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The purpose of this.investigation was to determine how enzymes 

and oxygen influence the role ascorbic acid has on pigment degradation 

and browning during storage for strawberry juice and concentrate. 

The ascorbic and dehydroascorbic acid content of blanched and 

unblanched, nitrogen-treated and air-exposed samples of strawberry 

juice and concentrate was measured periodically during storage. The 

ascorbic acid retention was higher for the blanched strawberry juice 

and concentrate. The nitrogen treatment retarded the degradation of 

ascorbic acid. There appeared to be a relationship between the 

degradation of ascorbic acid and the degradation of anthocyanin and 

the development of browning. 

Due to the complexity of the natural strawberry juice and the 

multiple possible pathways leading to browning, a model system was 

designed to determine how color deterioration during storage is 



affected by the interaction of ascorbic acid, catechin (flavanol), 

and anthocyanin pigment under either anaerobic or oxygenated 

environment. 

Ascorbic acid treatment showed a statistically significant 

effect on such parameters as anthocyanin content, browning 

index, level of polymeric color, color density, Hunter "a" 

value, and Hunter "L" value, suggesting that ascorbic acid can bleach 

the anthocyanin pigment and also contribute to browning, either 

directly or indirectly. 

Two different patterns were observed in ascorbic acid browning 

for the model system. When oxygen was present, an induction period 

proceeded the development of browning, suggesting that the oxidative 

degradation product of ascorbic acid is responsible for much of the 

browning. In the absence of oxygen, however, this induction period 

did not occur. 

A gel filtration technique for the measurement of polymeric 

color in strawberry juice was also developed in this study. The 

polymeric pigment formed during storage was resistant to bisulfite 

bleaching. 
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THE ROLE OF ASCORBIC ACID ON DISCOLORATION 
OF STRAWBERRY JUICE AND CONCENTRATE 

INTRODUCTION 

Color is probably the most important factor relating to the 

acceptability of strawberry products. Certainly no one can argue 

that when the color of the strawberry product changes from the 

characteristic red color to a dull brown color, the consumer 

acceptance of the product markedly declines, thus causing economic 

loss for the food processor. 

The bright red color of the strawberry product can be attributed 

to the presence of anthocyanin pigments. Due to the electron defi- 

ciency in the flavylium nucleus, the anthocyanin pigment is very 

reactive. Thus, the undesirable change of color frequently occurs 

during processing and storage of strawberry products. Many factors 

have been reported to affect the stability of anthocyanin pigment. 

They include enzymes, ascorbic acid, sugars and sugar degradation 

products, oxygen, pH, metal, light, temperature of processing, and 

storage. As the number of colorants permitted for use in food is 

gradually reduced, the need for better retention of anthocyanin 

coloration becomes dire for the food industry. 

The reaction of anthocyanin with ascorbic acid, which results 

in the degradation of both compounds, has been documented. This 

reaction not only contributes to pigment loss, but also decreases 

the nutritional quality of the product. The actual mechanism of the 
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decolorizing effect of ascorbic acid on anthocyanin pigment is not 

yet fully understood. However, two mechanisms have been postulated. 

One mechanism was believed due to the direct action of hydrogen 

peroxide, which formed when ascorbic acid oxidized. The other, it is 

postulated, took place by the direct condensation of ascorbic acid 

with the pigment. 

In addition to the reaction of pigment which causes the pigment 

loss, ascorbic acid can also degrade and produce reactive products 

which may polymerize or react with other constituents present in the 

system to form brown compounds. The degradation of ascorbic acid can 

either be enzymic or non-enzymic and oxidative or non-oxidative. 

Though some extensive studies have been reported on this subject, 

browning of ascorbic acid is still unknown in many aspects. In the 

review of Bauernfeind and Penkert (1970), they suggested that perhaps 

the particular reaction pathway followed during the degradation of 

ascorbic acid in a food product is varied according to the individual 

products. This reaction pathway is dependent upon many factors (such 

as the oxidation reduction potential of the system, pH, presence or 

absence of trace metals, the quantity of ascorbic acid in relation to 

the quantities of other reactants in the oxidation process, and 

enzymes present in the system) which are different in each product. 

Since the ascorbic acid content of the strawberry fruit is 

moderately high, the following questions are of practical interest if 

improvement in the processing and storage methods are desired to 

minimize the adverse color change: 



1. How does ascorbic acid participate in the 
pigment degradation? 

2. Does the quantity of ascorbic acid in strawberry 
juice contribute to the browning of strawberry 
juice? 

This study was undertaken to determine how enzymes and oxygen 

influence the role ascorbic acid has on pigment degradation and 

browning during storage for strawberry juice and concentrate. Once 

this influence is known, prevention can be taken to minimize the 

undesirable change of color, thus the shelf-life of the products 

would be extended. Because of the complex nature of strawberry juice, 

a model system was designed to confirm the effect ascorbic acid has on 

the pigment degradation and formation of brown color under both 

aerobic and anaerobic environment but without the presence of the 

enzymes. 



LITERATURE REVIEW 

In the study of agents responsible for the color deterioration 

Of fruit products. Joslyn (1949) pointed out that the problem of 

color retention in fruit products is very complicated. It may involve 

bleaching, discoloration, and browning. The natural pigment of fruit 

may change in tint or hue during preparation, processing or storage 

of the fruit products. Browning may occur through formation of 

pigmented substances resulting from the decomposition of certain 

chemical constituents or by reactions of some of the constituents of 

the fruit with oxygen; and/or from the result of reactions between 

constituents naturally present or introduced in manufacture. 

The loss of anthocyanin is one of the major factors contributing 

to the color deterioration of many highly colored fruit products. 

Being electron deficient, the anthocyanin molecule is susceptible to 

the nucleophilic attack of compounds which may exist naturally in 

plant and food materials. The reaction of anthocyanin with ascorbic 

acid is of particular interest because the ascorbic acid content of 

strawberries is moderately high and the presence of ascorbic acid in 

fruit juices is nutritionally important. 

Beattie et al (1943) were the first to show that ascorbic acid 

may play a significant role in the degradation of anthocyanin 

pigment which is primarily responsible for the red color of certain 

fruit juices. Later, Pederson et al (1947) observed parallel 

losses of ascorbic acid and anthocyanin pigment during storage. 
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Since ascorbic acid is oxidizable and pigment is reducible, they 

suggested that ascorbic acid and anthocyanin might possibly interact 

to achieve the subsequent destruction of color. Similar results and 

conclusions were reported by Meschter (1953), Markakis (1957), and 

Starr and Francis (1968). 

In both strawberry juice and a model system, Sondheimer and 

Kertesz (1953) demonstrated that when thiourea was used to retard 

the ascorbic acid oxidation, no anthocyanin destruction was observed. 

Therefore, they suggested that the accelerating effect on the degra- 

dation of the pigment is associated with the oxidation of ascorbic 

acid. Since it had been demonstrated that hydrogen peroxide is 

formed when ascorbic acid is oxidized to dehydroascorbic acid 

(Silverblatt et al, 1943) and that hydrogen peroxide, even in low 

concentration, can oxidize anthocyanin pigment into the less intensely 

colored compounds (Sondheimer and Kertesz, 1952), Sondheimer and 

Kertesz (1953) further postulated that the hydrogen peroxide produced 

in the oxidative breakdown of ascorbic acid was probably responsible 

for the pigment degradation. Reports by Starr and Francis (1968), 

Harper et al (1969), and Shrikhande and Francis (1974) also indicate 

that the effect of ascorbic acid on the anthocyanin degradation rate 

is primarily due to an interaction of ascorbic acid oxidation 

products with anthocyanins. 

Hydrogen peroxide, though, has not been detected in strawberry 

products. Thus, the role of hydrogen peroxide as the possible 

reactive species in the ascorbic acid destruction of anthocyanin is 



still an open question. Whatever the case, it is known that hydrogen 

peroxide is capable of oxidizing anthocyanin and related flavylium 

salts in model systems (Jurd, 1966, 1968; Hrazdina and Franzese, 

1974), The involvement of hydrogen peroxide in the oxidation of 

anthocyanin in natural systems is somewhat difficult to evaluate. 

This is because both the breakdown of ascorbic acid and the breakdown 

of other components present in the fruits (e.g. sugar and sugar 

derivatives, oxalic acid, etc.) may also give rise to hydrogen 

peroxide. 

The other mechanism which has been proposed for the participation 

of ascorbic acid in the degradation of anthocyanin is the actual 

condensation of ascorbic acid and anthocyanin (Jurd, 1972). It has 

been demonstrated that the flavylium salt is very readily condensed 

with the/ldiketone dimedone at the 4 position (Jurd, 1965). 

flavylium £1, 
hn* W* 

tot.  w«. 

/3 d lie tone 
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Since ascorbic acid is structurally similar to dimedone, it could be 

expected that ascorbic acid and flavylium salt would behave similarly 

as dimedone and flavylium salts. Such condensation products would be 
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unstable and would further degrade to colorless compounds. This 

condensation reaction, though not widely explored, is a distinct 

possibility for the pigment decomposition by ascorbic acid. 

Ascorbic acid is not very stable in many food products. It is 

easily degraded in the presence or absence of oxygen by both enzymic 

and non-enzymic catalysts. Several studies have demonstrated that 

copper can catalyze the oxidation of ascorbic acid, and that the 

effect is enhanced by iron (Weissberger and LuValle, 1944; 

Timber!ake, 1960a; and Khan and Martell, 1967). Mapson (1971) 

indicated that the oxidation of ascorbic acid in many processed fruit 

products may in fact be due to these metals. The oxidation of 

ascorbic acid in the absence of metal, however, also occurred. The 

mechanism of oxidative degradation of ascorbic acid in an acid 

medium was proposed by Kurata and Sakurai (1967b). Furfural, 

ethylglyoxal, L-xylosone and 2 .keto-2-deoxy-L pentono-^Lactone 

were isolated as their mono- or bis- 2,4-dinitrophenyl hydrazones 

(2,4- DNPs). Similar degradative products were isolate by Mooser 

and Neukom (1974), thus supporting the proposed mechanism of 

Kurata and Sakurai (1967b). 
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It has been shown that certain fruits containing ascorbic acid 

also possess enzyme systems which cause a rapid loss of ascorbic 

acid when the fruit is ground in the presence of air (Zilva, 1934; 

Johnson and Zilva, 1937; and Stone, 1937). Ponting and Joslyn (1948) 

pointed out that there are at least four enzymes that may be respon- 

sible for the oxidative destruction of ascorbic acid. These are 

ascorbic acid qxidase, phenolase, cytochrome oxidase and peroxidase. 

Only with ascorbic acid oxidase is there a direct reaction between 

enzyme and substrate and molecular oxygen; the other three enzymes 

Oxidized ascorbic acid indirectly. Phenolase catalyses the oxidation 

of mono- and dihydroxyphenols, which latter, as quinones, react 

directly with ascorbic acid. Cytochrome oxidase oxidizes cytochrome C 

and the oxidized form of cytochrome reacts directly with L-ascorbic 

acid. Peroxidase, in combination with phenolic compounds, utilizes 

hydrogen peroxide to affect the oxidation. Thus, the presence of any 

of these enzymes in the fruit may initiate the oxidative destruction 

of ascorbic acid. 

In addition to the oxidative degradation of ascorbic acid, 

non-oxidative destruction of ascorbic acid also occurs. Kurata and 

Sakurai (1967a) indicated that in the acid condition and without the 

presence of oxygen, ascorbic acid was degraded to furfural with the 

formation of 3 deoxy-pentosone as an intermediate. Huelin et al 

(1971) studied the anaerobic decomposition of ascorbic acid in the 

pH range of foods, and found that it proceeded most rapidly at 

pH 3-4. The decomposition products identified were furfural, an 

unidentified reducing substance and 2,5 dihydro-2-furoic acid. 



From the possible pathways of ascorbic acid degradation 

previously mentioned, it is clear that ascorbic acid degradation 

produces furfural, reductones, etc. which are also formed in the 

non-enzymatic browning reaction. Therefore, it is not surprising 

th.at ascorbic acid can both accelerate the pigment degradation and 

cause browning discoloration of fruit product during storage. 

Although the mechanism of ascorbic acid browning is not clearly 

understood, Stadtman (1948) indicated that in citrus juice, browning 

took place after the bulk of ascorbic acid had disappeared. Dulkin 

and Friedemann (1956) reported that one of the several mechanisms 

involved in the browning of foods, especially fruits with high 

ascorbic acid content, is the polymerization of the diketo compound 

which is. produced by the oxidation of ascorbic acid to its dehydro 

form, followed by the transformation of the dehydroascorbic acid. 

Kamiya (1960) assumed that the process of browning of ascorbic acid 

was. as follows: ascorbic acid was oxidized to diketogulom'c acid 

which decarboxylated to xylosone and two reductones. The xylosone 

was then decomposed to form L-threonic and oxalic acid. The brown 

color was caused by the condensation of unstable carbonyl compounds 

which were presumably formed as the decomposition intermediates on 

the pathway of ascorbic acid to threonic acid. 

Furfural and cx/J unsaturated carbonyls are the precursors of 

browning.(Braverman, 1963). According to the mechanism proposed by 

Kurata and Sakurai (1967a,b), furfural and the unsaturated carbonyl 

compounds are produced in both the oxidative and non-oxidative 
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degradation of ascorbic acid in the absence of enzymes; thus ascorbic 

acid may contribute to browning through the conversion to furfural and 

the unsaturated carbonyl compounds. Eskin et al (1971) indicated that 

although the pathways leading to the production of colored compound 

from furfural are not well defined, they involve a complicated series 

of polymerization reactions. 

The degradation of ascorbic acid may also yield reactive 

products that may react with nitrogenous constituents of the food to 

form brown pigment.. Koppanyi et al (1945) first reported that when 

a mixed solution of dehydrcascorbic acid andc<amino acid is heated, 

red to brown discoloration is observed. Since then, considerable 

work has been done on the browning reaction of dehydroascorbic acid 

with ami no acids (Lalikainen et al, 1958; Clegg, 1964, 1966; 

Ranganna and Setty, 1968; Kurata et al, 1973). Lalikainen et al 

(1958) demonstrated that the rate of browning occurring in the system 

containing ascorbic acid and glycine was considerable greater in the 

presence of oxygen. While carbon dioxide was produced, radioactive 

tracer data indicated that the carbon dioxide which evolved was 

derived mainly from ascorbic acid and not from glycine. Thus, they 

suggested that the Strecker degradation apparently did not occur in 

this system.. However, the result of the model system study (Kurata 

et al 1973) suggested that Strecker degradation of examine acid with 

dehydroascorbic acid is the key reaction of the coloration. 

Furthermore, they also proposed a possible mechanism for the 

formation of the red-brown pigment. This mechanism indicated that 
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the optimum pH range for the coloration to occur was 5.8-6.0, which 

is in agreement with that reported by Ranganna and Setty (1968); thus 

this browning reaction would be expected to predominate in vegetable 

products. 

Many attempts have been made in the past to retard the oxidation 

of ascorbic acid and hence to prevent the loss of anthocyanin and the 

formation of brown color. When thiourea or cysteine was added to 

prevent the oxidation of ascorbic acid, the rate of anthocyanin 

destruction decelerated markedly (Sondheimer and Kertesz, 1953; and 

Skalski and Sistrunk, 1973). Since the products of ascorbic acid 

oxidation are also responsible for part of the browning reaction, the 

prevention of ascorbic acid oxidation would be expected to retard the 

discoloration. The most interesting results were obtained in the 

studies conducted on black currant juice. Hooper and Ayres (1950) 

observed that ascorbic acid present in black currant juice is more 

stable than in other juices. They assume that the stability of 

ascorbic acid is probably due to the capability of the naturally 

occurring anthocyanins and flavonols to protect the ascorbic acid 

against oxidation. Davidek (1960) reported that several naturally 

occurring flavonoids can act as natural antioxidant of ascorbic acid 

in some fruit products. Later, Clegg and Morton (1968) and Harper 

et al (1-969) actually demonstrated the protective action of flavonols 

on ascorbic acid in model systems. Shrikhande and Francis (1974) 

further confirmed the fact that the protective effect of flavonols 



12 

on anthocyanin destruction is through the retardation of ascorbic 

acid oxidation. 

In addition to the ascorbic acid effect, Shrikhande (1976) 

indicated that there is sufficient evidence to say that the destruc- 

tion rate of anthocyanin pigments is accelerated by high pH, oxygen, 

enzymes, metals, sugar, and high temperature. 

The anthocyanins undergo condensation reactions during their 

destruction, Markakis et al (1957) indicated that the brown, 

red^brown or brick red colors seen when fruit juices were stored for 

a long period of time were believed to be related to the anthocyanin 

condensation reaction. They further postulated that brown polymerized 

pigment occurred due to the condensation of chalcones formed from the 

14 
hydrolysis of the pyrylium ring. When the  C labeled pelargonidin-3- 

glucoside was examined, 85 percent of the activity was found in brown 

sediment. Starr and Francis (1968) also found the brown pigments in 

cranberry cocktail. 

In.red wines, the condensation of the pigment also occurred 

during conservation and aging of the wine (Somer, 1971, 1975). 

Somers (1975) indicated that the dynamic nature of wine color was due 

to the progressive increase in the content of polymeric pigments, 

arising from condensation reaction with accompanying decrease in the 

level of monomeric anthocyanins. 

The existence of polymeric pigment forms in wines were actually 

demonstrated by means of gel filtration (Somers, 1966), Gel 

filtration in acidified aqueous acetone allows separate measurements 
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of polymeric and monomeric pigments, and the pigment profiles obtained 

effectively represent the "chemical age" of wine (Somers, 1968). 

Based on the result of a gel filtration study, Somers (1971) 

recognized that the polymeric pigments are less responsive to pH 

than are the monomeric pigments and are quite resistant to decolori- 

zation by sulfur dioxide. This observation led Somers (1971) to 

devise a method for the estimation of these polymeric pigments by 

using sulfur dioxide. 

Although the occurrence of polymeric pigments are well 

recognized in wines and other fruit juices, the detail structural 

cfiemistry of condensation reaction is rather obscure. The reason for 

this is the general lack of adequate qualitative procedure to 

identify the chemical constitution of these polymers. 

Gel filtration is a method used to separate molecules according 

to their molecular sizes. It has been successfully used by several 

workers to separate certain compounds from the polymerized compound. 

Somers (1966, 1967) has used Sephadex gel filtration method to 

separate condensed tannins from residual acylated and unacylated 

anthocyanin of wine and grape pigment. Using a similar technique, 

Durkee and Jones (1969) were able to demonstrate the separation of 

anthocyanin and proanthocyanin from other polyphenols of apple peel. 

Furthermore, Somers and Ziemelis (1972) applied the gel filtration 

technique to study the constituents of white wine and found that this 

fractionation method also uniquely provided other information about 

wine constituents and the nature of U,V. absorption in white wines. 
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In addition to using Sephadex G-25, Sephadex LH20, which is a 

hydroxypropyl derivative of Sephadex G-25, was also used to separate 

flavonoids and phenolic glucosides (Repas et al, 1969; Lea and 

Timberlake, 1974; and Lea, 1978). Repas et al (1969) claimed that the 

result obtained on Sephadex LH20 was basically similar to the result 

obtained on Sephadex G-25, except the separation volumes were smaller 

when Sephadex LH20 was used. 

More recently, Timberlake and Bridle (1976) reported that a 

solution of anthocyanin (e.g. malvidin) became more violet and greatly 

increased in color in the presence of catechin and acetaldehyde at 

pH 3,5. The increase in color, though slow, still took place when 

acetaldehyde was not present. They suggested that his color augmen- 

tation was due to the formation, by Baeyer type condensations, of 

highly colored intermediates containing anthocyanin and catechin linked 

by CI-LCH bridges. A similar result was obtained when pelargonidin 

3-glucoside was used as anthocyanin pigment (Timberlake and Bridle, 

1977). They indicated that the nature and extent of the interaction 

depended upon the ratio of catechin to anthocyanin; the larger this 

ratio, the faster the interaction. 

Based on the above information, this study was conducted to 

determine the role of ascorbic acid on the pigment degradation and the 

chemical interaction between the constituents present in strawberry 

juice which in turn contributes to browning. 
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EXPERIMENTAL 

Preparation of Strawberry Juice and Concentrate 

Fresh strawberries (Hood and Benton mixed varieties) were 

obtained from Clermont West Co., Forest Grove, Oregon on 

Oune 27, 1978. Fruits were washed, destemmed, decapped and indivi- 

dually quick frozen (IQF) at -400F. The IQF fruits were packed in 

polyethylene bags and stored in the dark at -230F until used. 

About 4000gof IQF fruit was thawed at room temperature, and 

about 4750 g of the IQF fruit (unthawed) was blanched to an internal 

temperature of 82-88 C in the microwave oven for three to four minutes. 

Both blanched and unblanched fruits were made into juice using Ostic's 

automatic juice extractor. The juice was treated with 0.2% (v/v) 

L-Pectinol (Rohm and Haa's Company) and then incubated in a 370C water 

bath for approximately four hours. The juice was strained through a 

nylon cloth and filtered through a Buchner funnel (vacuum) through a 

Whatman no. 1 filter paper coated with a layer (approximately 1 cm. 

thick) of celite. The yield of the unblanched juice was approximately 

3150 ml and that of the blanched juice was about 2950 ml. Both the 

blanched and unblanched juice were 9° brix. 

Strawberry concentrate (58° brix) was made by concentrating a 

portion of blanched and unblanched juice (9 brix) using a Buchi 

rotary evaporator at 370C water bath and 29" Hg of pressure. 

Both blanched and unblanched juice and concentrate were 

divided into two parts and then transferred into 500 ml glass stopper 
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Erlenmyler flasks. One part of the samples was sparged with nitrogen 

to reduce the oxygen present in.the samples. The other samples 

remained untreated, i.e. the presence of air was allowed in the 

samples. Potassium sorbate (0.1% w/v), an antimicrobial agent, was 

added to all the samples. All the samples were stored in the dark at 

20 C. Anthocyanin pigment, ascorbic acid and dehydroascorbic acid 

concentration, browning index, and Hunter L, a, and b measurements 

were measured periodically during the eight week storage period. In 

addition, anthocyanin pigment content, color density, polymeric color, 

browning index, Hunter L, a, and b of the same sample were measured 

in the parallel study (Lee, 1979). 

Model System Study 

Components of the Model System 

1. Buffer: 0.1M citrate-phosphate buffer, pH=3.4. 

2. Anthocyanin stock solution: 93.253 mg of purified 

Pelargom'din 3-glucoside isolated from strawberry (Wrolstad and 

Struthers, 1971, molar absorbance at 500 nm = 18,411) was dissolved 

in a minimum amount of absolute methanol and made up to 25 ml with 

water. This solution gave a concentration of 3.73 mg/ml. 

3. Ascorbic acid stock solution: 298.4 mg of L-ascorbic acid 

(Matheson Coleman & Bell Co., analytical grade) was dissolved in 50 ml 

water. This solution gave a concentration of 5.968 mg/ml. This 

stock solution was made up right before it was used. 
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4. Flavanol stock solution: 447.6 of (+) catechin (Sigma 

Chemical Go., analytical grade) was dissolved in a minimum amount of 

100% ethanol and made up to 50 ml with water. This solution gave a 

concentration of 8.95 mg/ml. 

Development of the Model 

The amount of each component in each sample is shown in table 1. 

The total volume of each sample was 75 ml. For the samples containing 

anthocyanin (ACN), 3 ml of anthocyanin stock solution was used, giving 

a final concentration of 0.149 mg/ml. According to the result of the 

parallel study (Lee, 1979), 1 ml of strawberry juice was obtained from 

1,51 g of fruit. Therefore, the anthocyanin concentration of the model 

system was equal to 22.5 mg of ACN/100 g of fruit which is in the range 

(14.8-41.8 mg) for strawberry fruit reported by Wrolstad et al (1970). 

For the samples containing ascorbic acid, 5 ml ascorbic acid 

stock solution was used, giving a concentration of 0.398 mg/ml or 

60 mg of ascorbic acid/100 g of fruit. Similarly, the flavanol 

containing samples consisted of 5 ml of catechin stock solution, 

giving a concentration of 0.597 mg/ml or 90 mg of flavanol/100 g of 

fruit. In comparison to the concentration reported in the literature v^:- 

N\ (Olliver, 1967), both the ascorbic acid and flavanol content are in the 

right range. 

Duplicate solutions were prepared and transferred to 125 ml 

Erlenmyler flasks with glass stoppers. One sample set was sparged 

with oxygen for ten minutes and the other was sparged with nitrogen. 

All samples were stored at 200C in the dark. The anthocyanin analysis, 



18 

TABLE 1, COMPOSITION OF MODEL SYSTEM 

Sample 
Code 

Amount of 
Ascorbic Acid 

Amount of 
Anthocyanin 

Amount of 
Flavanol 

Amount of 
Buffer 

ACN — 3 ml — 72 ml 

ASC 5 ml -- — 70 ml 

Flv — — 5 ml 70 ml 

ACN + ASC 5 ml 3 ml — 67 ml 

ACN + Flv -- 3 ml 5 ml 67 ml 

ACN + ASC + Flv 5 ml 3 ml 5 ml 62 ml 
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ascorbic acid and dehydroascorbic acid estimation and color measure- 

ments were performed periodically during the 130 day storage period. 

Analytical Methods 

Determination of Ascorbic Acid and Dehydroascorbic Acid 

The Indophenol method proposed by Loeffler and Ponting (1942) was 

used to estimate ascorbic acid content. This method can be conducted 

directly on the sample with appropriate dilution using spectrophoto- 

metric technique. 

The dehydroascorbic acid content of the sample was assayed 

according to the method developed by Pearson (1976). The ascorbic 

acid content of the sample was first determined; then hydrogen 

sulphide was subsequently bubbled through the remaining sample for 

ten minutes. The screw cap tube was tightened and allowed to stand 

Overnight in a refrigerator. The next day, the hydrogen sulphide gas 

was removed by bubbling nitrogen through the sample for two hours. 

The regenerated ascorbic acid was measured spectrophotometrically as 

described before. The difference between the two spectrophotometric 

measurements gave a measure of the dehydroascorbic acid. 

Both the results of ascorbic and dehydroascorbic acid determina- 

tion were expressed as mg/kg of fruit or mg/L of solution in the 

model system. They were reported as the mean value of duplicate 

determinations. 
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Estimation of Flavanol 

Flavanol content was determined according to the method of 

Swain and Hillis (1959). Results were expressed in mg catechin/ml of 

solution in the model system and reported as the mean value of 

duplicate analyses. 

Estimation of Anthocyanin Content 

Total anthocyanin analysis was performed by the pH differential 

method described by Wrolstad (1976). The anthocyanin content was 

expressed as mg of Pelargonidin 3-glucoside per liter of solution of 

the model system. This pigment concentration was calculated using the 

molecular weight of 433.2 g and molar absorbance of 22,400 (Wrolstad, 

1976). Samples were diluted with buffer of pH=l and pH=4.5 in.order 

to get an appropriate reading at wavelength of 500 nm and 700 nm on a 

Beckman DB-G Spectrophotometer. The reported values represent the 

mean of the duplicate analyses. 

Color Analyses 

Color density, polymeric color, percent polymeric color, and 
browning 

These measurements were determined by the metabisulfite method 

developed by Somers (1971) for measuring the color parameter of wines. 

Wrolstad (1976) has successfully applied this procedure to other 

anthocyanin-containing fruit products. This method is based on the 

fact that at the pH of wine, anthocyanins are immediately decolorized 

by sodium bisulfite, whereas the polymeric pigments are quite. 
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resistant to decolorization by sodium bisulfite. Thus the color 

remaining in the red wine after the bisulfite treatment is a measure 

of polymeric pigment. 

Color density measures the total color and is defined as the sum 

of the absorbance at 420 nm and 500 nm of the sample. Polymeric 

color, on the other hand, is the sum of the absorbance at 420 nm and 

500 nm of the bisulfite-treated sample. Percent polymeric color is 

the ratio of polymeric color to the color density. The absorbance 

measurement at 420 nm of the bisulfite-treated sample indicated the 

degree of browning. (It should be noted that some samples had to be 

diluted in order to obtain appropriate absorbance readings; the 

observed values were multiplied by the dilution factor). 

Colorimetric measurement 

Transmission colorimetric measurements were obtain in L, "a", 

and :'b" color specification using a Hunter Color Difference Meter 

(COM), Model D25 P-2 which was standardized against a standard white 

tile (standard no. DC 122, L=+94.02, "a"=-0.9, "b"=+1.2). 

Hunter measurement is the conmon scale used to estimate visual 

appearance. This scale produces results in terms of L, which is a 

lightness function and simulates Y in the tristimulus values, "a", 

which predicts redness if positive and greeness if negative, and "b", 

which predicts yellowness if positive and blueness if negative. 

All measurements were made with the light source pivoted with 

the specular component exluded (arrangement III) and with a 1.0 cm 

light path. 
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Separation of the Degraded Pigment by Gel Filtration 

A solvent resistant column (Model SR 10/50 J) of 1 x 50 cm was 

used. The column was prepared from Sephadex G-25 Fine (Pharmacia 

Fine Chemicals, Inc.) after allowing the gel to swell overnight in 3% 

aqueous acetic acid solvent. Settling was allowed prior to placing a 

sample applicator on the top of the gel. A 1 ml sample was used in 

each run. Single strength juice was used directly, whereas concen- 

trate sample required dilution to a concentration equal to that of 

single strength juice before it was applied to the column. All 

samples were first eluted with 3% aqueous acetic acid solvent. The . 

residue left on the column was then eluted with 50% aqueous acetone- 

HC1 solvent (1.5 ml concentration HC1 per liter). 

The elution curve was recorded at a fixed wavelength (500 nm) 

with a Beckman DB-G Spectrophotometer equipped with a flow cell 

assembly (Model 96150) and a strip chart recorder (chart speed 

0.1 in/min). After passing through the spectrophotometer, the 

effluent was collected in 10 ml quantities by a fraction collector 

ISCO-Model 272) coupled with a volumeter (ISCO-Model 400). The 

areas under the peak of the elution curve were calculated by the 

triangular method. The characteristic (monomeric or polymeric) 

fraction of the pigment was evaluated by its response to the bisulfite 

bleaching. 
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Statistical Method 

The standard analysis of variance was applied to all the 

analytical results except that of catechin. The F value of each 

treatment for each analysis was tabulated. Due to the very small size 

of sample, the level of significance was determined by comparing the F 

value for all treatments within the same analysis. Any treatment which 

had a remarkably high F value within the particular analysis was 

considered to be statistically significant. 
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RESULTS AND DISCUSSION 

Changes of Ascorbic and Dehydroascorbic Acid 
In Strawberry Juice and Concentrate During Storage 

This study was conducted to determine how enzymes and oxygen 

influence the effect ascorbic acid has on the color deterioration of 

strawberry juice and concentrate during storage. Samples used in this 

study were blanched and unblanched strawberry juice and concentrate. 

One set of the blanched and unblanched juice samples was sparged with 

nitrogen and then stored; the other set was stored in the presence of 

air. 

The changes of ascorbic acid and dehydroascorbic acid were 

followed during the 55 day study. An effort was made to determine if 

there was a relationship between the change in the levels of ascorbic 

and dehydroascorbic acid and the loss of the attractive red color. 

The ascorbic and dehydroascorbic acid content during storage are 

shown in figure 1 and 2. The points plotted represent the mean of 

the two determinations; the average variation from these means is also 

given in figures 1 and 2. 

Changes in Ascorbic Acid 

As it is demonstrated in figure 1, the blanched samples 

generally had a higher ascorbic acid content than the unblanched 

samples.. Statistical analysis (table 2) indicates that blanching has 

a significant effect on the loss of ascorbic acid during storage. 
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TABLE 2. F VALUE OF THE STATISTICAL ANALYSES 
OF THE STRAWBERRY JUICE 

Parameter Measured 

Treatment 

Change of 
Ascorbic 

Acid Content 

Change of 
Dehydroascorbic 
Acid Content As 

Change of 
Dehydroascorbic + 

corbie Acid Content 

Blanching 5.729* 3.248 5.947* 

Nitrogen 1.275 1.428 1.262 

Blanching + 
Nitrogen 

1.0 1.0 1.0 

* statistically significant result 
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At day 0, the ascorbic acid.content of the blanched juice was over 

three times higher than that of the unblanched juice. The higher 

content of ascorbic acid, both at the 0 day and throught the study, 

indicates that enzymes naturally present in the strawberry fruit were 

involved in the degradation of ascorbic acid during the manufacture of 

the juice and concentrate and later during the storage of the juice 

and concentrate. 

The mechanism of enzymic degradation proposed by Ponting and 

Joslyn (1948) is as follows: 

1. Direct Action of Ascorbic Acid Oxidase 
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Ponting and Joslyn (1948) and Diemair and Postel (1965) reported that 

oxidative enzymes such as ascorbic acid oxidase, polyphenoloxidase, 

cytochrome oxidase and peroxidase are present in certain fresh fruits. 

In the presence of oxygen, ascorbic oxidase oxidized ascorbic acid 

directly (mechanism 1); whereas, the other oxidative enzymes oxidized 

ascorbic acid indirectly (mechanism 2). Green (1971) indicated that 

in soft fruit (berries, currants, etc.), the main oxidative loss of 

ascorbic acid is due to the direct action of ascorbic acid oxidase. 

Although the ascorbic acid oxidase may be the principle degra- 

dative mechanism for enzymic oxidation of ascorbic acid, non-enzymic 

degradation of ascorbic acid also took place during storage of the 

fruit juice and concentrate samples. Figure 1 shows that the concen- 

tration of ascorbic acid in the blanched samples decreased during 

storage, indicating that degradation of ascorbic acid proceeds even 

without the presence of enzymes. 

In addition, it should be noted that the degradation of ascorbic 

acid occurred in both the nitrogen and non-nitrogen-treated samples. 

This suggests that ascorbic acid destruction proceeds both aerobically 

and anaerobi.cally. Based on the thin layer chromatographic data, the 

following mechanisms for oxidative and non-oxidative degradation of 

ascorbic acid was proposed by Kurata and Sakurai (1967a,b): 
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1. Non-oxidative Degradation of Ascorbic Acid 
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The ascorbic acid retention of the juice system was somewhat 

improved by replacing the air with nitrogen. This indicates that 

ascorbic acid degradation occurs more favorably when oxygen is 

present. This result is in agreement with the earlier works of 

Markakts et al (1958) and Starr and Francis (1968) who indicated that 

the loss of ascorbic acid was less when oxygen was excluded from the 

system. Figure 1 also shows that the protective effect of nitrogen 

seemed to be more pronounced in the blanched juice sample than in the 

unblanched juice sample. 

The concentration of ascorbic acid in the strawberry concentrate 

samples was very low. This is probably due to the destruction of the 

ascorbic acid during the concentration process, which is known to 

favor the decomposition of ascorbic acid. In addition, the blanched 

concentrate had a slightly higher ascorbic acid level than the 

unblanched concentrate during the early stages of the experiment. 

Change of Dehydroascorbic Acid 

The change in the level of dehydroascorbic acid for both the 

juice and the concentrate samples versus storage time is shown at 

figure 2. The relative level (highest level, second highest level, 

etc.) of the dehydroascorbic acid in the juice samples during 

storage is the reverse order of that of the relative level of the 

ascorbic acid (figure 1). For example, the unblanched, air-treated 

juice sample had the highest level of dehydroascorbic acid but the 

lowest level of ascorbic acid. (The only exception was the level of 
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dehydroascorbic acid for the.blanched, air-treated juice sample 

after the first week of storage.) This reverse ordering suggests that 

the pathway of ascorbic acid degradation is via dehydroascorbic acid. 

The higher ranking of the blanched, air-treated juice sample seen 

after one week of storage is probably due to the higher estimation of 

dehydroascorbic acid which will be discussed later or the accelerated 

degradation of dehydroascorbic acid in the unblanched juice by the 

enzymic oxidative products present, thus causing the blanched, 

air-treated juice to have higher dehydroascorbic acid relative to the 

unblanched, air-treated juice after the first week of storage. 

Figure 2 illustrates that during the first week of storage, the 

unblanched juice had a higher dehydroascorbic acid content than the 

blanched juice. This shows that during storage, enzymic degradation 

of ascorbic.acid occurs with dehydroascorbic acid being produced. 

The enzymic oxidative products formed in the unblanched, air-treated 

juice might accelerate the destruction of dehydroascorbic acid, thus 

contributing to the higher concentration of dehydroascorbic acid in 

the blanched, air-treated juice sample seen after the first week of 

storage. 

Conversely, little difference is seen in the change of dehydro- 

ascorbic acid between the two nitrogen-treated samples after the 

first week of storage. This supports the proposition that the 

conversion of the enzymic oxidative products was the key cause 

of the blanched, air-treated samples having a higher dehydroascorbic 

acid content after the first week of storage. 
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Nitrogen treatment seems to delay the formation of dehydro- 

ascorbic acid, which supports the earlier works of Starr and 

Francis (1968) who indicated that the decomposition of ascorbic acid 

occurs more favorably in an oxygen environment. However, the nitrogen 

treatment did not show any pronounced effect in the change of 

dehydroascorbic acid until the second week of storage. Figure 2 also 

shows that nitrogen treatment seemed to decrease the loss of dehydro- 

ascorbic acid slightly. This effect, however, was more pronounced in 

the blanched sample. These observations support the hypothesis that 

the enzymic oxidative product produced at the later stages is the 

main factor in accelerating the degradation of dehydroascorbic acid in 

the unblanched juice. 

In addition, the dehydroascorbic acid present in the juice 

sample is not stable. After the initial rise, the concentration of 

dehydroascorbic acid quickly fell to a low value; this loss was 

delayed in the blanched, air-treated juice sample. Thus it is clear 

that although there was formation of dehydroascorbic acid, the 

dehydroascorbic acid did not persist. The loss of dehydroascorbic 

acid during this period could be due to (1) the reduction of the 

dehydroascorbic acid back to the ascorbic acid, (2) the further 

decomposition of dehydroascorbic acid, and/or (3) the reaction of 

dehydroascorbic acid with other components of the juice. The latter 

two cases probably occurred here since the sum of the ascorbic acid 

and the dehydroascorbic acid gradually decreased during storage 

(figure 3). 
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The erratic result of dehydroascorbic acid seen in the later 

part of the storage (i.e. after ten days of storage) might be due to 

the response of compounds other than dehydroascorbic acid to 

indophenol. Roe (1954) pointed out that hydrogen sulfide treatment, 

which reduces dehydroascorbic acid, may also reduce or combine with 

other compounds to form derivatives which are capable of reducing 

indophenol, thereby, giving a higher estimate of the value of the 

dehydroascorbic acid. In addition, the reductones formed in Mai Hard 

browning reaction (the reaction between sugar and amine) are also 

capable of reducing indophenol. The inherent limitation of the 

dehydroascorbic acid assay, therefore, may account for the fluctuating 

value of dehydroascorbic acid. Nevertheless, the trend seen here for 

the change of ascorbic acid is still valid. 

The concentrate samples had an extremely low value of dehydro- 

ascorbic acid as well as ascorbic acid content. Also there is no 

difference between the blanched and unblanched sample. This suggests 

that dehydroascorbic acid as well as ascorbic acid was destroyed in the 

concentration process. 

Figure 2 shows that blanching seemed to have a significant 

effect on the change of dehydroascorbic acid content of the juice 

samples; however, because of the small size of the sample and the 

inherent limitations of the dehydroascorbic acid assay, the statis- 

tical F values for all the treatments used (table 2) were low. 
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Comparison of Results With Results From Parallel Study 

In conjunction with this study, Lee (1979) examined the roles of 

anthocyanins, leucoanthocyanins, flavanols, and total phenolics in 

color deterioration of these same samples. The degradation of the 

anthocyanin pigment during storage is shown in figure 4. Comparing 

the loss of anthocyanin (figure 4) and ascorbic acid (figure 1) during 

storage, it is noticeable that the ranking of ascorbic acid content in 

the juice sample is similar to that of the anthocyanin pigment. The 

order of decreasing concentration was blanched, nitrogen-treated 

juice> blanched, air-exposed juicexinblanched, nitrogen-treated 

juices unblanched, air-exposed juice. These observations suggest that 

there may be a relationship between ascorbic acid loss and pigment 

degradation. 

The samples exposed to air had lower ascorbic acid and pigment 

content than the corresponding nitrogen-treated samples. This 

suggests that the oxidation products of ascorbic acid may exert a 

greater influence on the pigment degradation than the ascorbic acid 

itself. Similar results were obtained by the studies of Starr and 

Francis (1958) and Shrikhanda and Francis (1974). They reported that 

the interaction of ascorbic acid oxidation products with anthocyanin 

was primarily responsible for the greater anthocyanin degradation 

rate in model system and cranberry juice. 

When active enzymes were absent from the system, both ascorbic 

acid content and anthocyanin content were higher than that with the 
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presence of enzymes. This suggests that the oxidizing enzymes 

present in the unblanched juice (e.g. ascorbic oxidase, polyphe- 

noloxidase, etc.) will promote the ascorbic acid oxidation. This may 

in turn partially cause the anthocyanin pigment to decompose. 

As mentioned before, most of the ascorbic acid initially present 

was lost during the concentration step. Therefore, the ranking of 

ascorbic acid in the concentrate does not correspond to that of 

anthocyanin. 

The browning index of strawberry juice and concentrate obtained 

from the parallel study (Lee, 1979) is presented in figure 5. After 

the first two weeks of storage, the blanched samples had higher 

browning than the unblanched samples (except for the concentrate 

samples). Therefore, it is evident that enzymes (e.g. Polyphenol- 

oxidase, etc.) are not the only factor responsible for the browning 

of strawberry juice. There are three principle causes of non-enzymic 

browning, namely the Maillard reaction, the ascorbic acid browning 

reaction, and the caramelization reaction. 

A comparison of the change of the sum of ascorbic and dehydro- 

ascorbic acid (figure 3) and the browning index (figure 5) reveals 

that the juice samples which had the higher sum of ascorbic and 

dehydroascorbic acid content also had relatively higher browning 

indexes, The decreasing order of browning index for the juice 

samples was as follows: blanched, nitrogen-treated juice> blanched, 

air-exposed juice>unblanched, nitrogen-treated juice> unblanched, 
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air-exposed juice. The above observation suggests that ascorbic acid 

might be responsible for part of the browning. 

The influence of ascorbic acid on browning is demonstrated in 

figure 6. In this graph, the weekly change in the sum of ascorbic 

and dehydroascorbic acid content in log scale was plotted against 

the corresponding browning index. When oxygen was present, the 

patterns for browning seemed to be the same for both the blanched and 

unblanched samples, suggesting that the mechanisms responsible for this 

browning may also be similar. It appears that blanching only 

increased the total amount of the browning. Blanching, though, did 

not affect the mechanisms involved. It is also noticed in figure 5 

that the browning index of the blanched juice samples is higher than 

that of the unblanched juice samples at day 0. This suggests that the 

higher browning index of the blanched juice sample might be heat 

induced. In addition, figure 6 also indicates that there are at 

least two processes involved in the ascorbic acid browning reaction. 

During the first 21 days of storage, the degradation of ascorbic acid 

was very fast, but the contribution to browning was relatively slow. 

Whereas between day 21 and day 56, the degradation of ascorbic acid 

was very slow, but the increase in the browning index was very rapid. 

These observations suggest that in the presence of oxygen, the 

intermediate products from ascorbic acid degradation rather than the 

ascorbic acid itself made the major contribution to browning. 
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The browning pattern of the blanched versus unblanched, 

nitrogen-treated samples is different. The browning index of the 

blanched juice increased more rapidly during the first week of 

storage and gradually decreased thereafter; the degradation of 

ascorbic acid for the blanched juice was much slower during the first 

three weeks of storage with a tremendous increase thereafter. 

In contrast to the fruit juice samples, the concentrate samples 

had the highest browning index but the lowest level for the sum of 

ascorbic and dehydroascorbic acid. The low level of ascorbic acid in 

the concentrate sample is probably due to the degradation of ascorbic 

acid to its intermediate degradative products during the concentration 

process. These intermediate products could not be measured by the 

method used for the ascorbic acid analysis. The high level of 

browning index in the concentrate sample suggests that the interme- 

diate degradative products of ascorbic acid might contribute to part 

of the browning. In addition, the concentration process could also 

initiate the decomposition of sugar into furfural which in turn could 

condense or polymerize with nitrogenous compounds to form a brown 

colored compound. Browning could also be due to Mai Hard reaction or 

the degradation of anthocyanin which might be accelerated by the heat 

treatment used in the concentration process. Higher concentration of 

all reactants will be found in the concentrate sample; thus all the 

reactions would be expected to proceed more readily. Due to the 

higher amount of ascorbic acid degradative products, the larger 
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quantity of brown precursors, and the higher concentration of all the 

reactants, one would expect the browning occurring in concentrate 

samples to be higher than the juice samples. 

It is also noticeable that the unblanched concentrate, which had 

the lower total ascorbic acid, had a higher browning index than the 

blanched concentrate. This observation suggests that the degraded 

ascorbic acid or the formation of a higher level of browning 

precursors from the secondary reactions of enzymic oxidative products 

(such as quinone) might contribute to the higher browning. In the 

unblanched concentrate, enzymes present in the fruit would catalyze 

the oxidation of phenolic compounds during the manufacture of concen- 

trate and cause browning. These oxidative products may also bring 

about the oxidation of other compounds (such as anthocyanin, ascorbic 

acid) whose oxidation reduction potential are smaller. These 

oxidative products may also complex with amino compounds and proteins, 

and condense or polymerize with themselves and/or other constituent 

present in the system. These secondary reactions would in turn 

contribute to browning. On the other hand, these secondary reactions 

would not occur in the blanched sample because the enzymes present in 

the fruit were inactivated before the manufacturing of the concen- 

trate. Therefore, the level of enzymic oxidative products, if any, 

would be very low in the blanched concentrate. Thus, browning formed 

in the blanched concentrate is lower than that of the unblanched 

concentrate. 
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Browning in an Anthocyanin, Ascorbic Acid, and Catechin Model System 

The natural strawberry juice study showed that the mechanism for 

browning which occurs in fruit juice and concentrate is very complex. 

Browning may occur through the decomposition of certain chemical con- 

stitutents or the reactions of some of the constituents of fruit with 

oxygen. Browning may also result from a reaction between constituents 

naturally present or introduced in the manufacturing process. 

Due to the complexity of natural strawberry juice and the browning 

mechanisms, a model system was designed to determine how ascorbic acid, 

flavanol, and anthocyanin pigment interact under either anaerobic or 

oxygenated conditions during storage. 

Design of the Model System 

The model system consisted of a citric acid buffer (pH=3.4) and 

an anthocyanin pigment with the addition of ascorbic acid or flavanol 

or both. 

Pelargonidin-3-glucoside in a concentration of 22.5 mg/100 g fruit 

was used since it is the major anthocyanin in strawberries (Sondheimer 

and Kertesz, 1948). 

Green (1971) indicated that quantitatively the most important vita- 

min in strawberries is ascorbic acid (Vitamin C). The maximum amount 

of ascorbic acid in strawberry fruit is 89 mg/100g of fruit, with an 

average of 60 mg/100gof fruit (Olliver, 1967). Hence the concentration 

of ascorbic acid in the model system was 60 mg/100 g of.fruit. 

Catechin was used as the flavanol component of the model system. 

There were several reasons for adding catechin to the model system. 
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First, catechin is the principal flavanol component in strawberry fruit 

(Stohr and Hermann, 1975). Second, Abers and Wrolstad (1979) indicated 

that a higher concentration of flavanols was present in the Tioga variety 

which browned more readily in strawberry preserves. Third, many studies 

have demonstrated that flavonols (e.g. quercetin and Kaempferal) can 

retard the oxidation of ascorbic acid when anthocyanin is present in 

black currant juice and model system (Hooper and Ayres, 1950; Timberlake, 

1960b; Clegg and Morton, 1968; Shrikhande and Francis, 1974). No previ- 

ous investigation had determined whether or not catechin, which has a 

similar structure to flavonol, had a similar protective effect. 

The pigment, ascorbic acid, and the catechin were dissolved in the 

citric acid buffer so that the pH of the system could be maintained at 

the usual pH of the strawberry juice (pH=3.4). Citric acid also was 

used because it is the main acid in strawberry fruit (Green, 1971) and 

is known to chelate metal ions, especially copper and iron (Parry and 

Dubois, 1952; Harper, 1969). Such ions can complex with anthocyanin 

pigment and accelerate ascorbic acid oxidation. 

Compositional Change in Chemical Parameters 

Change in anthocyanin pigment content during storage 

The effect of various combinations of ascorbic acid, nitrogen, and 

catechin treatments on the anthocyanin concentration during storage are 

presented in figure 7. 

The anthocyanin destruction was greatest in the systems which con- 

tained ascorbic acid. This agrees with the previous finding of Sond- 

heimer and Kertesz (1953), Markakis et al (1957), Starr and Francis 
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(1968), and Calvi and Francis (1978) who reported that the degradation 

of anthocyanin in the systems containing ascorbic acid proceeded at a 

faster pace than that for the systems not containing ascorbic acid. 

The addition of catechin to the model system containing ascorbic 

acid did not markedly affect the destruction of anthocyanin pigment during 

storage. (Notice there is not much difference in the percent retention 

of anthocyanin between curves 5 and 7 and curves 6 and 8, figure 7). 

However, in the presence of oxygen, the system containing ascorbic acid 

and catechin had a slightly higher pigment retention than that of the 

ascorbic acid alone. When catechin was added to the system containing 

no ascorbic acid (curves 3 and 4, figure 7), the degradation of the pig- 

ment was greater than that of the anthocyanin alone. This indicates 

that catechin might interact with anthocyanin. Under the oxygenated 

environment, however, no accelerating effect was observed in the systems 

where ascorbic acid and catechin were both present (curve 7, figure 7). 

This observation suggests that the destructive effect of ascorbic acid 

on the pigment probably predominates over catechin. It also suggests 

that catechin has a protective effect on the oxidation of ascorbic acid 

which in turn retards the loss of anthocyanin. 

Figure 7 also shows that the nitrogen treatment improved the reten- 

tion of anthocyanin during storage except in the systems which contained 

ascorbic acid where the reverse was true. This suggests that oxygen 

has a detrimental effect on the degradation of anthocyanin only when 

ascorbic acid is absent. The detrimental effect of oxygen on the degra- 

dation of anthocyanin was also reported by Daravingas and Cain (1965) 

and Starr and Francis (1968). The cranberry juice study of Starr and 
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Francis (1968), though, concluded that the degradative effect is greatest 

when both ascorbic acid and oxygen are present. 

To explain the retarding and accelerating effects of oxygen on the 

pigment degradation, the mechanisms for pigment degradation must be 

examined. Adam (1973) in a model system study postulated that the mech- 

anism for anthocyanin degradation at pH range of 2 to 4 is as follows: 

on 
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The anaerobic degradation of anthocyanin in the acidic solution is 

assumed to proceed by the hydrolysis of the aglycone-sugar bond and the 

preferential existence of aglycone as the colorless entities, mainly 

chalcone and «<diketone. Adams (1973) also indicated that under the oxygen 

atmosphere, chalcone was also labile. The degradation of chalcone would 

then cause more of the anthocyanin pseudobase to isomerise to the chalcone, 

thus giving an increase rate of breakdown of pigment compared with that 

under the nitrogen environment. 

When ascorbic acid is present in the system, the mechanism of pig- 

ment degradation may be different; two mechanisms have been proposed. 

In one, the destructive effect is caused by the oxidation of anthocyanin 

by hydrogen peroxide formed during the autooxidation of ascorbic acid 

(Sondheimer and Kertesz, 1952; Harper et al, 1969). 
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The attack of hydrogen peroxide at the Cp position causes the flavylium 

structure to cleave between the Cp and C3 position. Jurd (1972) proposed 

another mechanism where a direct condensatin of ascorbic acid with the 

pigment occurs. 
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If the hydrogen peroxide mechanism is correct for the model system, 

the oxygen-treated sample containing ascorbic acid should have had a 

lower anthocyanin retention than the corresponding nitrogen-treated sam- 

ple. Since the anthocyanin retention was less in the nitrogen-ascorbic 

acid-anthocyanin system, the direct condensation mechanism of anthocyanin 

and ascorbic acid may be correct. 

The accelerating effect of catechin on the degradation of anthocy- 

anin could be attributed to the condensation between catechin and antho- 

cyanin. Jurd (1967) had shown that catechin would condense with flav- 

ylium salt. The result of this condensation reaction is the net loss 

of anthocyanin color and an increase in net browning as indicated by 

a study of Timberlake and Bridle (1976). Furthermore, the results from 

figure 7 suggests that this condensation reaction occurs more favorably 

in the oxygen environment than in the nitrogen environment. Shrikhande 

(1976) reported that the hydrolysis of glycosidic linkage of anthocyanin 

seemed to proceed before the condensation reaction between catechin and 

anthocyanin took place. Since the hydrolysis of glycosidic bond is 

faster aerobically than anaerobically (Adams, 1973), it is reasonable 

to assume that the condensation reaction would also occur faster in the 

presence of oxygen than in the presence of nitrogen. However, since 

the mechanism of condensation between catechin and anthocyanin has not 
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yet been proven, it is possible that the condensation in the oxygen 

atmosphere is entirely different than that in the nitrogen atmosphere. 

Anthocyanin pigment is known to be stable when it is stored in the 

dry crystalline form. However, figure 7 shows that the pigment degraded 

in the model system containing only anthocyanin, suggesting that hydrol- 

ysis is involved in the pigment destruction. This proposition is sup- 

ported by both the study of Markakis et al (1957) and Erlandson and 

Wrolstad (1972) who indicated that water availability is essential for 

anthocyanin breakdown. 

The statistical analyses (table 3) substantiate that ascorbic acid 

treatment has a significant effect on the pigment degradation at the 

95% level. Table 3 also indicated that the F value for the combined 

effect of ascorbic acid and catechin is relatively large. Due to the 

small size of sample, the combined effect of ascorbic acid and catechin 

is considered to be statistically significant. 

Change of ascorbic acid during storage 

The percent retention of ascorbic acid during the 130 days stor- 

age at 20oC for all the systems containing ascorbic acid is presented 

in figure 8. In all the oxygenated samples, regardless of the composi- 

tion of the model system, the loss of ascorbic acid progressed rapidly. 

On day 7, less than five percent of the original ascorbic acid was re- 

tained. Whereas, in the nitrogen environment, the amount of ascorbic 

acid loss depended on the composition of the model system. The decreas- 

ing order for the percent retention of ascorbic acid for the nitrogen- 

treated samples was: system containing ascorbic acid, anthocyanin, and 



TABLE 3. F VALUE OF THE STATISTICAL ANALYSES 
OF THE MODEL SYSTEM 

Parameter Measured 
c 

Treatment 
'i  Anthocyanin 
Retention 

Color 
Density 

1.885 

Browning 

6.38 

Polymeric 
Color 

1.694 

%  Polymeric 
Color 

Hunter 
"a" Value 

7.924 

Hunter 
"L" Value 

02 vs N2 3.444 2.556 3.59 

Ascorbic Acid 211.67* 79.654* 348.024* 24.111* 20.78* 145.68* 65.32* 

Flavanol 3.667 0.385 0.029 3.556 10.11 0.024 0.021 

02 vs N2, 
Ascorbic Acid 

5.33 1.269 14.211* 0.028 3.111 0.001 1.07 

02 vs N2' 
FiavanoT 

0.017 0.077 10.15 0.0005 0.333 0.116 0.008 

Ascorbic Acid, 
Flavanol 

12.56* 1.231 6.67 0.444 5.55 0.106 0.025 

02 vs N2, 
Ascorbic Acid, 
Flavanol 

1.0 1.0 1.0 1.0 1.0 1.0 1.0 

statistically significant result 

en 
OJ 
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catechin (curve 6, figure 3) > system containing ascorbic acid alone 

(curve 4) > system containing ascorbic acid and catechin (curve 2). This 

finding suggests that oxygen plays a very important role in the loss 

of ascorbic acid. Oxygen not only can oxidize ascorbic acid directly, 

but the oxidation product of ascorbic acid (namely hydrogen peroxide) 

can also accelerate the degradation of ascorbic acid. Therefore, very 

rapid loss of ascorbic acid is anticipated when the sample is sparged 

with oxygen. 

Comparison of curve 4 and 2 (figure 8) shows that in the nitrogen 

environment, anthocyanin accelerates the destruction of ascorbic acid. 

This finding is consistent with that of Starr and Francis (1968), Harper 

et al (1969) and Shrikhande and Francis (1974). Based on the polaro- 

graphic study of flavylium salt, Harper (1968) found that flavylium 

salts are able to accept electrons at a low negative potential (-0.3V, 

SCE); thus he proposed that the accelerating effect of anthocyanin on 

the loss of ascorbic acid might be due to the capability of anthocyanin 

to initiate the chain reaction of ascorbic acid in the same way as copper 

ion. Furthermore, the acceleration effect of anthocyanin on the loss 

of ascorbic acid could be due to the opposite electrostatic charge be- 

tween the ascorbate ion (negative) and the flavylium salt (positive). 

This would facilitate the initiation of the chain reaction by bringing 

together the sites of high and low electron density. 

Figure 8 also shows that when the anthocyanin and catechin are both 

present in the system which is sparged with nitrogen (curve 6), the 

ascorbic acid retention is the highest among all the systems examined. 

This suggests that either the catechin or the combination effect of 
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catechin and anthocyanin has a protective effect on the loss of ascor- 

bic acid. Since the combination of ascorbic acid and catechin was 

lacking from the model system examined, it is not possible to determine 

which of the two factors is responsible for the protecting effect. Many 

works have indicated that flavonols (quercetin, kaempferol, etc.) have 

a protective effect against the oxidation of ascorbic acid (Clegg and 

Morton, 1968; Harper et al, 1969; and Shrikhande and Francis, 1974). 

The protective effect can be attributed to the ability of flavonol to 

accept a free radical, which in turn breaks the chain reaction of auto- 

oxidation of ascorbic acid (Harper et al, 1969). Since catechin's struc- 

ture is similar to flavonol's, catechin may perform a similar role in 

retarding ascorbic acid oxidation. 

The statistical analysis (table 4) indicates that the nitrogen 

treatment, the treatment of anthocyanin and catechin, and the treatment 

of nitrogen, anthocyanin ;and catechin all had a statistically signifi- 

cant effect on the change of ascorbic acid. 

Change of dehydroascorbic acid during storage 

Figure 9 demonstrates the change of dehydroascorbic acid for the 

model systems containing ascorbic acid during storage. On day 3, each 

of the oxygen sparged samples had the maximum level of dehydroascorbic 

acid. Compared with the result of the percent retention of ascorbic 

acid (figure 8), it is clear that the loss of ascorbic acid in the oxygen 

sparged sample also occurred most rapidly during the first three days 

of storage. These observations suggest that the ascorbic acid is lost 

through the conversion to dehydroascorbic acid. 
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TABLE 4. F VALUE OF THE STATISTICAL ANALYSES 
OF THE MODEL SYSTEM CONCERNING 

THE CHANGE OF ASCORBIC ACID CONTENT 

Parameter Measured 

Treatment As corbie Acid 

206.554* 

Dehydroascorbic 
Acid 

Ascorbic + 
Dehydroascorbic Acid 

02 vs N2 0.297 137.5* 

Anthocyanin 4.42 1.403 4.817 

Catechin, 
Anthocyanin 

11.007* 0.805 9.652* 

02 vs N2, 
Anthocyanin 

3.927 0.587 1.867 

02 vs N2, 
Anthocyanin, 
Catechin 

11.877* 0.526 6.514 

statistically significant result 
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Figure 9.     Change of Dehydroascorbic Acid 
in the Model  System During Storage 
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The oxygenated sample for each model system had different maximum 

levels of dehydroascorbic acid measured. The decreasing level of the 

maximum amount of dehydroascorbic acid for the oxygen sparged sample 

was as follows: the system containing ascorbic acid (figure 9(a))  the 

system containing ascorbic acid, anthocyanin, and catechin (Figure 9(c)) 

the system containing ascorbic acid and anthocyanin (figure 9(b)). 

This order suggests that some ascorbic acid reacts directly with anthocy- 

anin; therefore, there would be less ascorbic acid available to convert 

to dehydroascorbic acid. This explains why the level of dehydroascorbic 

acid is lower in the presence of anthocyanin. 

The formation of dehydroascorbic acid was detected in all the nitro- 

gen-treated samples (figure 9). The proposed mechanism for the non-en- 

zymic non-oxidative degradation of ascorbic acid, however, did not in- 

volve the formation of dehydroascorbic acid (Kurata and Sakurai, 1967a). 

Thus, it is suspected either that the proposed mechanism may not be cor- 

rect or that the system may not have been completely anaerobic. In addi- 

tion, it is noticed that the time required to reach the maximum level 

of dehydroascorbic acid in the nitrogen-treated sample was delayed and 

the maximum level of dehydroascorbic acid in the nitrogen treated sample 

was lower than in the corresponding oxygen-treated sample (except for 

the sample which contained anthocyanin and ascorbic acid). This supports 

the possibility that the incomplete removal of oxygen accounted for the 

formation of the dehydroascorbic acid in the nitrogen environment. 

The dehydroascorbic acid formed was unstable and readily degraded 

to other products after it had formed. The fluctuation of the estimated 

dehydroascorbic acid value, however, is minimized in the model system. 
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This observation supports the earlier proposition that the breakdown 

from other constituents of the juice and the reaction products from en- 

zymic reactions could respond to the reduction by hydrogen sulfide 

(HpS) and contribute to a higher estimation than the true value of dehy- 

droascorbic acid. 

Due to the inherent limitation of the dehydroascorbic acid assay 

and the small size of sample, the F value of all the treatments used 

was low (table 4). 

Change of total ascorbic acid (the sum of the ascorbic and dehydro- 
ascorbic acid) 

In order to better understand the effect of each component in the 

model system on the change of ascorbic acid, the total ascorbic acid 

(i.e. the sum of ascorbic acid and dehydroascorbic acid) for each model 

system during storage was plotted in figure 10. It is clear that in 

all cases, the total ascorbic acid was markedly lost during storage. 

This implies that the ascorbic acid degraded beyond the stage of dehydro- 

ascorbic acid and/or the dehydroascorbic acid reacted with some other 

compounds present in the system and became lost. This is similar to 

the result for the natural strawberry juice system (figure 3). 

Once again, the great influence of oxygen on the degradation of 

ascorbic acid is demonstrated (figure 10). Anthocyanin seemed to accel- 

erate the degradation of ascorbic acid both in the presence and absence 

of oxygen. However, when anthocyanin and catechin were both present, 

their effects on the degradation of ascorbic acid depended on whether 

or not oxygen was present. The combination effect of anthocyanin and 

cathechin seemed to accelerate the degradation of ascorbic acid with the 
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presence of oxygen, but retarded the degradation of ascorbic acid when 

the oxygen was absent. 

The result from the statistical analyses (table 4) shows that the 

F value of the nitrogen treatment and the combined treatment of cate- 

chin and anthocyanin are relatively high. Due to the small size of the 

sample, the effect of the two treatments mentioned above is considered 

to have a statistically significant influence on the change of the sum 

of ascorbic and dehydroascorbic acid content. 

In addition, a slight increase in the level of total ascorbic acid 

was observed only in the nitrogen-treated sample. This may be due to 

the capability of hydrogen sulfide to reduce other degradative products. 

The degradative pathways in the presence and absence of oxygen are often 

different; therefore, it is also possible that the degradative product 

which could be reduced by hydrogen sulfide was not present in the oxy- 

genated sample. This might explain why the slight increase in the total 

ascorbic acid content at the beginning of storage was not observed for 

the oxygenated sample. There may, however, have been a slight increase 

in the total ascorbic acid content which was not measured. In the oxy- 

gen environment, the ascorbic acid degrades faster. Therefore, a similar 

increase with oxygen present, if the increase occurred, would be expected 

to occur earlier in the oxygen environment than in the non-oxygen environ- 

ment. Since the change of ascorbic acid and dehydroascorbic acid between 

day 0 and day 3 was not measured, there is no way to determine whether 

or not this increase occurred. 
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Change of catechin content during storage 

To examine if the catechin added to the system participated in the 

degradation of the pigment, the catechin concentration at the beginning 

and at the end of the storage period was determined. The results are 

listed in table 5. The concentration of catechin for all the samples 

examined decreased during the 130 days of storage. The most striking 

result from table 5 is the tremendously higher amount of catechin lost 

in the oxygen-treated sample containing anthocyanin, ascorbic acid, and 

catechin. It appears that catechin has a very significant interaction 

with ascorbic acid, particularly in the presence of oxygen. 

The result for pigment retention (figure 7) and total ascorbic acid 

retention (figure 10) showed that higher pigment or ascorbic acid was 

obtained in the oxygen-treated system containing anthocyanin, ascorbic 

acid, and catechin than in the system of the same composition except 

for the absence of catechin. This suggests that catechin protects against 

the oxidation of ascorbic acid, and, as a consequence of that, less of 

the pigment is degraded. 

Color Analyses 

In order to understand color deterioration in relation to the compo- 

sitional change of the model system, several color analyses were examined 

during storage. These included browning index, color density, polymeric 

color, and percent polymeric color. 

Browning index 

The browning index, the absorbance measurement at 420 nm for the 

bisulfite-treated samples, is shown in figure 11. 
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Sample 

TABLE 5.  CHANGE OF CATECHIN* 
IN THE MODEL SYSTEM 

DURING STORAGE 

Flavanol Concentration 

Flv + 0? 
(Controf) 

Flv + N2 
(Control) 

Flv + ACN + 02 

Flv + ACN + N2 

Flv + ACN + ASC + 02 

Flv + ACN + ASC + No 

Day 1 
(mg Catechin/ml) (m9 

Day 130 
Catechir i/ml) %  Loss 

0.599 0.503 16.03 

0.601 0.524 12.86 

0.607 0.550 9.39 

0.603 0.505 16.25 

0.599 0.250 58.26 

0.596 0.449 24.66 

* Each datum represents the average of two determinations 

Flv = catechin; ACN = anthocyanin; ASC = ascorbic acid 
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ACN=Anthocyanin;  Flv=Catechin; ASC=Ascorbic Acid 

Figure 11.    Formation of Browning in the Model  System 
During Storage--Absorbance at 420 nm of 
Bisulfite-Treated Sample 
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The system containing ascorbic acid had a higher browning index 

than the system containing no ascorbic acid. The effect of ascorbic 

acid on the change of browning index is significant at the five percent 

confidence level (table 3). In comparing the nitrogen versus oxygen- 

treated sample, the oxygen-treated sample had a higher browning index 

than the corresponding nitrogen-treated sample. These findings suggest 

that the oxidative degradation of ascorbic acid plays a major role in 

the contribution to browning. When the oxygen was present, the system 

containing anthocyanin and ascorbic acid had a higher browning index 

than the system containing anthocyanin, ascorbic acid, and catechin 

(curve 5 compared to curve 7, figure 11). This suggests that the com- 

bination effect of anthocyanin and catechin or the catechin itself 

had a protective effect on the ascorbic acid oxidation; therefore, less 

ascorbic acid was degraded, more catechin was lost, and less browning 

occurred. This interpretation is consistent with the results previously 

discussed. 

The nitrogen-treated sample containing anthocyanin, ascorbic acid, 

and catechin (curve 8, figure 11) had a slightly higher browning index 

than the system containing anthocyanin and ascorbic acid (curve 6, 

figure 11). The higher browning index seen here corresponds to the 

higher sum of the ascorbic and dehydroascorbic acid content of the sam- 

ple (figure 10). 

To better understand the influence of ascorbic acid on browning, 

the changes in the sum of ascorbic and dehydroascorbic acid content in 

log scale was plotted against the corresponding browning index. The 

results are shown in figure 12. The patterns of the browning are 



.24 

-   .20 
>< 
a> 
X) 
c 

o^   .16 c 
c 
$ 
o 

.08 

o 
CM 

<f .04 

1 1 1        1 i ii mi      i   i i 11 in 
_ day 130^ ■ ■   AoU +  AUN + Uo 

■--■ ASC + ACN + N2 

— a—a  ASC + ACN + FIV + 02 - 
o--a ASC t ACN t Flv + N2 

— day 30 

aN 
- I    1 \ \ 

_ \ day 17 \ 
a                                            — 

\ 1 

k 

\ 
\ 
\ t' \ 

— 
\ 

\ 
\ 
\ 

N 
s                                    — 

\ v                                       \ 

\ 

\                           V 

\ 
\ \                 \ 
\ » 

1 
day 

1 
7 i i -V "^•-^     *    davO 

ib TTTTm—^^g* i i i i M o 
1.0     2.0 10      20     40 60   100   200       500      1000 

SUM OF ASCORBIC + DEHYROASCORBIC ACID   (mg/L) 

Figure 12. Influence of Ascorbic Acid on Browning of Model System During Storage 



68 

different for the oxygenated and non-oxygenated samples, suggesting 

different mechanisms may be involved. When the oxygen was present, the 

browning of the sample containing anthocyanin and ascorbic acid increased 

tremendously only after the seven days of storage, implying that the 

oxidative products of ascorbic acid were the key elements causing brown- 

ing. It should also be noted that the addition of catechin retarded 

the browning slightly. Compared with the results for the natural straw- 

berry juice system (figure 6), it is noticed that the increase in brown- 

ing of the natural strawberry juice sample seen during the first 14 days 

was not seen in the model system study. This suggests that the contri- 

bution of browning in the natural strawberry juice system during this 

period was probably due to the other reactions (e.g. Maillard reaction, 

anthocyanin degradation or the reaction of dehydroascorbic acid with 

amino acid, etc.). 

The pattern involved in browning for the nitrogen-treated sample 

appears to be different. The build up of the degradative product from 

ascorbic acid did not seem to be necessary for the development of brown- 

ing. Moreover, the addition of catechin seemed to increase the browning 

of the samples instead of delaying the browning as it did in the respec- 

tive oxygen-treated samples. 

Color density 

The change in color density, the total amount of color, for each 

model system during the 130 days of storage is shown in table 6. The 

change in color density for all the samples appeared to follow two dif- 

ferent trends depending on whether or not the ascorbic acid was present. 



TABLE 6.  CHANGE OF COLOR DENSITY* IN THE MODEL SYSTEM DURING STORAGE 

Sample 

ACN + 02 

ACN + N2 

ACN + Flv + 02 

ACN + Flv + N 

Col or Density 
Day 

0 
Day 

3 
Day 

7 
Day 
10 

Day 
17 

Day 
30 

Day 
130 

.75±0 .7510 .61*0 .6810 .8291.001 .853*0 .53510 

.7881.013 .810 .71.02 .7231.001 .8851.005 .8610 .4251.005 

.8751.025 .8881.013 .716t.004 .748*.012 .81+0 1.2681.001 .6351.005 

2 .8510 .87510 .731.001 .741.002 .86i0 .8341.001 .6131.008 

ACN + ASC + 02 .7381.013 .6751.025 .4461.002 .368+.002 .359iO .3011.001 .32510 

ACN + ASC + N2 .6891.013 .363±.013 .2741.006 .2331.003 .2161.004 .2041.001 .2351.005 

ACN + ASC + Flv + 02  .6751.025 .531.02 .4061.018 .3551.005 .30710 .26510 .3931.002 

ACN + ASC + Flv + N2  .663+.013 .4251.025 .302*.002 .24i0 .231.003 .1910 .21510 

* 1. expressed as absorbance units per ml 

2. reported value represents the mean of two measurements 

ACN = anthocyanin; Flv = catechin; ASC = ascorbic acid 



70 

The effect of ascrobic acid on color density was supported by the result 

of statistical analyses (table 3). When the system contained ascorbic 

acid, the color density gradually decreased during storage, followed 

by a slight increase at day 130. 

For the system containing no ascorbic acid, the color density (1) 

increased during the first three days of storage, (2) decreased from 

day 3 to day 7, (3) increased after the seventh day of storage and (4) 

decreased on day 130. The first increase in color density is believed 

due to a condensation reaction which gave the sample a redder appear- 

ance (darker color). The decrease in color density which followed is 

probably due to the further condensation or polymerization of the pig- 

ment, resulting in some loss of color. The increase which followed after 

day 7 can be attributed to the increase in browning of the sample during 

storage; therefore the sample appeared to be darker. Finally, the de- 

crease in color density that occurred at day 130 can be explained by 

the precipitation of the brown polymer that took place at the end of 

the storage period; thus the color of the sample became lighter. 

Polymeric color 

Somers (1971) studied the nature of anthocyam'n pigment in red 

wine during storage, and stated that the monomeric anthocyam'n, ini- 

tially responsible for wine color, is displaced progressively and irre- 

versibly by more stable polymeric pigments during wine aging. These 

polymeric pigments, however, still show some sensitivity to pH, but are 

resistant to decolorization by bisulfite. Based on these characteris- 

tics, Somers (1971) developed a method to measure the polymeric pigment. 
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The measurement of these polymeric pigments which are resistant to bisul- 

fite treatment is called polymeric color. 

Since the system in wine is different from the system in fruit 

juice, and no one had confirmed whether the method used to estimate poly- 

meric color was applicable to fruit juice, a gel filtration technique 

was used to separate the monomeric from the polymeric pigment. 

A number of gel and solvent systems for separation of monomeric 

anthocyanin pigment from polymeric pigment have been investigated. Sys- 

tems tried include several which other workers have developed for sep- 

aration of pigment in wines and grape juice (Somers, 1966, 1967, 1968; 

Somers and Ziemelis, 1972; and Lee and Timberlake, 1974). The system 

selected as being most effective was a 3% aqueous acetic acid solvent 

(Somers and Ziemelis, 1972) followed by a 50% aqueous acetone HCl (Somers, 

1968) with Sephadex G-25 Fine. The elution profile of the strawberry 

concentrate is illustrated in figure 13. It clearly shows that two separate 

fractions were obtained. The first fraction obtained was bright red 

and was eluted by the 3% aqueous acetic acid. The second fraction, dark 

brown in color, was not eluted by 3% aqueous acetic acid, but was eluted 

with 50% aqueous acetone HCl. The bisulfite treatment of these two frac- 

tions revealed that the first fraction decolorized easily, while the 

second fraction was resistant to decolorization. 

When the pure monomeric anthocyanin solution was eluted in the gel 

column, only one peak was obtained in the 3% aqueous acetic acid sol- 

vent and nothing was eluted off from the column in the 50% aqueous ace- 

tone-HCl solvent. Moreover, the elution volume of the pure monomeric 

pigment corresponded to that of the first elution fraction of the 



  At 0 day 
 After 55 day storage 
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Figure 13. 
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TIME   (hrs) 

Gel Filtration Curve of Strawberry Concentrate on Sephadex G-25 Fine 
in 3% Aqueous Acetic Acid and 50% Aqueous Acetone-HCl Solvents 
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strawberry concentrate. Thus, it is reasonable to conclude that the 

first elution fraction of the strawberry concentrate represented the 

monomeric fraction of the pigment, and the second elution fraction 

represented the polymeric fraction. 

Since the smaller anthocyanin was eluted first, this indicated 

that the pigment was probably separated by the absorptive property of 

the gel rather than by molecular sieving. The polymeric pigments were 

so strongly absorbed that they could not be eluted by the 3% aqueous 

acetic acid solution. The reason that the 50% aqueous acetone HC1 

was able to elute these polymeric pigments may be as follows: (a) the 

absorptive effect of Sephadex was eliminated by using a non-polar 

solvent such as acetone or (b) the gel bead was shrunken, thus enabling 

the polymeric pigment to be excluded completely from the gel. 

Figure 13 also shows that during the 55 days of storage, the 

monomeric peak of the strawberry concentrate decreased tremendously. 

Based on the peak area, the monomeric pigment dropped to about 12% of 

the original monomeric pigment after 55 days of storage at 20 C. It 

should also be noticed that the polymeric peak was increased by 69.6% 

during storage. When the polymeric color was measured by the method 

developed by Somers (1971), the polymeric pigment was estimated to 

increase by 80.6% during the 55 days of storage (Lee, 1979) which is 

relatively close to the gel filtration result. Thus, it is evident 

that the method used to measure polymeric pigment (Somers, 1971) is 

also applicable to strawberry juice. 
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Table 7 presents the results for the change of polymeric color 

which occurred during storage. It is apparent that the polymeric color 

increased with time for all the sample examined. All treatments 

(i.e. the addition of ascorbic acid or catechin or both) resulted in 

more polymeric color than the system containing anthocyanin alone. 

The polymeric color for all the oxygen-treated samples was higher than 

the corresponding nitrogen-treated samples. This suggests that oxygen 

is a key element in forming a polymeric pigment. The decreasing order 

of polymeric color for both the oxygen-treated and the nitrogen- 

treated samples was as follows: the system containing anthocyanin, 

ascorbic acid, and catechin >the system containing anthocyanin and 

catechin>the system containing anthocyanin alone. 

Percent polymeric color 

Percent polymeric color is a ratio of non-monomeric anthocyanin 

color to the total color (polymeric color/color density x 100). 

Figure 14 shows the change in percent polymeric color versus storage 

time. It is clear that the result of the percent polymeric color 

clustered into two groups, namely those which contained ascorbic acid 

and those which contained no ascorbic acid. 

At the end of the storage period, most of the anthocyanin pigment 

in the sample containing ascorbic acid no longer existed as a monomeric 

pigment. It should also be noted that the increase in the percent 

polymeric color was much more rapid in the sample containing ascorbic 

acid than that containing no ascorbic acid. This result is consistent 



TABLE 7.  CHANGE OF POLYMERIC COLOR* IN THE MODEL SYSTEM DURING STORAGE 

Polymeric Color 

Sample 
Day 
0 

Day 
3 

Day 
7 

Day 
10 

Day 
17 

Day 
30 

Day 
130 

ACN + 02 .033±.003 .03310 .03210 .0410 .1051.001 .111.003 .1751.005 

ACN + N2 . 0281.003 .03 tO .02410 .03210 .0821.002 .0991.002 .1351.005 

ACN + Flv + 02 .0481:. 003 .0781.003 .098i.002 .1381.002 .2381.003 .23510 .310 

ACN + Flv + N2 .025±.005 .0510 .0610 .0711.001 .1661.002 .16510 .19510 

ACN + ASC + 02 .0451.005 .04510 .4810 .051.002 .1610 .11710 .2210 

ACN + ASC + N2 .048+003: .045!:0 .48±0 .0661.002 .172±.002 .1281.001 .191.005 

ACN + ASC + Flv + o2 .0310 .05tO .0761.004 .1371.003 .1831.002 .1931.003 .3410 

ACN + ASC + Flv + N2 .0310 .0510 .06r.004 .1310 .1810 .1841.001 .20510 

* 1. expressed as absorbance units per ml 

2. reported value represents the mean of two measurements 

ACN = anthocyanin; Flv = catechin; ASC = ascorbic acid 

en 
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with the result of percent retention of pigment (figure 7), which 

indicated that the sample consisting of ascorbic acid also had a 

higher rate of pigment degradation. The nitrogen-treated sample 

containing ascorbic acid, which had faster pigment degradation, also 

had a higher percent polymeric color than the corresponding oxygen- 

treated sample. The effect of ascorbic acid on the change of percent 

polymeric color is supported by the result from statistical analyses 

(table 3). 

The sample containing anthocyanin and catechin (curve 3 and 4, 

figure 14) had a higher percent polymeric color than the sample 

containing anthocyanin alone (curve 1 and 2, figure 14). This result 

is consistent with the result of Timberlake and Bridle (1976) who 

stated that the formation of a highly colored compond was possible as 

a result of the interaction of anthocyanin and catechin. They found 

that during storage mixtures of anthocyanin and catechin gradually lost 

color in the red region (520 nm) but increased in the brown region 

(420-450 nm). 

Colorimetric Analyses 

Anthocyanin content is not the only factor determining the 

acceptability of red color in food products. The result from the 

parallel study (Lee, 1979) demonstrated that when the anthocyanin 

content of the strawberry juice dropped to a very low level at the end 

of the storage, the visual appearance of the juice was still red. 

Therefore, Hunter measurements, which provides a higher correlation 
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with the visual appearance (Clydesdal, 1978), were made on each sample 

periodially. 

Change of Hunter "L" value during storage 

The change of the Hunter "L" value for all of the model systems 

is presented in figure 15. "L" value is the measurement of lightness, 

being light when the "L" value is increased. 

Two distinctive patterns, depending on whether or not ascorbic 

acid was present, can be seen in figure 15. For the samples containing 

ascorbic acid, the "L" value increased sharply during the first two 

weeks, then it leveled off and remained the same. The increase in 

"L" value, indicating a lightening of the sample, probably occurred 

due to the bleaching action of ascorbic acid. 

Two mechanisms have been proposed for the bleaching effect of 

ascorbic acid. First, ascorbic acid could undergo oxidation and form 

hydrogen peroxide. The hydrogen peroxide could then combine with 

anthocyanin, thus causing the anthocyanin to discolorize. Second, the 

ascorbic acid could directly condense with anthocyanin leading to 

discoloration of the pigment. Since the nitrogen-treated sample was 

lighter than the corresponding oxygen-treated sample, the direct 

condensation mechanism seems to be the predominant bleaching mechanism 

of ascorbic acid. However, the result from the statistical analyses 

(table 3) indicates that the F value for the effect of the nitrogen 

treatment on the lightening of the sample was low. This indicates 

either (1) that the bleaching mechanisms of ascorbic acid do not differ 
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very much or (2) that the nitrogen treatment did not completely remove 

all the oxygen present in the system. When ascorbic acid was absent, 

the "L" value generally decreased for the first 30 days and then 

increased at the end of the storage period. 

Figure 15 also indicates that when ascorbic acid was present the 

nitrogen-treated sample had a higher "L" value than the oxygen-treated 

sample. However, when ascorbic acid was absent, the nitrogen-treated 

sample had a lower "L" value than the oxygen-treated sample. 

It should also be noticed that the effect of nitrogen or oxygen 

on the change of "L" value was most pronounced for the first two weeks 

of the storage period. Beyond this period, the change in "L" value 

for each model system for both the nitrogen-treated and oxygen-treated 

sample was similar. This indicates either (1) that different 

mechanisms were involved after the second week of storage or (2) that 

the reactant which was responsive to oxygen was depleted at this 

stage of the experiment. 

Statistical analyses (table 3) show that the F value of ascorbic 

acid treatment was tremendously larger than all the other F values 

presented in table 3. Due to the small sample size, the observed 

effect of ascorbic acid is considered to be statistically significant. 

Change of Hunter "a" value during storage 

The Hunter "a" value is a measurement of the amount of redness. 

The change of the Hunter "a" value for each model system during 

storage is shown in figure 16. Like the result of the "L" value, two 

distinct features are seen. 
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For the systems which contained ascorbic acid, the "a" value de- 

creased sharply in the first two weeks of storage, and then slowly de- 

creased between the 14th and 130th day. Conversely, when the systems 

contained no ascorbic acid, the "a" value increased during the first 30 

days of storage, but by the 130th day, it had decreased substantially. 

The decrease in the "a" value observed in the presence of ascorbic 

acid implies that a loss of redness occurred in these samples. Both 

the result of the "L" value (figure 15) and the result of statistical 

analyses (table 3) support the above observation, thus confirming the 

bleaching effect of ascorbic acid on anthocyanin pigment. 

Figure 16 also shows that in the presence of oxygen, the systems 

which contained both ascorbic acid and catechin had a lighter red color 

(lower "a" value) than the system containing only ascorbic acid 

(curve 7 versus curve 5, figure 16). This observation suggests that 

catechin might have had a slight protective effect on the ascorbic acid 

oxidation. Therefore, the discoloring effect of ascorbic acid which 

contained catechin was greater than that without catechin. This 

proposition is further supported by the observation that in the 

nitrogen environment, where autooxidation of ascorbic acid would not 

have occurred, the discoloring effect of ascorbic acid in the presence 

or absence of catechin did not differ very much except for the slight 

difference seen in the first two weeks of storage. This slight 

difference seen in the first two weeks was probably due to the 

incomplete removal of the oxygen. 

When ascorbic acid was absent from the system, though the 

anthocyanin content declined during storage (figure 7), the Hunter "a" 
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value (figure 16) showed an increase during the first 30 days of 

storage. This suggests that compounds present in these systems other 

than the monomeric anthocyanin compound contributed to the redness of 

the sample. This interpretation is supported by the finding of 

Timberlake and Bridle (1977), who reported that a highly red-colored 

compound, which was detectable by chromatography, could be formed when 

anthocyanin was condensed with catechin. The change of catechin 

during storage (table 5) showed that the concentration of catechin did 

decrease during storage, indicating that condensation between catechin 

and anthocyanin might have occurred. During storage, further 

condensation and cross-linkage between the catechin and pigment could 

have taken place. This would eventually have caused precipitation of 

the larger size polymers. The precipitation of this polymer is, 

therefore, believed to be the cause for the decrease in the "a" value 

and the increase in the "L" value after the 30 days of storage. 

In addition, figure 16 shows that the nitrogen-treated sample 

containing catechin but no ascorbic acid (curve 4, figure 16) 

maintained a higher "a" value than the corresponding oxygen-treated 

sample (curve 3, figure 16) throughout the study. However, both of 

these samples had similar losses during the storage period. 

Comparing with figure 7, it is noted that for the same sample, the 

nitrogen-treated sample had a higher anthocyanin pigment than the 

oxygen-treated sample during storage. This observation suggests that 

the higher "a" value for the nitrogen-treated sample (curve 4, 

figure 16) was probably due to the higher pigment content of the 

sample. 
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When anthocyanin alone was present in the systems (curve 1 and 2, 

figure 16), the change in "a" value during storage was similar to 

that for the system which contained anthocyanin and catechin (curve 3 

and 4, figure 16) except at day 130 where the "a" value of the oxygen- 

treated sample was higher than that of the nitrogen-treated sample. 

The increase in "a" value at the beginning of storage could be due to 

the self-association of anthocyanin. As mentioned before, the 

decrease in the "a" value at the latter part of storage was due to 

the precipitation of the larger polymer formed. 

In addition, figure 16 also indicated that the oxygenated sample 

containing only anthocyanin had a higher "a" value than the nitrogen- 

treated sample. This is different from the result of the pigment 

retention (figure 7). This suggests that when anthocyanin is present, 

oxygen will increase the pigment degradation, but will at the same 

time help to maintain the red color of the sample. 
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SUMMARY AND CONCLUSIONS 

The study of the change of ascorbic and dehydroascorbic acid in 

strawberry juice and concentrate during storage demonstrated that in 

all the samples, the total sum of ascorbic acid (ascorbic acid plus 

dehydroascorbic acid) gradually decreased during storage. Enzymes 

naturally present in strawberry fruit were involved in the degradation 

of ascorbic acid during the manufacture and the storage of the 

strawberry juice and concentrate. Thus, blanching had a significant 

effect on the level of ascorbic acid retained in strawberry juice. The 

results also showed that non-enzymic degradation of ascorbic acid took 

place. 

Nitrogen treatment did not eliminate, but rather retarded the 

degradation of ascorbic acid both in the presence and absence of 

enzymes. The protective effect of nitrogen against the oxidation of 

ascorbic acid, however, was more pronounced in the blanched juice 

sample. 

In addition, this study indicated that the browning reaction which 

occurred in strawberry juice and concentrate was very complex. Although 

the retention of the total sum of ascorbic and dehydroascorbic acid in 

the strawberry juice samples seemed to correspond to the anthocyanin 

pigment retention and the browning index, there was insufficient 

evidence to determine whether or not there was a direct relationship 

between the degradation of ascorbic acid and the color deterioration. 

A model system was designed to see if the loss of ascorbic acid 
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affects directly the destruction of pigment and/or the development 

of browning. 

In the model system study, ascorbic acid showed a statistically 

significant effect on all the parameters investigated. The major 

effects of ascorbic acid included: 

(1) an accelerated loss of anthocyanin and catechin, 

(2) an increase in browning index and polymeric color, 

(3) a decrease in the color density and the Hunter "a" 

value, and 

(4) an increase in the Hunter "L" value. 

This information suggests that ascorbic acid plays two major roles in 

color deterioration. First, ascorbic acid is able to bleach the 

anthocyanin pigment, thus loss of red color (fading) is observed in 

the sample containing ascorbic acid. Second, ascorbic acid can also 

contribute to browning, either directly or indirectly. 

The result of the model system also showed that a chemical 

interaction between ascorbic acid, catechin (flavanol) and anthocyanin 

pigment occurred under both the anaerobic and oxygenated conditions. 

Oxygen plays a very important role in the degradation of ascorbic acid. 

Ascorbic acid accelerates the pigment destruction tremendously both in 

the oxygen and nitrogen environments. Catechin (flavanol) seems to 

have a protective effect against the oxidation of ascorbic acid. 

Catechin also can condense with the pigment to form a new highly 

red colored compound, thus increasing the red color of the sample. 

Since the destructive effect of ascorbic acid on the pigment 
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predominates over catechin, this condensation reaction, however, was 

only apparent in the sample which contained no ascorbic acid. 

In the model system, two different patterns, which differed ac- 

cording to the presence or absence of oxygen, were observed in the as- 

corbic acid browning reaction. In the presence of oxygen, the induction 

period is seen before the development of browning, suggesting that the 

oxidative degradation product of ascorbic acid is responsible for much 

of the browning. In the nitrogen environment, however, this induction 

period is not seen. There is supporting evidence for the mechanism 

whereby ascorbic acid directly condenses with anthocyanin pigment. 

This condensation product may further polymerize and cause browning. 

Finally, the method used to measure polymeric color in straw- 

berry juice was confirmed by the gel filtration technique. Two dis- 

tinct fractions of pigment were obtained when it was separated using 

a 3% aqueous acetic acid solvent followed by a 50% aqueous acetone- 

HC1 solvent on Sephadex 6-25 Fine. 
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