Hamilton, 1974).  These enzymes reduce the activation energy needed 

to drive reactions forward.  Therefore, when activated, they can 

greatly increase the rates of browning and other pathways which 

reduce the quality of strawberry products. 

In an early review paper, Joslyn and Ponting (1951) cite early 

work by plant phytochemists who studied the role of enzymes in plant 

tissue repairing mechanisms.  In the presence of oxygen, injured 

tissues of some plants turned brown.  Onslow (1931) classified plants 

based on enzyme systems with different rates of browning.  Plants 

with oxygenases and catechol (apple, apricot, banana, cherry, peach, 

pear, fig, grape and strawberry) discolored more rapidly than plants 

with only peroxidase systems (citrus, red currents, melon, pineapple 

and tomato).  Huang (1955) reports a decolorization problem with use 

of crude pectinase preparations from fungal origin.  The subsequent 

research found enzymatic hydrolysis of anthocyanin-/9-glucosides 

to their subsequent aglycone responsible for the destabilization and 

loss of the red color.  The presence of polyphenoloxidase (PPO) in 
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strawberry juice has been reported by several researchers (Cash and 

Sistrunk, 1971; Drewert et al., 1974; Wesche-Ebeling, 1984).  Prior 

research on other juice systems had reported PPO to accelerate ACN 

degradation and browning (Joslyn and Ponting, 1951; Peng and 

Markakis, 1963).  Drawert et al. (1974) reported peroxidase (PER) in 

strawberry.  Prior research by Grommeck and Markakis (1964) found 

added extracts of horseradish peroxidase to ACN from strawberries and 

red tart cherries to increase their rates of browning. 

Polyphenoloxidase.  The activity of PPO in fruit and fruit 

beverage systems has received the most extensive coverage in the 

literature, because it is believed to exert the greatest effect on 

strawberry degradation.  The most convincing evidence for this 

assertion is the accelerating effect of oxygen on the degradation of 

strawberry juice and concentrates (Beattie et al., 1948; Sondheimer 

and Kertesz, 1948).  However, oxygen in its natural triplet state is 

fairly unreactive towards organic compounds.  Hamilton (1974) 

explains two cases in which oxidative reactions can proceed: (1) in 

the presences of transition metals which form complexes with oxygen 

and (2) through in initial reaction that forms a free radical.  In 

the former case, the free electron orbitals of the metal overlap with 

those of oxygen to increase the reactivity of the whole complex.  In 

the later case, a highly conjugated, resonance stabilized cofactor 

(e.g. catechol) with electron orbitals in a singlet state react with 

triplet oxygen to form highly reactive free radicals. 

In the presence of transition metals, non-enzymatic oxidative 

degradation of various strawberry components have already been 

discussed.  The PPO and PER enzyme systems in strawberry utilize 
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similar mechanisms in catalyzing oxidative pathways.  The PPO enzyme 

is a multi-subunit complex requiring several Cu (cuprous) ions for 

activity.  Hamilton (1974) proposed a mechanism that explains the 

ability of PPO to convert phenols with o-dihydroxybenzene rings 

(o-dihydroxy phenols) to o-quinones and monohydroxybenzene rings 

(monophenols) to o-dihydroxyphenols (Figure 1.12).  Vamos-Vigyazo 

(1981) mentions that the enzyme catalyzed hydroxylation reaction of 

monophenols occurs only after a lag period in the absence of 

o-dihydroxy phenols.  Trace amounts of o-dihydroxy phenols allow the 

reaction to proceed substantiating the mechanism proposed by Hamilton 

(1974).  Another feature of PPO is that is becomes inactivated during 

the oxidative reaction.  Vamos-Vigyazo (1981) attributes that 

phenomena to a covalent linkage between the quinone and PPO near the 

active site.  Therefore, it has been proposed that PPO functions more 

as an initiator of oxidative mechanisms, than as a direct contributor 

to oxidative degradation (Wesche-Ebeling, 1984). 

Vamos-Vigyazo (1981) reports the most natural PPO substrates are 

catechins, cinnamic acid esters, 3,4-dihydroxy phenylalanine, and 

tyrosine.  From crude extracts of strawberry, Wesche-Ebeling (1984) 

found the major PPO substrates in strawberry juice as D-catechin » 

caffeic acid, chlorogenic acid > protocatechuic acid.  To a lesser 

degree, from experiments with model systems, cd-3-glucoside was shown 

to be oxidized in the presence of PPO, while pg-e-glucoside (without 

an o-dihydroxy group on its B-ring) was not.  However, phenolic 

glycosides (e.g. ACN) have been reported to be poor substrates for 

PPO (Herrmann, 1976; Vamos-Vigyazo, 1981) 

If ACN are not good substrates for PPO activity, then the 
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question remains as to how they are degraded in the presence of 

enzymes.  Joslyn and Ponting (1951) mention that PPO can catalyze the 

oxidation of phenolics such as catechol to quinones in the presence 

of Oo', and, these oxidized substances then oxidize other oxidative 

labile substances such as ascorbic acid or other phenolics.  The 

final brown pigments could be due to the oxidation of the same 

phenolics or the induced oxidation of others. 

This claim has since been substantiated by others.  Peng and 

Markakis (1963) found catechol to increase the degradation ACN from 

tart cherry ACN in the presence of mushroom PPO.  Excess catechol 

inhibited the reaction.  They diagrammed the mechanism as below. 

degraded anthocyanin 
0, 

"'0 ^L      """^^ anthocyanin 

Skalski and Sistrunk (1973) observed increased degradation of AsA and 

ACN from solutions containing Concord grape PPO.  During the first 90 

rain (43° C), AsA inhibited the degradation of ACN; however, after 

AsA was degraded (storage > 5 hr), the degradation rate of ACN was 

increased.  Catechol increased the degradation of ACN.  In solutions 

with sweet cherry PPO, the ACN degradation rate was found 

proportional to the concentration of quinone (Pifferi and Cultera, 

1974). Ascorbic acid also exerted a protective effect of ACN 

degradation. Results obtained by Cash and Sistrunk (1971) did not 

observe a significant browning rate increase when catechol was added 

to strawberry puree with active PPO.  However, Wesche-Ebeling (1984) 



51 

found 4-methyl-catechol to require much greater concentration for 

activity (higher Y^)   and 9% less activity than catechin.  In model 

solutions containing purified strawberry PPO, D-catechin alone was 

oxidized more rapidly than either cd or pg-3-glucoside; while, 

combinations of these ACN with D-catechin resulted in considerable 

ACN degradation (Wesche-Ebeling, 1984) 

As already discussed, some phenolics (i.e. quercitin) have been 

shown to exert protective effects on AsA and ACN.  These results 

suggests a similar mechanism whereby AsA protects ACN.  The 

simultaneous AsA oxidation and reduction of o-quinones is preferred 

over reactions that degrade ACN in the presence of o-quinones.  As 

more AsA is degraded to dHAsA, the competition for protons decreases 

and the catechin-quinone is available for other reaction pathways. 

Non-enzymatic reactions already discussed can then proceed between 

o-quinones, leucoanthocyanins, proanthocyanins, and ACN to form 

various polymeric pigments and the observed browning during storage. 

Peroxidase.  Hamilton (1974) lists four possible reactions 

catalyzed by peroxidases: (1) peroxidatic, (2) oxidatic, (3) 

catalatic, and (4) hydroxylatic.  The first reaction involves the 

simultaneous reduction of peroxides to alcohols and water, with the 

oxidation of an organic compound; the second is oxidation of organics 

in the presence of Oo, rather than peroxides, and a cofactor; the 

third is the' reduction of hydrogen peroxide to water with the 

liberation of Oo; and the last is similar to PPO in the oxidation 

of monophenols in the presence of ©2, yet it requires a factor. 

The catalytic effect of PER enzymes was studied by Grommock and 

Markakis (1964).  Addition of horseradish peroxidase to model 
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solutions demonstrated that ACN was oxidized.  However, the order of 

activity with different substrates found hydroquinone > catechol » 

ACN » AsA. Therefore, in the presence of peroxide and PER, ACN may 

be more reactive than AsA.  Various non-enzymatic oxidative 

mechanisms involving hydrogen peroxide have already been discussed. 

Glycosidases.  The occurrence of indigenous /9-glucosidase 

activity in strawberry has not been reported.  Huang (1955) reported 

the hydrolytic glycolysis of ACN to the aglycone from various fungal 

preparations.  The result was a greater reactivity of the 

anthocyanidins to oxidative degradation and loss of solubility. 

Erlandson and Wrolstad (1972) speculated on the presence of 

/S-glucosidase activity in freeze-dried strawberry puree under 

various degrees of relative humidity.  Huang (1956) noted that 

increased glucose content competitively inhibited the enzyme's 

hydrolytic activity.  Therefore, even in the presence of indigenous 

y9-glucosidase activity, concentration may inhibit its activity. 
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COLOR AND COLOR MEASUREMENT 

Color and Color Differences 

Approaches to Colorimetry.  In a review paper, Clydesdale 

(1978) gives an excellent historical overview of the development and 

use of methods for color evaluation.  The evaluation of transparent 

foods such as strawberry juice for color change can be conducted 

through the use of spectrophotometric methods, tristimulus 

colorimetry or visual colorimetry i.e., sensory evaluation. 

Spectrophotometric methods detect the absorbance spectra of diffuse 

light, a function of color, through the sample.  Tristimulus 

colorimetry is based on comparisons of transmitted light through a 

sample against the color from light through each of three filters 

(red, green, blue).  Visual colorimetry uses panelists to 

quantitatively and/or qualitatively evaluate color or color 

differences.  Various mathematically related systems have been 

developed to measure color which utilize spectrophotometric, 

tristimulus or visual colorimetric data. 

The Munsell Classification System (Munsell, 1905) is the basis 

for the most popular visual colorimetric scale.  It is defined by a 

three dimensional, visually uniform color space with true color 

(hue), color intensity (chroma) and lightness of color (value) as 
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axes.  Standard observers (panelists with normal color vision) match 

perceived colors against color chips that are scaled in hue, value 

and chroma Munsell notation.  Since panelists are all susceptible to 

psychological sources of error, specific controlled lighting and 

testing conditions must be implemented and referenced if 

reproducibility is to be achieved.  Control of light source, viewing 

angle and object size all can affect visual perception (Hunter and 

Harold, 1987). 

The CIE System (1931 Commission Internationale de 1' Eclairage) 

was developed to use information regarding the absorbance spectra of 

samples.  This color system is based on an integration of the product 

of standard observer response from one of three primary colors, an 

illuminant absorbance and sample absorbance over the visible spectrum 

(Clydesdale, 1978).  The color primaries were defined to matched by 

color by a mixture of two primaries and a luminosity (lightness) 

factor.  In contrast to the Munsell system, the color space in not 

visually uniform. 

The most popular color system in use is that developed by R.S. 

Hunter.  Lea (1984) contends that tri-stimulus colorimetry is more 

discriminating of hue and chroma than A,20^n Products such as apple 

juice which have no definite 420nm spectral peak.  Further, 

measurements are quick, standardized and accurate.  This tristimulus 

colorimetric system expresses color also as a three dimensional color 

space.  Hunter "L", "a" and "b" parameters are functions of color 

lightness, red (+) vs. green (-) color and yellow (+) vs blue (-) 

color, respectively (Hunter and Harold, 1987).  The system uses a 

uniform opponent-colors scale which can be easily read from a Hunter 
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colorimeter (Hunter, 1958).  Hunter parameters can be converted 

mathematically into CIE coordinates or Munsell notation.  At constant 

value and chroma, Munsell hues can be plotted to form approximately a 

circle in the Hunter system at constant "L" (Hunter and Harold, 

1987).  Therefore, the Hunter L-a-b system is approximately, yet not 

completely visually uniform. 

Relationships to Visual Colorimetry.  Various relationships 

have been found between ACN absorbance spectra and Hunter L-a-b 

indices.  The L index is inversely related to absorbance with the 

wavelength of maximum absorbance, ^max, near 555 nm since it is 

functionally related to the intensity of light reaching the observer 

after passing through a green filter (Hunter and Harold, 1987).  Van 

Buren et al. (1968) found the Amax to vary with ACN, pH and ACN 

concentration.  Anthocyanins, which typically absorb in the 500 and 

535 range, will yield lower L values at higher Amax-  As pH 

decreases the concentration of the red flavilium cation increases, 

causing increased absorbance at the absorbance maximum and a decrease 

in L.  Further, at high concentrations of ACN a shift in absorbance 

maximum is observed with a decrease in pH.  A similar, yet less 

pronounced shift is observed in solutions of lower concentration. 

The Hunter chromaticity parameters "a" and "b" have been used to 

measure hue changes.  Francis (1952) used the tan"  (a/b) function 

to measure hue changes in Mclntosh apples.  Later, Little (1975) 

suggested the change to tan"  (b/a) as more appropriate for 

measuring hue since it is positively correlated to parameters related 

to hue in other color systems. 

Ponting et al. (1960) related the absorbance ratio A52o/A420 
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and Hunter indices to visual evaluations during the degradation of 

strawberry and other berry juices.  Absorbance ratios above one were 

perceptually different.  Diluting strawberry juice 10% was easily 

distinguishable by sensory difference testing and had a euclidian 

Hunter L-a-b color distance of 6.3.  A similar change in Hunter L-a-b 

distance as the diluted juice was used as a color difference 

indicator.  This change was noted in strawberry juice after 18 hr 

storage at 20oC.  The time for this same color loss was decreased 

linearly with increased temperature to 8 min at 100oC. 

Color Thresholds.  The Hunter L-a-b and CIE systems do not 

readily give information regarding colorimetric thresholds.  Whereas 

the Hunter color space is approximately uniform, the euclidian 

distance in Hunter space (color difference, AE) does not give any 

information regarding the smallest colorimetric difference which is 

visually perceptible (i.e. difference threshold).  For the CIE 

system, MacAdam (1943) developed a series of complex elliptical 

equations which can define areas of constant chromaticity (hue and 

chroma) for a given lightness.  However, these equations require high 

powered computers to solve.  For threshold problems, visual 

colorimetry may be the best approach.  Munsell units are by 

definition the smallest perceivable color change (Hunter and Harold, 

1987).  Thus, they can be applied to determine the degree of change 

which is perceivable under specific testing conditions.  However, 

control and standardization of conditions and parameters is a major 

problem.  Considerable sensory research is lacking in this area. 

Color Acceptability.  The psychological validity of color 

differences has been questioned by Clydesdale (1978).  He doubts that 
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color acceptability correlates well with color differences, 

especially with respect to thresholds.  His argument is that 

conditions under which foods are viewed (e.g. illumination 

conditions) can vary enough to significantly alter the relationships 

between color difference and acceptance. 

Properties of Juice Composition.  Transparent liquids present 

various problems in color evaluations.  Clydesdale (1972) noted that 

object-light interactions may affect color perception by reflection 

from the surface, refraction into the object, transmission through 

the object, diffusion or absorption.  Diffusion is inversely related 

to particle size down to a lower threshold of 1/2 the size of the 

shortest wavelength of visible light (Hunter and Harold, 1987).  In 

solutions of highly concentrations of pigment (e.g. greater than 1 

mg/mL), Eagerman et al. (1973) found the Hunter chromaticity 

parameters to reach a maximum, then begin a gradual decrease.  The 

measurements were related more to lightness (value) than to hue and 

chroma.  Therefore, photocells do not adequately measure the 

perceived change in color at high pigment concentration. 

Prediction of Color Change.  Various models have been used to 

relate colorimetric parameters to time of storage of juice 

concentrates under specific conditions.  Toribio and Lozano (1984) 

fit the change in browning during storage of apple juice concentrate 

as: 

A420=a-(b*exp
(-kt)) 

where "a" and "b" are parameters, "k" is a rate constant and "t" is 

the time of storage.  This model implies that precursors react only 

to form brown products and that brown products do not react further. 
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The loss of red color in strawberry juice and concentrate followed 

first order equations (Meschter, 1953).  In model solutions of ACN 

and the presence or absence of AsA or catechin, the ACN decrease 

followed first order kinetics (Poei-Langston and Wrolstad, 1981). 

Therefore, this decrease could be modeled as: 

A5201t
=A520,i*exP("kt) 

where ACOQ ^ and Ac^n t are the initial and time "t" absorbance 

at 520, respectively.  Speers et al. (1987) confirmed both findings 

for strawberry juice concentrate stored at 35 and 450C for browning 

and 20, 35 and 450C for red coloration.  An attempt to model the 

ratio AI^O/AAPO ^^ not result i-n a good fit to a first order 

equation.  No other attempts in the literature were found to use both 

browning increase and red color decrease in models for the prediction 

of color. 

Various color indices have been used to follow color degradation 

in strawberry products.  Hassanein (1982) noted Hunter "L" values of 

SJ to increase during storage (get lighter) at 21°.  In SJC, 

however, "L" decreased with storage.  This was explained as the 

polymerization and precipitation from solution of brown pigments in 

SJ, whereas in SJC, the higher viscosity kept polyphenolics in 

solution and samples became darker.  Little (1977) observed an 

increase in lightness in both strawberry preserves and canned 

strawberries.  Her explanation was that ACN associated with 

polyphenolic complexes and were released, and subsequently degraded 

during processing by acid hydrolysis.  Degradation resulted in loss 

of ACN and a lighter solution. 
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SENSORY EVALUATION OF STRAWBERRY JUICE FLAVOR 

Intensity and Time-intensity Evaluation 

Intensity Scales.  The measurement of taste perception for food 

science applications has undergone considerable evolution during the 

past two decades.  Sensory intensity data has been acquired through 

the use of various scales which have been classified as nominal, 

ordinal, interval or ratio (Stone and Sidel, 1985; O'Mahoney, 1987). 

Nominal scale data are numbers assigned to names which are 

qualitative, rather than quantitative.  Ordinal scales represent rank 

orders.  Interval and ratio scales represent real quantities with 

equal distances between intervals.  Ratio scales are further 

distinguished from interval scales since they represent the 

quantitation of a difference as an intensity ratio (i.e. twice or 1/2 

the intensity) and where zero (log 1) represents a "true zero" 

(O'Mahoney, 1986).  O'Mahoney (1986) explains this difference using 

temperature scales which are interval, rather than ratio scales.  The 

difference between 0 and 50oC equals the difference between 50 and 

100oC, but 100oC is not twice as hot as 50oC since 0oC is not 

zero heat content. 

The use of ratio scales to rate the magnitude (e.g., twice or 

half the intensity of a reference intensity) of a sensory difference 

was developed by psychologists.  This scale is widely known as 

magnitude estimation (ME).  Stevens (1953) related ratio scaled 

responses to increases in stimuli.  This lead to the development of 
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psychophysical response curve known as the power function or Steven's 

psychophysical law.  Moskowitz (1968, 1974) first applied ratio 

scales to food science.  Ratio scores from each panelist were 

normalized by dividing by the geometric mean of all ratio scores 

during a session to form the magnitude estimate (ME) parameter. 

Two types of interval scales are the category and line (graphic) 

scale.  As described by Stone and Sidel (1985), category scales 

segment the intensity spectrum into partitions with differences among 

intervals assumed to be of constant differences in perceived 

intensity.  Line scales do not segment the intensity spectrum, yet 

have the same assumption with respect to constant differences in 

perceived intensity. 

Giovanni and Pangborn (1983) compared the differences between 

interval line scales (graphic scaling) and magnitude estimation. 

Category scales were easier to administer and to understand, yet were 

subject to psychological sources of error that violate the assumption 

of equal intervals.  Magnitude estimation was more difficult for 

panelists to use due to rounding biases and was found inappropriate 

for bidirectional scaling (e.g. like vs dislike).  O'Mahoney (1986) 

notes that magnitude estimates are not normally distributed, 

therefore are inappropriate for analysis of variance.  This may not 

always be true since the means of magnitude estimates tend to be 

normally distributed as the number of observations increase. 

Further, transformations (i.e. logarithmic) may increase the 

normality of the ME data. 

Time-intensity Evaluations.  The time component of sensory 

perception has been found to be particularly important in studies 
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involving taste and, to a lesser degree, aroma.  Early time-intensity 

(TI) research relied on the use of chart recorders where the 

intensity of perception was drawn on paper (Larson-Powers and 

Pangborn, 1978).  Birch and Munton (1981) used a dial potentiometer 

linked to a chart recorder.  Typical acquisition of information from 

TI curves required the measurement of lengths and areas with a 

planimeter.  Schmitt et al. (1984) used a digitizer to input data 

from a chart onto a computer.  Guinard et al. (1985) reported the use 

of a joy-stick (potentiometer) linked to a mainframe computer with an 

internal clock for the acquisition of sensory data.  Lee (1985) 

report the use of a "game paddle" (potentiometer) interfaced with an 

Apple microcomputer.  Yoshida (1986) used a "mouse" (potentiometer) 

interfaced with a Mitsubishi microcomputer. 

All above sensory evaluations used line scales to measure the TI 

responses.  Except for two sources cited above, all researchers 

structured their scales with "none" and "extreme" at the ends.  Birch 

and Munton (1981) left the upper scale end unstructured.  The scale 

was referred only as a "magnitude estimation" on a 10 point 

continuous line scale (from the dial potentiometer).  Lee (1985) 

labelled the scale ends as "weak" and "strong", respectively. 

TI curves have been analyzed in different ways.  Pangborn et al. 

(1983) compared intensity responses against the following components 

of the TI curve: maximum intensity (Ipeak). total duration time 

from onset to extinction (Dtota^), total area under the curve 

(Atot) and total curve perimeter (Ptotai)•  Birch and Munton 

(1981) report the use of time of "persistence" (Tf).  Birch (1981) 

used the time of initial perception, "reaction time" (T^, and 
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plotted the inverse of the initial rate of intensity increase, 

^peak/^peak"1!) ^  ' 

against the inverse of sucrose concentrations.  Leach and Noble 

(1986) measured the linear rates of increase and decrease by least 

squares analysis.  Schmitt et al. (1984) separated the curves into 

three sections: increasing slope, peak and decreasing slope.  The 

increasing slope segments were fit to a simple linear model of 

intensity vs time.  The decreasing slope segments were fit to a 

negative exponential model.  The peak data was not used.  Overbosch 

et al. (1986) reports a curve averaging procedure.  The procedure 

calculates the geomtric means (GM) of both the time and intensity 

components from samples taken at 2% intervals along the time axis. 

The time and intensity GM are then plotted for each sample to yield 

an averaged TI curve. 

Theoretical relationships between TI response variation and 

psychophysical or physical factors were discussed by Overbosch 

(1986).  Perception was modeled according to Steven's power law under 

various states of adaptation noting that intensity follows an 

exponential decay at constant stimulus and as the stimulus increases, 

the time of duration (Dtot) is longer.  Birch and Latymer (1980) 

viewed this relationship as strictly physical.  A stimulus 

(pharmacophore) queuing mechanism was hypothesized to account for the 

TI of sweetness.  This model was based on observations that time to 

maximum intensity (TDea^) approached a maximum faster over 

increasing concentrations of stimuli than the initial time (T^) and 

time of duration (Dtotal^ ' '':esPect^'ve^y■     This aspect of TI 

perception was explained by diffusion of pharmacophores to the taste 
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pore receptor site.  At the receptor site a queue is set up where 

stimuli were cycled through the taste pore opening.  As 

theconcentrations of stimuli remained high at the many receptor 

sites, the duration of maximum intensity (time of peak duration, 

DDeaic) was observed to be longer. 

Taste Evaluation 

Bitterness and Relationships to Astringency.  Bitterness is one 

of the basic tastes, astringency is a mouth feel.  Lea and Timberlake 

(1974) and Lea and Arnold (1978, 1983) noted changes in astringency 

and bitterness during the oxidation and polymerization of phenolics 

in three different Dabinett ciders.  Procyanidin oligomers (2-5 

units) and polymers (6-10 units) were hypothesized to be responsible 

for bitterness and astringency, respectively.  Arnold and Noble 

(1978) found an increase in phenolic content (gallic acid equivalent) 

during wine oxidation associated with an increase in astringency. 

Bitterness was not observed to increase.  Hodge (1967) notes that 

5-hydroxymethyl-2-furaldehyde (HMF), a degradation compound related 

to non-enzymatic browning is both bitter and astringent. 

Astringency has been proposed to be due to hydrogen bonding 

between o-diphenolics and salivary proteins resulting in complex 

precipitation (Bate-Smith, 1973).  Under this hypothesis, Bate-Smith 

(1973) developed a relative astringency index based on the ability of 

compounds to precipitate blood proteins.  Dimers, trimers, tetramers 

and higher order oligomers of D-catechin and L-epicatechin were found 

to increase in relative astringency with increased polymerization. 
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Small peptides have been found to be bitter (Guigoz and Solms, 

1976).  The relative bitterness was related to the hydrophobicity of 

side chains.  Beart et al. (1985) found small phenols to have a lower 

affinity for proteins than large polyphenols.  This led Clifford 

(1987) to propose that small phenolic substances have a greater 

affinity for the bitter receptor site.  Therefore, solutions prior to 

oxidation may be perceived as bitter, while oxidation and 

polymerization would increase astringency. 

Both astringency and bitterness have a long TI component to their 

taste (Guinard et al., 1986a, 1986b).  The long TI of perception 

results in a carry-over effect with repeated ingestion for both 

tastes.  This could result in signal confusion due to overlapping TI 

curves.  Lea and Timberlake (1978) reported that some panelists had 

difficulties in distinguishing between these stimuli. 

Sweetness.  Shallenberger (1980) discusses the theory of 

sweetness perception from a chemoreception perspective.  Sweet 

pharmacophores must have both a proton donor and proton receptor 

approximately three angstroms apart.  In addition, there must be 

present a lipophilic center combined with a hydrophilic function. 

The lipophilic center must also relate geometrically to the proton 

donor and receptor in a certain way.  These requirements are believed 

to explain why D-amino acids are generally sweet, while L-amino acids 

are not.  The L-amino acids do not fit the geometric requirements. 

Free sugars (i.e. glucopyranose, fructopyranose) are sweet as either 

L- or D- forms due to the cyclic nature of their structure.  In 

strawberry juice free sugars (sucrose, glucose and fructose) can 

affect sweetness perception as well as other compounds which satisfy 
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these chemoreception requirements.  Other factors can affect 

sweetness.  Pangborn et al. (1973) found visocity to reduce sweetness 

perception only at high concentrations.  Shamil et al. (1988) did not 

find this to be due to the intrinsic property of a sweet compound. 

Sourness.  Sourness chemoreception mechanisms are not as 

complex as those for sweetness since only a proton donor is required 

(Beets, 1978).  However, other factors complicate the relative 

sourness characteristics of sour pharmacophores.  Harvey (1922) 

related pH and total acidity to sourness.  Plane et al. (1980) noted 

that total acid concentration and pH both contribute to sourness 

since associated and dissociated acids affect perception.  Buffer 

capacity, dissociation constants and number of carboxylic groups from 

several organic acids were compared for differences in sourness 

intensity (Nobel et al., 1986).  Buffer capacity was concluded as an 

unlikely contributor to sourness intensity.  Citric acid, the major 

acid of strawberry juice, was found to be less sour than equinormal 

concentrations of fumaric, tartaric, malic and lactic acids.  This 

data was based on paired comparisons of mixtures of two acids where 

pH and titratable acidity were equal.  Therefore, the number of 

carboxylic groups is not a major factor influencing sourness 

intensity. 

Interactions of Taste Components.  The complexity of beverage 

solutions such as strawberry juice involve interactions among 

compositional components that can contribute to taste perception by 

direct or indirect mechanisms.  As already mentioned, there is 

evidence for a compositional relationship between the degree of 

polymerization of phenolics and the perception of bitterness and 
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astringency in ciders (Lea and Timberlake, 1974; Lea and Arnold, 

1978). 

Guinard et al. (1986) noted that increasing the level of acidity 

(pH and titratable acidity measurements) increased the relative 

astringency of model solutions of tartaric and tannic acids and of 

white wine.  This interaction was explained as an increase in tannins 

in the phenol form and an increase in hydrogen bonding between the 

dihydroxyphenol groups of the tannin and mouth proteins.  Clegg 

(1966) hypothesized that citric acid tends to associate with brown 

pigment complexes.  However, Straub (1989) found aqueous solutions of 

citric, lactic, fumaric, malic and tartaric acids all astringent. 

Therefore, the saliva proteins may be affected by acidic solutions 

and acheive an astringent response in the absence of phenolics. 

In wine studies, Pangborn et al. (1964) found citric acid to 

exhibit a strong inhibitory effect on apparent sweetness.  In canned 

tomato juice (Pangborn and Chrisp, 1964) and lima bean puree 

(Pangborn and Trabue, 1964) sucrose and citric acid have shown mutual 

suppression or masking effects.  Perng (1988) noted the 

sweetness:sourness ratio to follow a linear relationship with 

sucrose-citric acid concentration ratios.  Therefore, this sweet/sour 

effect may be indicative of psychophysical rather than chemical 

(physical) factors. 

Aroma Evaluation 

Aromas Related to Degradation.  Various aroma constituents of 

strawberry have been found to develop only from fruit which have 
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undergone damage.  Winter and Willhalm (1964) note the presence of 

2-hexenal, the main carbonyl of crushed strawberry, and diacetyl 

("buttery" aroma) in only crushed and damage fruit.  These aroma 

components are indications of compositional change from active enzyme 

systems in strawberry (discussed previously) which are activated upon 

crushing or damage of strawberry fruit. 

Musty/moldy Aromas.  It is generally known in the industry that 

strawberry juice and concentrate develop an off-aroma upon storage. 

However, a detailed sensory evaluation of this off-aroma has not been 

found in the literature.  Preliminary evaluations of this off-aroma 

indicate the formation of a "musty/moldy" aroma. 

The presence of aromas that are described to be musty and/or 

moldy have been reviewed by Maga (1987).  A large range of compounds 

have been found to be responsible for these aramas.  Maga (1987) 

-9 12 lists several with thresholds in the range of 10  (ppm) to 10" 

(ppb).  Most of these sources were microbial in origin.  However, 

this does not eliminate the possibility for musty/moldy odor active 

substances of non-microbial origin.  Maga (1987) lists geosmin, 

2-methyl-isoborneol and some pyrazines as sources.  It has already 

been discussed that pyrazines can be formed by Strecker degradation 

reactions involving a-amino acids and a-dicarbonyl compounds 

from free sugars or ascorbic acid decomposition. 

Pungent Aromas.  Another component of aroma is the sensation 

generally known as pungency.  This sensation accounts for such 

descriptors as stinging, cooling, irritating, burning, prickling, 

tingling, etc. (Cometto-Muniz and Noriega, 1985).  Sensations such as 

this are known to be related to the stimulation of the trigeminal 
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nerve and can illicit respiratory reflex responses (Angell-James and 

Daly, 1975).  Strong irritants are known to yield pungent responses 

(Cometto-Muniz and Cain, 1982).  Gender differences have been found 

in sensitivity to pungent stimuli with males less sensitive 

(Cometto-Muniz and Noriega, 1985). 

Pungency has a time-intensity (TI) component.  The onset of 

sensation and time to peak has been described to be quicker than 

other aromas (Cometto-Muniz and Cain, 1984).  The same stimuli were 

found to illicit both aroma and pungent responses (Cometto-Muniz and 

Cain, 1984).  Therefore, it is possible that strong unpleasant 

off-aromas can yield pungent responses.  Cometto-Muniz and Cain 

(1982) and Cometto-Muniz and Noriega (1984) used CO2 to illicit a 

pungent response.  Therefore, another source for pungency is CO2, a 

known product from the Strecker degradation and ascorbic acid 

browning reactions. 
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-ABSTRACT  

Strawberry juice concentrate (68 Brix) was stored at 20oC for 0-6 

days. Samples were analyzed for changes in taste, aroma and color 

degradation, and these changes were related to composition change. 

Astringent taste, musty/moldy and pungent aromas and brown color 

developed rapidly over six days. This decrease in quality was 

accompanied by COn  production and a decrease in free amino acids, 

while reducing sugar and titratable acidity concentrations remained 

stable. Results supported Strecker degradation and ascorbic acid 

browning as possible degradation pathways. 
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INTRODUCTION 

STRAWBERRY JUICE CONCENTRATE (SJC) is widely produced as a natural 

flavoring. However, its use is hindered by a susceptability to 

browning and undesirable flavor changes when held for short periods 

of time at room temperature and longer periods at refrigeration 

temperatures. In spite of the general popularity of natural 

strawberry flavor, this problem has hindered the application of SJC 

to foods and beverages. 

Color degradation of strawberry products has received 

considerable attention in the literature (Kertesz and Sondheimer, 

1948; Decareau et al., 1956; Wrolstad et al., 1970, 1980; Spayd and 

Morris, 1981; Sistrunk et al., 1982; Speers et al., 1987). Color 

degradation is accompanied by decreases in red pigmented anthocyanins 

and increases in red-brown pigments (Wrolstad et al., 1980). Several 

researchers noted that ascorbic acid degradation is often related to 

color loss (Starr and Francis, 1968; Wrolstad et al., 1970; Abers and 

Wrolstad, 1979; Spayd and Morris, 1981). The rate of browning 

increased with reduced water activity (Erlandson and Wrolstad, 1972), 

increased storage temperature (Hassanein, 1982) and decreased 

concentrations of antioxidants such as phenolics (Shirkhande and 

Francis, 1974; Poei-Langston and Wrolstad, 1981). 

Both enzymatic and non-enzymatic pathways have been proposed for 

the initiation of and/or contribution to color degradation in juice 

beverage systems. Non-enzymatic pathways have been tested by 

experimentation involving model solutions (Eichner and Karel, 1972; 

Shirkhande and Francis, 1974; Poei-Langston and Wrolstad, 1981; Reyes 
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et al., 1982). Possible pathways include Maillard reactions, Strecker 

degradation and ascorbic acid browning. Enzymatic systems have also 

been proposed. Oxidases, such as polyphenol oxidase, may accelerate 

oxidation-reduction reactions involving ortho-quinones, ascorbic acid 

and monomeric anthocyanins (Wrolstad et al., 1980). Protein 

modifications initiated by oxidases and peroxidases could be involved 

in cross linking and complexing with anthocyanins (Lea and 

Timberlake, 1974; Matheis and Whitaker, 1984). 

In spite of the efforts to understand color degradation in SJC, 

there is a lack of information regarding the simultaneous change in 

flavor, color and composition. A few studies have noted flavor 

degradation in strawberry products. Kertesz and Sondheimer (1948) 

reported color loss preceded undesirable flavor changes in strawberry 

preserves. Decareau et al. (1956) noted degradation in flavor with 

increased temperature and processing time in strawberry jellies. 

Spayd and Morris (1981) found thaw time (at 30oC), acid 

concentration, and a temperature by storage time interaction to 

significantly affect color, flavor and overall acceptability of 

strawberry jam. 

The understanding of relationships between composition and flavor 

characteristics in SJC may aid in the development of a degradative 

pathway theory. Taste attributes such as astringency and bitterness 

have been related to the polymerization of phenolics (Bate-Smith, 

1973; Lea and Timberlake, 1974; Lea and Arnold, 1978; Hagerman and 

Butler, 1981; Lea, 1984; Delcour et al., 1985; Clifford, 1987). Odor 

active compounds may be formed by pathways that relate to color 

degradation (e.g., Maillard reactions, Strecker degradation, and 
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ascorbic acid browning). Therefore, this study was conducted to 

profile the sensory changes occurring in SJC during storage and to 

relate these changes to compositional indices. 

MATERIALS & METHODS 

Concentrate Processing 

Strawberry juice concentrate (SJC) was obtained from a local 

commercial juice processor (Kerr Concentrates, Inc.; Salem, OR). The 

fruit consisted of locally grown, mixed cultivars common to the 

Pacific Northwest. The fruit had been frozen in 55 gallon (208.2 L) 

drums and stored for two months at -150C. Juice was processed from 

thawed fruit by: liquefaction with pectinase at 50oC for 2 to 2 1/2 

hrs, pressing with a cellulose press aid, enzymatic depectinization 

at 40oC for 8 hrs, pasteurization at 100oC for 3-4 sec with an 

Inter-Drive (Model No. Z11E-15SS, Rodney-Hunt Machine Co., Orange, 

Mass.) falling film evaporator and clarification by filtration with 

diatomaceous earth. Concentration to 680Brix in one pass was 

accomplished using an Centra-Therm (Model No. CT6, a-LaVal, Lund, 

Sweden) centrifugal evaporator. The essence was recovered but not 

added back to any samples. 

Storage treatments 

The SJC was transported in 5 gallon (18.9 L) containers to Oregon 
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State University within 1 hr after processing. This material was 

divided into 50-60 mL sample aliquots and stored in 60 mL glass vials 

at -40oC. Samples were coded and randomly assigned to various 

storage treatments. 

Storage treatments included removing samples from frozen storage 

at -40oC, transfering them to 20oC for 0, 1, 2, 3, 4, 5 or 6 days 

and refreezing them at -40oC until evaluation. All samples were 

stored in the dark. 

Sensory Evaluations 

Eleven volunteers (four males and seven females) participated on 

a trained panel to evaluate reconstituted juice samples that were 

subjected to storage treatments as a concentrate. Panelists were 

graduate students, faculty and staff from the Oregon State University 

Department of Food Science and Technology with varying degrees of 

sensory evaluation experience. Nine sessions were used for descriptor 

generation, four sessions for ballot development and training and 

fourteen sessions for descriptive analyses. 

Samples (50-60 mL) of SJC that were subjected to storage 

treatments ofO, 1, 2, 3, 4, 5 or 6 days at 20oC were thawed, then 

reconstituted to 80Brix for sensory evaluation one hour prior to 

each panel session. Initially, 32 descriptive terms were generated by 

the panel to describe differences between a control (0 days storage) 

and samples with storage treatments. This list of terms was narrowed 

to four descriptors for taste (sweet, sour, bitter and astringent) 

and four descriptors for aroma (musty/moldy, sulfury, cooked and 
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pungent). » 

Panelists were trained to respond to detected differences on a 

nine point difference from control scale (0="no difference", 

S^'extreme difference"). Panelists also indicated the direction of 

change (e.g. greater than or less than control); therefore, including 

the direction of difference, data were evaluated as a seventeen point 

scale. 

Experimental Design. With seven treatments (0-6 days storage), 

a balanced incomplete block (BIB) design with three samples presented 

per session was employed to reduce sensory adaptation and fatigue. 

This design required seven sessions which resulted in three 

replications of treatments. Each panelist replicated this design 

twice over fourteen sessions. 

Samples were presented to panelists in three rows, evaluated from 

left to right within rows and from front to back over rows (Figure 

2.1). Within each row, aroma evaluations included a randomly arranged 

hidden control (same as the reference control) and storage treatment 

sample. Both samples within a row were evaluated against the 

reference control in their row. Control of sensory adaptation was 

further facilitated by fixing the presentation order such that 

samples of less storage were evaluated before those of longer 

storage. Any resulting order effect was removed statistically by 

subtracting the difference response on the hidden control from the 

difference response from storage treatment samples. 

To minimize fatigue, taste difference evaluations did not include 

hidden controls. Once the aroma differences were completed, panelists 

returned the samples to the sensory attendant, who removed the hidden 
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AROMA EVALUATIONS 

Row   3 : [    Ft] [S3] [    C] 

Row   2 : [    Ft] [    0] [S2 ] 

Row    1 : [    Ft] [S1 ] [    C] 

TASTE EVALUATIONS 

Row   3 : [    Ft] [S1 ] 

Row   2 : [    R] [S3 ] 

Row   1 : [    R] [S2] 

Figure 2.1. Scheme for presenting samples to panelists for aroma and 
taste difference evaluations. Sample evaluations for aroma include 
three samples (S,, S,, and S3) and three hidden controls (C) 
evaluated against reference controls (R) in the same row. Taste 
evaluations included samples evaluated against reference controls 
without hidden controls. 
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controls and randomized the order of samples to be evaluated against 

the reference controls. 

Statistical Analyses. Panelists were first individually 

evaluated for consistency in their difference responses on the hidden 

controls for aroma, and on the storage treatment samples for taste. 

Panelists guessing that aroma differences exist, when they are not 

present (false non-zero difference from control response), may 

inflate their mean square error, which can violate the ANOVA 

assumption of homogeneity of variances (Cochran and Cox, 1950). To 

test this assumption, Bartlett's test of homogeneity of variances 

(Snedecor and Cochran, 1980) was applied to individual panelist mean 

square errors. Panelists contributing significantly to heterogeneity 

were removed from the analysis on only that descriptor.      ' 

The ANOVA on the eight descriptors were conducted by first 

adjusting each panelists' responses for the incomplete blocks as 

suggested by Gacula and Singh (1984). Since each panelist replicated 

the BIB design, that replication could be used to conduct a two-way 

ANOVA. The mean square for panelist by storage interaction was used 

as the appropriate "error" for testing for storage effects as 

suggested by Lundahl and McDaniel (1988). When the storage source of 

variation was significant, mean responses at each of the seven 

storage times were tested with a two-tailed t-test of differences 

from zero or the sample with 0 days storage for aroma or taste 

analyses, respectively. 
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Colorimetric Determinations 

Samples were stored as SJC for 0, 3 or 6 days at 20oC, 

reconstituted to 80Brix with double distilled deionized water and 

then assessed in triplicate for differences in color and pigment 

composition. 

Determination of Hunter Indices. A Model DP-25P-2 (Hunter 

Instruments, Reston, VA) color difference meter was used to measure 

color (transmission mode, spectral component included-Arrangement 

III). The instrument was calibrated as described by the manufacturer. 

Hunter L, a, b values were measured in a 2.0 cm pathlength cell, 

converted to C.I.E. coordinates and expressed as Munsell hue, value 

and chroma values assuming an incandescent light illuminant. 

Spectral Analyses. A Model DMS 100 interfaced with DS-15 data 

station (Varian) UV-visable spectrophotometer was used for measuring 

the monomeric anthocyanin pigment concentration, browning index, 

color density and polymeric color by the pH differential and 

bisulfite bleaching methods (Wrolstad, 1976). Haze formation was 

evaluated at 700 nm absorbance. Anthocyanin concentration, expressed 

as mg/100 mL pelargonidin-3-glucoside, was determined from absorbance 

at 520 nm, E=22,400. 

Compositional Analyses 

Titratable Acidity, pH and Free Amino Acids. Changes in 

reconstituted juice samples after 0 or 6 days storage as a 

concentrate were evaluated in triplicate, with replicated evaluations 
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on each sample. Evaluations were conducted on a 1.0 mL capacity 

Metrohm Model 655 auto-titrator with a motor-driven piston burette 

and microprocessor-control and a pH electrode (Ross Model 81550) with 

a microprocessor pH/mV meter (Orion Model 811). Samples were 

reconstituted to 80Brix with double distilled, deionized, 

C02-free water. Titratable acidity was determined using a glass 

electrode to an end-point titration of pH 8.2 (AOAC, 1984) and 

expressed as percent (w/v) citric acid. Free amino acids were 

evaluated by the formol titration method to an end-point back 

titration at pH 8.4 (AOAC, 1984). Amines were expressed as mg/lOOmL 

a-amino nitrogen (glycine equivalent). 

Sugar Analyses. A Varian Model 5000 high performance liquid 

chromtograph (HPLC) equipped with column heater and refractive index 

detector (Varian Instrument Group, Walnut Creek, CA) was used to 

monitor changes in glucose, fructose, sucrose and sorbitol. A Biorad 

Aminex HPX-87C carbohydrate column and mobile phase of 200 mg/L 

calcium nitrate were used for separation of these carbohydrates. 

Quantitation was facilitated with an internal standard of mannitol 

and external standards of sucrose, glucose, fructose and sorbitol. 

Sample preparation included removal of pigments with a Waters C-18 

sep-pak cartridge and removal of organic acids with Biorex-5 anion 

exchange resin (Spanos and Wrolstad, 1987). 

CO2 Determinations. The evolution of CO2 was measured by 

gas-liquid chromatography (GLC) of the headspace above 10 g of SJC in 

a 25 mL Erlyenmeyer flask with a serum septum stopper. The headspace 

was purged under vacuum and filled with N2 at atmospheric pressure. 

The headspace was sampled by extracting 10 uL from the flask in 
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a 20oC water bath. The sample was then injected directly into onto 

a Carle Analytical Gas Chromatograph Model 311 (Hach Co., Loveland, 

CO) with a 182.9 m by 0.3175 cm OD stainless steel sieve Porapak-R 

column (80/100 mesh). The ratio of CO2 to N2 was measured with a 

thermal conductivity detector (Hach Co., Loveland, CO). The ratio of 

CO2 to N2 peak area was transformed into % CO2 by a standard 

curve from known standard mixtures of CO2 and N2 in a 25 mL 

headspace at 20oC. 

RESULTS 

Sensory Evaluations 

Analysis of Variance.  The ANOVA F-values for sensory 

evaluations are presented in Table 2.1.  The panel found significant 

(p< 0.05) increases in musty/moldy and pungent aromas after three 

days storage, while astringency increased after one day storage 

(Figure 2.2).  There was a significant panelist effect from all 

descriptors except "sulfury" aroma.  No panelist by storage treatment 

interaction was observed. 

Panelist Evaluations. Applying Bartlett's test for homogeneity 

resulted in rejection (p<0.05) of the hypothesis that the mean square 

error for responses to the hidden control were homogenous over all 

panelists for only the musty/moldy descriptor. One panelist had a 

mean square error of 11.027, whereas the remaining panelists ranged 

from 0.082 to 2.018. Since heterogeniety of mean square errors among 



Table 2.1. Analysis of variance results for aroma and taste difference evaluations on strawberry 
juice reconstituted to 80Brix after storage at 680Brix.  The Panelist and Storage sources of 
variation were tested by comparing their respective mean squares against the Panelist by Storage 
interaction mean square. 

SOURCE OF 
VARIATION 

MUSTY/ 
MOLDY 

COOKED/ 
CARAMEL 

PUNGENT SULFURY SWEET SOUR BITTER ASTRINGENT 

PANELIST 3.717** 2.912** 3.310** 1.793NS 8.256*** 5.018*** 8.913*** 4.309*** 

STORAGE 9.393*** 0.736NS 6.806*** 0.313NS 0.540NS 1.706NS 0.418NS 3.798** 

PAN*STO 1.104NS 1.265NS 1.119NS 1.238NS 0.613NS 0.395NS 0.466NS 1.032NS 

* = significant at 5% level 
** = significant at 1% level 

*** = significant at 0.1% level 
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Figure 2.2. Change in aroma and taste attributes during storage of strawberry juice 
concentrate.  The aroma attributes are adjusted for presentation order by 
subtraction of the hidden control score (C) from the sample score (S^, i=l-6), 
while the taste attribute scores were not adjusted for presentation order.  The 
storage time were samples scores are first significantly different from C are marked 
by asterisk. 
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panelists violate a basic ANOVA assumption, we were forced to remove 

this panelist from further analyses on this descriptor. Re-testing 

for homogeniety of variances after removing this panelist resulted in 

no rejection (p>0.05) of the hypothesis of homogeniety. 

Colorimetric Analyses 

Color Measurements. Changes in color were noticeable with 

visual inspection after three days storage at 20oC and was 

substantiated by the colorimetric data (Table 2.2). The Hunter L-a-b 

values, expressed in Munsell notation, show changes from red (10R) to 

red-brown (1YR) in hue, darkening (decreased value) and decreased 

color intensity (chroma). None of the samples showed visual evidence 

of haze or sediment formation. 

Pigment Composition. There was a 46% linear decrease in 

monomeric anthocyanin pigment which was accompanied by increases in 

polymeric color and color density (Table 2.2). The correlation 

between ACN and polymeric color over the storage period was r=-0.999 

(p<0.05). Measurment of absorbance at 700 nm (0.02 +0.016) 

substantiated that there was no haze formation during the six day 

period. 

Other Compositional Changes 

COo Analysis. The formation of gas bubbles in the sample 

vials was evident during the storage experiment. Headspace analysis 

by gas-liquid chromatography revealed the presence of substantial 



Table 2.2. Color and pigment changes during storage of strawberry juice concentrate. All 
evaluations conducted on juice reconstituted to 8°Brix. 

DAYS             HUNTER COLORIMETER1           ANTHOCYANINS2  COLOR2   POLYMERIC2   PERCENT2  BROWNING2 

STORED   Lab    HUE    VALUE  CHROMA  (mg/100 ml)   DENSITY    COLOR       PC:CD     INDEX 
  juice (CD) (PC)  

X  37.9   51.4  25.5  10R    4.34   15.36     13.08        0.40      0.23        56.93    0.34 
0       

SD 0.196        0.005     0.010       1.988    0.003 

JT  34.4   45.5  23.6  1YR    3.97   14.91     10.06        0.48      0.33        67.98    0.26 
3       

SD 0.425 0.006 0.022 4.552 0.019 

X  31.5   41.8  21.7  1YR    3.66   13.98     7.03         0.55      0.42        76.18    0.34 
6       

SD 0.257        0.004     0.008       1.277    0.005 

1 = duplicate observations, only one sample per storage time 
2 = duplicate observations, three samples measured each storage time 

OO 
■c- 
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quantities of COo in the stored samples (Figure 2.3). The headspace 

gases reached 17.2% CO2 after six days. 

Sugars. Glucose and fructose remained relatively stable over 

six days storage as a concentrate (Table 2.3). Sucrose and sorbitol 

were not found in measurable quantities, although a small peak for 

sucrose was detected in some control (unstored) samples. This 

suggested that some hydrolysis of any remaining sucrose might have 

occurred during storage. 

Free Amino Acids and Acidity. Samples evaluated at 80Brix 

decreased significantly (p<0.05) in formal number from 14.565 to 

14.099 mg/lOOmL after six days storage.  Titratable acidity and pH 

levels remained relatively constant (Table 2.3). 

DISCUSSION 

Flavor, color and chemical composition of SJC changed 

dramatically during six days storage at 20° C. Under these 

relatively mild storage conditions, the 68° Brix concentrate was 

expected to be microbiologically stable. This expectation was 

supported by the stability of organic acids and sugars and lack of 

any visual signs of growth within the concentrate. Further, the 

strawberry juice had undergone a pasteurization step before 

concentration. 

The increase in headspace CO2 during storage is not believed to 

be a metabolic byproduct from either mold or osmophilic 

micro-organisms. This increase, however, could have evolved from a 



Table 2.3. Compositional changes in free amino acids, titratable acidity, pH, and 
carbohydrates during the storage of strawberry juice concentrate. All samples adjusted 
for evaluation at 8°Brix. 

DAYS AMINO   TITRATABLE 
STORED        ACIDS    ACIDITY 

mg/lOOml mg/lOOml 
free amine citric 

pH 
GLUCOSE 

CARBOHYDRATES (q/lOOml) 
FRUCTOSE   SUCROSE SORBITOL 

0 days 1 
SD 

14.56 
(0.078) 

0.71 
(0.005) 

3.58 
(0.004) 

1.18 
(0.063) 

1.35 
(0.074) 

trace ND 

2 days X 
SD 

      1.27 
(0.034) 

1.42 
(0.030) 

ND ND 

4 days X 
SD 

      1.28 
(0.052) 

1.42 
(0.052) 

ND ND 

6 days X 
SD 

14.10* 
(0.259) 

0.70 
(0.002) 

3.60* 
(0.005) 

1.24 
(0.022) 

1.39 
(0.019) 

ND ND 

* = significantly different from unstored sample at 5% level 
ND = not detected with high performance liquid chromatography 

oo 
ON 
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Figure 2.3. Percent CO2 released into a 25 mL Np filled headspace 
during storage of 10 g of strawberry juice concentrate.  Boxes around 
means are 95% confidence intervals for the mean. 
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Strecker degradation (transamination reaction of amino acids and 

a-dicarbonyls) reaction.  The documented decrease in free amino 

acids would support this possibility, with intermediates from 

Maillard browning reactions being a possible source of 

a-dicarbonyls.  Strawberry was reported to be high in free amino 

acids, with formal numbers ranging from 0.31 to 2.55 mEq/lOOg fruit 

(Goodall and Scholey, 1975). However, CO2 formation has not been 

reported for other fruit juice concentrates such as pear which also 

contain substantial amounts of free amino acids and readily undergo 

nonenzymic browning (Cornwell and Wrolstad, 1981, Beveridge and 

Harrison, 1984). 

Ascorbic acid is another potential source for COo. One proposed 

reaction sequence yielding CO2 being oxidation of ascorbic acid to 

dehydroascorbic acid, then hydrolysis to diketogulonic acid which 

undergoes decarboxylation to form 3-deoxypentosone or xylosone and 

CO2 (Tannenbaum, 1976).  While ascorbic acid content was not 

measured in this investigation, strawberries are a good source of 

ascorbic acid. Wrolstad et al. (1970) reported a range of 28.5-94.3 

mg / 100 g fruit in a 40 sample study.  Ascorbic acid is particularly 

unstable in strawberry juice and concentrate, rapidly degrading to 

dehydroascorbic (Wrolstad et al., 1980).  These a-dicarbonyls 

(especially 3-deoxypentosone) could subsequently undergo Strecker 

degradation by reacting with free amino acids to form additional 

quantities of CO2• 

While enzymic catalyzed reactions should also be considered as a 

possible source of CO2, we do not believe that they played a major 

role in its formation in this investigation.  The pasteurization step 



89 

in processing (100oC for 3-4 seconds) was expected to inactivate by 

denaturation many of the enzymes present in the strawberry juice. 

However, enzymatic reactions prior to pasteurization could form 

precursors which subsequently break down during storage. 

Ascorbic acid and it breakdown products might also be involved in 

the mechanisms facilitating nonenzymatic browning. The 

Q-dicarbonyls from dehydroascorbic acid decomposition can further 

degrade form meloidin (brown) pigments. This may have contributed to 

the observed increase in color density. It has also been demonstrated 

both in model systems and in strawberry juice and concentrate that 

ascorbic acid accelerates anthocyanin degradation (Shrinkhande and 

Francis, 1974; Wrolstad et al., 1980; Poei-Langston and Wrolstad, 

1981). 

The increase in astringency, detectable after one day of storage, 

could be the result of polymerization of anthocyanins and other 

phenolics.  However, this association between anthocyanin loss, 

polymeric color formation and increased astringency does not 

establish causation.  Other factors could also increase the 

astringent taste.  Proteins can complex with phenolics (Lea and 

Timberlake, 1974; Matheis and Whitaker, 1984) to form complexes which 

can elicit an astringent taste (Lea and Timberlake, 1974; Clifford, 

1987).  The lack of haze formation in this investigation did not rule 

out the possibility for protein-phenolic interaction, only that if 

any such complexes were formed, they did not result in insolubility. 

The "musty/moldy" descriptor was chosen by the panel as the best 

general description of the perceived aroma. It was not intended to 

imply a microbial off-flavor source. A large range of compounds might 
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be responsible for this aroma. Maga (1987) lists many possible 

sources including geosmin, 2-methylisoborneol and pyrazines. 

Pyrazines can be formed during Strecker degradation or ascorbic acid 

browning. Many compounds producing "musty/earthy" aromas have 

thresholds in the 10"9 (ppm) to 10'12 (ppb) range (Maga, 1987). 

Therefore, identification of the musty/moldy source could be 

difficult. 

This investigation established that a number of flavor, color and 

compositional changes occurred during short-term storage of SJC. 

Future research should be directed to identify the source(s) of COo 

and the compounds responsible for increased astringency and flavor 

change.  Determining the causes for these deleterious changes and the 

relative importance of nonenzymic vs. enzymic reactions should be 

pursued. The findings may suggest improved processing methods and 

alternative storage conditions for minimizing these changes. 
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-ABSTRACT- 

Strawberries, blanched or unblanched prior to liquefaction, were 

processed into pasteurized juice and concentrated to 680Brix. 

Concentrate (SJC), after storage at 20oC (0-6 days), and juice (SJ) 

were evaluated for blanch effect on taste, aroma and color, as well 

as composition.  Compositional and sensory changes due to blanching 

were not detected in SJ.  Blanching reduced the loss of anthocyanins 

(ACN) and CO2 release.  Changes in free sugars, free amino acids, 

acidity and headspace oxygen were not detected in either blanched or 

unblanched SJC samples.  Rates of change in sensory properties were 

not found to be influenced by the blanching process.  However, during 

storage, musty/moldy and pungent aromas increased, and buttery aroma 

decreased; while color changes included the formation of a red-brown 

hue, lighter color, and lower color intensity.  Lack of blanch effect 

on sensory attributes indicate the importance of non-enzymatic 

pathways to quality degradation under these experimental conditions. 
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INTRODUCTION 

Strawberry juices and concentrates rapidly change in composition 

and quality upon storage (Sondheimer and Kertesz, 1948, 1953; 

Meschter, 1953; Wrolstad et al., 1980; Hassanein, 1982).  In prior 

research (Lundahl et al., 1989), commercially produced concentrate 

(68° Brix) stored at 20oC (0-6 days) changed in hue (browning), 

becoming darker and less intense; developed musty/moldy and pungent 

aromas; and increased in astringency.  These sensory changes were 

associated with COn evolution, decreases in free a-amino acids 

(AA) and anthocyanins (ACN), and an increase in polymeric pigments. 

Organic acids and free sugars did not change. 

These compositional changes suggest ascorbic acid (AsA) 

degradation by Strecker mechanisms involving AA and dehydroascorbic 

acid, deHAsA, (Kurata et al., 1973) or a-dicarbonyls (Tannenbaum, 

2 
1976) to yield CO , aldehydes and other products.  Ranganna and 

Setty (1968) found reaction rates between AsA and AA quicker under 

high concentrations of reactants and low moisture.  Hydrolysis of 

deHAsA is favored over Strecker degradation in acid (Kurata et al., 

1973).  In the absence of Strecker degradation, Feather and Harris 

(1973) noted that AsA can degrade to yield CO and furfural (FUR). 

Various mechanisms have been proposed which relate AsA to ACN 

degradation.  Ascorbic acid can condense directly with ACN (Jurd, 

1968; Poei-Langston and Wrolstad, 1981).  Hydrogen peroxide, a good 

nucleophile produced from AsA oxidation, can degrade ACN (Sondheimer 

and Kertesz, 1952, 1953; Jurd, 1966, 1967; Hrazdina and Franzese, 

1974). FUR, from AsA degradation has also been implicated in ACN 
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degradation (Meschter, 1953; Tinsley and Bockian, 1960; Daravingas 

and Cain, 1968; Debicki-Pospisil et al., 1983).  Other aldehydes, 

possibly from Strecker degradation of AsA products, can react to form 

dimers between catechin and ACN (Timberlake and Bridle, 1977; Chen 

and Wrolstad, 1980; Debicki-Pospisil, 1983). 

Enzymes have also been shown to catalyze reactions which can 

indirectly affect AsA and ACN degradation.  Polyphenoloxidase (PPO) 

in strawberry oxidizes the B-ring of catechol (flavan-3-ol) to an 

o-quinone derivative (Wesche-Ebeling, 1984).  Several researchers 

have proposed schemes where o-quinones degrade AsA (Joslyn and 

Ponting, 1951; Skalski and Sistrunk, 1973; Pifferi and Cultera, 1974) 

and ACN (Joslyn and Ponting, 1951; Peng and Markakis, 1963; Pifferi 

and Cultera, 1974; Wesche-Ebeling, 1984). AsA was found to be more 

liable to oxidative degradation than ACN. ACN degradation rates did 

not increase until AsA had been consumed (Skalski and Sistrunk, 1973; 

Pifferi and Cultera, 1974). 

The role of PPO in strawberry is thought to be primarily an 

initiator of oxidative reactions since it has been found to lose its 

activity during catalysis (Vamos-Vigyazo, 1981; Wesche-Ebeling, 

1984).  Once initiated, free radical propagation can continue by the 

oxidation of various phenolics of varying degrees of polymerization. 

Therefore, it has been suggested that strawberry juice and 

concentrate quality can be improved by inactivation of PPO before it 

initiates the oxidative cycle (Vamos-Vigyazo, 1981; Wesche-Ebeling, 

1984).  Such a step must occur before the disorganization of the cell 

wall structure, where PPO and substrate come into contact with one 

another (Pollard and Timberlake, 1971; Wesche-Ebeling, 1984). 
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An experiment was devised to evaluate the effects of heat 

inactivation of PPO before the initiation of oxidative reactions. 

Compositional, as well as color, taste and aroma changes were 

evaluated during the processing and storage of concentrate from 

strawberries that had or had not been blanched. 

EXPERIMENTAL 

Processing and Storage Treatments 

Strawberry Juice.  Strawberry fruit (Benton cultivar) were 

commercially hand picked at similar maturity (same field area, two 

consecutive days) during the mid-1987 season.  Fruit were spray 

washed; sorted to remove soft, bruised or defective berries; 

individually quick frozen (IQF) at -40oC; and double bagged 

(plastic polymer) and stored at -40oC.  Before processing into 

juice, frozen strawberries were ground through a hammermill (Model D 

Comminuting Machine, W.J. Fitzpatrick Co.) equipped with a 3/4" 

diameter circular pore mesh at 418 rpm, and then, in a jacketed 

double boiler kettle (manual temperature control with steam and cold 

water) given one of two process treatments: (1) heating to 50oC for 

a control (CON) or (2) blanching (BLN) by heating to 850C (12-15 

minutes, steam on), holding at 850C (±20C) for 3.0 minutes (steam 

off), then cooling to 50oC (6-9 min, cold water on). 

After receiving either process treatment, the strawberry slurry 
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was processed into single strength juice as in Figure 3.1. 

Processing steps included liquefaction with a 1:1 mixture of 

Rohmpect® (Rhom Tech Inc., New York, NY) BIL:MB pectinase enzymes 

(200 mL/10,000 Kg, 1.5-2.0'hr, 50oC) and pressing in a Willmes bag 

press (Type 60, Moffet Co., San Jose, CA) using filter cloth and 3% 

(w/w) wood fiber press aid.  Depectinization of juice was 

accomplished by addition of a 1:1 mixture of Rohmpect® BIL:MB 

pectinase enzymes (200 mL/1000 gal, 8.0-8.5 hr, 40oC). 

Depectinization was observed to be complete after 4 hr by absence of 

pectin flock in a 50% alcohol:juice solution.  The eight hour 

treatment was followed to simulate commercial processing conditions. 

Depectinized juice then received a high temperature short time (HTST) 

process at 880C for 0.9 min through a Junior Paraflow heat 

exchanger (The APV Company LTD, England) with input and output 

temperatures of 40oC and 130C, and it was then filtered with 0.3% 

diatomaceous earth at a rate of 50 to 200 mL/min.  Juice samples were 

saved in sterile, 1.0 L glass bottles with ca. 15% headspace and 

frozen at -40oC until their evaluation. 

Strawberry Juice Concentrate.  The remaining juice was 

transported (frozen) to the Agricultural Research Canada station in 

Summerville, B.C., thawed and concentrated by passing through a 

centrifugal evaporator (Model CT-1B a-LaVal, Sweden). 

Concentration was accomplished by batch processing juice in two 

steps: concentration from single strength (10.5-11.0oBrix) to 

20.1oBrix (±0.4oBrix), then to 68.0oBrix (+3.0oBrix) 

(Appendix 1).  The conditions used for concentration are noted in 

Appendix 2. Concentrate was then placed into sterilized, 60 mL glass 
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Hammermill 

CONTROL PROCESS 

Liquefaction (50 C, 1.5-2.0 hr) 

Depectinization (40 C, 8.0-8.5 hr) 

HTST Pasteurization 

(88 C, 0.9 min) 

Frozen Whole Strawberries 

Blanch (85 C, 12-15 min) 

BLANCH PROCESS 

Cool 

Single Strength Juice 

Full Strength Concentrate 

Storage at 20 C 

0 days   3 days  6 days 

Figure 3.1.  Schematic diagram of the processing steps used for the 
production of single strength juice and full concentrate from 
strawberries and the storage conditions of the concentrate. 
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containers with ca. 15% headspace, frozen at -40oC, transported 

back to Oregon State University and then kept frozen at -40oC. 

Storage Treatments.  Samples within treatment and batch groups 

were then randomly assigned to storage treatments at 20oC in the 

dark for 0, 3 or 6 days.  After each storage treatment was complete, 

samples were returned to -40oC for frozen storage until evaluation. 

Sensory Evaluations 

Color Determinations.  Panels of size 14 and 9 were used to 

evaluate processed/stored samples of juice (SJ) and juice from 

reconstituted (80Brix) concentrate (SJC), respectively.  The SJC 

samples were reconstituted with bottled water (Aqua-Cool Pure Bottled 

Water, Eugene, Oregon).  Panelists were all volunteers and either 

students or faculty from Oregon State University's Department of Food 

Science and Technology.  All panelists were screened for color 

anomalies with standard Ishihara color plates (Ishihara, 1971) and 

trained to match Munsell color chips (1929 Munsell Student Chart, 

Munsell Color Co., Baltimore, MD) with the transmitted color of each 

sample through a 1 cm path length cell.  Scales for evaluation 

depended on the selected Munsell chip with hue recorded on a 30 point 

scale (1=1R, 11=1YR, 21=1Y, 30=10Y), value recorded on a 10 point 

scale of increasing lightness, and chroma recorded on a 20 point 

scale of increasing color intensity.  Twelve color cards (each 

constant hue, varying value and chroma) were available for matching 

the color of incandescent light transmitted through the sample. 

Samples were matched in a MacBeth Executive viewing hood (Model No. 
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BBX324, MacBeth Corp., Newburgh, N.Y.) under incandescent light where 

the sample and color chips were compared as in Appendix 3. 

Aroma and Taste Intensity.  Panels of 11 and 9 volunteers were 

used to evaluate processed/stored samples of SJ and SJC, 

respectively.  Panelists were either students or faculty from the OSU 

Department of Food Science and Technology and had varying degrees of 

sensory evaluation experience.  The SJ and SJC panels evaluated their 

respective samples to determine descriptors that best characterized 

the aroma and taste of the samples.  The selected taste and aroma 

standards and definitions of descriptors are given in Appendix 4. 

All panelists were trained to evaluate SJ or SJC samples for 

aroma intensity using a 15 point scale with intensity rated 0="none", 

3="slight", 7="moderate", ll="large" and 15="extreme".  For each 

sample, panelists scored aroma attributes by matching or 

extrapolating between the overall intensity of reference standards as 

suggested by Meilgaard et al. (1987).  These reference samples are 

listed in Appendix 5.  Taste evaluations for SJC were based on a 15 

point intensity scale as above, but without the scale structured with 

reference samples.  The ballots used for SJ taste/aroma evaluations, 

and SJC aroma, taste and color evaluations are presented in Appendix 

6 and 7, respectively. 

Time-intensity Evaluations.  For the SJC samples, panelists 

were also trained to rate their time-intensity (TI) perceptions of 

sweet, sour, astringent and bitter tastes.  A computer program was 

written in BASIC and Assembly language to facilitate the collection 

and analyses of TI data.  Panelists were prompted to select a three 

digit coded sample and then evaluate it for a specific taste 
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attribute.  The computer instructed panelists when to place the 

sample in the mouth (after a 20 sec countdown) and then expectorate 

(after a 7 sec countdown).  The instantaneous intensity of perception 

was scored by moving a pointer along a linear 15 cm scale with 

reference points of "none" and "extreme" at the ends and "moderate" 

in the middle.  After the taste was no longer perceived, panelists 

pressed a button on the input device which began a 60 sec waiting 

(resting) period.  The computer then prompted the panelist to begin 

evaluation of another sample. 

All samples were evaluated in random order for the same 

attribute.  When evaluation for one attribute was completed, another 

attribute was randomly selected and a new random sample evaluation 

scheme was specified.  Before evaluating samples for a new attribute, 

panelists were presented a warm-up standard of sucrose (0.500 g/100 

mL) for "sweetness", citric acid (7.2 mg/100 mL) for "sourness", 

caffeine (2.5 mg/100 mL) for "bitterness", or alum (2.5 mg/100 mL) 

for "astringency".  These standards were agreed by panel consensus to 

approximate "moderate" intensity strength. 

Experimental Designs and Analyses of SJ.  Color evaluations 

were conducted over two sessions (SES) on SJ samples presented 

randomly to each panelist in sets of eight: two process replications 

(BAT), two process treatments (PRC), and two evaluation replications 

(REP).  Averaging over the SES and REP, data were analyzed as a 

randomized block design (RBD) with PAN as blocks, and PRC nested 

within BAT.  Aroma and taste evaluations were conducted over two 

sessions (SES) on SJ samples presented in sets of four: two BAT 

levels and two PRC levels.  All PAN and BAT effects were considered 
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random, therefore analysis of variance (ANOVA) was conducted 

according to the mixed random and fixed effects model described by 

Anderson and Bancroft (1952).  Panelists were considered random 

samples because they were from a population of panelists without 

color vision anomalies (i.e. color panels were screened) and with 

general taste/aroma acuity (taste/aroma panels were not screened) 

according to Lundahl and McDaniel (1988). 

Experimental Design and Analysis for SJC.  The SJC samples 

were evaluated for color and taste over ten sessions (SES) in sets of 

two as in Table 3.1.  This presentation scheme resulted in a design 

with proportional replication over the 2x2x3 factorial treatment set 

from levels of the BAT, PRC and STO sources of variation.  The SES 

effects were not included in the analyses, resulting in an ANOVA with 

PAN, BAT, PRC, and STO/PRC as main effects.  The ANOVA was furthered 

by determining the storage time (STO) variation separately for each 

PRC treatment.  Pairwise comparisons were conducted using Fischer's 

(protected) least significant difference (LSD) test (Steel and 

Torrie, 1980).  As with color evaluations, the PAN and BAT effects 

were treated as random yielding a mixed random and fixed effects 

model (Bancroft and Anderson, 1956). 

The SJC aroma evaluations were conducted by the same panel 

during the same ten sessions as the taste and color evaluations. 

However, within each session panelists were presented complete 

replicates of all six samples (three STO by two PRC levels) from 

either of two BAT levels.  Further, these six samples were randomly 

presented to each panelist in sets of two samples (BLK) such that 

over the five sessions, fifteen BLK levels completed a balanced 
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Table 3.1.  Pairs of samples of reconstituted strawberry juice 
concentrate which were evaluated during the same session (designated 
by X) for taste and color attributes. 

CONTROL PROCESS BLANCH PROCESS 
BATCH SESSION  0 DAYS  3 DAYS  6 DAYS  0 DAYS  3 DAYS  6 DAYS 

IX X 
8       X       X 
7       X X 

10 X 
2 X 

5 X X 
6 X       X 

2     3       X X 
9 X 
4 X 

NUMBER OF 
REPLICATIONS     6       2       2       6 
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incomplete block (BIB) design (plan 11.3, Cochran and Cox, 1950). 

The BIB design was employed to remove effects due to presentation 

order by adjusting the six sample means from the same PAN and BAT as 

suggested by Gacula and Singh (1984). These adjusted means were then 

used for ANOVA with main effects of PAN, PRC and STO/PRC as described 

for taste and color analyses. 

The curve of instantaneous response intensity vs time (Figure 

3.2) was used to evaluate perceived attributes including: time of 

initial perception or "lag time" (T^), time when intensity reached 

its maximum or "time to peak" (T-g^), time to end of perceived 

intensity or "final time" (Tj), peak intensity (Ipg^) . total 

duration time (Dtot=T£-T^), total area under the curve 

(Atot) ,   total curve perimeter ('Ptot),  peak duration time 

(D ak) and peak area under the curve (Apg^).  This 

time-intensity data was analyzed as univariate data (Appendix 8) by 

the methods described for taste evaluations, and as multivariate data 

(Appendix 9) by principal components analysis (PCA) with PC-SAS® 

(SAS Institute, Inc., Gary, N.C.). 

Colorimetric and Pigment Determinations 

Sample Preparation.  For spectrophotometric evaluations of 

pigments, the SJC samples were thawed and warmed to 20oC, then 

reconstituted to 80Brix with double distilled, deionized (DDD) 

water.  All samples were prepared in duplicate for evaluation. 

Tristimulus Hunter colorimetric data were recorded from the same 

samples as were evaluated by sensory evaluation yielding five sample 



c 
0) 

Time (sec.) 

Figure 3.2.  Parameters from the curve of the instantaneous percieved intensity over 
time (time-intensity).  Time parameters include the time to initial perception 
(T;:), time to peak intensity (Tpeaj,), time to end of perception (Tf) , total 
duration of perception (Dtotal)

pand duration of peak (Dpg^) .  Other parameters 
include intensity of peak (Ipeav)/ total area under the curve (A^otal), peak 
area under the curve (Apeak)pand total duration curve parimeter (Ptotal)• 
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replicates for analysis. 

Tristimulus Colorimetry.  A Model DP-25P-2 (Hunter 

Instruments, Reston, VA) color difference meter was used to measure 

color (transmission mode, spectral component included - Arrangement 

III).  The instrument was calibrated as described by the 

manufacturer.  Values were recorded in duplicate for samples in a 1.0 

cm pathlength cuvette.  The ANOVA for averaged values (over samples 

and recordings) for L, a, b, and hue angle [tan" (b/a)] included 

main effects for BAT and PRC SOV for the SJ data, and, in addition, 

STO/PRC for the SJC data. 

Spectrophotometric Colorimetry.  A Model DMS 100 UV-visable 

spectrophotometer interfaced with a DS-15 data station (Varian 

Instrument Group, Walnut Creek, CA) was used for measuring the 

monomeric anthocyanin (ACN) concentration, browning index (BI), 

degradation (A52o/A420^' color density (CD), polymeric color (PC) 

and percent PC:CD by the pH differential and bi-sulfite bleaching 

methods (Wrolstad, 1976).  Haze formation was evaluated by absorbance 

at 700 nm.  Monomeric ACN concentration was determined with A=520 

nm, £=22,400 and expressed as mg/100 mL pelargonin-3-glucoside. 

Compositional Analyses 

Titratable Acidity, pH and Free Amino Acids.  The SJ and SJC 

(8° Brix, DDD water) samples stored for 0 or 6 days at 20oC were 

evaluated in duplicate on a 1.0 mL capacity Metrohm Model 655 

auto-titrator with a motor-driven piston burette and 

microprocessor-control, and a Ross® Model 8104 pH electrode 
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(Orion Research, Inc., Cambridge, MA) with a microprocessor pH/mV 

meter (Orion Model 811).  The initial pH was recorded, then 

titratable acidity (TA) was determined by titration with 1.0 N NaOH 

to an end-point of pH 8.2 using the glass pH electrode method (AOAC, 

1984).  The TA was expressed as meq/100 mL citric acid.  Free amino 

acid (AA) content was evaluated by the formol titration method to an 

end-point back titration of pH 8.4 (AOAC, 1984) and expressed as 

mg/100 mL a-amino nitrogen (glycine equivalent).  The ANOVA 

included BAT and PRC main effects for the SJ and, in addition, the 

STO/PRC effect for the SJC data. 

Free Sugar Determinations.  Samples of SJ and SJC (80Brix, 

DDD water) were prepared in duplicate and analyzed for glucose, 

fructose, sucrose and sorbitol with a Varian Model 5000 high 

performance liquid chromatograph (HPLC) equipped with column heater 

and refractive index detection'(Varian Instrument Group, Walnut 

Creek, CA). A Biorad Aminex HPX-87C carbohydrate column and mobile 

phase of 200 mg/L calcium nitrate were used for separation of these 

free sugars.  An internal standard of mannitol and external standards 

of sucrose, glucose, fructose and sorbitol was used.  Sample 

preparation included removal of pigments with a Waters C-18 sep-pak 

cartridge, and removal of organic acids with Biorex-5 anion exchange 

resin (Spanos and Wrolstad, 1987). 

CO2 and Oo Headspace Determinations.  The percentages of 

CO2 and O2 were determined in the headspace above 12 g (+1 g) of 

concentrate in a 25 mL Erlyenmeyer flask with a serum septum 

stopper.  The headspace was air at ambient atmospheric pressure and 

20oC.  After storage of 0, 3 or 6 days in the dark at 20oC, 
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samples were placed in frozen storage at -40oC until their 

evaluation.  Samples were evaluated by injection of 1 mL of headspace 

directly into a Model 311 Carle® Analytical Gas Chromatograph 

(Hach Co., Loveland, CO) with two 6 ft by 1/8 in ID columns, 

Hayesep-R (80-100 mesh) and Molecular Sieve 5A (60-80 mesh), in 

series with a thermal conductivity detector (Hach Co., Loveland, 

Co).  Peak areas of Oo, CO2, and N2 were adjusted for constant 

N^ area (N2 treated as an internal standard) and volume percent 

determined by plotting areas of known volumes of 100% air and CO2. 

RESULTS 

Color Determinations 

Strawberry Juice Evaluation.  The sensory panel did not detect 

any significant differences in color parameters between the blanched 

and unblanched samples (Appendix 10A).  There was a significant 

BAT*PRC interaction for hue caused by the control PRC level from the 

second batch being greater than the other levels, suggesting greater 

color degradation (Appendix 10B).  There were no statistically 

significant differences in color with Hunter L-a-b data (Appendix 

IIA.B). 

Stored Juice Concentrate. Results from sensory evaluation 

show that SJC from both blanched and unblanched fruit underwent 

similar changes in color indicating degradation (Appendix 12A).  Hue, 
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value and chroma ratings underwent considerable change during storage 

(Appendix 12B), with the major change occurring between days 1 and 

3.  Hue shifted to brown, color intensity decreased and samples 

became lighter (Figure 3.3). 

These color changes were confirmed by tristimulus colorimetry. 

ANOVA of Hunter "L", "a" and hue angle data resulted in significant 

changes during storage for both blanched and unblanched fruit 

(Appendix 13A).  Differences between PRC treatments were not 

significant (Appendix 13B).  The greatest change also occurred 

between days 1 and 3 (Figure 3.4). 

Aroma and Taste Determinations 

Strawberry Juice Evaluation.  The sensory panel detected some 

significant aroma and taste differences among SJ samples.  Batch 

differences were significant for overall aroma and cooked strawberry, 

a significant blanching PRC effect was found for sour taste and a 

PAN*BAT interaction was significant for buttery aroma (Appendix 

14A).  Sour taste was greater from SJ prepared from blanched fruit 

(Appendix 14B).  This increase in sourness could indicate the 

formation of sour components by heating (i.e. blanch processing) or 

the loss of sourness by interfering or interacting components with 

sourness perception in the unblanched fruit.  Batch 2 was rated 

higher than batch 1 in both cooked and overall aroma indicating 

processing or compositional differences between batches (Appendix 

14B).  The PAN*BAT interaction for buttery aroma indicates general 

disagreement among panel members (panel inconsistency) on the rating 
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•s- CONTROL 
•+-   BLANCH 

DAYS STORED 

Figure 3.3.  Sensory panel ratings of strawberry juice concentrate 
using Munsell color chips.  Hue was measured on a 30 point scale 
where 10=,,10R (red)", 11="1YR (brown) and 15-,,5YR.  Value (lightness) 
and chroma (color intensity) were measured on 10 and 15 point scales, 
respectively. 
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Figure 3.4.  Hunter "L" and hue angle (tan" 
samples stored for 0, 3 and 6 days at 20oC. 

b/a) readings of SJC 
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of this attribute. 

Aroma Evaluation of Stored Concentrate.  Sensory evaluation 

detected significant differences among storage treatments in pungent, 

musty/moldy and buttery aromas (Appendix 15A).  Aroma changes were 

similar for both PRC levels with musty/moldy increasing and buttery 

aroma decreasing (Appendix 15B).  Aroma changes were greater between 

days 1 and 3 suggesting the depletion of some precursor (Figure 

3.5A).  Pungency increased significantly during storage of SJC from 

only blanched fruit (Appendix 14B).  The pungent increase in aroma 

was greater between days 3 and 6 suggesting a different pathway of 

formation from the musty/moldy aroma (Figure 3.5B). 

Neither pungent nor musty/moldy aromas were present in the SJ or 

unstored concentrate.  Therefore, it can be hypothesized that these 

aromas are related to the storage of the concentrate.  This also 

suggests these aroma changes are from non-enzymatic processes since 

SJC from both blanched and unblanched fruit increased in musty/moldy 

aroma.  The formation of a pungent aroma in only the blanched fruit 

indicates the formation of odorless precursors during blanching (also 

non-enzymatic) with subsequent formation of pungent compounds. 

The panel also detected a significant batch difference in 

artificial strawberry (Appendix 15A).  Batch 1 was rated 1.63 (S.D. 

1.60), while batch 2 was rate 1.49 (S.D. 1.64).  This difference, 

while statistically significant, is not very meaningful due to the 

small relative difference and the small intensity magnitude (i.e., 

l="just detectable" and 3=,,slight"). 

Panel inconsistency in response patterns to samples with 

different storage treatments were noted for six of the ten aroma 
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Figure 3.5.  Aroma changes for significant aroma descriptors in 
stored strawberry juice concentrate from fruit that had been blanched 
(BLN) or unblanched (CON).  Intensity was evaluated on a 15 point 
intensity scale with 0="not detected", l^'just detectable", 3="slight 
intensity", 7-="moderate", ll^'large" and 15="extreme". 
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descriptors (Appendix 15A)  The PAN*STO/PRC variation was significant 

for samples which changed during storage, i.e. musty/moldy, buttery 

and pungent.  Since panelists were treated as random effects these 

variation sources were accounted for in testing the STO/PRC 

variation.  In addition, inconsistent response patterns were observed 

among panelists for the caramel, sweet/jammy and overall aromas. 

These inconsistencies are indicative of differences in panelist 

sensitivity to odor active compounds or in the use of descriptors. 

To further evaluate the inconsistency from different use of 

descriptors, the multivariate relationships among aroma descriptors 

were analyzed with principle components analysis (PCA).  PCA for the 

SJC aroma data resulted in four components which accounted for 79% of 

the variation among the ten aroma descriptors.  These four components 

(PC1-PC4) were described as "overall juice aroma", "off-aromas", 

"cooked and buttery" and "pungent and buttery", respectively, by 

correlating each principle component to each original variable 

(Appendix 16). 

Each component was then tested by ANOVA to determine which 

variation sources (e.g., SJC treatment or panelist effect) affect its 

variation (Appendix 17A).  A significant change in the second and 

fourth components occurred during SJC storage.  PC2 (off-aromas) 

increased, while PC4 (pungent, buttery and sweet/jammy aromas) 

decreased after three days storage (Appendix 17B).  Since cooked and 

caramelized aromas were negatively correlated to PC4, the decrease in 

PC4 indicated these aromas increased during storage.  In addition, 

the PAN*STO/PRC variation was significant for PC2 indicating the 

panel inconsistency observed for pungency and musty/moldy variables 
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were related to differences in sensitivity, rather than the use of 

descriptors.  Panelists responding to the same stimuli, but using a 

different descriptor (same principle component), would not be 

expected to contribute to the PAN*STO/PRC variation of the principle 

component. 

Intensity Scale Taste Evaluations on SJC.  Appendix 18A 

presents the F-values from taste evaluations of SJC samples rated on 

a 15-point intensity scale.  The slight difference in sourness 

detected by sensory evaluation in the SJ samples did not carry over 

into the SJC samples, although sour levels remained moderate 

(Appendix 18B).  A significant PRC SOV for astringency was due to a 

slightly higher intensity in the blanched SJC, as compared to the 

control (Figure 3.6).  A significant BAT*ST0 SOV in astringency was 

observed for only the control SJC samples.  This indicates that the 

pre-liquefaction blanch reduces some batch variation (i.e., increases 

processing control) related to the presence of astringent precursors. 

A significant change in sweetness was observed in the control 

samples during storage (Appendix 18A). After six days storage, 

sweetness decreased significantly in the control, but not in the 

blanched SJC (Figure 3.7A).  A significant PAN*ST0 SOV for only the 

control SJC was due to one panelist giving a higher response to the 

sample with 3 days storage than would be expected from the remaining 

panel (Figure 3.7B).  The response pattern for the remaining panel 

resulted in a linear decrease over six days storage (Figure 3.7B). 

Time-intensity Taste Evaluations.  The time-intensity (TI) 

F-values for sweetness are given in Appendix 19A.  The TI of 
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Figure 3.6.  Astringent taste differences in stored strawberry juice concentrate 
after control from control or blanched fruit. 
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Figure 3.7.  Sweet taste (Fig. A) in stored strawberry juice 
concentrate (SJC) for control or blanch processed fruit and the 
change in control SJC adjusted for one panelist (#8) with a different 
response pattern (Fig. B). 
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sweetness evaluation revealed a significant reduced peak maximum 

intensity (^-nesik)  arK* t^ine to P63^ (^neak^ after six days storage 

for only the control PRC level (Appendix 19B).  A comparison of the 

change between both PRC levels in significant sweetness TI parameters 

can be seen in Figure 3.8.  The control PRC level had a shorter time 

to initial perception, T^, (2.3 vs 2.6 sec) and longer peak 

duration, Dpeak, (2.4 vs 3.0). 

The validity of the significant TJ is questionable since both 

F-values for testing the PAN*PRC and BAT*PRC variation are smaller 

than expected by chance (5%) alone.  These components of variation 

are used in calculating the denominator of the F-value.  Therefore, 

this questions the significance of the model in the ANOVA for T^. 

The sourness TI F-values are given in Appendix 20A.  As detected 

in the SJ samples, sourness was significantly increased by the blanch 

PRC with respect to total area under the curve (At taT), total 

perimeter (Ptotal^ and area under the peak (A^a^) (Appendix 

20B).  These results are in contrast to those from the 15-point 

category scaling data which did not detect any significant PRC or 

STO/PRC variation.  One explanation may be that the TI evaluations 

resulted in evaluations which were more sensitive to changes in 

sourness perception.  With TI evaluations panelists may concentrate 

more on the sourness signal since response to stimulus involves a 

continuous reaction.  Scaled responses are different as they require 

the assignment of perceived intensities to a category scaled value. 

Another explanation is that the shape of the sourness TI curve 

is affected by the TI component of sweetness perception.  Figure 3.9 

displays the averaged values of sweetness and sourness TI curves for 
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Figure  3.8.     Sweetness maximum intensity  {^■■Dea]s)  an^ time  to 
maximum intensity  (T^g^)   for blanch or control treatment 
strawberry juice samples during storage. 
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process.  Intensity axis is in % of a 15 in. line scale for intensity 
of taste. 
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samples with different PRC and STO levels.  The TI peaks of sweetness 

and sourness overlap.  This overlap may explain the interaction of 

sweetness and sourness observed by other researchers (Pangborn et 

al., 1964; Pangborn and Crisp, 1964; Perng, 1988). 

To study the interrelationships between sweet and sour TI 

parameters, these data were evaluated by principle components 

analysis (PCA).  The PCA was conducted on the 18 TI 

sweetness/sourness variables yielding four major components 

(PCS1-PCS4) which accounted for 78% of the variation among these TI 

variables.  Each principle component was described from a correlation 

analysis of the TI variables with each principle component (Appendix 

21).  The first component, "sweetness and sourness", (41% variation) 

was significantly correlated to TI components associated with higher 

intensity scores of both sweetness and sourness.  This may be related 

to the use of the intensity scale on the TI input device (i.e., a 

panelist effect).  The second component (17%) was a sweet vs sour 

effect.  The third component (13%) was related to the sharpness of 

the sourness peak and the fourth component (7%) was related to a 

longer time to initial and peak intensity of sweetness and sourness. 

The ANOVA results found a significant PRC effect for PCS4 

(Appendix 22A).  The blanch PRC means were higher than the control 

indicating times to initial and peak perception of sourness and to 

initial perception of sweetness are increased by blanching (Appendix 

22B).  The remaining principle components did not detect any 

differences among processing or storage treatments (Appendix 22A). 

Therefore, while the sweetness vs sourness component (PCS2) explained 

17% of the variation among the sweet/sour TI variables, this 
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component was not related to sample differences (Figure 3.10). 

Astringent TI evaluations were not as effective in detecting 

differences among samples as were scaled responses since the scaled 

data for astringency resulted in a significant PRC effect.  The TI 

differences in astringency were not significant (p<0.05) for any of 

the PRC or STO/PRC effects (Appendix 23A).  However, the F-value PRC 

effect had a 0.06 p-value for peak duration time (0^-^) indicating 

a possible trend towards a longer duration for the blanched PRC level 

(Appendix 23B).  A significant BAT*ST0/C0N and BAT variation for 

maximum peak intensity suggests the presence of some batch variation 

in astringency for the control samples.  This batch variation agrees 

with the results observed in the scaled intensity data. 

A significant PAN*STO/PRC variation for astringency peak area 

was caused by one panelist (out of nine) responding with a much 

longer peak on the control samples stored for three days.  Since 

astringency can persist for a long time, the presence of outlier data 

can influence TI parameters in units of area under the curve.  This 

factor was even more pronounced for bitterness TI data which give 

even longer tails to each TI curve.  No significant PRC or STO/PRC 

effects were detected (Appendix 24A,B).  This lack of bitterness can 

be explained in part by considerable panel disagreement in TI 

components related to the peak and tail of the peak.  All area TI 

components had significant PAN*STO/PRC effects as well as peak 

duration time, final time and time to peak (Appendix 24A). 
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Compositional Changes 

Pigment Composition of SJ.  Except for a significant BAT*PRC 

effect for browning index, the blanching did not significantly affect 

ACN and colorimetric indices in the SJ samples (Appendix 25A). 

Blanching resulted in a higher browning index than the control in 

only batch 2, probably indicating greater color degradation prior to 

concentration (Appendix 25B).  This interaction was related to a 

difference in hue detected by sensory evaluation (Figure 3.11). 

Pigment Composition in SJC.  During storage as a concentrate 

the ACN concentration, degradation index and polymeric pigment and 

%PC:CD changed significantly (Appendix 3.26A,B).  The browning index 

(A^2o) increased and color density decreased during storage, but 

were not significant at the 0.05 level (Appendix 26A,B).  ACN 

concentrations were stable over three days storage, but decreased 

thereafter (Figure 3.12A).  The blanching process significantly 

reduced the ACN loss after six days storage.  The polymeric 

contribution to the total color density (%PC:CD) increased during 

storage; however, blanching resulted in lower color density (CD) and 

a significant increase in %PC:CD (Figure 3.12B).  The degradation 

index (A^Q:AAOQ) decreased at the same rate for both PRC 

treatments (Figure 3.12C).  Therefore, colorimetric results indicate 

formation of brown pigments prior to the loss of ACN.  Further, a 

greater %PC:CD for blanched SJC, but not SJ samples, suggests 

formation of tannin precursors during the blanching process. 

Free Sugars.  The F-values for testing the effects of 

processing/storage treatments on SJ and SJC are listed in Appendix 
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27A and Appendix 28, respectively.  Neither the SJ or SJC samples 

were affected by processing/storage treatments.  The batch and 

processing means are listed in Appendix 27B, while SJC means are 

given in Table 3.2. 

Free Amino Acids and Acidity.  The F-values for testing 

processing effects on SJ and SJC samples with respect to 

concentration of free amino acids (AA), pH and titratable acidity 

(TA) are listed in Appendix 29A and 30, respectively.  Blanching did 

not significantly affect the concentrations of AA, pH or TA in the SJ 

or SJC samples.  The differences among means for the SJ samples are 

presented in Appendix 29B, while the SJC samples are listed in Table 

3.2. 

The composition of this SJC differs considerably from the 

commercially produced concentrate in the previous study (Lundahl et 

al., 1989).  The free sugar profile of the commercial SJC lacked 

measurable quantities of sucrose and greater concentrations of 

glucose and fructose.  Further, the commercial concentrate had 30% 

less TA and a 2.6 times the free AA concentration.  Therefore, lower 

levels of AA may explain the observed difference in AA loss. 

Headspace COo and O2.  The F-values to test the 

process/storage treatment effects for Oo and CO2 are given in 

Appendix 31A.  The ©2 content did not change significantly during 

storage, while the CO2 concentration in headspace above concentrate 

increased linearly for both the control and blanch PRC levels 

(Appendix 31B).  Figure 3.13 displays the differences in CO2 

content in the headspace above the concentrate.  The rate of CO2 

production during storage declined significantly (p<0.01) for the 
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Table 3.2.  Means and standard deviations (in parentheses) for free 
sugar, acidity (pH and titratable acidity) and free amino acid 
concentrations of stored strawberry juice concentrate (adjusted to 
80Brix).  Free sugars included sucrose (SUC), glucose (GLU), fructose 
(FRU) and sorbitol (SOR).  Free araino acids were reported by the formol 
number (FN).  Values all reported for juice at 80Brix. 

PROCESS DAYS FREE SUGARS (6/100 mL) ACIDITY 
STORED SUC GLU FRU SOR pH TA1 FIT 

0 1.00 1.00 1.16 0.03 3.37 0.93 5.64 
(0.02) (0.02) (0.03) (0.01) (0.02) (0.07) (0.50) 

CONTROL 3 3.36 
(0.02) 

0.94 
(0.05) 

5.62 
(0.28) 

6 0.97 0.96 1.12 0.02 3.36 0.96 5.78 

3.36 0.94 5.57 
(0.02) (0.03) (0.24) 
3.36 0.96 5.62 
(0.02) (0.02) (0.10) 

(0.07) (0.04) (0.06) (0.00) (0.02) (0.02) (0.15) 

0    1.02 0.93 1.09  0.03  3.37  0.94  5.84 
(0.04) (0.04) (0.05) (0.05) (0.03) (0.01) (0.10) 

BLANCH    3 

6    1.02 0.96 1.11  0.03 
(0.02) (0.03) (0.03) (0.02) 

STO/PRC 
Sig.              NS NS NS    NS    NS    NS    NS 
Level 

1) titratable acidity expressed as percent (w/v) citric acid 
2) formal number .expressed as mg/100 ml a-amino acid 

NS - not significant at the 0.05 level (p>0.05). 
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pre-liquefaction blanch treatment.  This inference was based on 

Wilks' Lambda for the PRC difference between TIM regression 

coefficients adjusted for the BAT and BAT*TIM sources of variation. 

DISCUSSION 

Comparisons to Commercially Produced Concentrate 

Previous research (Lundahl et al., 1989) described the sensory 

and compositional changes during storage of commercially produced 

strawberry juice concentrate (C-SJC).  The processing conditions for 

the present study were chosen to simulate the industrial process, 

however some differences might be expected due to the scale of the 

process operation or to fruit quality or cultivar differences. 

During storage, the C-SJC increased in musty/moldy and pungent 

aromas; increased in astringency; and changed color hue from red to 

brown, darkened and a decreased in color intensity.  In this 

subsequent study, utilizing selected strawberries and pilot plant 

concentration equipment, an increase in astringency or dark 

coloration with storage was not detected.  With respect to 

coloration, the SJC became lighter.  Hassanein (1982) noted Hunter 

"L" values to increase (e.g. become lighter in color) during storage 

at 210C in SJ, but to decrease in stored SJC.  The discrepancy was 

hypothesized to be attributed to different rates of precipitation of 

polymerized compounds due to a higher viscosity in the SJC.  Since 
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both SJC and C-SJC were 680Brix, an alternative hypothesis is 

required.  Little (1977) noted a similar lightening during storage of 

strawberry preserves and canned fruit and speculated that the color 

difference was related directly to loss of ACN, rather than the 

precipitation of phenolics.  Darkening, observed in the C-SJC, may be 

related to another mechanism which can produce chromophores (e.g., 

ascorbic acid browning). 

Compositional changes during storage of C-SJC included a 

decrease in ACN, an increase in the tannin (PC) contribution to color 

density (i.e. %PC:CD), the release of CO2 and a decrease in free 

amino acids, while free sugars and acidity levels remained constant 

(Lundahl et al., 1989).  This subsequent research did not detect the 

loss of free aamino acids (AA), however the level of amono acid 

concentration was much lower than in the C-SJC.  Other differences 

included a lower rate of ACN loss, a smaller increase in the tannin 

contribution to color density, and a lower release rate of CO2. 

The control SJC had only 14% loss of ACN compared to a 46% loss in 

the C-SJC.  The percent tannin contribution to color density was 

51.0% in the SJC after six days storage compared to 76.2 % in the 

C-SJC, and the percent volume of CO2 in headspace after six days 

storage was also greater in the C-SJC (17.2% vs 7.5%).  These results 

further support the assertion that the SJC underwent a lower degree 

of degradation than the C-SJC.  The lack of a significant decrease in 

AA may only be indicative of the lower rate of degradation in the 

control SJC.  Higher levels of AA in the C-SJC could have contributed 

to the increased rates of ACN degradation, since AA were observed to 

degrade during storage.  Aldehydes from Strecker degradation of AA 
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can increase the complexing and polymerization of ACN (Timberlake and 

Bridle, 1977; Chen and Wrolstad, 1977; Debicki-Pospisil, 1983). 

Greater complexing can contribute to a color darkening as observed in 

the C-SJC. 

Another distinction is the stability of ACN during the first 

three days of storage in the blanched and unblanched SJC, while the 

C-SJC ACN was unstable.  This result suggests a mechanism protected 

ACN initially.  If the CO2 is related to AsA browning mechanisms, 

these support the hypothesis that AsA protects ACN by increasing the 

redox poise of the system as suggested by Skalski and Sistrunk (1973) 

and Pifferi and Cultera (1974).  In the C-SJC, as well as the 

concentrate produced by Hassanein (1982), the AsA may have been 

degraded considerably.  Therefore, ACN were no longer protected. 

The lower degradation rate may be due to differences in 

strawberry variety, fruit quality, or processing conditions.  In the 

latter case, processing conditions were chosen to follow commercial 

processing conditions.  Therefore, this is not believed to be the 

major factor.  The C-SJC were from mixed varieties of strawberries of 

unknown quantity which may have had higher levels of oxidative liable 

phenolics and lower concentrations of ascorbic acid (AsA) to protect 

against the degradation of ACN. Abers and Wrolstad (1979) reported 

the Tioga variety to have a greater degradation rate than Hood, and 

attributed this to Tioga having greater concentrations of catechin 

and leucoanthocyanin, and a lower concentration of AsA.  In 

comparison to fruit used for SJC production, C-SJC fruit quality 

(i.e. microbiological and physical condition) would be expected to be 

lower.  The fruit used for this current investigation was of the 
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highest possible quality.  The fruit washand picked, washed, sorted 

and individually quick frozen to reduce to the lowest possible level 

the incidence of any fungal contamination.  Pilando (1982) reported 

that strawberry wine made from mold-contaminated fruit underwent more 

pronounced color degradation upon storage.  Huang (1955a) reported 

the activity of glycosidases from fungal origin in the degradation of 

ACN.  Strawberries that have been injured during harvesting increase 

the possibility for the contact of substrates and enzymes that can 

initiate oxidative degradation mechanisms (Pollard and Timberlake, 

1970; Wesche-Ebeling, 1984).  The presence of proteases of fungal 

origin could increase the Q-amino acid concentration, thereby 

increasing the rate of degradation by Strecker mechanisms. 

Processing Effects on SJC Degradation 

The effects of pre-liquefaction blanching of strawberries on the 

subsequent degradation of SJC can be characterized by a slower rate 

of ACN loss and COo release.  The percent tannin contribution to 

color density (%PC:CD) was greater after blanching; however, the rate 

of tannin formation was the same as the control.  These results 

suggest that the contribution of enzymatic activity to degradation is 

small compared to non-enzymatic mechanisms.  The %PC:CD increase with 

blanching suggests the formation of polyphenolics from heating.  This 

compositional change was related to an increase in astringency (rated 

by scaling) and an increase in sourness (rated by time-intensity 

measurement).  Astringency has been related to increases of 

procyanidins polymers (6-10 units) in ciders (Lea and Timberlake, 
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1974; Lea and Arnold, 1978, 1983).  Polyphenolic compounds are 

believed to associate with and precipitate proteins in the mouth 

(Bate-Smith, 1973).  Citric acid has been shown to associate with 

polyphenolic complexes in model solutions (Clegg, 1966).  It is 

possible that the increase in sourness is due to a higher 

concentration of citric acid (the major strawberry acid) in the 

polyphenolic complexes.  Since sourness has been to relate to both 

the unassociated and dissociated proton, hydrophobic mechanism could 

position these astringent polyphenolic complexes near the sour taste 

receptor sites. 

The production of COo has been well documented to relate to 

the loss of AsA (Lambden and Harris, 1950; Kurata and Sakurai, 1967; 

Huelin et al., 1971; Kurata et al., 1973).  Strawberries have high 

levels of AsA, ranging from 28.5 to 94.3 mg/100 mL of fruit (Wrolstad 

et al., 1970a). The loss of AsA due to oxidative degradation has 

been reported related to a decrease in water activity in the range of 

juice concentrates (Ranganna and Setty, 1968; Erlandson and Wrolstad, 

1972; Lee and Labuza, 1975), the oxidative degradation of catechol to 

an o-quinone (Peng and Markakis, 1963; Skalski and Sistrunk, 1973; 

Pifferi and Cultera, 1974; Poei-Langston and Wrolstad, 1981), and the 

presence of flavonols with good anti-oxidant properties (Hooper and 

Ayres, 1950; Davidek, 1960; Harper et al., 1969).  Catechin, the 

major flavan-3-ol of strawberries, is the major substrate for 

polyphenoloxidase (PPO) (Wesche-Ebeling, 1984). 

Other possible CO2 sources include Strecker degradation from 

free a-amino acids (AA) and a-dicarbonyls or microbial 

activity.  The use of high quality fruit and HTST pasteurization in 
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the processing of SJ should have killed any micro-organisms present 

in the juice.  Strecker degradation is a possible source, however 

AA's did not significantly decrease in this study. 

A decrease in sweetness perception during storage for only the 

control samples suggests the presence of an enzyme catalyzed 

reaction. Free sugar levels did not change during storage for either 

process level.  Time-intensity evaluations and principle components 

analysis failed to detect a sweetness/sourness relationship 

associated with change in control samples during storage.  Therefore, 

these results cannot give a succinct explanation for this phenomenon. 

Polyphenoloxidase activity, as measured by headspace ©2 

concentration, was not observed to be significant suggesting the 

pasteurization step successfully inactivated oxidases.  Blanch 

treatment differences were assumed due to enzyme activity during or 

after liquefaction, but before the pasteurization processing step. 

In spite of these compositional differences, aroma evaluation 

did not detect many processing differences.  However, a musty/moldy 

aroma developed during storage for both PRC levels indicating that 

non-enzymatic mechanisms are related to this off-aroma.  It is 

important to note that this off-aroma was not detectable in the juice 

or unstored SJC.  Further, principle components analysis failed to 

select a component which indicated that another aroma component of 

unstored juice underwent a reaction to form a musty/moldy product. 

However, univariate analyses of musty/moldy and buttery aroma 

revealed an inverse relationship.  Therefore, it is concluded that 

this aroma is formed from a precursor which is not musty/moldy. 
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MAJOR FINDINGS 

1. Over six days storage at 20oC, the characterization of sensory 

changes in strawberry juice concentrate included: 

(a) both C-SJC and SJC increased in "musty/moldy" and "pungent" 

aromas, while other aromas such as "buttery" aroma decreased 

in the SJC. 

(b) astringency increased after one day storage in C-SJC and was 

greater in the SJC from blanched fruit. 

(c) the duration of the peak sourness intensity was longer in 

SJC from blanched fruit. 

(d) color changed from red to brown in hue and decreased in 

chroma (intensity) in both C-SJC and SJC, while the value 

(lightness) of color decreased in C-SJC and increased in SJC 

from blanched and unblanched fruit. 

2. In SJC, the peak duration time for sourness perception from 

blanched fruit was related to increased astringency and 

increased polyphenolic (tannin) contribution to color density. 

3. COo was formed during storage of both C-SJC and SJC with a 

slight decrease in rate of release in SJC from blanched compared 

to unblanched fruit suggesting only a slight contribution to 

CO2 production from enzyme catalyzed mechanisms. 
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4. CO2 formation was associated with a decrease in free 

a-amino acids in C-SJC.  This decrease was not observed in 

the SJC.  However, initial concentrations of a-amino acids 

were lower in the SJC than the C-SJC.  Further, the rate of CO2 

release was lower in the SJC suggesting that degradation of amino 

acids (e.g. Strecker mechanisms) could have contributed to some 

COo formation. 

5. Anthocyanin pigments decreased during storage of both C-SJC and 

SJC from blanched and unblanched fruit and were related to an 

increase in polymeric pigment (tannin) contribution to color 

density. 

6. The rate of ACN decrease was slightly less in SJC from blanched 

fruit, however the relative difference was small compared to the 

overall decrease. 

7. Free sugar and acidity levels were stable over C-SJC and SJC 

from blanched and unblanched fruit. 
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CONCLUSIONS 

These experiments determined that substantial changes in color, 

taste and aroma occurred during six days storage of stawberry juice 

concentrate at 20oC.  This degradation was associated with release 

of COo.  A decrease in free a-amino acids when the initial 

concentration of amino acids was high suggests the presence of 

Strecker degradation mechanisms.  Results from these investigations 

indicate that degradation mechanisms in concentrate from fruit of 

high quality are primarily non-enzymatic, rather than enzymatic. 

Therefore, future research should relate to possible processing 

conditions that will reduce non-enzymatic degradation mechanisms. 
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APPENDIX 1 

Table 4.1.  Total soluble solids measured as 0Brix for strawberry 
juice and concentrate from different batch and pre-liquefaction 
process treatments. 

BATCH PROCESS 
STRAWBERRY 
JUICE 

CONCENTRATE 
FIRST PASS SECOND PASSJ 

1 CONTROL 10.5 
1 BLANCH 10.5 
2 CONTROL 10.9 
2 BLANCH 11.0 

19.4 65.0-68.9 
20.3 65.7-68.9 
19.9 66.5-68.2 
19.5 67.2-71.3 

1)  reported as a range from all 60 mL sample containers used for 
sensory and instrumental analyses. 
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Table 4.2.  Temperature and pressure conditions during the 
concentration in two passes from single strength strawberry juice to 
full concentrate (680Brix). 

PASS 2 

CONCENTRATION CONDITIONS PASS 1 BATCH 1 BATCH 2 
(+ range) CON BLN CON BLN 

91.5 + 3.5 98 97 97 97 
62.0 + 0.5 64 62 63 62 
70.0 ± 0.0 70 70 70 70 
75.0 + 0.5 79 79 79 79 
49.8 37 8 32 8 37 6 37.5 
9.0 19 1 19 1 19 2 19.4 

16 9 16 7 16 6 16.6 
16.0 12 5 12 3 12 6 12.2 

Inlet Steam Temp. (0C) 
Outlet Vapor Temp. (0C) 
Steam Source Pressure (kPa) 
Vacuum (kPa) 
Feed Rate (% of maximum) 
Sample In Temp. (0C) 
Evaporation Temp. (0C) 
Sample Out Temp. (0C) 



172 
APPENDIX 3 

"1—. . . .—!—r- i i-i i i 

Munsell 
Color 

#### Light source 

Chip 
Card 

,                54 cm                  , 
1                                           1 

• — ■ 3^^^   viewer 

Juice Sample 

Figure 4.1.  Diagram of the booth for evaluation of color 
differences.  Panelists (viewer) match Munsel color chips (displayed 
on a color card) to the transmitted color of a sample through a 1 cm 
path length cell.  This viewing apparatus is within a MacBeth 
Executive viewing hood under incandescent light. 
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Table 4.3.  Definitions of descriptors used for sensory evaluation of 
strawberry juice and concentrate. 

DESCRIPTOR DEFINITION/REFERENCE-1 

Overall Aroma 

Pungent Aroma 

Musty/moldy Aroma 

Sweet/jammy Aroma 

Cooked Strawberry 
Aroma 

Caramelized Aroma 

Fresh Strawberry 
Aroma 

Buttery Aroma 

Citrus Aroma 

Artificial 
Strawberry 
Aroma 

Total impact of all aroma. 

Aroma intensity which yields an irritating, 
piercing or reflex response. 

Primary aroma of a reference prepared by one drop 
of industrially produced concentrate (680Brix) 
after six months storage at 20oC. 

Primary aroma of a reference prepared by 30 ml of 
a 1:1 (v/v) solution of Smucker's® strawberry 
jam (Orrville, OH) and served at 40oC. 

Primary aroma of a reference prepared by 30 ml 
whole strawberries, Benton cultivar, heated to 
liquefaction in a microwave oven (Model RE-800TC, 
Sansung Electronics Co., Compton, CA). 

Primary aroma of a reference prepared by 30 ml of 
a 1:1 (v/v) solution of brown sugar (C&H Sugar 
Kitchen, San Francisco, CA) and served at 40oC. 

Primary aroma of a reference prepared by two 
frozen, whole strawberries (Benton variety) 
thawed to room temperature. 

Primary aroma of a reference prepared by 15 ml of 
100% butter melted in a microwave oven and then 
served at 40oC. 

Primary aroma of a reference prepared by 30 ml of 
a 1:1 solution of lemon juice (ReaLemon®, 
Borden, Inc., Columbus, OH) held at room 
temperature. 

Primary aroma of a reference prepared by 1/2 
packet (dry) of strawberry flavored KoolAid® 
(General Foods, Inc., White Plains, N.Y.). 

1)  All samples were evaluated in standard clear wine glasses with a 
glass cover plate and served at room temperature (unless specified 
otherwise). 
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Table 4.4.  Preparation of 15-point scale reference samples for aroma 
evaluations. 

INTENSITY   REFERENCE 
(SCALE VALUE)  AROMA 

REFERENCE PREPARATION"1 

Slight Oil 
(3) 

Moderate Orange 
(7) 

Large Grape 
(11) 

Extreme Cinnamon 
(15) 

Total impact of the "oil" aroma from 30 mL 
of Saffola 100% safflower oil (Westley Foods, 
Inc., City of Industry, CA). 

Total impact of the "orange" aroma from 30 mL 
of Hi-C® Orange Drink (Coca-Cola Foods, 
Inc., Plymouth, FL). 

Total impact of the "grape" aroma from 30 mL 
of Welches® 100% Natural Grape 
Juice (Welch Foods, Inc., Westfield, N.Y.). 

Total impact of the "cinnamon" in Big Red® 
chewing gum (W.M. Wrigley Jr. Co., Chicago, 
IL). 

1)  All reference samples were prepared fresh each day.  The oil, 
orange and grape juices samples were stored until their use in 60 mL 
glass containers with minimal headspace at -10oC. 
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STRAWBERRY JUICE BALLOT 

NAME: DATE: 

DIRECTIONS: 

1. Familiarize yourself with the seven references. 
2. Use the four standards to anchor your intensity scale. 
3. Rate both samples for their first impression on "overall 

intensity" (make sure you are using the same intensity scale for 
each sample). You should be able to do this with one smell for 
each sample. Please indicate the intensity of any other 
descriptive terms that you may recall... if you cannot, don't 
worry about it. 

4. Nexc, go back to each sample and rate their second impression. 
Note that you may write in other desriptors and their 
intensities. 

5. Reoeat s teps 3 and 4 for taste. 

SCALE: 
.0.1. 2.3.4.5. 6.7. 8 . 9 . 10. 11. 12. 13. 14. 15. 
N  J S      S M M L      L      E 
0  U L      L. 0 D. A      G.     X 
N  S I D R              T 
E  T G      T E T G      T      R 

H      0 R 0 E      0      E 
D T A M 
E M T L E      E 
T. D. E G. X. 

STANDARD     INTENSITY VALUE 
"OIL" - SLIGHT 3 
"ORANGE' - MODERATE - 7 
"CRAPE" - LARGE 11 
"CINNAMON" - EXTREME 15 

FIRST IMPRESSION SECOND IMPRESSION 
SAMPLI : # 

AROMA 
OVERALL IN" CENSITY 

FRESH 
COOKED 
ARTIF. 
SWEET 

3UTTERY 
CITRUS 
MOLDY 

STRAWBERRY 
STRAWBERRY 
STRAWBERRY 

1 

TASTE 
SOUR 

Figure 4.2. 
juice. 

Ballot for the aroma and taste evaluations of strawberry 
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STEAUDERRY JUICE BAIJJOT 
I\-iGc   1 

NAME: DATE: 

DIRECTIONS: 
1. Famtliarize yourself with Chc aroma references. 
2. Procede Co Che aroraa evaluaclon boochs. 
3. EvaluaCo aromas using Che four aroma scandards Co anchor your 

scale. 

SCALE: 
.. 0 . 1  .  ? 
N  J 

. 3 
S s 

6.7.. 
M 

8 . 9 . 10. 11. 12. 13. 14. IS. 
M       L     L      E 

0  U L L. 0 D; A     G.      X 
•N  S I D R            T 
E  T G T E T G      T      R 

H 0 R 0 E     0      E 
D T A M 
E M T L E      E 
T. D. E G. X. 

AROMA 
STANDARD CNTENSITV VALUE 
"OIL" - SLIGHT 3 
"ORANGE" - MODERATE -  7 
"GRAPE" - LARGE -  11 
"CINNAMON" — EXTREME -  15 

SAMPLE 

AROKA 
overall The total inpact of all 

aroma. 
pungene Irritating, piercing. 

reflex sensation. 
muscy/moldy     Musty/moldy reference. 

suecc/J nmiy Sveet/jammy reference. 

cooked scr. Cooked strawberry 
reference. 

caramelized Brovn sugar reference. 

fresh   fresh strawberry ref. 
scrawberry 
buttery   Butter reference. 

citrus    _ Lemon Juice reference. 

arttf. str.  :— Artificial strawberry ref.. 

4. Return samples and ballot to sensory accendcnc and precede co chc 
Casce evaluation booths. 

Fieure 4 3  Ballot for the sensory evaluations of reconstituted 
stored strawberry juice concentrate samples: aroma evaluations (page 1 

of 3). 
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Page  2 
5.   First warm-up by evaluating the time-intensity relationship of 
the control sample for only the attribute noted on the screen.  Then 
evaluate  the  two  samples with the three digit code. 

SCALE: 
.0.1.2 .3.4 . 5 . 6 . 7 . ._§. . 9 . 10., 11. 12. .13. 14 • 15-  . 
N  J S S M M L     L E 
0  U L L. 0 D. A     G. X 
N  S I D R T 
E  T G T E T G     T R 

H 0 R 0 E     0 E 
D T A M 
E M T L E E 
T. D. E G. X. 

SAMPLE # CONTROL 

Time-int. 
sweet As the reference cont 

the reference cont 

the reference cont 

the reference cont 

rol. 

sour As rol. 

astringent As xol. 

bitter As ;rol. 

6. Return all samples to the sensory attendent and precede.to the 
color evaluation booth. 

Figure 4.4.     Ballot  for  the sensory evaluations  of reconstituted 
stored strawberry juice concentrate samples:   taste evaluations   (page 2 
of 3). 
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Page 3 
7. Evaluate the tvo samples for color differences. Pick the closest 
three hue cards by matching the transmitted color in the sample with 
color chips. Then extrapolate the matched colors to the best quess 
for hue, value and chroma. 

SAMPLE 

hue           The color of  the sample.. 

value      ^     The lightness/darkness  of the sample. 

chroma         The intensity of color of the sample. 

THANK-YOU for these evaluations.  Now please precede to  the TREAT 
STATION. 

Figure 4.5.     Ballot  for  the  sensory evaluations  of reconstituted 
stored strawberry juice  concentrate  samples:   color evaluations   (page  3 
of  3). 
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TITLE '3AS ANALYSIS Of Tint INTENSITY PRO0RAH -1IHINT0I.SA3" i 
OPTIONS I'S-tOi 

DATA OATH I 
INflLE •AiXSESNIO.CPR-I 
INPUT PAN SE3 VOL TRI OR0 SEL TIM'INT AREA PARItStOUTPUTi 

Rill 

DAI* OAT?Ii 
■nrilC •Ci\SESN0S.CPR-I 
INPUT PAH SE3 V8L TRT ORO SEL Tin INT AREA PARICtjOUTPUTi 

RUN i 

DATA DA1]1(OftOP-TRT 3E3)| 
SET 0«TII OATItl 
If StS-IO THEN BAT-lt 
ELSE BAT'ii 
IF TRT.4 THEN 00i 

PRC-J| DAY-Ii 
ENOi 
ELSE DOi 

PRC-?i OAY"2i 
END: 

RUN i 

DATA 0AT1?i 
INFILE 'Ai\SE3N0T.CPR'| 
INPUT PAN SE3 V8L TRT ORO SEL TIM INT AREA PARIC*,OUTPUTi 

RUN i 

0ATA OAIIli 
tlfflLE '0i\SESN0<.CPft': 
JNPUT PAN SES VBL TRT ORO SEL TIM INT AREA PARIOS,OUTPUT, 

ftUNi 

3ATA OATJJtOROP-TRT SES)i 
SET OATH OATJJi 
IF SES-7 THEN BAT-Ii 
ELSE BAT-},  . 
IF. TRT-i THEN OOI 

PRC-li 0AY>1( 
ENOI 

ELSE C0| 
PRO l.i OAY.}; 

ENOi 
RUN i 

PROC SORT 0ATA>0AT]1i 
BY VBL PAN BAT PRC OAY| 

RUN: 

DATA 0AT4 1(KEEP-V8L PAN BAT PRC OAY T10-TI9 iNO-INfl ARO-'AJtS PAO-PAO); 
ARRAY AR<9) AR0-AR91 

ARRAY PA(S) PAO-PASi 
ARRAY Tl(9) TIO-TIBi 
ARRAY tN(9) INO-IHSi 
RETAIN ARO-ARS PAO-PAS tto-Tle INO-INSI 
00 V-1 TO 1| 

00 P>l TO 9: 
00 T-I TO 8i 

DO UNT!L(SEL-e OR S£L--I)j 

SET OATJIi 
IF SEL*-1 THEN CO: 
00 I-1.5.9: 

AR|I1-0: 
PA(t)'0: 
TIHI-O: 
IN| 1 )*0.' 

END: 
ENOt 
ELSE DO: 

00 l"0 TO Bi 
IF   SEL-I   THEN   00: 

AR|l-ll-AREA, 
PA(I«I)-PARIt 
till*l)"TIM! 
1N(|.1)-INT: 

EIIOi 
END: 

ENO: 
ENOi 
OUTPUT: 
00   !•!   TO   9: 

AR(1)»-I 
PA(I)-.I 
Tl(l|-.l 
IN(I|-.; 

ENOi 
ENOI 

ENO: 
ENOi 

RVHl 

PROC SORT 0ATA"0AT3!: 
BY VBL PAN BAT PRC OAY I 

RUN i 

DATA OAT«J("KEEP-VBL PAN BAT PRC OAY TI0-TI8 INO-INB AR0-AR8 PAO-PAS): 

ARRAY AR(S) ARO-ARBi 
ARRAY PAtS) PAO-PAS: 
ARRAY TI(S) TIO-TISi 
ARRAY IN(8) INO-INSi 
RETAIN ARO-ARS PAO-PAS TIO-TIB INO-INSi 

00 V"I TO «I 
00 P'I TO 9: 

00 T'l TO Si 
00 UNTIL(SEL-S OR SEL--I): 

SET 0AT3J; 
IF SEL»-> THEN 00; 
00 1-1.5.9: 

AR(I|-C: 

PA{l)>0: 
Ilill-O: 
IN(l).0; 

ENO: 
ENO; 
ELSE OC; 

00 I'C TO 8: 

00 
O 
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APPENDIX 8   (continued) 

riixe'SAS /v(A(.vSi6 of rme i»ire^s<Tt    PHOMA*    r«<i>NTo£.SAS"/; 
OPTIONS PS=65: 

DATA 0AT1: 
INFILE 'A:XRESPOVSB.OTI'; 
INPUT VBL PAN BAT PRC OAY ARO PAG IN< RANGE TIO TIBSe: 
IF OAY<=2 THEN DAY=3; 
OUTPUT.- 

RUN ; 

DATA OAT2; 
INFILE "AARESPOVSa-OTl • ; 
INPUT VBL PAN BAT PRC OAY AR8 PAS JtJ4 RANGE TIO T1888: 
OUTPUT; 

RUN; 

DATA DAT3; 
INFILE -A:\RESPCVSH.OT1•: 

INPUT VBL PAN BAT PRC OAY AR8 PA8 IN4 RANGE TIO TI8<?B; 
OUTPUT; 

RUN; 

DATA DAT*: 
SET DAT! OAT2 0AT3; 
IF AR8<1 THEN LAR8=0; 
ELSE LAR6=L0G(AR8): 
IF PAS<1 THEN LPA8=0; 
ELSE LPAe = L0G(PA8).- 

RUN; 

PRCC SORT 0A7A=0ATt: 
BY VBL PAN BAT PRC DAY; 

TITLE "TIME INTENSITY RESPONSE DATA (f.AGNI TUOE) " ; 
PROC PRINT 0ATA=DAT4: 

VAR VBL PAN SAT PRC OAY AR8 PAE IN« RANGE TIO 718 LARS LPA8: 
RUN ; 

TITLE 'ANOVA - TIME INTENSITY RESPONSE DATA (MAGNITUDE)'; 
PROC ANOVA DATA=n»Tt; 

BY VBL: 
CLASS PAN BAT PRC OAY: 
MODEL AR8 PAB INi   RANGE TIO TIB LAR8 LPA8 = PAN BAT PAN'BAT 

PRC PAN«PRC BAT'PRC PAN'BAT-PRC 
DAY(PRC) PAN*OAY(PRC) BAT«OAY(PRC): 

TEST H=PAN BAT E=PAN"8AT; 
TEST H = PAN«PRC BAT-PRC E=PAN»8AT»PRC .- 
MEANS BAT«PRC/LSO E=PAN-BAT-PRC: 
MEANS BAT PRC BAT'PRC OAY(PRC); 

RUN ; 

PROC SORT OATA=OAT«: 
BY VBL PRC PAN BAT DAY; 

RUN; 

TITLE 'WITHIN PRC ANOVA - TIME INTENSITY RESPONSE DATA (MAGNITUDE)' 
PROC ANOVA OATA«=OAT4 ; 

if-  VBL PRC; 
CLASS PAN BAT DAY; 
MODEL AR8 PAS IN4 RANGE TIO 718 LAR8 LPAS-PAN BAT PAN-SAT 

OAY PAN»OAY' BAT-OAY; 
RUN ;■ 

Figure A.7.  SAS® program for the analysis of variance of time 

intensity data. 
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TITLE 'SJC1I2C: SAnEBTHHAITE APPIMIIIMtlOl AID COIPOUID r-VAUES',' 
OPTIOIS PS=«; 

DA'IVMJPBC; 

lurllt 'A:\SJCBI2CI.PIiI'; 
lipot en-DMll; 
OOTPBT; 
DO VBl-l TO IVJl; 

IIPOT «SI-«S(H; 
OKTPIIT; 

no; 
801; 

DATA DAtSTO|IEEP'DrS-DnO ISS-RSIO): 

IVBLO: 
IlflLE 't:\SJCBI2C2.PSI'.' 
IIPOT Dri-DEIOM; 

OJTPOT; 
DO VBl-l TO nil; 

IIPOT IS5-ISI0M: 
OUTPUT; 

EIO; 
BOI; 

DATA DAT1(IEEP'TBL OFl-OriO RSI-ISIO),' 
ItRCE DATPIC DATSTO: 
IE VBl'. TBtl DELETE; 

BOI; 

PSOC r«IIT DATA'DATl; 
m VBI BSI-KSIO Dri-ona: 

ROl; 

DATA DAT); 
ASM! «S|10| ISI-IS10; ABUT Dr|10| DPI-OriO; 
SET DAT); IBEPl'M; IBEP2A'M; IBEP2B'II; 
rpi.|S|!|/«S|l|; 
rBl'l!5|)|/HS|l|; 
Dru«((Btl|«SMII"l)/((«S|l|,,l/Dr|l||MMni">/IIF(«ll|: 
DrDlM(MH|i»S|)|)''2|/||m|2|'<2/0r|2||i(K|)|"2/Dr|)|)); 
n*((RS|i|<UMI)^«S|iP>M)|||: 
«SISD1=«S|2|I«;|]|-»S|I|; 
If HSLSDDO TBE! DO; 

orLSoi=«sLstii"2/(|isi)i";/Dri)iiM«siii"i/tin!il,("SMiM!/ofiii)); 
lS01'TllV(.)»,OriSDl]'(SO«T(!'X!lS01/«R!Pl)): 

EIO; 
ELSE DO; LSOK: DFLS01-.; HO; 
orpooLi=Dri!|iori)|iDr|(]; 
BSPOOll>|Dr|2|i|IS|2|iOF|)|,iS{)|iDri<|,BS|<ll/0''POOll; 
rpooii'is|i|/«sPMU; 
lSDP00ll-TIIV(.j;S,DFP00ll|l|^BT[2'IISP00ll/IBEPll); 

rP2'IIS|l|/KS|10); 
rB!.|ISH|/IS|10|; 
Dr«-M«S|5|IIS|IO||"l|/(|BS|J|>il/Dr|5||t(«5|l(l|"2/Dr|lll|||; 
()Flll>(«SU|iBS|9||''2)/|(IS|«|'«2/0r|!||i(«SH|»2/Dr|9|)|; 
r2«(|lis|S|'«S|IO||/(KS|8|ilS|9||); 
*SlSD2<BS|!|tXSm-BS|10|; 
IE ISISODO T8EI DO; 

orisD2«isLS02"2/(|iisiii''2/Driii|t|iism>'2/orni)i|«sii(i|*'>/Driioii); 
lSD2A'TIIV|.97i,DriSO2)l(SIIIIt|2>IISlS02/lflEP2A)|; 
lSO2AB'TllV(.97S,0ri$D2)*(SOBT||l!EP2«IIBCP2B)<IISlSD2/|lllEPiAlIIREP2B|)); 
LS0JB=TI>¥|.5;i,OriS0J)'|SI)ilT|l'IISlS02/IRtPJB||; 

EL.. DO; LSD2A-.; IS02AB-.; ISOIS'.; DflSOK: EID; 

Drpooi2'Drii|iDri9|ioriioi; 

«5POOU-|OF|«|'IS|!|iOr|)|'KS|9|lDf|IO|'«S|IO|)/OrpOOL!; 

rPOOL2=IIS|S|/KSPOOl2; 
rP00l)'llS[6|/»SP00l!; 

rpiMii-isi?i/«spoou; 
LSOPOl»'TIIV|.)75,DrPOOl!]'(S8RT(!'ISPOOl2/IIREPM)]; 
lSDPl2AB'TlIV(.97S,DrPOOl2)>|SQBT((IBEP2AtIBEP28)<IISPOOl2/(IBEP2A>l8EP2B|)); 
LSDPOl2B'Tll«(.97SlDrPOOl2)>|SOBT(2'IISPOOl2/IBEP28)); 
om'(|iis|sp«siioi|"2|/i|ii5|si"2/orij]]i[«s|ioi")/Driioiii; 
DrO)'((IIS|8|illS|9|)"2)/(|RS|8|"2/Dr|l|ll|BS|9|><2/Dr|9||); 
n-((is|8|<«S|ioi|/(«S|»|i«si9n|: 
0FI(.((llS|7|illS|i0||"2)/((IS|7|"2/0r|7||l(«S|IO|"7/0F|IO|)|; 
0rD|.||«S|!|i|!S|9||i';|/(|«SH|"!/0r|8||i|IS|9|"2/DrH|)|; 
n-(|IS|7|(BS|ll)||/(IIS|l|IBS|9|)|; 
pi-i-PBOBPin.Drii.Droi); 
P2«l-PBOBf(F2,0ril2,OrO2); 
P)>l-PfiOBF|P),Dr«),OrD!); 
PM-PBOBFirt.DFII.DFOI): 
PP0OLM-PJ08P|rPOOll,DPI,DPP00l!|; 
PPOOl2=l-PBOBr(FP0Ol2,0F5,DPPOOl2); 
PP0OL)«l-PB0Br(rP00l!,DPS,0FPOOt2); 
PPOOll'I-P80BF|FPOOH,DF7,0FPO0L2); 
ppi'PB08r(PPi,Dr2,Dr(); 
PBl-PBOBr[FBl,Dr),0FI|; 
Ppl^)Br|rP2,Dr8,DF10); 
PB2-P(OBF|r82,DF!,Dri0); 

BDI; 

TITLE 'r-VALOES TO TEST PBC KODEL'; 
PBOC PBIIT; 
VAB FPI PP1 FBI PBI; 

BOI; 

TITLE 'r-VAMES AIO LSD FOR PROCESS'; 
PROC PBIIT; 

VAR Fl DFIl Of01 PI FPOOll DF1 DFPOOLl PPOOll; 
ROl; 

TITLE 'F-VALOES TO TEST STORACE|PROCESS) RODEL'; 
PROC PBIIT; 

VAB FP2 PP2 FB2 PB2; 
BOI; 

TITLE 'F-VALOES AID LSD FOB STOBACE[PBOCESS|'; 
PBOC PBIIT; 

VAR F) DFI2 DPO! P! fPOOU DPS OFPOOli PP0012; 
BOB; 

TITLE 'F-VALOES AID LSD FOB STOBACEICOITBOL)'; 
tlV "IIT; 

IMfJOFI! DFD) P) FPOOL) DF8 DFP0OL2 PPOOL); 
BOI; 

TITLE 'F-VALOES AID LSD FOR STORACE(BEAT)'; 
PROC PBIIT; 

VAR Fl Ol'lt DFOI Pt FPOOll 0F7 OrPOOL2 PPOOll; 
BOI; 

TIT'      ISO VAIOES FOR PAIRED COHPARISOIS'; 
PROl .<IIT; 

VAR LSDI LSOPOOLI  LSD2A LSD7AB LSD28 LSDP0L2A 

LS0P12A8 LSDPOUa; 

oo 
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TITLE 'S.J.C. TIME INTENSITY MEANS "PCA006.3AS"'I 
OPTIONS PS-6»; 

DATA OATH 
INflLK 'Al\nESP0VS«.OTl*; 
INPUT VOL PAN BAT PRC DAY AR8 PA8 IN4 RANGE TIO TIBOOl 
IP DAY-2 THEN DAY-31 
OUTPUT I 

RUN) 

DATA 0AT2; 
INFILE •Al\RESP0VSl.OTl'l 
INPUT VBL PAN OAT PRC DAY ARB PAS 1N4 RANGE TIO TIBCfI 
OUTPUT I 

RUN I 

DATA DAT!I 
INFILE •A:\RESPCVSH.0T1'l 
INPUT VBL PAN DAT PRC DAY ARB PAB IN4 RANGE TIO TISMl 
OUTPUTl 

RUN) 

DATA DAT4I 
SET DAT1 DAT2 DAT]> 
IP AR8<1  Til EH  LAAS-Ol 
ELSE LARB-LOG(AR8)t 
If PAB<I THEN LPA8-0I 
ELSE LPA8-LOG(PA8)l 

RUHt 

PROC SORT DATA-0AT41 
BY VBL PAH BAT PRC DAY! 

RUN | 

DATA DATS 0AT« DAT? DATBI 
SET DAT4I 
If VBL-1 THEH OUTPUT DATS) 
ELSE If VBI/>2 THEH OUTPUT DATS I 
ELSE IF VBL-3 THEN OUTPUT DAT7; 
ELSE OUTPUT DATBI 

RUN! 

DATA DAT5(DROP-VDL ARB PAB IN4 RANGE TIO TIB LARB LPAB)I 
SET DATSI 
Yll-ARB; Y12-PABI YI2-IN4I Y14-RANCEI Y15-TI0: Y16-Tiei 

RUN I 

DATA DATS(OROP-VBL BAT PRC DAY PAN ARB PAB IN4 RANGE TIO TIB LARB LPA8); 
SET DATBI 
Y21-AR8; Y22-PA8; Y2J-IN4! Y24-RANGE: Y25-TIO; Y26-TI8; 

RUN I 

DATA DAT»(DROP-VDL BAT PRC DAY PAN ARB PAB IN4 RANGE TIO TIB LARB LPA8); 
SET DAT?I 
YJ'-ARBl YJ2-PA8I YJ:-IN4I Y34-RANGEI Y3S-TI0: YD6-TI8; 

RUN; 

DATA DAT8(DROP-VBL BAT PRC DAY PAN ARB PAB IN4 RANGE TIO TIB LARB LPAB): 
SET DATS) 
Y41-AR9I Y42-PA8I Y43-IH4I Y44-RANGEI Y4S-TIO: Y46-TI8; 

RUN; 

DATA DATllt 
lAtPILE 'AlVRESPOVSG.OT)' : 
IMPUT VBL PAH DAT PRC DAY Tt4 PDA PDTPO: 
IF DAY-2 THEN OAY-D; 
OUTPUT: 

RUN) 

DATA DAT12; 
INFILE 'A:\nESPOVSJ.OTJ': 
INPUT VDL PAN OAT PRC DAY TI4 PDA PDTeP: 
OUTPUT; 

RUN! 

DATA DAT13; 
INFILE 'A:\RESPCVSH.OT3': 
INPUT VBL PAH BAT PRC DAY TI4 PDA PDT#e; 
OUTPUT; 

RUN I 

DATA DAT14: 
SET DAT11 DAT12 DATII: 

RUN; 

PROC SORT DATA-DAT14; 
BY VBL PAH BAT PRC DAY: 

RUN; 

DAT- OAT13 DAT16 DAT17 DAT18; 
S... DATI4; 
IF VBL-1 THEN OUTPUT DAT151 
ELSE IF VBL-2 THEN OUTPUT DAT1S: 
ELSE IF VBL-3 THEN OUTPUT DATI7; 
ELSE OUTPUT DAT!8; 

RUN; 

DATA DAT15(DROP-VBL BAT PRC DAY PAH TI4 PDA PDT): 
SET DAT15; 
Y110-TI4; Ylll-PDAl YI12-PDT; 

RUH; 

DATA DAT16(DROP-VBL BAT PRC DAY PAN TI4 PDA PDT); 
SET DAT16; 
Y210-TI4; Y2I1-PDA: Y212-PDT; 

RUH; 

DATA DAT17(DROP-VBL BAT PRC DAY PAN TI4 PDA PDT): 
SET DAT17; 
Y310-TI4: Y311-PDA: Y312-PDT; 

RUN; 

DATA DAT18(DROP-VBL BAT PRC DAY PAN TI4 PDA PDT): 
SET DATJB: 
Y410-TI4: Y411-PDA; Y412-PDT: 

RUN. 
I 

DATA ALLTIOAT: 
MERGE DATS DATS DAT7 DAT8 DAT15 DAT16 DAT17 DAT18 

RUN: 

iS 

1 
K 

oo 
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TITLE 'PCA ALL DATA FROM SW/SO TI EVALUATIONS' ; 
PROC PRINCOMP DATA=ALLTIDAT OUT=SWSOOUTl N=6; 
VAR Y11-Y16 Y2I-Y26 Y110-Y112 Y210-Y2I2; 

RL 

PROC CORR DATA=SWSOOUTl OUTP=SWSOCORl NOPRINT; 
VAR Y11-Y16 Y21-Y26 Y110-Y112 Y210-Y212 PRIN1-PRIN6; 

RUN; 

DATA SWSOCOR1; 
SET SWSOCOR1; 
IF  TYPE_="CORR" THEN OUTPUT; 

RUN; 

TITLE 'CORRELATION ANALYSIS OF PC1-PC6 VS. SW/SO TI VARIABLES'; 
PROC PRINT; 
VAR _NAME_ PRINI-PRIN6; 

RUN; 

TITLE 'ANOVA OF SW/SO TI PC1-PC6'; 
PROC ANOVA DATA-'SWSOOUTl ; 
CLASS PAN BAT PRC DAY; 
MODEL PRIN1-PRIN6=PAN BAT PAN«BAT PRC PAN*PRC BAT«PRC PAN«BAT*PRC 

DAY{PRC) PAN * DAY(PRC) BAT* DAY(PRC); 
TEST H=PAN BAT E=PAN*BAT; 
TEST H=PAN*PRC BAT«PRC E=PAN*BAT*PRC; 
MEANS BAT PRC BAT*PRC DAY(PRC); 

RUN; 

PROs. SORT DATA=SWSOOUT1 ; 
BY PRC PAN BAT DAY; 

RUN; 

PROC ANOVA DATA^SWSOOUTl ; 
BY PRC; 
CLASS PAN BAT DAY ; 
MODEL PRIN1-PRIN6=PAN BAT PAN*BAT DAY PAN'DAY BAT«DAY; 

RUN; 

Figure 4.9.  SAS® program for the merging and analyses of time 
intensity data by principle components analysis and analysis of 
variance (page 2 of 2). 
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Table 4.5.  F-values to test for the detection of color differences by 
sensory evaluation in strawberry juice samples. 

Source of 
Variation D.F. Hue Value Chroma 

Panelist (PAN) 14 
Batch (BAT) 1 
PAN*BAT 14 

Process (PRC) 1 
PAN*PRC 14 
BAT*PRC 1 

18.14. 
1.07 
1.01 

0.94 
1.25 
4. 61' 

NS 
NS 

NS 
NS 

8.73 
1.86 
1.09 

NS 
NS 

0.421NS 

1.54NS 

1.18NS 

5.82 
1.67 
1.81 

** 

NS 
NS 

1.027NS 

0.62NS 

0.41NS 

NS 
* 

not significant (p>0.05) 
significant (p<0.05) 
significant (p<0.01) 
significant (p<0.001) 
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Table 4.6.  Process and batch cross classification means 
and standard deviations (in parentheses) for sensory 
evaluations of strawberry juice color differences. 

BAT*PRC 
Sig. 
Level 

Ba itch 
Variable 1 

L 1 2 
Process Process 

control blanch control blanch 

Hue1 * 9.78Rb 9.78Rb 10.36Ra 9.58Rb 

(1.76) (1.46) (1.57) (1.69) 
Value NS 5.92 5.96 5.90 5.81 

(0.31) (0.42) (0.42) (0.51) 
Chroma NS 11.92 12.12 12.48 12.38 

(1.12) (1.45) (1.96) (2.08) 

NS  - not significant (p>0.05) 
*   - significant (p<0.05) 

Note:  means with the same letter are not significantly 
different at the 0.05 significance level. 

1)  Scale in Munsell notation R="red hue" (11R=1YR) 
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APPENDIX 11A 

Table 4.7.  F-values for testing Hunter L-a-b indices for strawberry 
juice color measurements. 

Source of 
Variation D.F. L a b Hue angle 

Batch (BAT) 
Process (PRC) 
BAT*PRC 

1 
1 
1 

9.07NS 

5.18NS 

0.78NS 

10.45NS 

5.68NS 

0.69NS 

10.50NS 
4 29NS 

0.47NS 

17.09NS 

10.75NS 

0.45NS 

NS  - not significant (p>0.05) 
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Table 4.8.  Means, standard deviations (in parentheses) and least 
significant difference (LSD) for Hunter L-a-b data for evaluation of batch 
and processing effects on strawberry juice color. 

BAT PRC 

.able 
Sig. 
Leve 

Batch Sig. 
Leve 

Process 
Vari 1 1 

1 2 LSD control blanch LSD 

L NS 61.69 
(3.10) 

65.62 
(1.79) 

12.40 NS 64.14 
(2.58) 

62.16 
(3.25) 

12.40 

a NS 44.52 
(4.11) 

39.07 
(2.62) 

15.33 NS 39.78 
(3.68) 

43.81 
(4.39) 

15.33 

b NS 33.55 
(1.00) 

32.13 
(0.86) 

9.88 NS 32.39 
(1.10) 

33.29 
(1.15) 

9.88 

Hue angle NS 0.647 
(0.03) 

0.689 
(0.02) 

0.22 NS 0.685 
(0.03) 

0.652 
(0.03) 

0.22 

NS not significant (p>0.05) 
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Table 4.9.  F-values for the detection of color differences among 
strawberry juice concentrate samples by sensory evaluation. 

Source of 
Variation D.F. Hue Value Chroma 

Panelist (PAN) 8 
Batch (BAT) 1 
PAN*BAT 8 

Process (PRC)1 1 
PAN*PRC 8 
BAT*PRC 1 
PAN*BAT*PRC 8 

41.38 
0.84; 
1.04 

0.38 
0.24 
0.53 
2.08' 

NS 
NS 

NS 
NS 
NS 

35.55 
0.70; 
0.55 

0.63 
1.39 
0.30 
0.54 

•kick 

NS 
NS 

NS 
NS 
NS 
NS 

37.24 
1.43 
1.52 

NS 
NS 

2.70 NS 
NS 0.60 

0.00NS 

1.66 NS 

Storage within PRC^ 
(STO/PRC) 4 
STO/CON (control) 2 
STO/BLN (blanch) 2 

PAN*STO/PRC 32 
PAN*STO/CON 16 
PAN*STO/BLN 16 

BAT*STO/PRC 4 
BAT*STO/CON 2 
BAT*STO/BLN 2 

32.01 
32.91 
31.11 *** 

00 
94* 

** 

2.08 

3.31, 
3. 38i 

3.22* 

6.01 
5.98 
6.04 

0.58 
0.45 
0.96 

0.94 
0.37 
2.66 

** 

NS 
NS 
NS 

NS 
NS 
NS 

4.95 
6.10 
1.31 

1.62 
1.35 
2.15* 

0.84 
0.64 
1.23 

** 
NS 

** 
NS 

NS 
NS 
NS 

NS 
* 

not significant (p>0.05) 
significant (p<0.05) 
significant (p<0.01) 
significant (p<0.001) 

1)  F=[MS(PRC)+MS(PAN*BAT*PRC)]/[MS(PAN*PRC)+MS(BAT*PRC)] and degrees 
of freedom estimated by Satterthwaite approximation (Anderson and 
Bancroft, 1952) 

2) 
F=[MS(STO/PRC)+MS(PAN*BAT*STO/PRC)]/[MS(PAN*STO/PRC)+MS(BAT*STO/PRC)] 
and degrees of freedom estimated by Satterthwaite approximation 
(Anderson and Bancroft, 1952) 
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Table 4.10.  Means and standard deviations (in parentheses) of color 
parameters of reconstistuted strawberry juice concentrate under 
different processing and storage treatments as rated by the sensory 
panel. 

Variable PRC 
sig. Control Blanch 

Level 0 Days 3 Days 6 Days 0 Days 3 Days 6 Days 

Hue *** 10.70b 13.78a 15.01a 10.66b 13.48a 14.94a 

(1.79) 
6.13b 

(1.36) (1.68) (1.61) 
6.18b 

(1.95) (1.53) 
Value *** 6.64a 6.67a 6.58a 6.75a 

(1.22) (0.65) (0.66) (0.71)u 
11.42ab 

(0.95) 
10.75bc 

(0.65) 
Chroma ** 11.72a 10.58c 10.39c 10.28c 

(2.28) (1.73) (1.88) (1.94) (2.33) (2.24) 

Note:  means with the same letter are not significantly different at the 
0.05 significance level. 

* - significant (p<0.05) 
** - significant (p<0.01) 
*** - significant (p<0.001) 
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Table 4.11.  F-values from ANOVA of color parameters for strawberry 
juice concentrate samples by Hunter L-a-b. 

Source of Hue angle 
Variation       D.F.      L         a b (tan'-'-b/a) 

Batch (BAT)       1 2.78NS 0.20NS 1.36NS     0.03NS 

Process (PRC)     1 0.62NS 1.05NS 1.04NS     0.92NS 

BAT*PRC          1 1.54NS 0.94NS 1.26NS     0.50NS 

Storage within PRC 
(STO/PRC)        4 10.39* 48.88** 4.86NS     45.52** 
STO/CON (control) 2    7.09 40.05 6.26Wi>     35.17 
STO/BLN (blanch)  2 13.70* 57.72** 3.47NS     55.87** 

BAT*STO/PRC       4    1.62NS     1.06NS 0.70NS     1.05NS 

NS - not significant (p>0.05) 
* - significant (p<0.05) 
** - significant (p<0.01) 
*** - significant (p<0.001) 
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Table 4.12. Hunter L-a-b means and standard deviations (in parentheses) 
from reconstituted strawberry juice concentrate samples after processing 
and storage. 

Variable '.  PRC Control Blanch 
Sig. 

Level 
0 Days 3 Days 6 Days 0 Days 3 Days 

L ** 66.69b 72.89a 71.60a 65.96b 73.12a 

a ** 
(2.90) 
37.60a 

(1.34) 
21.96b 

(6.63) 
19.21bc 

(2.49) 
38.42a 

(0.98) 
21.00bc 

b NS 
(7.54) 
33.08 

(2.79) 
33.54 

(7.51) 
36.37 

(2.56) 
32.35 

(2.53) 
33.30 

Hue ** 
(0.76) 
0.733c 

(0.61) 
0.993° 

(6.36) 
1.09b 

(0.96) 
0.701c 

(0.51) 
1.010b 

Angle (0.14) (0.06) (0.15) (0.02) (0.05) 

6 Days 

74.39a 

(0.93) 
15.64c 

(1.93) 
34.97 
(0.64) 
1.151a 

(0.04) 

Note:  means with the same letter are not significantly different at the 
0.05 significance level. 

NS  - not significant (p>0.05) 
*   - significant (p<0.05) 

- significant (p<0.01) ** 



Table 4.13.  F-values for testing the aroma and taste differences among strawberry juice samples. 

SOURCE Overall  Fresh      Cooked   Artificial Sweet/ 

OF VARIATION    D.F.  Aroma   Strawberry Strawberry Strawberry Jatnmy Buttery  Citrus Moldy 

Sour 

Taste 

Panelist (PAN) 

Batch (BAT) 

PAN*BAT 

10 

1 

10 

5.79 

6.30 

2.02 NS 

*ft* *ft* * AAfl MQ Aft* *A 

20.06 12.34 A.25 34.41 2.58 10.20 8.49 
„ ,w,NS        * NS . oeNS „ „,NS „ „,NS . „,NS 
0.92 8.70 1.10 0.35 0.04 0.01 0.01 
„ „„NS _ ,,NS , ,„NS , , NS . „** . ,„HS „ , NS 0.98 2.77 1.18 1.18 8.26 1.10 0.49 

17.25 

1.29 

0.76 

,NS 

•NS 
►■8 

,™^«1 , „ ocNS „ ^„NS „ „NS . ,„NS „ „,NS „ 011NS , ,0NS „ ,„NS , „ „ ** Process (PRO 1 0.95 0.69 0.16 0.38 0.81 0.24 1.38 2.79 15.09 
m..,4.™„ ,„ „ r,NS , „NS „ „,NS „ ,,NS „ _ NS „ „„NS „ , „NS „ , ,NS „ ,,NS PAN*PRC 10 0.63 1.57 2.01 0.72 0.73 0.90 0.40 0.47 0.41 
„„.,*,*„. , „ ,nNS „ „„NS . -,NS „ ..NS „ .„NS . ,,NS „ „,NS „ , „NS „ „tNS BAT*PRC 1 0.79 0.90 4.67 2.84 0.59 3.23 0.01 0.18 0.05 > 

NS - not significant (p>0.05) 

*  - significant (p<0.05) 

** - significant (p<0.01) 

*** - significant (p<0.001) 

1) F-[MS(PRC)+MS(PAN*BAT*PRC)]/[MS(PAN'>PRC)+MS(BAT''PRC)] and degrees of freedom estimated by Satterthwaite 

approximation (Anderson and Bancroft, 1952) 
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Table 4.14. Process and batch means and standard deviations 
(in parentheses) from sensory evaluations of taste and aroma 
of strawberry juice. 

Sig- 

Level 
(BAT) 1 

Batch 

2 

_ Sig. 

Level 
(PRC) 

Process 

Variable 
control blanch 

Aromas 

Overall * 7.77 
(0.95) 

8.32 
(0.99) 

NS 8.00 
(0.91) 

8.09 
(1.10) 

Fresh 
Strawberry 

NS 3.46 
(1.72) 

3.67 
(1.66) 

NS 3.48 
(1.95) 

3.66 
(1.38) 

Cooked 
Strawberry 

* 2.98 
(1.73) 

3.83 
(1.84) 

NS 3.38 
(1.92) 

3.42 
(1.75) 

Artificial 
Strawberry 

NS 0.90 
(1.12) 

0.66 
(0.79) 

NS 0.84 
(1.13) 

0.72 
(0.78) 

Sweet/ 
jammy 

NS 3.02 
(1.84) 

3.14 
(1.96) 

NS 3.06 
(2.00) 

3.10 
(1.79) 

Buttery NS 2.28 
(1.39) 

2.38 
(1.61) 

NS 2.33 
(1.57) 

2.33 
(1.43) 

Citrus NS 0.56 
(0.83) 

5.57 
(0.73) 

NS 0.64 
(0.77) 

0.51 
(0.78) 

Moldy NS 0.43 
(0.66) 

0.42 
(0.82) 

NS 0.34 
(0.72) 

0.51 
(0.75) 

Taste 
Sour NS 9.59 

(1.18) 
9.39 
(1.46) 

** 9.24 
(1.39) 

9.74 
(1.22) 

NS  - not significant (p>0.05) 
*  - significant (p<0.05) 



TabU 4.15.  F-values for testing aroma differences among strawberry juice concentrate samples evaluated by 11 panelists 

(PAH).  Samples include two process batches (BAT), two process (PRO treatments (C-control. B-bianch) and throe atorage times 

(STO). 

Source of 

Variation D.F. Overall Pungent 

PAH 14.87 

BAT o.ie' 
PAN*BAI 2.87 

PRC1 o.oe' 
PAN'PRC 5.30 

BAI'PRC 13.07 

PAH-BAfPRC 0.1S1 

STO(PRC)2 1.761 

SIO(C) 0.921 

STO(B) 2.601 

PAN*STO<PRC> 32 2.87' 

PAH«STO(C> 16 1.951 

PAH'STO(B> 16 3.79 

BAT«SIO(PRC) 4 0.6V 

BAI«SIO(C) 2 0.73° 

BAT*STO(B)  2  olii" 

0.70 

1.32 

«.05* 

».72* 

4.70* 

4.74* 

3.48* 

6.42* 

Huaty/ 

Moldy 

0.52 

.00 

.46 

.54 

.76' 

.31 

.25 

.fll' 

.84 

Sweet/ 

Jammy 

Cooked    Caramel 

Strawberry 

Freah     Buttery 

Strawberry 

0.97 

2.36 

-NS 

2.00 

3.48* 

2.23 

0.22N 

0.79 

1.06 

0.69 

0.04 

3.07 

2.06 

32.89 

1.37 

5.81 

3.38* 

8.25* 

1.01 

4.13* 

Cltrua Artificial 

Strawberry 

51.16 329.63 

2.06NS 
« 

5.74 

0.78NS O.*,"5 

1.89NS 0.02NS 

o.n"5 
0.28KS 

o.oS* O^l"8 

i.ss"5 ** 
3.95 

1.27 

2.35* 

0.77N 

2.37" 

1.53 

2.75* 

2.04 

3.73 

> 

NS - not aisnlfleant (p»0.05) 

• - alBnlflcant (p<0.05) 

** - slenlflcari {p<0.01) 

*** - algnlflcant (p<0.001) 

1) F-IMS(PRC)+«S(PAH«BAI*PRC)]/(MS(PAH*PRC)+MS(BAT*PRC)] and degreea of freedom eatlmated by Setterthwalto approximation 

(Anderaon and Bancroft. 1952) 

2) STO/PRC impllaa atorase within proceas source of variation. 

F-(MS(SIO/PRC)+MS(PAH*BAT»SIO/PRC)l/(HS(PAN,SIO/PRC)tMS<BAT«STO/PRC)] and degreea of freedom eatlmated by Satterthwalte 

approximation (Anderaon and Bancroft, 1952) 

ON 
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Table 4.16.  Means and standard deviations (in parentheses) from the 
sensory evaluation of aroma from reconstituted strawberry juice 
concentrate after processing and storage treatments. 

5 
AROMA 

;TO/PR< 
Sig. 

Level 
Control Blanch 

0 Days 3 Days 6 Days 0 Days 3 Days 6 Days 

Overall NS 7.06 
(1.22) 

7.37 
(1.08) 

7.32 
(0.87) 

6.96 
(1.21) 

7.22 
(0.94) 

7.60 
(0.99) 

Pungent ** 1.19bc 

(1.46) 
2.06ab 

(1.50) 
2.02ab 

(1.64) 
0.97c 

(1.54) 
1.77bc 

(1.36) 
2.75a 

(1.80) 

Musty/ 
Moldy 

*** 0.80c 

(1.26) 
2.66ab 

(1.81) 
2.60ab 

(1.84) 
0.88c 

(1.41) 
2.22b 

(1.23) 
3.24a 

(2.35) 

Sweet/ 
Jammy 

** 3.24ab 

(1.26) 
3.24ab 

(1.34) 
3.03ab 

(2.02) 
3.54a 

(1.50) 
2.96ab 

(1.63) 
2.63b 

(1.64) 

Cooked 
Straw. 

NS 3.36 
(1.12) 

2.78 
(1.81) 

3.10 
(1.38) 

3.18 
(1.49) 

3.21 
(1.33) 

2.80 
(1.79) 

Carmel- 
ized 

NS 2.30 
(1.97) 

2.15 
(1.98) 

2.21 
(1.80) 

1.96 
(1.54) 

2.31 
(1.63) 

2.10 
(1.71) 

Fresh 
Straw. 

NS 2.40 
(1.74) 

2.87 
(2.01) 

2.56 
(1.82) 

2.54 
(2.19) 

2.43 
(1.91) 

2.28 
(1.73) 

Buttery *** 2.56a 

(1.56) 
1.72b 

(1.42) 
1.83b 

(1.38) 
2.88a 

(1.31) 
1.70b 

(1.27) 
1.53b 

(1.59) 

Citrus NS 1.9 
(1.52) 

2.16 
(1.38) 

1.60 
(1.60) 

2.01 
(1.79) 

1.85 
(1.40) 

1.96 
(1.38) 

Artif. 
Straw. 

NS 1.60 
(1.51) 

1.61 
(1.70) 

1.51 
(1.75) 

1.76 
(1.71) 

1.45 
(1.70) 

1.45 
(1.52) 

Note:  means with the same letter are not significantly different at the 
0.05 significance level. 

NS - not significant (p>0.05) 
* - significant (p<0.05) 
** - significant (p<0.01) 
*** - significant (p<0.001) 
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Table 4.17.  Correlation coefficients for linear associations of aroma 
variables and principle components for strawberry juice concentrate. 

TIME-INTENSITY PRINCIPLE COMPONENT 
VARIABLE PCI PC2 PC3 PC4 

Overall 0.735* 0.247* -0.246* -0.044 

Pungent 0.006 0.887* -0.092 0.284* 

Musty/moldy -0.228* 0.875* 0.157 -0.094 

Sweet/jammy 0.533* -0.218* -0.411* 0.572* 

Cooked Strawberry 0.553* -0.095 0.612* -0.232* 

Carmelized 0.794* 0.147 0.031 -0.226* 

Fresh Strawberry 0.838* -0.027 -0.027 -0.120 

Buttery 0.222* -0.036 0.773* 0.532* 

Citrus 0.843* 0.131 -0.038 -0.045 

Artificial Strawberry 0.918* -0.018 -0.046 0.036 

Descriptor straw. off- cooked & caramelized 
for juice aromas buttery & cooked 
Principle aroma vs vs 
Component vs sweet/ pungent 

musty/ jammy & buttery 
moldy aromas aromas 

* reject the hypothesis (p<0.05) of no correlation, r^O, between 
principle components and time-intensity variables. 
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Table 4.18.     F-values   for  testing aroma principle  components  for 
differences  among strawberry juice  concentrate  samples. 

Source of 
Variation D.F. PCI PC2 PCS PC4 

Panelist (PAN) 8 
Batch (BAT) 1 
PAN*BAT 8 

Process (PRC)1 1 
PAN*PRC 8 
BAT*PRC 1 
PAN*BAT*PRC 8 

97.43 
3.11 
1.86 

0.90 
2.35 
0.09 
0.54 

•kick 

NS 
NS 

NS 
NS 
NS 
NS 

55.19 
0.74 
0.77 

0.66 
0.40; 
2.65 
0.70 

NS 
NS 

NS 
NS 
NS 
NS 

42.99 
0.21 
0.83 

0.16 
5.42.' 
2.05 
0.33 

NS 
NS 

NS 

NS 
NS 

11.41 
0.47 
1.64 

2.09 
0.44; 
0.04 
0.72 

** 

NS 
NS 

NS 
NS 
NS 
NS 

Storage within PRC 
(STO/PRC) 4 
STO/CON (control) 2 
STO/BLN (blanch) 2 

PAN*STO/PRC 32 
PAN*STO/CON 16 
PAN*STO/BLN 16 

BAT*STO/PRC 4 
BAT*STO/CON 2 
BAT*STO/BLN 2 

1.27 
1.04 
1.50 

NS 
NS 
NS 

1.46 
1.49 
1.43 

0.67 
0.27 
1.07 

NS 
NS 
NS 

NS 
NS 
NS 

3.98; 
2.56 
5.40* 

NS 

60 
98 

7 
5 
9.22 

*** 
*** 

5.86 
8.68 
3.04 

** 

1.74; 
1.72 
1.76 

NS 
NS 
NS 

28: 
67 
89* 

NS 

1.37 
0.59 
2.14 

NS 
NS 
NS 

3.81 
1.41 
6.21 

0.78 
1.19 
0.37 

0.60 
1.19 
0.01 

NS 
** 

NS 
NS 
NS 

NS 
NS 
NS 

NS not significant (p>0.05) 
significant (p<0.05) 
significant (p<0.01) 
significant (p<0.001) 

1)  F=[MS(PRC)+MS(PAN*BAT*PRC)]/[MS(PAN*PRC)+MS(BAT*PRC)] and degrees 
of freedom estimated by Satterthwaite approximation (Anderson and 
Bancroft, 1952) 

2) 
F=[MS(STO/PRC)+MS(PAN*BAT*STO/PRC)]/[MS(PAN*STO/PRC)+MS(BAT*STO/PRC)] 
and degrees of freedom estimated by Satterthwaite approximation 
(Anderson and Bancroft, 1952) 
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Table 4.19. Means and standard deviations (in parentheses) of aroma 
principle components from reconstituted strawberry juice concentrate 
after processing and storage treatments. 

TI 
curve 

STO/PRC 
Sig. 

Level 
Control Blanch 

param. 0 Days 3 Days 6 Days 0 Days 3 Days 6 Days 

PCI NS 0.13 
(1.98) 

0.10 
(2.25) 

-0.12 
(2.11) 

0.16 
(2.09) 

-0.08 
(2.05) 

-0.20 
(1.95) 

PC2 * -0.76b 

(1.12) 
0.36ab 

(1.05) 
0.29ab 

(1.19) 
-0.89c 

(1.13) 
0.06abc 

(0.79) 
-0.95ab 

(1.57) 

PC3 NS 0.30 
(1.14) 

-0.29 
(1.12) 

-0.04 
(1.05) 

0.34 
(1.08) 

-0.04 
(1.05) 

-0.26 
(1.22) 

PC4 * 0.16a 

(0.74) 
-0.04ab 

(0.93) 
-0.10ab 

(1.11) 
0.44a 

(0.94) 
-0.24b 

(0.74) 
-0.22b 

(0.87) 

Note:  means with the same letter are not significantly different at the 
0.05 significance level. 

NS  - not significant (p>0.05) 
*  - significant (p<0.05) 
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Table 4.20.     F-values  for  testing taste  differences  among strawberry 
juice  concentrate  samples. 

Source  of 
Variation DF SWEET SOUR ASTRINGENT  BITTER 

Panelist (PAN) 8 
Batch (BAT) 1 
PAN*BAT 8 

Process (PRC) 1 
PAN*PRC 8 
BAT*PRC 1 
PAN*BAT*PRC 8 

43. 39x,fV 

0.00 
1.01 

NS 
NS 

0.43 
0.54 
1.84 
1.68 

NS 
NS 
NS 
NS 

11.02 
0.43 
1.05 

1.40 
0.29 
3.42 
1.31 

** 

NS 
NS 

NS 
NS 
NS 
NS 

16.26 
2.91 
1.29 

5.20! 
0.45 
0.13 
1.82 

*** 

NS 
NS 

NS 
NS 
NS 

28.85 
0.42 
0.50 

0.02 
0.12 
0.84 
2.28'' 

*** 

NS 
,NS 

NS 
NS 
NS 

Storage within PRCr 
(STO/PRC) 4 
STO/CON (Control) 2 
STO/BLN (blanch) 2 

PAN*STO/PRC 32 
PAN*STO/CON 16 
PAN*STO/BLN 16 

BAT*STO/PRC 4 
BAT*STO/CON 2 
BAT*STO/BLN 2 

2.31 
3.54' 
1.08 NS 

1.06 
2.22.' 
0.61 

0.30; 
0.31 
0.29 

NS 

NS 

NS 
NS 
NS 

34 
20 
47 

NS 
NS 
NS 

68 
34 
10 

NS 
NS 
NS 

0.59 
0.17 
1.12 

NS 
NS 
NS 

0.31 
0.36 
0.25 

1.25 
1.16 
1.34 

2.80' 
5.36 
0.16 

NS 
NS 
NS 

NS 
NS 
NS 

NS 

1.14 
.08 
.20 

NS 
NS 
,NS 

0.72 
1.17 
0.54 

0.17 
0.16 
0.18 

NS 
NS 
NS 

NS 
NS 
NS 

NS 
* 

not significant (p>0.05) 
significant (p<0.05) 
significant (p<0.01) 
significant (p<0.001) 

1)  F-[MS(PRC)+MS(PAN*BAT*PRC)]/[MS(PAN*PRC)+MS(BAT*PRC)] and degrees 
of freedom estimated by Satterthwaite approximation (Anderson and 
Bancroft, 1952) 

2) 
F=[MS(STO/PRC)+MS(PAN*BAT*STO/PRC)]/[MS(PAN*STO/PRC)+MS(BAT*STO/PRC)] 
and degrees of freedom estimated by Satterthwaite approximation 
(Anderson and Bancroft, 1952) 
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Table 4.21.  Means and standard deviations (in parentheses) for sensory 
evaluation for taste of reconstituted strawberry juice concentrate after 
processing and storage treatments. 

TASTE 
STO/PRC 
Sig.  . 

Level 
Control Blanch 

0 Days 3 Days 6 Days 0 Days 3 Days 6 Days 

Sweet * 4.69a 

(2.34) 
4.56ab 

(3.11) 
3.53b 

(2.63) 
4.33ab 

(2.81) 
4.72a 

(3.00) 
4.56ab 

(2.85) 

Sour NS 7.83 
(2.07) 

7.39 
(1.72) 

7.61 
(1.72) 

8.07 
(1.99) 

7.56 
(1.72) 

8.22 
(2.32) 

Astrgt, NS 6.98 
(2.28) 

6.67 
(2.17) 

6.61 
(2.59) 

7.30 
(2.34) 

7.39 
(2.25) 

7.33 
(2.83) 

Bitter NS 2.83 
(2.25) 

3.56 
(2.62) 

3.17 
(2.09) 

2.89 
(2.59) 

3.11 
(2.35) 

3.67 
(2.50) 

Note:  means with the same letter are not significantly different at the 
0.05 significance level. 

NS  - not significant (p>0.05) 
*   - significant (p<0.05) 



Table 4.22.  F-valuea Cor teating for dlfferances In the awoetness timo-lntonslty perception amons samples of strawberry 

Juice concentrate. 

Source of 

Variation 

Duration  Duration   Haxlmum   Duration  Initial 

OF  Area    Perimeter  Intensity Time      Time 

Final Time to Peak Peak 

Time Peak Int. Area Duration 

Panallit (PAH) 

Batch (BAT) 

PAH'BAT 

8 68.36 

1  0.83" 

8  1.67" 0.75" 1. S3 

0.01 

3.71* 

51.78 

1.39 1.18 

Process (PRO 

PAH'PRC 

BAT'PRC 

PAN'BAT'PRC 

1.36 

0.3*' 

1.83" 1.66 

2.31* 

Storage within PRC 

(STO/PRC) » 

STO/CON(control)  2 

STO/BUI  (blanch)  2 

PAN>STO/PRC 32 

PAJl«STO/CO!l 16 

PAN"STO/BLN 16 

BAT«STO/PRC t 

BAT'STO/CON 2 

BAT'STO/BLN 2 

0.68 

0.53 

1.69" 1.99 

2.U',S 3.13' 

0.90HS 0.85' 

0.53 

0.63 0.88 

0.82 

1.73 

1.88 

2.60 

1.161 

0.27 

2.61 

3.72* 

0.35 

0.86 

«.15* 

0.22 

2.40* 

9 
M 

> 

NS - not significant (p>0.05) 

•  - sljnlficant (p<0.05) 

"*  - sljnlficant (p;0.01) 

••» - significant (p<0.001) 

1) F-lHS(PRC)-mS(PAH-BATwPRC))/[HS<PAN>PRC)tMS(BAT*PRC)] and degrees of freedom estimated by Sotterthwalte approximation 

(Anderson and Bancroft, 1952) 

2) F-[HS(STO/FRC)WS(PAN"BAT«STO/PRC)!/(MS(PAH«STO/PRC)-»MS<BAT*STO/PRC)l and degrees of freedom estimated by 

Satterthwalte approximation (Anderson and Bancroft, 1952) 

O 
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Table 4.23.  Means and standard deviations (in parentheses) of 
time-intensity (TI) curve parameters for sweetness perception from 
reconstituted strawberry juice concentrate after processing and 
storage treatments. 

TI 
curve 

STO/PRC 
Sig- 

Level 
Control Blanch 

param. 0 Days 3 Days 6 Days 0 Days 3 Days 6 Days 

Atot NS 405.3 
(505.2) 

378.8 
(495.5) 

294.0 
(391.0) 

345.8 
(425.9) 

398.7 
(544.9) 

419.8 
(505.2) 

Ptot NS 71.1 
(47.5) 

65.2 
(46.3) 

53.4 
(49.1) 

66.0 
(45.8) 

68.3 
(49.8) 

73.7 
(55.0) 

peak NS1 29.0a 

(19.1) 
27.lab 

(20.0) 
20. 6b 

(17.3) 
26.6 
(20.7) 

28.6 
(22.3) 

28.3 
(20.5) 

Dtot NS 17.0 
(14.2) 

16.0 
(14.0) 

14.0 
(13.3) 

15.4 
(11.1) 

15.8 
(12.2) 

18.1 
(16.2) 

Ti NS 2.7 
(2.18) 

2.1 
(1.98) 

2.2 
(1.64) 

2.5 
(1.91) 

3.0 
(3.20) 

2.2 
(2.31) 

Tf NS 19.7 
(13.8) 

18.1 
(13.6) 

16.1 
(13.0) 

17.9 
(10.6) 

18.8 
(11.8) 

20.3 
(15.5) 

T peak 
* 7.4a 

(4.29) 
6.2ab 

(3.92) 
5.6b 

(4.00) 
6.7ab 

(3.35) 
7 2ab 

(3.78) 
7.6a 

(6.00) 

^eak NS 82.4 
(93.7) 

85.7 
(106.2) 

74.7 
(92.4) 

94.1 
(112.9) 

104.2 
(112.7) 

91.2 
(91.2) 

Dpeak NS 2.4 
(1.86) 

2.6 
(2.60) 

2.3 
(2.26) 

3.2 
(2.26) 

2.9 
(2.63) 

2.8 
(2.22) 

Note:  means with the same letter are not significantly different at the 
0.05 significance level. 

1)  Since the storage variation was significant for only the control 
samples, the LSD test was conducted for only the control means. 

NS  - not significant (p>0.05) 
*   - significant (p<0.05) 



Table 4.24,  f-values for testing for differences In the sourness time-Intensity perception among aample8 of strawberry 

Juice concentrate. 

Source of 

Variation 

Duration 

DF  Area 

Duration 

Perimeter 

Maxlmuni   Duration  Initial 

Intensity Time      Time 

Final 

Time 

Time to 

Peek Int. 

Peak 

Area 

Peak 

Duration 

Panelist (FAN) B U.*2 

Batch (BAT) 1 7.64 

PAH'BAT 8 0.6*' 

Process (PRC)1 1 4.69' 

PAH«PRC 8 l.Ol' 

BAT*PRC 1 O.U1 

PAN*BAI«PRC 8 1.081 

4.36 

0.74 

1.6IR 

0.83 

2.42* 

**» *** 
55.20 20.97 
.  ._NS .  „,NS 

0.29 

3.64 
.NS 

Storage within FRC 

(SI0/PRC)        4 

STO/COH(control) 2 

STO/BLN (blanch) 2 

0.9} 

2.66 

0.67 

0.67 

0.56 
«NS 

PAH*SIO/PRC 32 

PAD'SIO/CON 16 

PAH'STO/BLN 16 

BAI«SIO/PRC 4 

BAI«SI0/CON 2 
BAI«STO/BLN 2 

0.32 

0.29 

0.75 

.NS 

0.38 

0.88 

1.46 

.NS 

0.38 
„NS 

0.90 

0.26 

0.66 

0.09 

NS - not significant (p>0.05) 

• - significant {p<0.03) 

*• - significant (p<0.01) 

•*• - significant (p<0.001) 

1) F-[MS(PRC)+MS(PAII*BAT'PRC))/[HS(PAH'PRC)tMS(BAT-PRC)) and degrees of freedom estimated by Satterthwalte approximation 

(Anderson and Bancroft, 1952) 

2) r-|MS(SIO/PRC)*MS(PA))*BAt«STO/PRC)I/(MS(PAH»STO/PRC)tMS(BAT"SIO/PRC)) and degrees of freedom estimated by 

Satterthwalte approximation (Anderson and Bancroft, 1952) 

O 
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Table 4.25.  Means and standard deviations of time-intensity (TI) 
curve parameters of sourness perception from reconstituted strawberry 
juice concentrate after processing and storage treatments. 

TI    STO/PRC 
curve   Sig.   Control      Blanch  
param.  Level. 0 Days  3 Days  6 Days    0 Days  3 Days  6 Days 

Atot    NS 

Ptot    NS 

^eak   NS 

Dtot    NS 

Ti NS 

Tf      NS 

Tpeak   NS 

^eak NS 

Dpeak   NS 

718.1 669.4 685.4 824.6 684.5 799.5 
(344.2) (397.5) (381.6) (475.1) (378.6) (355.9) 

118.0 118.6 112.4 124.8 122.4 127.0 
(31.5) (28.4) (34.4) (35.8) (43.0) (35.9) 

49.8 48.7 48.4 51.7 49.6 53.4 
(14.6) (11-7) (11.6) (14.1) (11.3) (16.0) 

24.2 24.0 23.4 26.8 23.5 25.3 
(   9.8) (10.2) (12.5) (14.00 (10.7) (   9.5) 

1.9 1.7 2.2 1.9 2.3 2.0 
(1.2) (1.0) (1.9) (1.3) (2.6) (1.1) 

26.1 25.7 25.5 28.7 25.8 27.3 
(   9.4) (10.0) (13.1) (13.4) (10.0) (   8.9) 

8.2 7.2 8.1 8.3 7.6 8.6 
(3.2) (2.3) (2.7) (3.4) (3.4) (3.5) 

125.9 148.9 121.9 173.2 168.9 160.2 
(   76.1) (   82.3) (   87.5) (120.6) (  91.4) (132.2) 

2.6 3.1 2.7. 3.3 3.6 3.2 
(1.5) (1.6) (1.8) (2.3) (2.1) (2.8) 

Note:  means with the same letter are not significantly different at the 
0.05 significance level. 

NS  - not significant (p>0.05) 
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Table 4.26.  Correlation coefficients for linear associations of 
time-intensity variables and principle components from those 
time-intensity variables. 

TIME-INTENSITY PRINCIPLE COMPONENT 
VARIABLE PCS1 PCS2 PCS3 PCS4 

Sweetness 
Duration Area 0.902* 0.268* -0.088 -0.157 
Duration Perimeter 0.815* 0.444* -0.180 -0.169 
Intensity Maximum 0.720* 0.456* -0.240* -0.194* 
Duration Time 0.879* 0.337* 0.000 -0.051 
Initial Time -0.355* 0.352* 0.124 0.647* 
Final Time 0.848* 0.408* 0.022 0.057 
Time to Peak 0.030 0.691* 0.211* 0.367* 
Peak Area 0.803* 0.135 -0.250 0.013 
Peak Duration Time 0.538* 0.010 -0.223* 0.238* 

Sourness 
Duration Area 0.766* -0.412* 0.398* 0.106 
Duration Perimeter 0.575* -0.492* 0.553* 0.090 
Intensity Maximum 0.317* -0.468* 0.658 0.037 
Duration Time 0.847* -0.188* 0.206* 0.112 
Initial Time -0.332* 0.494* -0.012 0.424* 
Final Time 0.834* -0.130 0.212* 0.171 
Time to Peak -0.128 0.446* 0.659* 0.182* 
Peak Area 
Peak Duration Time 

0.404* 
0.255* 

-0.586* 
-0.435* 

-0.451* 
-0.709 

0.427* 
0.412* 

Descriptor for Sweet Sweet Sharpness 
Principle and vs. of 
Component Sour Sour Sour Reaction 

Intensity Intensity Peak Time 

reject the hypothesis (p<0.05) of no correlation, r=0, between 
principle components and time-intensity variables. 
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Table 4.27.  F-values for testing sweet/sour time-intensity principle 
component differences among strawberry juice concentrate samples. 

Source of 
Variation D.F. PCS1 PCS2 PCS3 PCS4 

Panelist (PAN) 
Batch (BAT) 
PAN*BAT 

Process (PRC)1 

PAN*PRC 
BAT*PRC 
PAN*BAT*PRC 

8  109.87' 
1.48 
0.76 

NS 
NS 

94 
45 

1.94 
0.84 

NS 
NS 
NS 
NS 

15.40 
0.46 
1.48 

2.53 
1.14 
0.02 
1.63 

NS 
NS 

NS 
NS 
NS 
NS 

22.65 
0.68 
0.76 

0.65 
0.94; 
0.64 
0.75 

NS 
NS 

NS 
NS 
NS 
NS 

1.40 
1.19 
3.21 

6.72.' 
0.12 
0.33 
2.42* 

NS 
NS 
** 

NS 
NS 

Storage within PRC^ 
(STO/PRC) 4 
STO/CON (control) 2 
STO/BLN (blanch) 2 

PAN*ST0/PRC 32 
PAN*STO/CON 16 
PAN*STO/BLN 16 

BAT*STO/PRC 4 
BAT*STO/CON 2 
BAT*STO/BLN 2 

47 
92 
02 

NS 
NS 
NS 

0.60; 
0.52 
0.68 

0.74 
0.18 
1.30 

NS 
NS 
NS 

NS 
NS 
NS 

31 
69 

0.92 

NS 
NS 
NS 

0.52 
0.38 
0.66 

0.25 
0.28 
0.22 

NS 
NS 
NS 

NS 
NS 
NS 

1. 
1. 

59 
53 

1.65 

NS 
NS 
NS 

0.82 
0.88 
0.76 

0.36 
0.10; 
0.62 

NS 
NS 
NS 

NS 
.NS 
NS 

1.18 
1.13 
1.23 

0.62 
0.50; 
0.74 

0.43 
0.33 
0.53 

NS 
NS 
NS 

NS 
NS 
NS 

NS 
NS 
NS 

NS 
* 

not significant (p>0.05) 
significant (p<0.05) 
significant (p<0.01) 
significant (p<0.001) 

1)  F'=[MS(PRC)+MS(PAN*BAT*PRC)]/[MS(PAN*PRC)+MS(BAT*PRC)] and degrees 
of freedom estimated by Satterthwaite approximation (Anderson and 
Bancroft, 1952) 

2) 
F=[MS(STO/PRC)+MS(PAN*BAT*STO/PRC)]/[MS(PAN*STO/PRC)+MS(BAT*STO/PRC)] 
and degrees of freedom estimated by Satterthwaite approximation 
(Anderson and Bancroft, 1952) 
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Table 4.28.  Means and standard deviations (in parentheses) of 
time-intensity (TI) curve parameters of sweet/sour time-intensity 
principle components from reconstituted strawberry juice concentrate 
after processing and storage treatments. 

TI    STO/PRC 
curve   Sig.   Control     Blanch  
param.  Level 0 Days   3 Days   6 Days   0 Days   3 Days   6 Days 

PCS1    NS 

PCS2    NS 

PCS3    NS 

PCS4    NS 

Note:  means with the same letter are not significantly different at the 
0.05 significance level. 

NS  - not significant (p>0.05) 

-0.27 -0.13 -0.67 0.22 -0.01 0.35 
(2.50) (2.71) (2.76) (2.86) (3.03) (2.71) 

0.35 -0.14 -0.08 -0.30 0.08 -0.00 
(1.69) (1.56) (1.59) (1.85) (1.91) (1.77) 

0.12 -0.30 0.02 0.04 -0.35 0.16 
(1.48) (1.22) (1.45) (1.59) (1.46) (2.12) 

-0.18 -0.32 -0.29 0.25 0.32 0.07 
(1.05) (1.01) (1.03) (1.15) (1.66) (1.02) 



Table 4.29.  F-values Cor testing Cot differences in the asttlngency time-Intensity perception among samples oC strawberry 

Juice concentrate. 

Source oC 

Variation 

Duration  Duration   Kaximuin   Duration  Initial 

DF  Area    Perimeter  Intensity Time      Time 

Final 

Time 

Time to   Peak 

Peak Int.  Area 

Peak 

Duration 

Penslist  (PAN) S 

Batch (BAT) 1 

PAK'BAI 8 

Frocesa  (PRO 1 

PAWPRC B 

BAT*rac 1 

PAN-BAT* PRC 8 

!7.92 24.69 

7.9« 

0.70 

2.22 

0.59N1 

0.23* 

2.»»* 

1.53 

0.72 

2.54 

1.22 

2.24 

1.53 

2.35 
»NS 

Storage within FRC 

(STO/PRC) 4 

STO/CON(control) 2 

PAN'STO/PRC 32 

PAN«STO/CON 16 

PAN«STO/BLN 16 

BAT*STO/PRC 4 

BAT*STO/CON 2 

BAT«STO/BLN 2 

0.94 

STO/BLN (blanch) 2  1.24 

0.75 

NS 

1.09 
.NS 

0.89 

2.51 

3.59* 

i.e2N 

0.48 

1.23 

1.80 

2.27 

3.68* 

0.61" 

0.90 

1.60 

2.64H 

1.31 

1.07' 

„NS 0.79 

0.85 

0.79 

1.60 

1.27* 

0.92 

1.84- 

> 

z o 
M 
X 

> 

1.57 

NS - not significant (p>0.05) 

* - significant (p;0.05) 

•• - algniflcant (p<0.01) 

*•• - algniflcant {p*0.001) 

1) F-(K3(PRC)»HS(PAX"BAI"PRC))/[HS(PAN*PRC)+HS(BAT*PRC)I and degreea of freedom eatlmated by Satterthwalte approximation 

(Anderson and Bancroft, 1952) 

2) F-IMS(STO/PRC)+MS(PAN«BAT*STO/PRC))/[MS(PAN«STO/PRC)tMS(BAT*STO/PRC)] and degrees of freedom estimated by 

Satterthwalte approximation (Anderson and Bancroft, 1952) 

N> 

O 
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Table 4.30.  Means and standard deviations (in parentheses) of 
time-intensity (TI) curve parameters of astringency perception from 
reconstituted strawberry juice concentrate after processing and storage 
treatments. 

TI    STO/PRC 
curve   Sig.        Control Blanch 
param.  Level 0 Days   3 Days   6 Days   0 Days   3 Days   6 Days 

Atot   NS  1255.6 1062.4 1369.2 1442.4 1340.0 1730.7 
(1141.4) (1077.5) (1256.0) (1427.1) (1160.1) (1625.0) 

Pt t   NS   136.4 127.3 141.6 137.6 133.8 156.0 
(65.9) (52.9) (66.0) (66.9) (62.4) (90.4) 

I  k  NS    44.0 42.4 46.4 45.7 46.8 47.9 
P          (13.9) (13.7) (12.6) (14.5) (14.0) (19.5) 

Dtot   NS    46.9 41.7 47.0 48.2 44.4 56.9 
(34.5) (29.7) (34.2) (34.8) (28.0) (45.5) 

TL             NS     3.5 3.4 4.3 3.7 3.9 3.8 
(2.6) (2.7) (3.1) (2.7) (3.9) (3.0) 

Tf     NS    50.4 45.0 51.3 51.9 48.3 60.6 
(35.6) (30.8) (35.3) (36.4) (29.6) (47.6) 

T  k  NS    14.4 14.1 14.6 13.5 13.9 14.9 
(7.5) (7.1) (6.2) (6.4) (6.3) (10.4) 

^eak NS   266.9    200.9    408.4    280.5    281.0    478.8 
(384.1)   (159.7)   (736.2)   (336.1)   (325.6)   (617.7) 

D  k  NS     5.7      4.8      7.5      5.8      5.5      9.5 
(7.4)     (3.7)    (12.1)    (6.2)    (5.7)    (11.1) 

Note:  means with the same letter are not significantly different at the 
0.05 significance level. 

NS  - not significant (p>0.05) 



Tabls 4.31,  F-values Cor testing for differences In the bitterness time-Intensity perception among samples of strawberry 

juice concentrate. 

Sourco ol Duration Duration Maximum Duration initial Pinal Time to Peali Peak 

Variation DP Area Perimeter Intensity lime lime lime Pealt  Int. Area Duration 

Pan«li«t  (PAH) B 23.2«*" 26.92*** 36.96*"" 33.51*** 6.16 31.50 IB.15 3.89* 2.14
NS 

Batch  (BAT) 1 LO;"8 o.»NS 0.01NS o.ooNS 0.09NS o.oiNS o.ooHS LIS"5 0.59NS 

PAN*BAT B 0.62,,S O.MHS 0.53NS o^;"3 0.62NS 0.73NS O.BB"5 2.07 l^o"5 

Process  (PRO 1 o.u*5 0.22,,S 0.01NS 0.90NS 0.2fl
NS 0.39NS 0.2«NS 0.99HS o-ee"5 

PAN'PRC B 0.20NS o.ioHS 0.16NS 0.32HS 1.72HS o.uHS 1.32NS 0.91HS 0.8«NS 

BAI'PRC 1 o.^5 
O.JB'*5 0.73NS 0.92VS 1.71NS 2.36NS 7.53 0.91HS 1.21NS 

PAN*BAI«PRC 8 2.68 LB."3 i.a."8 i.a;"5 
0.7S

NS 1.50NS 0.,B*S 
** 

2.73 LSO1*3 

Stores* within PRC 

(STO/PRC)        * 

STO/CON(eontrol) 2 

STO/BLK (blanch) 2 2.30 

PAH*STO/PRC 32 2.32 

PAH«STO/CON 16 0.2B1 

PAH«STO/BLN 16 2.9* 

BAT*STO/PRC » o.so' 
BAT*STO/CON 2 O.OS1 

BAT«STO/BLN 2 0.501 

0.57 

0.70 

0.49 * 
2.It 

0.08 

2.»7 

0.12" 

«.82* 

1.09 

0.181 

1.991 

1.06 

0.47 

2.27* 

0.54" 

> 

re 
z 
© 
M 
X 
to 

> 

NS - not significant (p>0.05) 

* - significant (p<0.05) 

*• - significant (p<0.01) 

**• - significant (p<0.001) 

1) F-[HS(PRC)+MS(PAJ)*BAT"PRC)l/IHS(PAll"PRC)tMS(BAT,PRC)) and degrees of freedom estimated by Satterthwalte approximation 

(Anderson and Bancroft, 1952) 

2) F-[MS<STO/PRC)tMS(PAN«BAT"STO/PRC>l/|MS(PAN*STO/PRC)+MS<BAT*STO/PRC)] and degrees of freedom estimated by 

Satterthwalte approximation (Anderson and Bancroft, 1952) 

N3 
I-" 
ro 
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Table 4.32.  Means and standard deviations (in parentheses) of 
time-intensity (TI) curve parameters of bitterness perception from 
reconstituted strawberry juice concentrate after processing and storage 
treatments. 

TI 
curve 

STO/PR( 
Sig. 

Level 
Control Blanch 

param. 0 Days 3 Days 6 Days 0 Days 3 Days 6 Days 

Atot NS 203.2 
(199.7) 

246.6 
(191.3) 

176.0 
(192.5) 

188.2 
(223.2) 

346.1 
(568.2) 

303.1 
(307.1) 

Ptot NS 49.8 
(33.6) 

65.3 
(34.9) 

47.9 
(35.0) 

48.5 
(36.8) 

59.9 
(72.4) 

68.7 
(45.8) 

peak NS 18.0 
(14.7) 

21.0 
(16.0) 

18.2 
(15.2) 

17.2 
(16.2) 

19.2 
(15.6) 

23.5 
(17.2) 

Dtot NS 14.0 
( 8.2) 

16.9 
( 8.4) 

13.4 
( 7.9) 

13.6 
( 8.5) 

16.6 
(13.3) 

16.8 
(10.9) 

Ti NS 4.4 
(3.9) 

3.6 
(2.7) 

3.7 
(2.5) 

4.3 
(3.5) 

3.0 
(2.7) 

4.3 
(4.6) 

Tf NS 18.4 
(9.0) 

20.5 
(8.9) 

17.1 
(7.2) 

18.0 
(9.1) 

19.6 
(13.4) 

21.1 
(9.7) 

"peak NS 9.8 
(6.1) 

9.7 
(4.4) 

9.7 
(4.7) 

9.6 
(5.9) 

8.1 
(4.4) 

8.7 
(5.1) 

^eak NS 62.4 
(65.3) 

63.2 
(54.3) 

41.3 
(59.2) 

56.8 
(134.8) 

191.2 
(478.2) 

74.4 
(99.1) 

Dpeak NS 3.4 
(3.2) 

3.5 
(3.0) 

2.2 
(2.2) 

3.1 
(4.1) 

5.3 
(8.3) 

3.2 
(3.4) 

Note:  means with the same letter are not significantly different at 
the 0.05 significance level. 

NS  - not significant (p>0.05) 
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Table 4.33.  F-values to test for differences in anthocyanin concentration ([ACN]), 

brovmlng index (BI), degradation index (DI), polymeric color (PC) and the percent 

contribution of polymeric color to color density (ZPC:CD) among strawberry juice samples 

Source of 

Variation DF [ACN] BI DI CD PC ZPC:CD 

Batch (BAT) 1  8.60NS 1.08NS 0.03NS 11.48NS 1*.51
NS 15. ^ 

Process (PRO 1  0.28NS 0.<3NS o.ooNS 2.52
NS o.oiNS 0.27NS 

BAT*PRC 1  1.03NS 11.71 5.*8
NS 1.25NS 0.32HS 0.18NS 

NS - not significant (p>0.05) 

*  - significant (p<0.05) 

**  - significant (p<0.01) 

*** - significant (p<0.001) 
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Table 4.34.  Process and batch cross classification means 
and standard devaitions (in parentheses) for 
spectrophotometric evaluations of strawberry juice color. 

BAT*P] 
Sig- 
Leve! 

RC 
Batch 

Variable 1       1 
Process 

control  blanch 

2 
Process 

control blanch 

[ACN] NS 4.17 
(0.07) 

4.20 
(0.05) 

4.43 
(0.05) 

4.33 
(0.15) 

BI * 1.58a 

(0.01) 
1.54a 

(0.07) 
1.36b 

(0.06) 
1.54a 

(0.01) 

DI NS 1.28 
(0.00) 

1.31 
(0.03) 

1.30 
(0.01) 

1.28 
(0.00) 

CD NS 3.47 
(0.06) 

3.51 
(0.12) 

3.12 
(0.14) 

3.32 
(0.03) 

PC NS 0.39 
(0.00) 

0.36 
(0.04) 

0.27 
(0.04) 

0.29 
(0.11) 

%PC:CD NS 11.17 
(0.19) 

10.36 
(0.78) 

8.53 
(0.97) 

8.79 
(3.29) 

Note: means with the same letter are not significantly 
different at the 0.05 significance level. 

NS  - not significant (p>0.05) 
*   - significant (p<0.05) 
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Table A.35.  F-values to test for differences in anthocyanin concentration ([ACN]), 

browning index (BI), degradation index (DI), polymeric color (PC) and the percent 

contribution of polymeric color to color density (ZPC:CD) among strawberry juice 

concentrate samples. 

Source of 

Variation DF [ACN] BI DI CD PC ZPC:CD 

Batch (BAT) 1 0.33HS 2.25NS 8.83NS 1.8ANS 136.89NS 139.51NS 

Process (PRC) 1 1A.93NS 1.31NS 0.6ANS 0.88NS 62.A9NS 1138.70* 

BAT*PRC 1 0.7ANS 0.77NS o.uNS 0.87NS 0.62NS o.ooNS 

Storage within FRC 

(STO/PRC) A 
** 

A4.70 l.A2NS 762.92 0.56NS 
*** 

AA0.70 
ft* 

19.98 

ST0/CON(control) 2 
•ft 

55.26 2.00NS 
■tftrfi 

120.30 0.36
HS 71.89 

** 
26.26 

STO/BLN (blanch) 2 
** 

34.14 0.84NS 
ft** 

1A05.5A 0.76NS 
*** 

809.51 
** 

13.70 

BAT*STO/PRC 2 0.87NS 1.29
NS 0.17NS 1.0ANS 0.15NS ' l.A0NS 

BAT*STO/C0H 1 1.63
NS 0.89HS o.ooNS 0.96NS 0.26NS 0.0AHS 

BAT*STO/BLH 1 o.iiNS O.AOHS 0.3AHS 1.12NS 0.0ANS 2.76NS 

NS - not significant (p>0.05) 

*  - significant (p<0.05) 

** - significant (p<0.01) 

*** - significant (p<0.001) 
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Table 4.36. Means and standard deviations (in parentheses) from 
spectrophotometric determinations of pigments from reconstituted 
strawberry juice concentrate samples after processing and storage. 

Variable 
STO/Pl 

» Sig. 
Level 

RC 
Control Blanch 

0 Days 3 Days 6 Days 0 Days 3 Days 6 Days 

[ACN] ** 4.87c 

(0.15) 
5.03c 

(0.04) 
4.18a 

(0.21) 
4.92c 

(0.03) 
4.93c 

(0.05) 
4.43b 

(0.06) 

BI NS 1.05 
(0.32) 

1.20 
(0.15) 

1.35 
(0.06) 

0.99 
(0.21) 

1.09 
(0.19) 

1.26 
(0.29) 

DI *** 1.14a 

(0.02) 
0.69b 

(0.01) 
0.52c 

(0.01) 
1.16a 

(0.12) 
0.66b 

(0.02) 
0.51c 

(0.02) 

CD NS 2.23 
(0.67) 

2.00 
(0.27) 

2.02 
(0.08) 

2.14 
(0.51) 

1.77 
(0.33) 

1.89 
(0.46) 

PC *** 0.23c 

(0.07) 
0.71b 

(0.10) 
1.03a 

(0.13) 
0.28c 

(0.06) 
0.77b 

(0.06) 
1.01a 

(0.04) 

%PC:CD ** 10.55c 

(2.22) 
36.02b 

(5.96) 
51.03a 

(5.33) 
14.28c 

(4.95) 
44.22a 

(6.69) 
56.60a 

(15.64) 

Note:  means with the same letter are not significantly different at the 
0.05 significance level. 

NS - not significant (p>0.05) 
* - significant (p<0.05) 
** - significant (p<0.01) 
*** - significant (p<0.001) 
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Table 4.37.  F-values for detection of significant differences in free 
sugars among strawberry juice samples. 

Source of 
Variation    D.F.     SUC       GLU        FRU        SOR 

Batch (BAT)   1      13.191NJ    0.15"°    0.03r"3     1.00NS 3 19NS 0.15NS 0.03NS 

7.29NS 1.93NS 3.54NS 

1.15NS 7.62NS 1.70NS 
Process (PRC)  1      17.29NS    1.93NS    3.54NS     9.00NS 

BAT*PRC       1       1.15NS    7.62NS    1.70NS     0.01NS 

NS - not significant (p>0.05) 
* - significant (p<0.05) 
** - significant (p<0.01) 
*** - significant (p<0.001) 
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Table 4.38.  Means, standard deviations (in parentheses) and least 
significant difference (LSD) for free sugar evaluation of batch and 
processing effects on strawberry juice color. 

BAT PRC 
Sig. 
Leve 

Batch Sig- 
Leve. 

Process 
Variable 1 L 

1 2 LSD control blanch LSD 

Sucrose NS 1.41 
(0.06) 

1.32 
(0.07) 

0.302 NS 1.42 
(0.04) 

1.32 
(0.07) 

0.302 

Glucose NS 1.30 
(0.07) 

1.29 
(0.02) 

0.572 NS 1.33 
(0.02) 

1.26 
(0.04) 

0.572 

Fructose NS 1.52 
(0.08) 

1.51 
(0.04) 

0.540 NS 1.56 
(0.03) 

1.48 
(0.06) 

0.540 

Sorbitol NS 0.03 
(0.02) 

0.03 
(0.01) 

0.016 NS 0.03 
(0.01) 

0.02 
(0.01) 

0.016 

NS  - not significant (p>0.05) 
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Table 4.39.  F-values for testing for differences in free sugars among 
strawberry juice concentrate samples. 

Source of 
Variation       D.F.   SUC        GLU       FRU        SOR 

Batch (BAT)   ' 1 0.01NS 0.67NS 1.26NS 3.55NS 

Process (PRC) 1 0.64NS 8.64NS 7.47NS 2.85NS 

BAT*PRC 1 5.01NS 0.41NS 0.42NS 0.14NS 

Storage within PRC 
(STO/PRC) 4 0.38NS 4.30NS 4.28NS 0.05NS 

STO/CON (control) 2 0.72NS 6.97NS 7.19NS 0.09NS 

STO/BLN (blanch) 2 0.05NS 2.63NS 1.37NS 0.01NS 

BAT*STO/PRC 4 0.71NS 0.33NS 0.20NS 2.09NS 

BAT*ST0/C0N 2 1.12NS 0.24NS 0.15NS 0.03NS 

BAT*STO/BLN 2 0.31NS 0.42NS 0.26NS 4.14NS 

NS - not significant (p>0.05) 
* - significant (p<0.05) 
** - significant (p<0.01) 
*** - significant (p<0.001) 
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Table 4.40.  F-values for testing for differences in pH, titratable 
acidity (TA) or free amino acids by the formal number (FN) in 
strawberry juice samples. 

Source of 
Variation      D.F.    pH        TA FN 

Batch (BAT) 1 0.04NS 1.00NS 0.43NS 

Process (PRC) 1 0.04NS 1.00NS 0.59NS 

BAT*PRC 1      0.24NS     0.11NS      1.00NS 

NS - not significant (p>0.05) 
* - significant (p<0.05) 
** - significant (p<0.01) 
*** - significant (p<0.001) 
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Table 4.41.  Means, standard deviations (in parentheses) and 
least significant difference (LSD) for pH, titratable acidity 
(TA) and free a-amino acids by formal number (FN) from batch 
and processing effects on strawberry juice. 

BAT PRC 
Sig.  Batch  Sig.     Process 

Variable  Level Level 
1      2 control blanch 

pH 

TA 

FN 

NS 3.28 3.28 NS 3.28 3.28 
(0.02) (0.01) (0.02) (0.02) 

NS 2.30 2.30 NS 2.30 2.30 
(0.00) (0.00) (0.00) (0.00) 

NS 5.18 5.76 NS 5.82 5.12 
(1.61) (0.64) (1.34) (1.06) 

NS  - not significant (p>0.05) 
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Table 4.42.  F-values for testing differences in pH, titratable 
acidity (TA) and free amino acids as measured by the formal number 
(FN) among samples of strawberry juice concentrate. 

Source of 
Variation D.F. PHJ TA FN 

Batch (BAT) 
Process (PRC) 
BAT*PRC 

1.00 
9.00 
0.00 

NS 
NS 
NS 

0.26 
1.03 
0.16 

NS 
NS 
NS 

0.76 
0.01 
0.50 

NS 
NS 
,NS 

Storage within PRC 
(STO/PRC) 
STO/CON (control) 
STO/BLN (blanch) 

BAT*ST0/PRC 
BAT*STO/CON 
BAT*STO/BLN 

0.28 NS 

0.24 
0.32 

NS 
NS 

4  0.00NS 

2  0.01NS 

2  0.00NS 

1.10 NS 

1.52 
0.68 

NS 
NS 

1.15 NS 

26 
04 

NS 
NS 

3.47 NS 

82 
10 

NS 
NS 

0.49 NS 

0.81 
0.17 

NS 
NS 

NS - not significant (p>0.05) 
* - significant (p<0.05 
** - significant (p<0.01) 
*** - significant (p<0.001) 

1)  F-values for testing Storage (PRC) source of variation using a 
mean square error by pooling over the mean square Bat*Sto (PRC) and 
experimental error sources.  This was done since the Bat*Sto (PRC) 
variation was much lower than expected (p>0.95) in comparison to the 
experimental error variation. 
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Table 4.43.  F-values for testing differences in the headspace COo 
and On  gasses among samples of strawberry juice concentrate. 

Source of 
Variation        D.F.      PC02 P02 

Batch (BAT)       1        0.06NS        187.83* 
Process (PRC)     1        1.13NS 9.40NS 

BAT*PRC 1        2.58NS 0.01NS 

Storage within PRC 
(STO/PRC) 4 53.39*** 0.59NS 

STO/CON (control) 2 45.53**, 4
-
64

M
S 

STO/BLN (blanch) 2 64.54*** 0.31NS 

BAT*STO/PRC 4        0.64NS 0.98NS 

BAT*STO/CON 2        0.47NS 2.08NS 

BAT*STO/BLN 2        1.02NS 0.65NS 

NS - not significant (p>0.05) 
* - significant (p<0.05 
** - significant (p<0.01) 
*** - significant (p<0.001) 
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Table 4.44.  Means and standard deviations (in parentheses) from headspace 
CO2 and O2 gas determinations strawberry juice concentrate samples 
after processing and storage. 

STO/PRC 
Variable SiE. Control Blanch 

Level 0 Days 3 Days 6 Days 0 Days 3 Days 6 Days 

%C02 

%02 

***  0.26c 

(0.10) 

NS  20.20 
(0.56) 

3.82b 

(0.72) 

20.21 
(0.08) 

7.47a 

(2.05) 

19.73 
(0.22) 

0.36c 

(0.12) 

19.97 
(1.05) 

3.03b 

(0.83) 

20.00 
(0.31) 

5.86a 

(1.23) 

19.95 
(0.29) 

Note:  means with the same letter are not significantly different at the 
0.05 significance level. 

NS - not significant (p>0.05) 
* - significant (p<0.05 
** - significant (p<0.01) 
*** - significant (p<0.001) 


