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Muscadine grapes (Vitis rotundifolia) have developmental potential to become an 

important economic crop for growers in the southeastern US, and grape juice is an 

important commodity by which muscadine grapes can be introduced to the remainder of 

US market. However, important quality changes during processing and storage may 

affect advancement of future markets. Paramount is color degradation that occurs under 

normal storage conditions.  Presumably the result of oxidation of anthocyanins, the major 

grape pigments, juice color turns from a deep red or purple to a red-brown color that is 

visually unappealing. Off color development may also result from oxidation of non-

anthocyanin polyphenolics that together could hinder sales of muscadine grape juice.   

Therefore, it is hypothesized that fortification of muscadine grape juice with various 

compounds may serve to extend shelf life, color, and antioxidant properties. Various 

fortificants were evaluated including ascorbic acid, calcium, and various metal chelated 

forms of ascorbic acid an attempt to control oxidation and stabilize anthocyanins during 
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processing and storage. Fortified juices were evaluated over time for anthocyanin and 

color stability, composition and concentration of phenolic acids, and antioxidant capacity 

compared to non-fortified controls. Results show 70% loss of anthocyanin concentration 

in samples containing 100 mg/L ascorbic acid alone and 100 mg/L ascorbic acid with 

calcium, and 94% loss when fortified at 500 mg/L level after 14 days of storage.  

Ascorbic acid retention after 4 days was only seen in samples forified with 500 mg/L 

ascoribic acid and 500 mg/L ascoribic acid and calcium. Cold-pressed juice retained 

about 56% and hot-pressed juice at 70˚C retained about 43%.  The polyphenolics were 

not affected by fortifications and the only differences seen were in various processing 

methods: Juice hot-pressed at 50˚C gave the highest percent loss of flavonoid glycosides.  

Therefore, there are no additional benefits of fortifying muscadine grape juice with 

ascorbic acid and/or calcium.   
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CHAPTER 1 
INTRODUCTION 

The muscadine grape (Vitis rotundifolia) is native to the southeastern United States.  

Its range extends along the Atlantic coast from Virginia to central Florida, and west along 

the Gulf coast to eastern Texas. Muscadine grapes are used for fresh fruit consumption, 

preservatives, wine, and juice production. Quality defects plague the muscadine grape 

industry through the formation of insoluble sediments during storage and poor color 

stability during processing and storage of the fruit juice. A high quality red grape juice is 

defined by it organoleptic qualities including a deep red-purple color; however with 

prolonged storage muscadine grape juice slowly transforms into a brownish-red color that 

is visually unappealing and considered a quality defect to consumers. Since color plays 

an important role in food acceptability and choices for consumers, a juice manufacturer 

must be able to prevent color loss during processing and storage.    

Metal chelation has been show to form stable anthocyanin-metal-copigment 

complexes when a flavonoid contains an ortho-dihydroxy group. Cyanidin was shown to 

rapidly chelate with aluminum causing a 20-25 nm bathochromic shift in the visible 

spectra while subsequent addition of ascorbic acid gave an additional 10-15 nm shift 

indicating that ascorbic acid may complex with a metal-chelated anthocyanin (Sarma et 

al., 1997). A similiar principle will be evaluated in muscadine grape juice using calcium 

in place of aluminum, due to potentially harmful effects of aluminum on human health, to 

access an in vivo response that may serve to improve processing and storage stability.   
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The objectives of these studies were  

1. To determine if fortifying with ascorbic acid and calcium affect color deterioration.   

2. To evaluate the effects of various concentrations of ascorbic acid, calcium, and 
anthocyanin in a model system on color loss and polyphenolic retention.   

3. To determine if there are any other losses in non-anthocyanin polyphenolics.   

4. Finally, to show the effects of storage on the anthocyanin and non-anthocyanin 
polyphenolics with fortification
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CHAPTER 2 
LITERATURE REVIEW 

Anthocyanins 

Anthocyanins comprise the largest group of water-soluble pigments in the plant 

kingdom (Bridle and Timberlake, 1996). In food plants, anthocyanins are widespread and 

occur in at least 27 families, 73 genera and a multitude of species (Bridle and 

Timberlake, 1996). More than 240 different anthocyanins have been identified and are 

distinguished in their degree of hydroxylation, methoxylation, glycosylation, and 

acylation, which has a direct effect on their color, expressed general stability 

characteristics (Wagner, 1982; Strack and Wray, 1989). Anthocyanins are best known for 

their brilliant red and purple colors and as polyphenolic compounds their antioxidant and 

antiradical capacity has been firmly established (Heinonen et al., 1998; Abuja et al., 

1998; Frankel et al., 1998; Ghiselli et al., 1998; Lapidot et al., 1999; Espín et al., 2000). 

Anthocyanins exist in muscadine grapes primarily as 3,5-diglucosides of 

delphinidin, cyanidin, petunidin, peonidin, and malvidin in non-acylated forms (Flora, 

1978, Goldy et al., 1986) and are the most abundant flavonoids present. Acylation is 

known to confer additional stability to an anthocyanin by preventing it from hydration, 

making it more stable than the corresponding nonacylated pigment (Saito et al., 1995). 

The stability of the anthocyanins is influenced by several factors, including the chemical 

structure of the pigment. Hydroxyl, methoxyl, sugar, and acylated sugar substitute groups 

have pronounced effects on the stability of the anthocyanin (Markakis, 1982).  
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Anthocyanin 3,5-diglucosides were reported as less stable to oxidation and heat 

compared to corresponding 3-glucosides (Markakis, 1982) and may result in rapid color 

loss during wine or juice storage. The 3,5-diglucosides reported to be most unstable in 

muscadine grape juice were delphinidin and petunidin (Flora, 1978, Goldy et al., 1986) 

and their oxidation during storage were correlated to decrease radical scavenging activity 

(Talcott and Lee, 2001). Both delphinidin and petunidin in, along with cyanidin, contain 

at least one o-dihydroxy group, making them more susceptible to oxidation than the other 

anthocyanin forms. Flora (1978) reported large reductions in delphinidin, cyanidin, and 

petunidin-3,5-diglucosides in muscadine grapes after severe heat treatments when 

analyzed by thin-layer chromatography. Malvidin 3,5-diglucoside was found to be less 

stable than acylated forms of malvidin present in red cabbage (Hrazdina et al., 1970), but 

in model systems the stability of malvidin 3,5-diglucoside was greater than malvidin 3-

glusoside both with and without added ascorbic acid (Hrazdina et al., 1970; Garcia-

Viguera and Bridle, 1999). The relative stability of muscadine anthocyanins is likely a 

function of a complex chemical matrix, structural features, and the combined effects of 

processing and storage.    

Anthocyanins and Ascorbic Acid 

Anthocyanins and ascorbic acid have been shown to be mutually destructive in 

the presence of oxygen, limiting fortification efforts in foods containing these natural 

pigments. Oxidation of either anthocyanins or ascorbic acid results in decreased radical 

scavenging properties of muscadine grape juice, and their combination may actually 

promote quality degradation during processing and storage. However, Garcia-Viguera 

and Bridle (1999) showed anthocyanins offer some degree of stabilization towards 

ascorbic acid, and ascorbic acid degradation is slower according to the degree of 
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substitution of the anthocyanin, presumably due to a higher stability of 3,5-diglucosides 

compared to 3-glucosides. Fortification with ascorbic acid can severly alter the color in a 

juice system containing anthocyanin, however, anthocyanins might help retain the 

fortified ascorbic acid in the juice.   

Landbo and Meyer (2001) reported that ascorbic acid added to red and white Vitis 

vinifera grape juice enhanced antioxidant properties as long as polyphenolics were 

present in the system. Degradation of anthocyanins in the presence of ascorbic acid and 

oxygen seems to be commodity (or anthocyanin) specific and are not affected in a similar 

manner during processing or storage. Kaack and Austed (1998) reported a protective 

effect on anthocyanins containing ascorbic acid or when sparged with nitrogen in 

elderberry juice, while ascorbic acid alone was responsible for anthocyanin decreases in 

Concord grape juice (Calvi and Francis, 1978). In red wine, Datzberger et al. (1992) 

found that the addition of ascorbic acid was detrimental to anthocyanin color but at a 

level unperceivable to the naked eye, therefore not affecting overall quality 

characteristics.  In model systems, Poei-Langston and Wrolstad (1981) demonstrated the 

role of ascorbic acid as harmful to anthocyanins under both aerobic and anaerobic 

conditions, and proposed that degradation occurred through a direct condensation 

reaction between the pigment and ascorbic acid. It was also determined that ascorbic acid 

was influential in causing browning reactions involving catechin, further implicating 

condensation reactions involving ascorbic acid. Differences in model and in vivo systems 

seem to implicate a complex phytochemical matrix in altering co-oxidative reactions 

between ascorbic acid and anthocyanins. 
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Metal Chelation and Anthocyanin Copigmentation 

Augmenting anthocyanin color characteristics by chelation of metal ions or binding 

with colorless polyphenolics is a common occurrence in nature. Associations of this 

nature are known as “copigmentation” reactions and are important features affecting the 

color and oxidative stability of natural pigments. Often, various copigments are added to 

fruit/vegetable extracts or juices containing anthocyanins to help improve color and 

stability features, adding value to the food or food application. Copigment reactions are 

generally weak chemical associations with anthocyanins (possibly hydrogen bonding) 

and can occur with various polyphenolics or by chelation with various mono- and 

polyvalent metal ions (Osawa, 1982). These complexes serve to confer enhanced color 

characteristics to anthocyanins and may be influential in altering their stability under the 

conditions of processing. 

It was previously observed that addition of flavonoids to an anthocyanin-ascorbic-

metal ion model system could prevent degradation of the anthocyanins (Shrikhande and 

Francis, 1979), results that were attributed to the antioxidant properties of flavonoids. 

Other authors have also observed higher stability for anthocyanins in foods high in 

flavonols (Clegg and Morton, 1968; Poei-Langston and Wrolstad, 1981), but the effects 

of metal ions in a similar role have not been determined. Lee et al. (1996) showed that 

certain metal ions and ascorbic acid in the presence of oxygen were destructive to 

anthocyanins isolated from purple sweet potatoes. Conversely, Sarma et al (1997) 

demonstrated that oxidation of ascorbic acid by prooxidant metal ions could be prevented 

by the addition of an anthocyanin, demonstrating that not only can anthocyanins chelate 

metal ions but also form an ascorbate-metal ion-anthocyanin complex (Figure 2-1) 

preventing their mutual destruction under oxidizing conditions. 
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The unique phytochemical composition of muscadine grapes makes attempts at this 

mechanism worthy of the effort. However, calcium was chosen to replace copper because 

it has the same valency state as copper and could be used for commercial purposes. With 

the exception of a few hybrid grape cultivars, most Vitis vinifera species do not contain 

anthocyanin 3,5-diglucosides (which act as more efficient copigment acceptors) and none 

are known to contain ellagic acid. Additionally, the use of ascorbic acid (which also has 

metal and anthocyanin binding properties) may significantly augment functional 

properties of muscadine juice, providing additional shelf stability and increasing overall 

quality parameters. 

 

Figure 2-1. A copigment-metal-anthocyanin coordinate complex formed by ascorbic acid, 
copper, and cyanidin (Sarma et al., 1997) 
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Processing and Storage 

Storage temperature has a great affect on the browning of the pigments. In a nine- 

month storage study, muscadine wine was held at three different temperatures (20,30, and 

40°C). Higher storage temperatures resulted in a larger loss of free anthocyanins most 

likely due to the destruction of anthocyanins, as well as, polymerization at high 

temperatures (Sims and Morris, 1984). Due to the proven detrimental effect of heat on 

anthocyanins, samples were kept at room temperature to decrease this risk.   

The pH of a system has an effect on the anthocyanin pigment over time. The 

lower the pH the more stable the anthocyanin. In a storage study over 90 days, the 

anthocyanin pigment retained most in the system had the lowest pH. The system with the 

pH of 3.95 had almost no pigment levels remaining, pH 3.45 had about 9% remaining, 

and pH 2.95 had 44% of pigments remaining (Wesche-Ebeling, et al., 1996). The pH of 

the juice system is important because of the sensitivity of anthocyanins in various pH 

environments. When fortifying juice samples with calcium and ascorbic acid the pH was 

adjusted back to original juice pH to ensure pH was not a factor in analysis of color.



 

9 

 

CHAPTER 3 
THE EFFECTS OF FORTIFICATION AND PROCESSING PROCEDURE ON 

PHYTOCHEMICAL AND QUALITY RETENTION OF MUSCADINE GRAPE JUICE 

Introduction 

Investigations into fortifying muscadine grape juice with ascorbic acid and calcium 

have not been investigated, although products with these agents are currently in the 

market with V. vinifera grapes. The inherent instability of quality attributes of muscadine 

grape products make them a good model for evaluation of phytochemical changes 

associated with processing and storage. The studies here were designed to evaluate the 

overall effects of fortificants to muscadine grape juice as an initial basis for bulk changes 

in a typical juice. Specifically, changes associated with fortification and pasteurization 

were evaluated for ascorbic acid retention and individual phenolic compounds quantified 

by HPLC (i.e. hydroxybenzoic acids). The results of these studies were then applied to a 

more comprehensive evaluation on the effects of muscadine grape juice fortification.   

Methods and Materials 

Red muscadine grapes  (cv. Noble) were obtained from a local vineyard and 

processed in the University of Florida, Food Science and Human Nutrition pilot plant.  

Grapes were heated to 70°C for 15 min and hot-pressed into juice. Juice was then frozen 

for up to 6 months and used as needed in study I and study II. Study III was conducted 

using frozen grapes that were hot-pressed the day of use.   
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Study I: Color Retention 

Color retention of fortified muscadine grape juice was assessed in the presence of 

un-pasteurized grape juice in the presence of 500 mg/L ascorbic acid, 500 mg/L calcium 

chloride, and a mixture of 500 mg/L ascorbic acid and 500 mg/L calcium chloride 

compared to control and a control containing 500 mg/L EDTA as a metal chelator. 

Approximately 50 mg/L sodium azide was added as a bacterial inhibitor. Treated juices 

were filled into individual screw-cap vials (in duplicates) and stored at 20°C for 0, 6, 25, 

and 34 days whereby samples were removed for spectrophotometric color determination 

at 514 nm following appropriate dilution. 

Study II: Polyphenolic (Hydroxybenzoic Acid Derivatives) Retention 

Polyphenolics (primarily hydroxybenzoic acid derivatives) composition were 

evaluated following fortification with 500 mg/L ascorbic acid or 500 mg/L calcium 

chloride compared to a non-fortified control in the same frozen grape juice evaluated in 

Study I. Following fortification, each treatment was sealed into individual screw-cap 

vials and pasteurized at 90°C for 15 min to inactive residual enzymes and for sterility. 

Samples were stored at 37°C for 0, 15, and 30 days and analyzed for polyphenolics by 

HPLC. 

 HPLC analysis of polyphenolics in juice  

HPLC analysis was performed with a Waters Alliance 2690 system equipped with 

a Nova-Pak C18 column (150 mm × 3.9 mm, Waters, Milford, MA) and a Waters 996 

photodiode array detector. Millennium32® was used for data acquisition and analysis. 

Chromatographic conditions were as follows: flow-rate, 0.8 ml/min; injection volume, 

100 µl; detection, 280 nm. Mobile phase contained 98 % water and 2 % acetic acid 

(Fisher, Fair Lawn, NJ), and mobile phase B contained 68% water, 30% acetonitrile 



  11 

 

(Fisher, Fair Lawn, NJ), and 2% acetic acid. Gradient elution program was: start with 100 

% A, to 70 % A in 20 min, to 0 % A in 30 min, stay at 0%A for 20 min, return to initial 

conditions in 2 minutes. The UV spectra were recorded between 210 and 400 nm. A 

standard was run containing gallic, protocatechuic, p-OH-benzoic, catechin, epicatechin, 

vanillic, caffeic, resveratrol, p-coumaric, and ellagic acid (all Sigma, St. Louis, MO) for 

quantification of phenolic acids (R2=0.998). 

Identification of polyphenolics 

Identification and separation of phenolic acids were accomplished by HPLC 

analysis using ethyl acetate extracts. Ethyl acetate extracts contain all non-anthocyanin 

polyphenolics and was prepared by adding two volumes of ethyl acetate to two volume of 

juice (Salagoity-Auguste et al., 1986). The upper, ethyl acetate phase was collected and 

evaporated to dryness with a rotary evaporator (Buchler Instrument, NJ). The dry residue 

was dissolved in 50% methanol acidified with 0.01% HCl back to original volume of 

juice. Polyphenolics were quantified without further manipulation by filtering through at 

0.45 µm filter and injecting directly into the HPLC. Polyphenolics were identified by 

identical retention time and UV spectra with an authentic standard.  

Study III: Ascorbic Acid Retention 

Ascorbic acid retention in fortified muscadine grape juice was evaluated as a 

function of ascorbic acid concentration (100 or 500 mg/L) and processing conditions 

using fresh Noble grapes. Grapes were obtained from a local grower in central Florida 

and held frozen for ca. 2 months prior to extraction. Frozen grapes were then placed into 

an open steam kettle without crushing and slowly heated to 60 °C and held for 30 min 

prior to pressing in order to keep enzymes, like polyphenol oxidase active. The juice 

obtained was divided into three equal portions for additional processing and fortification 
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evaluations. The first portion was sub-divided and fortified with 0, 100, and 500 mg/L 

ascorbic acid, and then pasteurized at 95 °C for 15 min, while the second portion was 

initially pasteurized and then fortified. These treatments were compared to a control juice 

that was fortified at each ascorbic acid concentration but not pasteurized. All juices were 

equilibrated to 23 °C and held for 2 hrs after which isolates were obtained for HPLC 

analysis.   

Spectral analysis of juice 

 Juice treatments at each storage time were diluted with buffer solutions at pH 1.0 

and pH 4.5. Buffer at pH 1.0 was prepared by adding 62.5 mL of concentrated HCl 

(Fisher, Fair Lawn, NJ) to 687.5 mL water, and dissolving 3.72g KCl (Fisher, Fair Lawn, 

NJ) in 250 mL water, both solutions were then combined and the pH was adjusted to 1.0 

using 1M HCl. Buffer at pH 4.5 was prepared by adding 236.4 mL of 1M HCl to 54.44 g 

of sodium acetate (trihydrate) (Fisher, Fair Lawn, NJ) and adjusting to pH 4.5 with 1M 

HCl or sodium acetate. Cold-pressed sample and hot-pressed sample at 50˚C were diluted 

10X and hot-pressed juice at 60˚C and 70˚C were diluted 20X. Samples were read on a 

Beckman DU® 640 Spectrophotometer at fixed wavelength of 514 nm. The absorbance 

readings were back calculated to account for dilutions and the absorbance readings at pH 

4.5 was subtracted from the absorbance readings at pH 1.0 giving the total anthocyanin 

concentration (Wrolstad, 1976). 

HPLC analysis of ascorbic acid in juice  

Anthocyanins were binded to an ACCUBOND® ODS filter. Samples were then 

filtered through a 0.45 µm filter and injecting directly into the HPLC. HPLC analysis was 

performed with a Waters Alliance 2690 system equipped with a Nova-Pak C18 column 

(150 mm × 3.9 mm, Waters, Milford, MA) and a Waters 996 photodiode array detector.  
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Millennium32® was used for data acquisition and analysis. Chromatographic conditions 

were as follows: flow-rate, 0.8 ml/min; injection volume, 20 µl; detection, 254 nm. 

Mobile phase A contained 0.2M KH2PO4 in water mobile phase was adjusted to pH 2.4 

with o-phosphoric acid (Bartolomé et al., 1993; Bartolomé et al., 1996). Isocratic elution 

program was 100% A. The UV spectra were recorded between 193 and 400 nm. A 

calibration curve of ascorbic acid (Sigma, St. Louis, MO) at 254 nm was used for 

quantification of ascorbic acid (R2= 0.9998).  

Statistical analysis 

All data represent the mean and standard deviation from duplicate analyses.  

Analysis of variance and mean separation was conducted using Duncan’s multiple-range 

test (P<0.05; SAS Institute, 1999). LSD test (P<0.05) was employed to determine 

treatment effect on individual analyzed values by using JPM software (SAS Institute, 

1996).  

Results and Discussion 

 Study I: Color Retention in Fortified Grape Juice 

The effect of fortification with 500 mg/L of ascorbic acid, calcium, ascorbic acid 

and calcium, and EDTA on the total anthocyanin concentration of the non-pasteurized 

juice samples was evaluated. The juice samples used for this study were from frozen 

noble muscadine hot-pressed juice that was not pasteurized. Samples were evaluated 

spectrally at 514 nm by the pH differential method outlined in the material and methods.  

Results seen in Figure 3-1 show at the sample time of 25 days a significant difference 

(p=0.05) between the control and calcium fortified samples and the rest of the samples.  

Day 34 samples showed a significant difference between the control and the rest of the 

samples; however, the mix of ascorbic acid and calcium was significantly different from 
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the rest of the samples. This suggests a small protective effect by calcium on 

anthocyanins from ascorbic acid; however, the difference seen is minimal. It is clear that 

from these samples at days 25 and 34 that ascorbic acid has a destructive effect on 

anthocyanin color in muscadine juice. These samples were not pasteurized therefore 

enzymes, such as polyphenol oxidase, may be destructive against anthocyanins as well as 

the treatments. 
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Figure 3.1. Total anthocyanin concentration expressed as cyanidin 3-glucoside 
equivalents for non-pasteurized fortified juice samples over time. (n=2; error 
bars represent standard error of mean; average standard error = 3.467) 

Study II: Polyphenolic Retention in Fortified Grape Juice 

Knowing that fortifying muscadine juice with ascorbic acid decreases anthocyanins 

in muscadine juice, a study was conducted to evaluate if the hydroxbenzoic acid 

polyphenolics decrease as well over time. Pasteurized muscadine juice samples were 

fortified with 500 mg/L of ascorbic acid and 500 mg/L of calcium and were stored at 
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37˚C for 30 days. Samples were evaluated at 0, 15, and 30 days for phenolic acids using 

HPLC by an ethyl acetate extraction outlined in the methods section. Hydroxybenzoic 

acids (gallic acid, protocatachuic acid, p-OH-benzoic acid and vanillic acid) (figure 3-2) 

increased over time regardless of treatments (Figures 3-3, 3-4, 3-5). These compounds 

are cell wall polyphenolics and most likely increase due to the breakdown of the cell wall 

during storage. Concluding that the destructive effect seen on muscadine anthocyanins 

when fortified with ascorbic acid does not seem to the have the same effect on the non-

anthocyanin polyphenolics. 

 

Figure 3-2. A) Polyphenolic standard showing hydroxybenzoic acids B) Polyphenolic 
standard (solid line) and 60˚C hot-pressed muscadine juice non-fortifed 
(dotted-line). 
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Figure 3-3. Four hydroxybenzoic acids from ethyl acetate extracts of muscadine grape 
juice with no fortification held up to 30 days at 37 °C. (n=2; error bars indicate 
standard error of the mean)  
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Figure 3-4. Four hydroxybenzoic acids from ethyl acetate extracts of muscadine grape 
juice fortified with 500 mg/L ascorbic acid and held up to 30 days at 37 °C. 
(n=2; error bars indicate standard error of the mean) 
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Figure 3-5. Four hydroxybenzoic acids from ethyl acetate extracts of muscadine grape 
juice fortified with 500 mg/L calcium and held up to 30 days at 37 °C. (n=2; 
error bars indicate standard error of the mean) 

Study III: Ascorbic acid Retention in Fortified Grape Juice 

These studies were conducted to determine the best time to fortify muscadine juice; 

before or after pasteurization. Juice samples were put under three different processing 

treatments, pasteurized then fortified, fortified and not pasteurized, and fortified then 

pasteurized. Pasteurization was taken place in a hot water bath of 90˚C for 15 minutes.  

Ascorbic acid was evaluated using the HPLC method outlined in methods and materials.  

Two separate studies were conducted; one looking at the effect of fortifying with 100 and 

500 mg/L of ascorbic acid and the other fortifying with 100 and 500 mg/L of calcium 

ascorbate and iron ascorbate (Fluka BioChemika, Switzerland). Pasteurization to 

denature residual enzymes followed by fortification gave >68% retention of ascorbic acid 

that reflected non-enzymatic, concentration-independent destruction of ascorbic acid in 

the presence of anthocyanins. In non-pasteurized juices, enzymes such as, polyphenol 
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oxidase (PPO) was suspected in co-oxidative reactions that caused 73 and 43% ascorbic 

acid loss at 100 and 500 mg/L ascorbic acid fortifications, respectively (Figure 3-6). 

Greater retention at higher ascorbic acid concentrations was an indication of enzyme 

suppression by keeping substrates in a reduced form. Additionally, the combination of 

enzyme action prior to pasteurization and degradation due to thermal pasteurization 

resulted in ascorbic acid losses exceeding 88% when fortified at 100 mg/L. These results 

show the effect of an enzyme that causes ascorbic acid degradation being inhibited during 

pasteurization. Results of this study illustrate the most effective pasteurization technique 

would be to pasteurize then fortify, therefore, in the rest of the studies conducted, juice 

was pasteurized before any fortifications were taken place. 

Another aspect looked at was to see if fortifying samples with ascorbic acid already 

bound to a metal would have a higher retention of ascorbic acid. The theory would be 

that ascorbic acid already bound would not have a chance to react with the anthocyanin to 

degrade it. However, fortifying with calcium ascorbate and iron ascorbate showed lower 

retention of ascorbic acid than samples fortified with just ascorbic acid alone (Figure 3-

7).  Due to these results, and that the use of these fortificants would not be practical on an 

industry level, calcium ascorbate and iron ascorbate were not evaluated again throughout 

the remainder of the research. These extreme ascorbic acid losses highlight the 

importance of heating prior to ascorbic acid fortification of muscadine grape juice for 

nutrient and quality retention. Processing and treatment parameters that allow for 

ascorbic acid fortification without phytochemical and quality deterioration will be a 

critical factor impacting future.   
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Figure 3-6. Ascorbic acid recovery (%) due to various fortification and pasteurization 

treatments in muscadine juice samples fortified with 100 mg/L and 500 mg/L 
ascorbic acid. (error bars represent stand error of the mean) 
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 Figure 3-7.  Ascorbic acid recovery (%) due to various fortification and pasteurization 
treatments in muscadine juice samples fortified with 100 mg/L and 500 mg/L 
calcium ascorbate and iron ascorbate (error bars represent standard error of 
the mean)
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CHAPTER 4 
THE EFFECTS OF FORTIFICATION WITH ASCORBIC ACID AND/OR CALCIUM 

ON ANTHOCYANIN AND NON-ANTHOCYANIN POLYPHENOLICS OF 
MUSCADINE JUICE AT VARIOUS ANTHOCYANIN CONCENTRATIONS. 

Introduction 

Color of food plays an important role in consumer acceptance. Consumers often 

relate “off-color” of food systems to deterioration of food quality. Anthocyanins are 

primarily responsible for the color of red grapes. There are over 300 different naturally 

occurring anthocyanins in nature, ranging from red to blue.   

Muscadine grapes (V. rotundifolia) contain nonacylated 3,5-diglucosides of 

malvidin, peonidin, petunidin, cyanidin, and delphinidin. Nonacylated anthocyanins are 

less stable at higher temperatures than the acylated anthocyanins, therefore, poorer color 

quality (Robinson et al., 1966). It is well known that anthocyanins and ascorbic acid in 

the presence of oxygen are mutually destructive. However, studies with anthocyanins and 

ascorbic acid have also been ambiguous since Kaack and Austed (1998) reported a 

protective effect on anthocyanins containing ascorbic acid or when sparged with nitrogen 

in elderberry juice, while ascorbic acid alone was responsible for anthocyanin decrease in 

Concord grape juice (Calvi and Francis, 1978). Color degradation of blood orange juice, 

which naturally contains cyanidin-3-glucoside and ascorbic acid, was found to correlate 

with ascorbic acid concentrations and resulted in juice discoloration and loss of fortified 

ascorbic acid (Choi et al., 2002). Therefore, degradation reactions of this nature seem to 

be commodity specific depending on the phytochemical or anthocyanin composition.   
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Ascorbic acid is commonly added to fruit juices to provide additional sources of 

vitamin C. Vitamin C is known for its antioxidant activity and recognized that human 

consumption of dietary antioxidants affords protection against some pathological events.  

The destructive effect of ascorbic acid on anthocyanins, resulting in color of a model 

juice system has been researched, as well as, a protective effect on ascorbic acid 

degradation by anthocyanins (Poei-Langstron and Wrolstad, 1981; Garcia-Viguera and 

Bridle, 1999).  Marti et al. (2002) showed fortifying pomegranate juice (containing 3-

glucosides and 3,5-diglucosides of delphinidin, cyanidin, and pelargonidin) with   

330mgl-1 of ascorbic acid has no additional benefits. Ascorbic acid degraded very rapidly, 

and after 4 days of storage at 25˚C and 5˚C, ascorbic acid was completely degraded, 

leaving the samples with a slight orange hue. An important objective of this study was to 

determine if any additional benefits arise from fortifying with ascorbic acid despite the 

color loss, for example better retention of polyphenolics.    

          Interest in phenolic acids have been on the rise due to positive associations 

between consumption rates and beneficial health factors such as anticarcinogenic and 

radical scavenging activity (Meyer et al., 1998). Studies have been conducted on storage 

effects on non-fortified juices. Talcott and Lee (2002) showed losses of ellagic acid and 

flavonols (myrecetin, quercetin, and kaempferol) were observed following storage at 

37˚C of Noble hot pressed muscadine juice. They showed decreases in flavonols during 

storage were due to autoxidative reactions, with losses of myrecetin greater than those of 

quercetin or kaempferol. This study evaluates if these losses seen by Talcott and Lee 

(2002) can be slowed down or even prevented with fortification.    
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With increasing numbers of fruit juice products being fortified with vitamins and 

minerals, muscadine juice should also be evaluated to observe the effects of fortification 

with calcium and/or ascorbic acid in hopes of a future market. This study evaluates 

fortifying muscadine juice after pasteurization with ascorbic acid, calcium, and a mixture 

of ascorbic acid and calcium on the anthocyanin concentration. The last objective of this 

study was to determine if fortification with ascorbic acid and calcium would alter the 

polyphenolic content of hot pressed and cold pressed muscadine juice 

Methods and Materials 

Red muscadine grapes  (cv. Noble) were divided into four equal parts and 

processed into juice following either cold pressing at room temperature, or three hot 

pressing treatments that included 50˚C for 10 minutes, 60˚C for 10 minutes, and 70˚C for 

10 minutes yielding a concentration gradient of soluble phytochemicals. Each juice was 

pasteurized for 15 minutes at 90˚C and cooled to room temperature. Juices were then 

filtered using a GAST® vacuum pump and Whatman® 4 filter paper (Whatman 

International, England) to remove insoluble sediments. Sodium azide (5 mg/L) (Fisher, 

Fair Lawn, NJ) was added to retard microbiological growth during storage of juice. Each 

juice was then fortified with 100 mg/L and 500 mg/L of L-ascorbic acid (Fisher, Fair 

Lawn, NJ), 100mg/L and 500mg/L of calcium chloride (Sigma, St. Louis, MO), and 

100mg/L and 500mg/L mixture of both L-ascorbic acid and calcium chloride.  

Fortifications all took place on a stock sample and replications were taken from the stock 

samples. Fortification solutions were all adjusted to the original juice pH of 3.4 using 1M 

HCl or 1M NaOH. The samples were then evenly distributed into test tubes and stored in 

the dark at room temperature (20˚C). Non-fortified controls were kept in the same 

conditions as the fortified samples. Samples were analyzed spectrally for total 
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anthocyanin, and ascorbic acid and polyphenolics were evaluated by HPLC, as described 

in Chapter 3.  

Results and Discussion 

Anthocyanin Concentration and Color Retention 

Color loss due to fortification treatments in fortified juices was obtained by 

evaluating the absorbance values of anthocyanins at 514 nm and comparing against a 

non-fortified control. Juice samples were diluted (with citric acid buffer at pH 3.4) 10X 

for cold press and hot pressed at 50˚C, and 20X for hot pressed juices at 60˚C and 70˚C.   

Anthocyanin concentrations are shown in Table 4-1, as cyanidin 3-glucoside 

equivalents, and demonstrate the destructive effect of fortification of with 500 mg/L of 

ascorbic acid alone or in the presence of calcium over time on muscadine anthocyanins.  

The percent loss from day 4 to day 14 of anthocyanins are highest for samples that 

contained 500 mg/L ascorbic acid, and the losses are also greater for the cold-press juice 

than the juice hot-pressed at 70˚C. Therefore, less the anthocyanins present in the juice 

system faster the loss of anthocyanins.    

Evaluating the color of these samples can further support anthocyanin 

concentration results. Samples fortified with 100 mg/L and 500 mg/L ascorbic acid for 

cold-pressed juice, hot-pressed juice at 60˚C, and 70˚C (figures 4-1, 4-3, 4-4) showed 

each treatment was significantly different from each other and the non-fortified control 

(p=0.05). Hot-pressed juice at 50˚C (figure 4-2) showed juice fortifed with 500 mg/L 

ascorbic acid was significantly different (p=0.05) from the non-fortified control and 100 

mg/L ascorbic acid fortified sample, however, samples fortified with 100 mg/L ascorbic 

acid were not significantly different than the non-fortified control. Thus, illustrating 

degradative effects to color when juice is fortified with ascorbic acid compaired to non-
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fortified controls. Cold-press juice, hot-pressed juice at 50˚C, 60˚C and 70˚C fortified 

with 100 mg/L and 500 mg/L calcium (figures 4-5, 4-6, 4-7, 4-8) showed juice samples 

fortified with 100 mg/L calcium were not significantly different (p=0.05) from the non-

fortifed control, however, 500 mg/L calcium fortifed samples were significantly different 

from the non-fortifed control and 100 mg/L calcium fortified samples. Therefore, 

fortifying with 500 mg/L calcium significanly alters the color of muscadine juice, 

however, fortifying with 100 mg/L calcium does not significantly change color 

compaired to non-fortified controls. Samples fortified with ascorbic acid in conjunciton 

with calcium followed the same trend as samples fortifed with ascorbic acid alone. Cold-

pressed juice, hot-pressed juice at 60˚C, and 70˚C fortifed with 100 mg/L and 500 mg/L 

ascoribic acid and calcium were all significant (p=0.05) from each other and from the 

non-fortified control (figure 4-9, 4-11, 4-12). Hot-pressed juice at 50˚C fortified with 100 

mg/L and 500 mg/L acorbic acid plus calcuim (figure 4-10) showed non-fortified control 

and 100 mg/L fortified samples were not significantly different (p=0.05), but samples 

fortified with 500 mg/L ascorbic plus calcium showed a significant change in color 

compaired to the control and the samples fortified with 100mg/L ascorbic acid plus 

calcium. These results are in concurrence with other researchers (Poei-Langston and 

Wrolstad, 1981; Marti et.al., 2002) where the fortification with ascorbic acid showed 

decreases in anthocyanin concentration compared to non-fortified controls. Since samples 

fortified with ascorbic acid and calcium demonstrate similar trends as samples fortified 

with ascorbic acid alone, the schematic proposed by Sarma et al. (1997) where ascorbic 

acid acts likes a copigment and directly interacts with a metal-chelated anthocyanin 

forming a stable complex is not observed with muscadine anthocyanins when calcium is 
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used as the metal. In conclusion, fortifying samples with high levels of ascorbic acid by 

itself or in the presence of calcium prove to deteriorate the color significantly. 

Ascorbic Acid Retention 

Many factors play a role in the degradation of ascorbic acid in fruit juice systems.  

Anthocyanins such as malvidin 3-glucoside and malvidin 3,5-diglucoside have shown a 

protective effect against ascorbic acid degradation (Garcia-Viguera and Bridle, 1999; 

Marti, 2002). However, malvidin is one of the most stable anthocyanins due to its two 

methyl groups, and muscadine grape juice contains only about 14% malvidin. The main 

anthocyanins found in muscadine juice are delphinidin and petunidin, which are less 

stable due to being an ortho-diphenolic structure that can easily undergo oxidation 

Ascorbic acid, after four days, was only recovered in samples that were fortified 

with 500mg/L ascorbic acid and 500mg/L ascorbic acid and calcium; samples that were 

fortified with 100mg/L ascorbic acid were degraded. All samples were degraded by day 

14. Overall percent recovery was higher in sample fortified only with ascorbic acid.  This 

effect could be due to the proxidative effect of calcium at high levels. Cold-press juice, 

having the least amount of anthocyanins, had the highest percent recovery (56% for AA 

sample and 47% for AA+Ca sample) of ascorbic acid in both fortified samples (Figure 4-

13). Therefore, the protection effect of ascorbic acid degradation by anthocyanins, as 

previously reported, is not seen with muscadine juice. Pomegranate juice containing 

mainly 3-glucosides and 3,5-diglucosides of delphinidin, cyanidin, and pelargonidin, 

showed similar ascorbic acid degradation results.   
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Table 4-1.  Means of duplicate samples of anthocyanin concentration (mg/L) expressed 
as cyanidin3-glucoside equivalents 

Juice 
Pressing 

Conditions Treatment Day 4 Day 14 Day 48

Percent 
Loss from 

Day 4 to day 
14 

Control 1713 a 1401a* 728 a* 58 
AA 100mg/L 1630 b 1232 b* 489 b* 70 
AA 500 1423 c 716 c* 92 c* 94 
Ca 100 1643 d 1359 d* 731 d* 56 
Ca 500 1521 e 1229 e* 626 e* 59 
AA+Ca 100 1659 f 1272 f* 522 f* 69 

CP 

AA+Ca 500 1359 g 683 g* 87 g* 94 
Control 2970 a 2853 a* 1277 a* 57 
AA 100 3311 b 2691 b* 1178 b* 64 
AA 500 2978 c 1568 c* 292 c* 90 
Ca 100 3304 d 2698 d* 1279 d* 61 
Ca 500 3100 e 2374 e* 1066 e* 66 
AA+Ca 100 3392 f 2641 f* 1224 f* 64 

50°C 

AA+Ca 500 2984 g 1626 g* 303 g* 90 
Control 6238 a 5281 a* 3001 a* 52 
AA 100 5930 b 4730 b* 2424 b* 59 
AA 500 5790 c 2841 c* 694 c* 88 
Ca 100 6127 d 5173 d* 3108 d* 49 
Ca 500 5196 e 4382 e* 2666 e* 49 
AA+Ca 100 6178 f 4762 f* 2798 f* 55 

60˚C 

AA+Ca 500 5592 g 2971 g* 728 g* 87 
Control 7812 a 6662 a* 4059 a* 48 
AA 100 7868 b 6323 b* 3670 b* 53 
AA 500 6900 c 4152 c* 1171 c* 83 
Ca 100 7725 d 6294 d* 4074 d* 47 
Ca 500 7065 e 5862 e* 3701 e* 48 
AA+Ca 100 7699 f 6030 f* 3802 f* 51 

70˚C 

AA+Ca 500 6862 g 4182 g* 1235 g* 82 
* represents the anthocyanin concentration significant (p=0.05) decreasing at each time from the time before and letters represent the 

differences (p=0.05) between each treatment at each procssing temperature from the control. 
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Figure 4-1. Effects of ascorbic acid on color in cold-pressed juice compared to non-
fortified control (n=2; average standard error =0.089) 
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Figure 4-2. Effects of ascorbic acid on color in hot-pressed juice (50˚C) compared to non-
fortified control (n=2; average standard error =0.5255) 

a 

b

c

a 
a 

b



  28 

 

T im e  ( D a y s )

0 1 0 2 0 3 0 4 0 5 0 6 0

m
g/

L

0

1 0

2 0

3 0

4 0

5 0

C o n t r o l
A A  1 0 0  m g / L
A A  5 0 0  m g / L

 

Figure 4-3. Effects of ascorbic acid on color in hot-pressed juice (60˚C) compared to non-
fortified control (n=2; average standard error =0.3732) 
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Figure 4-4. Effects of ascorbic acid on color in hot-pressed juice (70˚C) compared to non-
fortified control (n=2; average standard error =0.7980) 
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Figure 4-5. Effects of calcium on color in cold-pressed juice compared to non-fortified 
control (n=2; average standard error =0.2248) 

 

T im e  ( D a y s )

0 1 0 2 0 3 0 4 0 5 0 6 0

m
g/

L

6

8

1 0

1 2

1 4

1 6

1 8

2 0

2 2

2 4

C o n t r o l
C a  1 0 0  m g /L
C a  5 0 0  m g /L

 

Figure 4-6. Effects of calcium on color in hot-pressed juice (50˚C) compared to non-
fortified control (n=2; average standard error =0.5180) 
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Figure 4-7. Effects of calcium on color in hot-pressed juice (60˚C) compared to non-
fortified control (n=2; average standard error =0.5370) 
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Figure 4-8. Effects of calcium on color in hot-pressed juice (70˚C) compared to non-
fortified control (n=2; average standard error =0.4160) 
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Figure 4-9. Effects of ascorbic acid plus calcium on color in cold-pressed juice compared 
to non-fortified control (n=2; average standard error =0.0868) 
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Figure 4-10. Effects of ascorbic acid plus calcium on color in hot-pressed juice (50˚C) 
compared to non-fortified control (n=2; average standard error =0.5205) 
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Figure 4-11. Effects of ascorbic acid plus calcium on color in hot-pressed juice (60˚C) 
compared to non-fortified control (n=2; average standard error =0.1477) 
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Figure 4-12. Effects of ascorbic acid plus calcium on color in hot-pressed juice (70˚C) 
compared to non-fortified control (n=2; average standard error =0.2390) 
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Pomegranate juice fortified with 330 mgl-1 ascorbic acid showed complete 

degradation in samples stored at 5˚C and 25˚C after 4 days (Marti et al., 2002). In 

conclusion, ascorbic acid degradation in muscadine juice is a very rapid reaction when 

fortified in low levels, especially in the presence of abundant anthocyanins. Fortifying at 

high levels of ascorbic acid alters the color significantly as stated in chapter 3. Therefore, 

there does not seem to be significant evidence from these results that fortfiying 

muscadine juice with ascorbic acid has any additional benefits due to the rapid 

degradation of ascorbic acid. 

Model System

CP 50 60 70

A
sc

or
bi

c 
A

ci
d 

R
et

en
tio

n 
(%

)

0

10

20

30

40

50

60

70

AA 500 mg/L
AA+Ca 500 mg/L

 

Figure 4-13.  Ascorbic acid recovery of juice fortified with 500 mg/L of ascorbic acid and      
500 mg/L ascorbic acid and calcium.  These results are for day four.(error bars 
represent standard error of the mean) 
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Polyphenolics (Ellagic Acid Derivatives and Flavonoid Glycosides) 

The polyphenolics can be divided into three categories: hydroxybenzoic acid 

derivatives (protocatechuic and vanillic acids), ellagic acid derivatives (ellagitannin and 

free ellagic acid) and flavonoid glycosides (myricetin, quercetin, kaempferol).  

Hydroxybenzoic acid derivatives, protocatechuic and vanillic acids, show the same trend 

regardless of treatment, in occurance with result from chapter three. Statistical analysis 

(p=0.05) shows that no significant difference between treatments and controls when 

fortified at 100 mg/L and 500 mg/L ascorbic acid and/or calcium, therefore, results will 

be discussed basied on averaging all treatments at each of the four juice concentration 

levels. Ellagitannin concentration decreased over time in all four processing treatments, 

on day 48 there was no significant difference (p=0.05) from cold-press juice and juice 

processed at 50˚C, and no significant difference between 60˚C and 70˚C processed juice 

(figure 4-14). The percent loss over time (table 4-2) show ellagitannin had the greatest 

losses in hot-pressed juice at 50˚C. Free ellagic acid was stable over time in 50˚C and 

60˚C processed juice, increased by 18% in cold pressed juice, and decreased 34% in 70˚C 

hot-pressed juice (table 4-2), however, by day 48 there was no significance (p=0.05) 

between 60˚C and 70˚C, and there was significant difference between 50˚C and cold-

pressed juice (figure 4-15). Flavonoid glycosides (myricetin, quercetin, and kaempferol) 

all exhibit the same trends in percent loss; they showed the greatest loss in hot-pressed 

juice at 50˚C and the best retention in hot-pressed juice at 60˚C (table 4-2). Overall after 

48 days quercetin and kaempferol showed no significant difference (p=0.05) in cold-

pressed and hot pressed juice at 50˚C and no significant difference in 60˚C and 70˚C hot-

pressed juice (figures 4-17, 4-18). Myricetin on day 48 showed no significant difference 



  35 

 

(p=0.05) between 60˚C and 70˚C hot-pressed juice, however, there was significant 

difference between 50˚C hot-pressed and cold pressed juice (figure 4-16).   

Decreases in flavonids were also evaluated by Talcott and Lee (2002) in Noble hot-

pressed juice. They showed a decrease in all three flavonoids after storage of 60 days at 

room temperature. Cold-pressed juice showed a decrease in quercetin and kaempferol, 

myricetin showed no difference after storage at room temperature at 60 days. In 

conclusion, the flavonoid glycosides were the only pheonolic acids to show significant 

signs of decrease with and without fortification.  
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Figure 4-14.  Concentration of ellagitannin (averaging all treatments) over time at each 
juice pressing temperature (n=12; average standard error =0.7667) 
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Figure 4-15.  Concentration of free ellagic (averaging all treatments) over time at each 
juice pressing temperature (n=12; average standard error =2.095) 
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Figure 4-16.  Concentration of myricetin (averaging all treatments) over time at each 
juice pressing temperature (n=12; average standard error =3.593) 
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Figure 4-17.  Concentration of quercetin (averaging all treatments) over time at each juice 
pressing temperature (n=12; average standard error =0.9391) 
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Figure 4-18.  Concentration of kaempferol (averaging all treatments) over time at each 
juice pressing temperature (n=12; average standard error =0.4432) 
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Table 4-2.  Percent Loss (%) of Polyphenolics from Day 4 to Day 48 
 Ellagitannin Free Ellagic Myricetin Quercetin Kaempferol 
CP 41 0* 60 44 48 
50C 64 0 61 51 51 
60C 42 0 39 34 33 
70C 52 34 50 44 47 
* Free Ellagic increased by 18% in cold pressed juice from day 4 to day 48. 
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CHAPTER 5 
CONCLUSIONS 

These studies were conducted to better understand pastuerization and fortification 

with ascorbic acid and calcium on red muscadine juice (cv. Noble). When fortifying red 

muscadine juice with ascorbic acid, it is best to pasteurize the juice then fortify. The less 

anthocyanins in the system the better the retention of ascorbic acid. However, ascorbic 

acid degrades very rapidly, even fortifying samples with 500 mg/L, ascorbic acid was 

almost completely degraded in 14 days. Muscadine juice can be fortified with 100 mg/L 

of ascorbic acid, calcium, and ascorbic acid in combination with calcium without any 

detrimental loss of color. However, fortifying the juice with 500 mg/L of ascorbic acid or 

ascorbic acid and calcium show detrimental loss of color in the juice. The addition of 

calcium showed no added benefits, with or without the addition of ascorbic acid.  

Polyphenolics analyzed showed no difference between treatments and controls. They are 

stable when fortified with ascorbic acid and/or calcium at the 100 and 500 mg/L levels, 

and best retained in hot-pressed juice at 60˚C.   

The overall conclusion is that fortification of muscadine juice with ascorbic acid 

and/or calcium does not prove to improve the color deterioration displayed by red 

muscadine juice. Ascorbic acid alone or in the presence of calcium at 100 mg/L degrades 

rapidly in red muscadine juice and ascoribic acid alone or in the presence of calcium at 

500 mg/L degrades the color of the juice. Therefore, there are no additional benefits of 

fortifiying with ascoribic acid alone or in the presence of calcium. Muscadine juice can 
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be fortified with calcium without any adverse affects to juice color or phenolics, although 

this addition would only be for the health benefits of calcium
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