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Strawberries {Fragaria ananasa) and raspberries {Rubus ideaus) are good 

sources of many important nutrients, and have great potential to improve human 

health. However, they are highly perishable and have a very short shelf-life mainly 

due to the attack of fungi and high respiration rate. Edible coatings, especially 

chitosan-based coatings have been considered to extend shelf-life of fresh berries 

by inhibiting the growth of fungi, controlling respiration, and preventing moisture 

loss through a semi-permeable coating formed on the surface of the berries. In 

addition, edible coatings may be used as a carrier of functional ingredients to 

further enhance quality, safety and nutritional value of the product. 

The objectives of this study were to develop chitosan-based coatings 

containing high concentration of calcium or vitamin E, to examine the storability 

of coated berries, and to evaluate the sensory properties of coated fruits. 

Three 2% chitosan-based coatings including chitosan alone, chitosan 

containing 5% of Gluconal" CAL (a mixture of calcium lactate and calcium 



gluconate), and chitosan containing 0.2% of vitamin E (a-tocopheryl acetate) were 

developed. A 1 % acetic acid solution was used as a solvent for dissolving chitosan. 

Fresh strawberries and raspberries were dipped in the coating solutions twice and 

dried in the room temperature under blowing air. Berries were then stored at 20C 

and 88-89% RH or -230C for their shelf-life evaluation. Chitosan-based coatings 

proved to extend shelf-life of fresh strawberries and raspberries up to 2 and 3 

weeks, respectively, by reducing the incidence of decay, weight loss, and delaying 

changes in color, titratable acidity and pH. The coatings also helped maintain 

quality of frozen strawberries by reducing drip loss and improving firmness. 

Chitosan coatings containing high concentration of calcium or vitamin E 

significantly increased the content of these two nutrients in the coated samples. A 

100-gram sample of coated berries contain about 34 to 58 mg of calcium or 1.70 to 

5.86 mg of vitamin E depending on the type of berries and the time of storage, 

while uncoated berries only contain 19 to 21 mg of calcium or 0.25 to 1.15 mg of 

vitamin E. 

For evaluating the sensory properties of coated berries, four 1 % chitosan-based 

coatings were developed: chitosan dissolved in 0.6% lactic acid, chitosan 

dissolved in 0.6% acetic acid, chitosan dissolved in 0.6% lactic acid containing 

0.2% vitamin E. Consumer test and free-choice profiling trained panel were used 

to evaluate the sensory properties of the coated strawberries. 

Both consumer tests of 1 day and 1 week after coating indicated that lactic acid 

and acetic acid dissolved chitosan coatings increased the appearance acceptance of 

the strawberries, but coating containing vitamin E decreased appearance of 



strawberries; chitosan coatings did not change sweetness and firmness compared 

to the uncoated berries. The 1% chitosan coating solution did not extend the shelf- 

life of the strawberry after 1 week of storage. Trained panel results after storage of 

1 week and on the selected samples after storage for 2 and 3 weeks showed that 

lactic acid dissolved chitosan coatings increased the glossiness of the strawberry, 

while chitosan coating with vitamin E increased the waxy and white of the 

strawberries. The trained panel did not detect any astringency in the samples, and 

vitamin E fortified coating tended to help maintain the overall strawberry flavor of 

the strawberries compared to other treatments at the same storage time. 

Overall results indicated that 2% chitosan coatings can extend the shelf-life of 

fresh berries during cold storage, and 1 % chitosan coating helped reduce the 

astringency of coated strawberries. However, 1% chitosan did not work as 

effectively as 2% chitosan to protect berries from mold deterioration. More studies 

are needed to improve the coating technology and make the technique practical 

and the product acceptable by the consumers. 
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Edible Coatings to Improve Storability and Enhance Nutritional Value of 

Strawberries (Fragaria ananassa) and Raspberries (Rubus ideaus) 

CHAPTER 1 

Introduction 

1.1 Shelf-Life of Fresh Strawberries and Raspberries 

1.1.1 Nutritional and health benefits of strawberries and raspberries 

Annual world production of strawberries (Fragaria ananassa) has grown steadily 

through the ages, with quantities doubling in the last 20 years to over 2.5 million 

metric tons. The United States is the leading strawberry producing nation, with 

approximately 27% of the world's crop (FAO, 2000). Strawberries ranked fourth in 

cash receipts for fanners, totaling $1.1 billion in 1999 (USDA, 2001). The production 

of red raspberry (Rubus idaeus) also accounted for 11% of the world's crop (FAO, 

2000). 

Strawberries and raspberries are good sources of nutrients. In terms of traditional 

nutrients, strawberries and raspberries are known for their rich vitamins and amino 

acids, and are also good sources of some minerals, such as potassium, manganese, iron 

and iodide (Souci et al., 2000). In addition to these traditional nutrients, both 

strawberries and raspberries are rich in total phenolics led by anthocyanins (Kankonen 



et al., 2001). Phenolics exhibit a wide range of biological effects, including 

antioxidant, antimicrobial, anti-inflammatory, and vasodilatory actions (Bomser et al., 

1996; Mantley and Buslig, 1998). Consumption of anthocyanins has been shown to 

reduce the risk of coronary heart disease and to prevent some chronic diseases 

(Renaud and Logeril, 1992; Morazzoni and Bombardelli, 1996). 

H.2 Shelf-life of fresh strawberries and raspberries 

Strawberries (Fragaria ananassa) and red raspberries (Rubus idaeus) are highly 

perishable and have a short shelf-life. They are commonly attacked by fungi, mainly 

Botrytis cinerea and Rhizopus sp. (Maas, 1981). Decays caused by the growth of 

molds are one of the major quality deterioration factors for fresh strawbenies and 

raspberries. Other external and internal factors also affect the shelf-life of fresh 

berries. Fresh berries have high water content; once harvested, they quickly lose water 

to the environment, leading to dehydration. The rate of water loss is controlled by the 

vapor-pressure difference between the fruit and the surrounding air, which is governed 

by temperature and relative humidity (RH). Berries have a high respiration rate, which 

generates ;heat and water and further hastens water loss (Knee, 2002). As a 

consequence, fresh strawberries and raspberries have very short ripening and 

senescence periods (Garcia et al., 1998). The shelf-life of fresh strawberries in cold 

temperature (0-4 0C) and high relative humidity (RH>90%) is usually less than 5 days, 

while for red raspberries, it is only 2 to 3 days even at recommended storage 

conditions of-0.5 to 0 0C and 90% to 95% RH (Sulunkhe and Desal, 1984; Tomalin 

and Robinson, 1971). 



1.2 Methods for Extending Shelf-Life of Fresh Berries 

The common methods recommended for extending shelf-life of fresh 

strawberries and raspberries are summarized in Table 1. The most prevalent method of 

maintaining quality and controlling decay of fresh berries is rapid cooling after harvest 

following storage at low temperatures, typically 10C with high relative humidity 

(>90%) (Zhang and Quantick, 1998). Cold temperatures could reduce respiration rate 

and delay the growth of molds, hence helping retain quality of fresh berries. However, 

the effective control of temperature during transit and storage is inconvenient and 

expensive. Thus other means of preservation have been sought, such as controlled 

atmosphere storage (CAS), modified atmosphere package (MAP), and use of 

fungicide. 



Table 1.1 Common methods recommended for extending shelf-life of fresh 
strawberries and raspberries 

Methods Fruits 
Application 
conditions 

Benefits Potential problems 

Rapid 
cooling 

Strawberries Reducing Difficult to 
and Temp: 10C respiration and effectively control 
raspberries RH: >90% slowing growth temperature, and 

of molds expensive 

Controlling 

CAS & Strawberries O2: 0-10%, respiration rate May generate off- 

MAP 
and CO2: 0-20% and reducing flavor due to 
raspberries Temp: -2-5 0C growth of anaerobic condition 

microorganisms 
Concerns on 

Strawberries Controlling fungicide residues 
Fungicides and Temp: 130C growth of and fimgicide-tolerant 

raspberries molds post-harvest 
pathogens 

Brief heat Strawberries Temp: Controlling Diminishing calyx 

treatment 
kJ vl. U VV WvL L A\SIJ 

44~460C growth of B. color and fruit skin 
Time: 15 min cinerea 

Slowing post- 
brightness 

Irradiation Strawberries 
Dose: 1 to 2 harvest Color change and 

.&. M. &  W^i* A.*4 VA ^^ *^ Kh^ fc* %* T T   ^^ *^A & & ^^kwf 

kGy ripening and 
reducing decay 

softening of fruits 

Controlled atmosphere storage (CAS) refers to the constant monitoring and 

adjustment of the O2 and CO2 levels within gas tight stores or containers (Thompson, 

1998). For fresh fruits, gas composition is usually controlled in the range of 0-10% O2 

and 0-20% CO2 (Powrie and Skura, 1991; Katzyoshi, 1992), depending on fruit 

varieties. The atmosphere is controlled by a sequence of measurements and 

corrections throughout the storage period. Modified atmosphere packaging (MAP) is 

defined as "the packaging of a perishable product in an atmosphere which has been 

modified so that its composition is other than that of air"(Hintlian and Hotchkiss, 



1986). MAP changes the atmosphere surrounding the product within the package 

either by introducing gases or by the natural respiration of the product itself. 

High CO2 concentrations (15-20%) can reduce the respiration rate and fungal 

growth. Since strawberries can tolerate elevated CO2 atmosphere, controlled 

atmosphere (CA) at elevated CO2 (15-20%) and decreased O2 (5-10%) are used to 

store strawberries for increased product shelf-life. The typical gains in storage-life of 

fresh strawberries using CAS are 3 to 5 days compared to normal air storage 

(Hancock, 1999). 

CAS and MAP provide great benefits for extending shelf-life of fresh berries by 

controlling the respiration rate and reducing the outgrowth of microorganisms. 

However, off-flavors may occur under both MAP and CAS conditions with low O2, 

high CO2 or extended periods of storage (Woodward and Topping, 1972; Harris and 

Harvey, 1973; Ke et al., 1991; Shamaila et al., 1992). The major causes of these off- 

flavors are the buildup of ethanol, acetaldehyde and ethyl acetate (Li and Kader, 1989; 

Keetal., 1991). 

Post-harvest decay of strawberries and red raspberries may also be controlled by 

application of fungicides (Jordan, 1973; Aharani and Barkai-Golan, 1987). 

Pyrrolnitrin from Penicillium cepacia Burkh is an example of fungicide used for fresh 

berries, and has shown its prevention on the growth of grey mould for 5 days on 

strawberries stored in 10C (Takeda et al., 1990). Other examples are iprodione 

(Rovral®) (El Ghaouth et al., 1991) and thiabendazole (TBZ) (Zhang and Quantick, 

1998), both can reduce the decay of strawberries or raspberries at 130C. However, 

fungicides leave residues. In addition, the use of fungicides may increase the number 
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of fungicide-tolerant post-harvest pathogens (Spotts and Cervantes, 1986). There have 

been increased consumer concerns about the potentially harmful health effects of 

fungicides (Klein and Lurie, 1991) and the development of chemical tolerance in post- 

harvest pathogens (Spotts and Cervantes, 1986). 

A few other technologies have also been tested on their potential to extend shelf- 

life of fresh berries. For example, brief heat treatments of strawberries and raspberries 

in hot water at 44 to 460C for 15 minutes has been evaluated as a means of minimizing 

post-harvest losses due to B. cinerea (Garcia et al., 1996). However, the heat treatment 

diminished calyx color and fruit skin brightness. Low dose irradiation at 1 and 2 kGy 

have been shown to slow post-harvest ripening and reduce decay in strawberries, 

extending their shelf-life. Unfortunately, this technology may result in color change 

(Thomas, 1986; Couture et al, 1990) and fruit softening (Yu et al., 1996). 

Alternative approaches are necessary to improve shelf-life and maintain 

marketable quality of fresh strawberries and raspberries with a reasonable cost. 

1.3 Edible Coatings 

1.3.1 Functions and applications of edible coatings 

Edible coating is defined as a thin layer of edible materials formed on the surface 

of a food as a coating (Rrochta et al., 1994; Krochta and Mulder-Johnston, 1997). 

Theoretically, edible coatings should provide a selective barrier to moisture, oxygen 

and solute movement from the food, and be edible by consumers (Guilbert, 1986). 

Their applications and functions include inhibiting migration of moisture, oxygen, 



carbon dioxide, aromas, and lipids; carrying functional food ingredients (antioxidants, 

antimicrobials, flavor); and/or improving mechanical integrity or handing 

characteristics of the products (Krochta et al., 1994; Krochta and Mulder-Johnson, 

1997; Debeaufort et al., 1998) (Table 2). 

Table 1.2 Applications and functions of edible coatings 

Applications Coating materials Functionality 
Poultry, meat, fish, seafood Gelatin, carrageenin and 

alginate coatings, whey 
protein, collagen, casein, 
and cellulose derivatives, 
seaweed extracts 

Mold prevention, O2, lipid 
and moisture barrier, 
antioxidant carrier, abuse 
protection, texture- 
improvement 

Fruits, nuts, grains, 
vegetables 

Wheat gluten, com zein, 
waxes, zein/vegetable 
wax-oil laminate, cellulose 
derivatives pectins 

O2, lipid, and moisture 
barrier, antioxidant carrier, 
stickiness prevention, salt 
binding 

Cheese, ice cream, yogurt Gelatin, seaweed, pectinate Fruit separation, drippings 
elimination, moisture 
barrier 

Confectioneries Com zein, milk and whey 
proteins, wax, methyl 
cellulose 

O2, lipid and moisture 
barrier, antioxidant carrier 

*Summarized information from references of Kester and Fennema (1986), Gennadios 
and Weller (1990), Krochta et al. (1994), McHugh and Krochta (1994), Cuq et al. 
(1995), Krochta and Mulder-Johnston (1997), and Debeaufort et al. (1998). 

1.3.2 Materials used for making edible coatings 

Edible coatings can be developed from natural animal and plant polymers, 

including polysaccharides (starches, cellulose derivatives, alginate), proteins (casein, 

zein and gelatin), and lipids and waxes (acetoglycerides, mineral oil, paraffin oil, 

vegetable oil, camauba wax, candelilla wax, rice bran wax, paraffin wax, beeswax) 

(Nisperos and Baldwin, 1996). The functionality of the coatings is strongly dependent 

on the chemical structure of different polymer materials. Polysaccharide-based 

coatings can be utilized to modify atmosphere within the fruits and vegetables, thereby 



8 

reducing the respiration rate of fruits and vegetables (Banks, 1984; Drake et al., 1987; 

Motlagh and Quantick, 1988; Nisperos-Carriedo and Baldwin, 1990). Polysaccharide- 

based films and coatings are good barriers to oxygen, fats, oils, and flavors at low 

relative humidity (Concan and Yang, 1993; Anker, 1996; Hanlon, 1992; Salame, 

1986), but only minimal moisture-barrier proportions can be expected because of their 

hydrophilic nature (Kester and Fennma, 1986). Protein-based films and coatings also 

have excellent oxygen and aroma barrier properties at low relative humidity (McHugh 

and Krochta, 1994; Miller and Krochta, 1997), but again poor moisture barrier 

properties (Guilber, 1986). The primary function of a lipid-based coating is generally 

to block transport of moisture because of their relatively low polarity. Lipid coatings 

on fruits, however, may serve other functions as well, such as reduction of surface 

abrasion during handling (Hardenburg, 1967) and control of soft and scald formation 

in stored apples (Wills et al., 1977). Table 3 is a summary of the basic barrier and 

mechanical properties of selected edible film and coating materials (Krochta and 

Mudder-Johnson, 1997). 

Table 1.3 Properties of selected edible film and coating materials* 

Material Moisture Barrier Oxygen Barrier Mechanical Properties 
High amylose starches Poora Moderate Moderate0 

Cellulose acetate Moderate Poor Moderate 
Chitosan Poor Good NAd 

Casein, Poor Good NA 
Zein Moderate Moderate Moderate 
Gelatin Poor Good NA 
Beewax Good Poor Poor 
* Modified from Krochta and Mudder-Johnson (1997) 

aTest Conditions: ~380C, 90/0% RH (Poor =10-100 g.mm/m2.d.ka, Moderate = 0.1-10 
g.mm/m .d.ka, Good = 0.01-0.1 g.mm/m .d.ka) 



bTest Conditions: ~250C, 0/50% RH (Poor =10-1000 cm3um/m2.d.ka, Moderate =10- 
100 cm um/m .d.ka, Good = 1-10 cm um/m .d.ka) 
cTest Conditions:- 250C, 50% RH (Moderate TS =10-100 Mpa, Moderate E =10- 
50%) 
dNA: Not available 

1.4 Chitosan and Its Application as a Coating Material 

1.4.1 General information of chitosan 

Chitosan is the name used for low acetyl substituted forms of chitin with a typical 

degree of acetylation of less than 35% (Kumar, 2000). Chitosan is composed primarily 

of glucosamine, 2- amino-2-deoxy- 13-D-glucose (Shahidi et al., 1999). It is a high 

molecular weight cationic polysaccharide and tasteless fiber (El Ghaouth et al., 1991). 

The chemical structure of chitosan is shown in Fig. 1. Chitosan has three types of 

reactive functional groups, an amino group as well as both primary and secondary 

hydroxyl groups at the C-2, C-3 and C-6 positions, respectively (Furusaki et al., 1996). 

Chitosan is insoluble in neutral or alkaline aqueous solutions, but is soluble in acidic 

solutions (Winterowd and Sandford, 1995). The solvents for chitosan are formic acid, 

acetic acid, lactic acid, and glutamic acid. When subjected to acid/water mixtures, a 

proportion, of the primary amine groups on the chitosan molecule become protonated 

and thus acquire a positive charge, hence, solvated chitosan molecules are polycationic 

(Winterowd and Sandford, 1995). Solutions of chitosan are characterized as being 

viscous. The average molecular weight of chitosan is 4 x 10 to 5 x 10 (Lee, 1974). 
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Figure 1.1 Structure of chitosan 

1.4.2 Functions and benefits of chitosan as an edible coating material 

Chitosan is the by-product from the seafood industry, and edible and safe for 

humans (Koide, 1998; Shadidi et al., 1999; Rhoades and Roller, 2000). Extensive 

research has been conducted in respect to its medical functions, health benefits, and 

potential applications in food (Shadidi et al, 1999). Chitosan has been used in human 

medicine, advised in slimming diets (Maezaki et al.,1993). In 1992, Japan's Health 

Department approved chitin and its derivatives as functional food ingredients 

(Subasinghe, 1999). 

One of the main advantages of using chitosan for berry fruits is its antifungal 

ability against B. cinerea and Rhizopus sp., the two main fungi causing the decay of 

strawberries and raspberries (Maas, 1981). According to El Ghaouth et al. (1991a) and 

Zhang and Quantick (1998), 1 to 2% chitosan solution can decrease decay incidence 

of strawberries or raspberries inoculated in the suspension of B. cinerea, and Rhizopus 

sp. significantly at 130C. Reddy et al. (2000) found that spraying 2, 4, and 6 g L"1 

chitosan on strawberry surfaces before harvesting can significantly reduce post-harvest 

fungal rot and maintain the quality at 130C. Romanazzi et al. (2002) also found that 
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post-harvest treatment of dipping table grapes inoculated with B. cinerea in 0.5% and 

1.0% w/v chitosan solution reduced incidence, severity and nesting of grey molds. 

Another important functional property of chitosan is its ability to form semi- 

permeable films and coatings (El Ghaouth et al., 1991b). Chitosan has been used as a 

surface coating on fresh fruits and vegetables to modify the internal atmosphere, to 

decrease the transpiration loss (El Ghaouth et al., 1991a; 1991b), and to delay the 

ripening of fruits (El Ghaouth et al., 1992a). Kittur et al. (1998) reported that chitosan 

films have moderate water permeability values and could be used to increase the 

storage life of fresh produce and foodstuffs with higher water activity values. The use 

of chitosan coatings to extend the storage life and control decay of strawberries (El 

Ghaouth et al., 1991b), raspberries (Zhang and Quantick, 1998), apples (Du et al., 

1998), tomato (El Ghaouth et al., 1992a), bell pepper and cucumber (El Ghaouth et al., 

1991a; El Ghaouth et al., 1997), peaches, Japanese pears and kiwifruits (Du et al., 

1997) has been documented in recent years. 

In addition, chitosan also has antimicrobial activity against food-borne yeast and 

bacteria, thus it has been used as a natural food preservative with the potential to 

replace some of the synthetic preservatives currently used (Sagoo et al., 2002). 

Moreover, chitosan has several advantages including higher antibacterial activity, a 

broader spectrum of activity, a higher killing rate, and lower toxicity toward 

mammalian cells (Liu et al., 2001). 

Besides the direct inhibition on some fungi, chitosan coating could induce host 

defense responses, such as accumulation of chitinase (Mauch et al., 1984) and 13-1, 3- 

glucanase (Zhang and Quantick, 1998), increasing the activity of phenylalanine 
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ammonia lyase (PAL), which is a key enzyme involved in the synthesis of phenolic 

compounds and usually characterized by its antifungal activity (Romanazzi et al., 

2002), and elicit phytoalexin (Hadwiger and Beckman, 1980; Kendra and Hadwiger, 

1984). Chitosan coating has been proved to delay the activity of polyphenoxidase 

(PPO) and peroxidase (POD), associated with enzymatic discoloration, thus delaying 

color loss and browning of litchi, longan fruit and Chinese water chestnut (Zhang and 

Quantick, 1997; Jiang and Li, 2001; Pen and Jiang, 2003). 

1.5 Nutritional Fortification of Foods Using Edible Coatings 

1.5.1 Functional foods audits development 

The Institute of Medicine's Food and Nutrition Board (FNB, 1994) (Thomas and 

Earl, 1994) defined functional foods as any food or food ingredient that may provide a 

health benefit beyond the traditional nutrients it contains. Functional foods include 

those items developed for health purposes as well as for physical performance. 

Americans and people around the world are more health conscious now than ever 

before. This is perhaps due to increased awareness of what seems to be mostly 

preventable diseases (i.e. heart disease, cancer, osteoportosis, arthritis and type 2 

diabetes mellitus), and a continuous shift in the population toward a more-advanced 

age (Wildman, 2001). The functional food market has increased from $5.4 billion in 

1992 to $8.9 billion in 1996, and is expected to continue to grow steadily in the years 

to come (Wildman, 2001). 
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The most frequently used technologies in the development of functional foods 

have been (Fito et al., 2001): 

- Improvement of traditional techniques for plant and animal production. For example, 

animal feed control in order to obtain eggs with a lower cholesterol content 

(Ogasahara et al., 1991). 

- Genetically modified products. For example, modified rice with enhanced B-carotene 

and iron content (Xudong et al., 2000). 

- Mixing of physiologically active compounds with traditional foods. The most 

common procedure in the traditional food industry, useful for formulating liquid 

products (such as milk enriched with calcium, iron, vitamins, etc), gels (like yoghurts) 

or restructured foods (breakfast cereals, cakes, bread, etc.). The traditional process is 

maintained but the food composition changes to incorporate physiologically active 

components (PAC) that deliver potential benefits (Fito et al., 2001). 

- Matrix engineering. This is a branch of food engineering that aims at applying 

the knowledge of food matrix composition, structure and properties towards 

promoting and controlling changes suitable for improving some sensory and /or 

functional properties in the food products. The examples are colloid technology (food 

gels and emulsions), extruding, frying, baking, puffing, etc. (Fito et al., 1999). 

However, most of these techniques are not suitable for developing nutritionally 

fortified fresh and minimally processed fruit and vegetable products. 
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1.5.2 Edible coatings for developing nutritionally fortified fruits and vegetables 

One of the unique characteristics of an edible coating is its function to carry 

nutraceutical ingredients, such as minerals and vitamins to purposely enhance food 

nutritional value (Mei et al., 2002). This is especially benefitial for foods like fresh 

and minimally processed fruits and vegetables, where the lack of some nutrients may 

be compensated by incorporating nutraceuticals into edible coatings as they are 

usually used as a moisture and gas barrier in fruits and vegetables for extending shelf- 

life. In this way, the nutritional enrichment of foods can be achieved without 

destruction of the foods. Mei et al. (2002) demonstrated that xanthan gum based 

coatings can incorporate calcium or vitamin E for peeled baby carrots, and per serving 

(85 g) of carrots could offer about 6.6% DRI of calcium and about 70% DRI of 

vitamin E, respectively. Strawberries and raspberries are rich in many nutrients, but a 

poor source of calcium and vitamin E. The average amount of calcium and vitamin E 

in 100 g of strawberries is about 21 mg and 0.12 mg, respectively, and in 100 g of 

raspberries is 40 mg and 0.69 mg, respectively (Souci et al., 2000). The dietary 

reference intakes of calcium and vitamin E (DRI) for adults are 1000 mg/d and 15 

mg/d, respectively (FNB, 1999; 2000). Calcium and vitamin E have been identified as 

important nutraceuticals that play significant roles in the human body to prevent 

certain diseases (Pszczola, 1998; Traber, 1999). Calcium is the most common 

intracellular messenger, servers as cofactors for extracellular enzymes and proteins, 

and is also essential for the development of bone and teeth (Weaver and Heaney, 

1998). Deficiencies in calcium result in bone and teeth diseases, and increased risk of 

hypertension, preclampsia and colon cancer. Vitamin E is a chain-breaking antioxidant 
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that prevents propagation of free radical reactions (Kamal-Eldin and Appelqvist, 1996; 

Burton and Ingold, 1986). Vitamin E is a peroxyl radical scavenger and especially 

protects polyunsaturated fatty acids within membrane phospholipids and in plasma 

lipoproteins (Burton et al., 1983). Vitamin E is believed to protect the human body 

against certain types of cancers, cardiovascular disease, cataracts, arthritis, diabetes, 

and Alzheimer's disease (Elliot, 1999). 

It is anticipated that edible coatings incorporating nutraceuticals will enhance 

nutrient values of strawberries and raspberries in addition to the primary function of 

shelf-life extension. 

1.6 Sensory Evaluation of Chitosan Coated Strawberries 

1.6.1 Previous research and current problems 

Two types of chitosan are available based on their solubility, acid-soluble and 

water-soluble. The form usually used is acid-soluble (Shahidi et al., 1999), which has 

poor solubility in water, thus limited applications. Chemical modification has been 

attempted to improve water solubility and bioactivities of chitosan, such as graft 

copolymerization (Xie et al., 2002) and enzymatic hydrolysis (Qin et al., 2002) have 

been reported. Commercial water-soluble chitosan is now available in some Asian 

countries (China, Korea) (Kweon and Lim, 2003). Sensory properties of water-soluble 

chitosan were studied. According to Kim et al. (1999), the bitterness, astringency, 

chemical flavor and fish flavor of water soluble chitosan were present but in low 

intensity. The addition of water soluble chitosan to ice cream should be limited to less 
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than 1.5% or 1.0% in the case of 0.2-3 KDa or 10-30 KDa in order to receive 

acceptable sensory attributes of ice creams (Kim et al., 2000). Addition of chitosan to 

regular milk resulted in significant differences in color and off-flavor, but if chitosan 

is added to coffee milk, there was no significant difference in sensory quality from 

control (Lee and Lee, 2000). However, the antifungal activity of water-soluble 

chitosan is unknown, and film-forming function is poorer compared with acid- 

dissolved chitosan based on our laboratory experience. In addition, water-soluble 

chitosan is much more expensive, and not manufactured in North America. 

One of the major concerns in sensory quality associated with acid-soluble chitosan 

coated products is the astringency, due to a rise in amine protonated groups when 

dissolved in acid solution. The pKa of the amino group of glucosamine residue is 

about 6.3 (Muzzarelli, 1985), hence chitosan is polycationic at acidic pH value 

(Hwang and Damodaran, 1995). Chitosan can selectively bind desired materials, such 

as proteins (Kubota and Kihuchi, 1998). When binding with salivary proteins, the 

affinity of chitosan in acidic solutions might be increased. Rodriguez et al. (2003) 

reported that at higher pH of 4.6 to 6.3, less astringency is perceived. So far, no 

sensory work has been done on acid-soluble chitosan coated products. Further work 

needs to be done to improve the sensory properties of acid-soluble chitosan coatings. 

1.6.2 Sensory analysis methods 

The use of our senses in judging food quality is part of our daily action of eating. 

Currently, sensory science offers several methods to describe and evaluate the quality, 

or changes in quality of a product. With increasing knowledge of psychology and 
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psychophysics, more precise instrumentation and more powerful statistical techniques, 

the tests are increasingly sophisticated and useful. 

1.6.2.1 Consumer test 

A consumer panel is usually employed when a food manufacture wants to know if 

a new or improved product is acceptable to the public, and if the degree of 

acceptability is high enough to ensure sufficient sales volumes. The questions asked 

are of hedonic nature (i.e., how much is this sample liked/disliked?). In a consumer 

panel, food samples are provided to typical consumers for evaluation. Success in this 

type of work is dependent upon both a representative demographic sample, and the 

development of an appropriate questionnaire (Aguilera and Stanley, 1990). 

. From a project perspective, the reasons for conducting consumer tests usually fall 

into one of the following categories: product maintenance, product 

improvement/optimization, new product development, assessment of market potential, 

product category review, and support for advertising claims (Meilgaard et al., 1999). 

Typically, consumers and potential respondents are screened by phone or at a 

shopping mall, those selected consumers are given a sample with a scored card 

requesting their preference or liking ratings, along with past various demographic 

questions, such as sex, age, buying habit, etc. Results are calculated in the form of 

preference scores overall and for various subgroups (Meilgaard et al., 1999). 
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1.6.2.2 Free-choice profiling (FCP) 

Free-choice profiling is a sensory method used for determining sample similarities, 

differences, and characteristics. It was developed by Williams and Arnold (1984) at 

the Agricultural and Food Council (U. K) (Meilgaard et al., 1991). It allows the 

panelists to describe the samples in their own words (William et al., 1981). The result 

of this method is a consensus configuration revealing the relationships between the 

samples based on the descriptors given to each sample by the panelist (Stucky and 

McDaniel, 1997). Descriptors are generated by panelists choosing words freely as they 

came to mind. Later, these terms are used to develop a ballot for subsequent testing. 

Originally it was designed to be used with untrained consumer panels as a way to 

reduce costs and speed up collection of data (Grower, 1975; Williams and Arnold, 

1984; Williams and Langron, 1984). Since its introduction it has been used with 

untrained consumers (Guy et al., 1989; Williams and Langron, 1984), and trained 

panels (Jaime et al., 1993; Marshall and Kirby, 1988; Rubico and McDaniel, 1992). 

The technique is not standardized. It seems that one thing in common in both of these 

tests- the panelists are allowed to select their words to describe the sample. 

Naive consumers can be used to determine sample differences and similarities. 

This means that panelists do not need to have experience with characteristics of 

product or definitions of vocabulary (Piggot et al., 1992). Panelists are not forced to 

use words and definitions they may not understand. Free-choice profiling overcomes 

many obstacles that common language descriptive techniques cannot overcome. 

Namely the problems with individual differences: both with how samples are 

perceived and with measurement scale used to quantify their perception (Powers, 
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1989), that panelists use the same descriptor differently (Williams and Arnold, 1985), 

or that the panelists interpretation of the major differences between samples may differ 

(Tunaley et al., 1988). Free-choice profiling also allows for a smooth connection 

between a focus panel and obtaining quantitative data from the sample people. 

When free-choice profiling is compared to other descriptive techniques, there are 

certainly some disadvantages to a free-choice profiling study. The statistical output of 

GPA (Generalized Procrustes Analysis) is not well known, or as well understood by 

sensory scientists as the output from ANOVA (analysis of variance). Since GPA 

doesn't produce a separation at a given probability, the person analyzing the data may 

confer their own opinions when showing the results and drawing conclusions. When 

running a consumer panel, the panelists are sometimes unable to describe what they 

perceive when the samples are presented in the isolation of sensory booths (McEwan 

et al., 1989). When using a trained panel the training time is not any shorter than other 

descriptive panel methods. 
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1.7 Conclusions 

Strawberries (Frangria ananssa) and red raspberries (Rubus idaeus L.) are popular 

fruits around the world. They are good sources of nutrients. However, they are very 

perishable, and the shelf-life of fresh berries is only about 4 to 5 days even under cold 

storage temperature (0-4oC). Although several methods have been recommended for 

storage of fresh strawberries and red raspberries, there are some problems associated 

with these methods, such as build-up of off-flavor, high cost, and fungicide residues. 

In order to increase the shelf-life of fresh strawberries and red raspberries, new 

approaches are needed. Chitosan has demonstrated its antifungal and film-forming 

properties; thus it may be an ideal preservative coating material for fresh berries. It can 

modify the internal atmosphere, decrease the transpiration loss and delay the ripening 

of fruits. Strawberries and red raspberries are not good sources of calcium and vitamin 

E. Using chitosan-based coatings to carry these important nutraceuticals would 

enhance their contents in fresh berries for improving human health. The major concern 

associated with chitosan coated products is the astringency. In order to make chitosan 

coated products practicable, this problem must be solved. Sensory study is a directly 

way to evaluate the eating quality of the coated products. 

The objectives of this research were to develop chitosan-based edible coatings to 

improve shelf-life of fresh strawberries and red raspberries, to enhance their calcium 

and vitamin E content, and to evaluate the physiochemical and sensory properties. 
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2.1 Abstract 

Chitosan-based edible coatings were used to extend the shelf-life and enhance the 

nutritional value of strawberries (Fragaria ananassa) and red raspberries (Rubus 

ideaus) stored at either 2.0oC and 88-89% RH for up to 3 weeks or -230C up to 6 

months. Three chitosan-based coatings (chitosan, chitosan containing 5% Gluconal 

CAL, and chitosan containing 0.2% dl-a-tocopheryl acetate) were studied. Results 

indicated that adding high concentrations of calcium or vitamin E into chitosan-based 

coatings did not alter their anti-fungal and moisture barrier functions. The coatings 

significantly decreased decay incidence and weight loss, and delayed the change in 

color, pH and titratable acidity of strawberries and red raspberries during cold storage. 

Coatings also reduced the drip loss and helped maintain textural quality of frozen 

strawberries after thawing. In addition, chitosan-based coatings containing calcium or 

vitamin E significantly increased the content of these nutrients in both fresh and frozen 

fruits. One hundred grams of coated fruits contained about 34 to 58 mg of calcium, or 

1.71 to 7.66 mg of vitamin E depending on the type of fruits and the time of storage, 

while uncoated fruits only contained 19 to 21 mg of calcium or 0.20 to 1.15 mg of 

vitamin E. 

Keywords: chitosan coating, strawberries {Fragaria ananassa), red raspberries 

(Rubus idaeus), calcium, vitamin E 
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2.2 Introduction 

Strawberries (Fragaria ananassa) and red raspberries (Rubus idaeus) are rich in 

nutrients, such as anthocyanins, amino acids, and vitamins (Souci et al., 2000; 

Kankonen, 2001), but are highly perishable and have high physiological postharvest 

activities. As a consequence, they have short ripening and senescent periods that make 

marketing fruits a challenge (Garcia, 1998a). Their storage life is often terminated by 

fungal infection (El Ghaouth et al., 1991). The most prevalent method of maintaining 

quality and controlling decay is rapid cooling after harvest and storage at low 

temperatures (El Ghaouth et al., 1991). The shelf-life of fresh strawberries and 

raspberries at cold temperature (0-4 0C) is usually less than 5 d. 

Edible coatings have long been known to protect perishable food products from 

deterioration by retarding dehydration, suppressing respiration, improving textural 

quality, helping retain volatile flavor compounds and reducing microbial growth 

(Debeaufort et al., 1998). Over the last decade, interest has been rapidly growing in 

the development and use of bio-based packaging materials to prolong shelf-life and 

improve quality of fresh, frozen and formulated food products (Diab et al., 2001). 

The effectiveness of edible coatings for fruits and vegetables depends primarily on 

selection of appropriate coating materials that will result in beneficial internal gas 

compositions. Edible coatings create a modified atmosphere within the fruit by 

controlling respiratory gas exchange (Tasdelen and Bayindirli, 1998). Chitosan 

coatings for improving quality and storability of strawberries and raspberries have 

been reported (El Ghaouth et al., 1991; Garcia et al., 1998a; Zhang and Quantick, 

1998). It was suggested that chitosan, a high molecular weight cationic polysaccharide 
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and tasteless fiber, obtained by deacetylation of chitin, might be an ideal preservative 

coating material for fresh fruits because of its excellent film-forming and biochemical 

properties (El Ghaouth et al., 1991). Furthermore, chitosan, a seafood by-product that 

was approved by the United States Food and Drug Administration (USFDA) as a feed 

additive in 1983 (Knorr, 1986), appears to be a safe material as indicated by 

toxicological studies (Arai et al., 1968; Hirano et al., 1990), and also has demonstrated 

antifimgal activity against several postharvest pathogens (El Ghaouth et al., 1991; 

Zhang and Quantick, 1998; Jiang and Li, 2001). Although FDA has not approved the 

use of chitosan in food, significant research has been conducted to understand its 

safety and potential applications in foods. Chitosan is available in the market as a 

nutritional supplement for humans. 

In recent years, consumer interest in the health enhancement roles of specific foods 

or physically active food components, so-called nutraceuticals or functional foods 

(Hasler, 1998) have exploded. Calcium and vitamin E have been identified as 

important nutraceuticals that play significant roles in the human body to prevent 

certain diseases (Pszczola, 1998; Traber, 1999). The dietary reference intakes (DRI) 

for adults for calcium and vitamin E are 1000 mg/d and 15 mg/d, respectively (FNB, 

1999; 2000). Strawberries and raspberries are rich in many nutrients, but a poor source 

of calcium and vitamin E. The average amount of calcium and vitamin E in 100 g of 

strawberries is about 21 mg and 0.12 mg, respectively, and in 100 g of raspberries is 

40 mg and 0.69 mg, respectively (Souci et al., 2000). One of the unique characteristics 

of an edible coating is that it can be used as a vehicle for incorporating functional 

ingredients, such as antioxidants, flavors, colors, antimicrobial agents, and 
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nutraceuticals (Kester and Fennema, 1986; Diab et al., 2001). Mei et al. (2002) 

developed xanthan gum based coatings incorporating calcium or vitamin E for peeled 

baby carrots and reported that per serving (85 g) of carrots could offer about 6.6% 

DRI of calcium and about 70% DRI of vitamin E, respectively. 

While developing edible coatings to carry high concentrations of nutraceuticals for 

nutritionally fortified foods, it is very important to examine whether the nutraceuticals 

added into the coating formula alter the basic functionality of the coatings, for 

example, the moisture barrier property. A few studies have reported edible coatings 

containing nutraceuticals. Mei et al. (2002) and Mei and Zhao (2003) indicated that a 

successful development of edible coatings and films containing high concentration of 

nutraceuticals strongly depends on the type of coating materials and the type and 

concentration of nutraceuticals incorporated into the coating formulations. It was 

found that adding 0.2% vitamin E and 5% calcium into xanthan gum based coating did 

not change its moisture barrier property when applied on fresh baby carrots (Mei et al., 

2002), and incorporating same amount of vitamin E into calcium caseinate based films 

increased the water resistance and elongation of the films (Mei and Zhao, 2003). In 

this study, it is hypothesized that chitosan, because of its excellent film-forming 

property, anti-fungal activity, and capability to carry functional substances, has the 

capability to carry high concentration of nutraceuticals to not only control moisture 

loss and decay incidence of fresh berry fruits, but also to enhance the nutritional 

quality of the products. Weight loss, color, acidity, textural quality, and calcium and 

vitamin E content of fresh strawberries and raspberries during cold storage were 

evaluated to validate this hypothesis. 
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Previous studies on chitosan-based coating on fresh strawberries and raspberries 

did not usually consider the variety of the fruits (El Ghaouth et al., 1991; Zhang and 

Quantick, 1998). As different cultivars of strawberries and raspberries have very 

different physicochemical and disease resistance properties, it is important to examine 

the effectiveness of this technology on different cultivars. In addition, freezing is a 

common preservation method for strawberries and raspberries. Some of the potential 

problems with frozen fruits are the high drip loss after thawing and significant loss of 

textural quality. The application of edible coatings on frozen fruits has not yet been 

examined. In this study, we hypothesized that edible coating could reduce drip loss 

and protect the texture of the frozen berries by controlling the migration of water from 

the fruits, and chitosan-based coatings containing high concentration of calcium or 

vitamin E would not alter the basic moisture barrier function of the coatings. Thus, the 

objective of this study was to use chitosan-based edible coatings containing high 

concentrations of calcium or vitamin E to prolong the shelf-life and improve 

nutritional quality of different varieties of fresh and frozen strawberries and fresh red 

raspberries. 

2.3 Materials and Methods 

2.3.1 Materials 

Specific material included chitosan (odorless and tasteless powder, extracted from 

recycled crab and shrimp shells, 89.9% deacetylation, Vanson, Redmond, WA, 

U.S.A.), glycerol (Fisher Scientific Inc., Fair Lawn, NJ, U.S.A.), Tween 80 (Sigma, 
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Louis, MO, U.S.A.), acetic acid (Baker Adamson, Morristown, NJ, U.S.A.), 

Gluconal   CAL, a mixture of calcium lactate and calcium gluconate with water 

solubility up to 400 g L"1 and neutral taste (GC: Glucona America Inc., Janesville, WI, 

U.S.A.), dl-a-tocopheryl acetate (VE: BASF Corporation, Mt. Olive, NJ, U.S.A.), and 

acetylated monoglyceride (AM: Danisco Cultor USA, Inc., New Century, KS, 

U.S.A.). All above materials used in this study were food-grade. All other chemicals 

were of analytical grade. 

Three strawberry varieties and one red raspberry variety were evaluated in this 

study. Strawberries (Puget Reliance and Totem,) and red raspberries (Tullmeen) were 

harvested at local farms, and Driscoll brand strawberries were purchased from a local 

supermarket immediately after they arrived at the store. The cultivar name of Driscoll 

brand strawberries was not available, thus "Driscoll's" was used to represent this 

variety in this study. Uniformly sized berries, at commercial ripeness (75% red color), 

and free of physical damage and fungal infection were used. Berries were washed with 

tap water and the calyx removed before subjecting to coating. 

2.3.2 Preparation of coating formulation 

Chitosan solution was prepared by: 1) dissolving 2% chitosan in distilled water 

containing 1% acetic acid; 2) adding 1 % glycerol and 0.2% Tween 80 into the 

mixture; and 3) homogenizing the mixture (Polytron PT 10-35, Kinematica AG, 

Littau, Switzerland) for 1 min. For making the chitosan/calcium mixture, a 5% GC 

was dissolved into the chitosan solution and then homogenized for 1 min. 

Chitosan/VE solution was made by first dissolving 0.2% VE into 0.8% AM, where 
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AM was previously melted in water bath, and then integrated dissolved VE into 

chitosan solution and homogenized. All the above ratios were based on the weight of 

chitosan solution. 

2.3.3 Sample preparation 

Fresh fruit were randomly assigned to one of the three coating treatments: 

chitosan, chitosan containing 5% GC, or chitosan containing 0.2% VE. Fruit were 

dipped into the coating solution two times for 10 s each time. The berries were drained 

on stainless steel screens for 30 min following the first dipping, and for 60 min 

following the second dipping under a fan to ensure dryness. Berries dipped in distilled 

water following the same procedures were used as controls. Strawberries (Puget 

Reliance and Driscoll's) and red raspberries (Tullmeen) were then packed in clam 

shell plastic containers and stored at 2.0 0C and 88-89 % relative humidity (RH) 

without light up to 3 weeks. Totem strawberry is a processing variety and commonly 

subjected to freezing and was used for the freezing study. Totem strawberries were 

individually quick frozen by an air blast freezer (-23.0oC) for approximately 5 h. They 

were then packaged in zip-sealed polyethylene bags, and stored in the same freezer 

without light up to 6 months. 

2.3.4 Decay incidence of berries during cold storage 

Fresh strawberries (Puget Reliance and Driscoll's) and red raspberries (Tullmeen) 

were examined for mold on 0, 2, 5, 7, 10, and 14 d (for strawberries), and 0, 2, 5, 7, 

10, 14, and 21 d (for raspberries) during cold storage. A fruit was considered infected 
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when a visible lesion was observed. The decay incidence was expressed as percentage 

of fruit infected. One hundred fruit were used for each measurement. 

2.3.5 Measurement of physicochemical properties 

Weight loss of fresh strawberries (Puget Reliance) and red raspberries (Tullmeen) 

during cold storage was measured by monitoring the weight changes of fruit at 0, 2, 5, 

7, 10, 14, and 21 d. Weight loss was calculated as percentage loss of initial weight. 

Fifty fruits were used for each measurement and the experiment was performed in 

triplicate. 

Drip loss of frozen strawberries (Totem) was determined by recording the weight 

change before and after thawing. Thawing was conducted at room temperature for 6 h 

at the end of storage for 1, 2, 4, or 6 months. Samples were then lightly dried with 

tissue papers and weighed. Drip loss was calculated as percentage loss of initial 

weight. Twenty fruit were used for each measurement, and each measurement was 

replicated five times. 

Titratable acidity was determined using 10 g aliquots of fruit puree in 90 ml of 

distilled water and titrated with standardized 0.1 N NaOH to an end-point of pH 8.10. 

Titratable acidity was expressed as percentage of citric acid (%). 

Surface color of the berries was measured using a Hunter Labscan colorimeter 

(Model No. MS/S-4500L, Hunter Associates Laboratory, Inc., Reston, VA, U.S.A.), 

mode 0/45. L*(lightness), a*(red-green), and b*(yellow- blue) values were recorded. 

For each fruit, three different sites were measured. Fifteen samples were used for each 

measurement and the measurements were performed in duplicate. As hue angle (arctan 
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(b*/a*)) and chroma (a*2+b*2)1/2have been commonly accepted for describing color 

changes on post-harvest fruits and vegetables (McGuire, 1992), they were calculated 

and reported. 

The firmness of the fresh and frozen-thawed fruit was determined by measuring 

the compression force of the samples using a Texture Analyzer (TA-XT2, Stable 

Micro Systems, Surre, England). A compression load cell of 25 kg and a HDP/KS5 

Kramer Shear Cell with 5 blades were used. A sample containing 30 g of strawberry 

halves was placed inside the sample holder and subjected to shearing force at a 0.05 

mm/s head speed until the structure of the sample was disnipted and extruded through 

the base slot. Three replications for each measurement were conducted. The firmness 

was reported as peak force and expressed in Newton (N). 

2.3.6 Measurement of water vapor permeability (WVP) of the coatings 

In order to better understand the effects of calcium or vitamin E on the moisture 

barrier of chitosan-based coatings, the same coating solutions were used to make films 

and the WVP of the films was determined using a cup method at 25 0C and 100/50 % 

RH gradient using the methods and procedures of Mei and Zhao (2003). Eleven ml of 

distilled water were placed in each test cup with an inside diameter of 57 mm and an 

inner depth of 15 mm. The distance between water and the film was 10.686 mm and 

the effective film area was 25.5 cm . Test cup assemblies were placed in a temperature 

and humidity controlled chamber (T10RS, Tenney Environmental, Williamsport, PA, 

U.S.A.) conditioned at 250C and 50% RH. Each cup assembly was weighed every 

hour for 7 h using an electronic balance (TL-204, Denver Instrument Company, NV, 
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USA) (0.0001 g accuracy) to record moisture loss over time. WVP was then calculated 

using the WVP correction method (Mei and Zhao, 2003). Three replicates of two film 

specimens were analyzed. 

2.3.7 Calcium and a-tocopherol analysis 

Uncoated and coated fruit samples were dried in a mechanical convection oven 

(Precision Scientific Inc., Chicago, IL, U.S.A.) at 80 0C for 2 d and then ground into 

powder. For calcium analysis, 0.2 g of dried strawberry powder was put into a 

fluorocarbon microwave vessel with 2 mL of H2O2 (30 %) and 2 ml of HNO3 (70 %). 

Digestion was performed with the vessel capped and heated using microwave heating 

in a discreet flow automated microwave sample preparation system (MDS-2000, CEM 

Corp., Matthews, NC, U.S.A.) for 60 min. After cooling, the vessel contents were 

adjusted to 100 ml for analysis by Inductively Coupled Plasma Optical Emission 

Spectrometry (Perkin-Elmer dual view, Model 3000, Shelton, CT, U.S.A.), which 

measures characteristic emission spectra by optical spectrometry according to Method 

6010B in SW-846 (EPA, 2000). As calcium is very stable during storage (Mei et al., 

, 2002), it was only analyzed at day 0. Three replications were conducted for calcium 

measurements. 

For the analysis of a-tocopherol, a modification of the method by Podda et al. 

(1996) was used. Briefly, fruit (50 g) was homogenized with an equal amount of water 

in a 12-speed blender. A weighed aliquot of the homogenate (1 g) was saponified with 

alcoholic KOH, extracted with hexane, dried under nitrogen, re- suspended in 

methanol, then injected into an HPLC system. The high performance liquid 
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chromatography (HPLC) system consisted of a Shimadzu LC-lOADvp, a Shimadzu 

SIL-lOADvp auto injector with a 50|iL sample loop LC-4B amperometric 

electrochemical detector (Bioanalytical Systems Inc., West Lafayette, IN, U.S.A.), a 

glassy carbon working electrode, and a silver chloride reference electrode. The column 

used was a Waters Spherosorb ODS2 C-18 column, 4.6 * 100 mm, 3 fim particle size 

with a Waters Spherisorb ODS precolumn 5 micron 1 cm x 4.6 mm. An isocratic 

system was used. The mobile phase was 99:1 (v:v) methanol-water containing 0.1% 

(w:v) lithium perchlorate. The electrochemical detector was in the oxidizing mode, 

potential 500 mV, full recorder scale at 500 nA. Peak areas were integrated using 

Shimadzu Scientific 4.2 Class VP software package. The a -tocopherol was quantified 

at the end of 0, 7, 14, and 21 d for fresh samples, and at the end of 0, 1, 2, 4, and 6 

months for the frozen samples. Three replications were conducted. 

2.3.8 Data analysis 

Data were analyzed by analysis of variance (ANOVA) with SAS statistical 

software, release 8.02 (SAS Institute, Gary, NC, U.S.A.). General linear model (GLM) 

procedures were performed (p<0.05) for all the treatments at different sampling times. 

2.4 Results and Discussion 

2.4.1 Reduction in decay of fresh fruits 

The decay incidence of fresh strawberries and red raspberries stored at 20C and 

88~89 % RH were reduced significantly (p<0.05) compared to uncoated (control) fruit 
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(Figure 2.1). The early signs of mold development in uncoated strawberries (Puget 

Reliance and Driscoll's) and red raspberries (Tullmeen) appeared after 5 d of storage. 

At the end of 14 d of storage, 83 % uncoated Driscoll's and 65 % uncoated Puget 

Reliance fruits were infected by molds, while the decay incidence of the coated fruit 

was less than 50 % and 25 %, respectively. For red raspberries, after 21 days of 

storage, the decay incidence of the coated samples was only 2 %, while that of the 

uncoated ones was larger than 95 %. This result was consistent with those of El 

Ghaouth et al. (1991) and Zhang and Quantick (1998). El Ghaouth et al. (1991) 

suggested that chitosan induces chitinase, a defense enzyme (Mauch et al., 1984), 

which catalyzes the hydrolysis of chitin, a common component of fungal cell walls 

(Hou et al., 1998), thus preventing the growth of fungi on the fruit. In this study, it was 

found that the decay control of chitosan on the red raspberries was better than that on 

strawberries. This might be due to the different surface characteristics of red 

raspberries and strawberries, thus allowing raspberries to hold more chitosan on the 

surface than on strawberries with the same mass of the fruit. The three types of 

coatings showed almost the same efficacy against decay in the red raspberries. 

However, the chitosan containing 0.2 % VE coating showed better results than 

chitosan alone or chitosan containing 5% GC coatings in strawberries (Driscoll's and 

Puget Reliance). This might be explained as vitamin E, in the form of oil acetate, 

sealed the surface of the fruit, while calcium salt is a humectant, which absorbs and 

retains moisture, thus making the surface of the strawberries wetter and thus favoring 

the growth of fungi. This finding confirmed our hypothesis that adding vitamin E or 
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calcium into chitosan-based coatings would not reduce the anti-fungal activity of 

chitosan. 
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Figure 2.1 Effect of chitosan-based coatings on incidence of decay of fresh berry fruits 

stored at 2.0oC and 88-89% RH: (a) Strawbeny (Driscoll's); (b) Strawberry (Puget 

Reliance); (c) Red raspberry (Tullmeen). GC = Gluconal® CAL, VE = dl-a-tocopheryl 

acetate. 
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2.4.2 Weight loss of fresh strawberries and raspberries during storage 

Coating significantly (p<0.05) reduced weight loss of fresh strawberries (Puget 

Reliance) and red raspberries (Tullmeen) during storage at 20C and 88-89 % RH 

compared to the control (Figure 2.2). This confirmed the results by Garcia et al. 

(1998a) that the chitosan film formed on the surface of the fruit delayed migration of 

moisture from the fruit into the environment, thus reducing weight loss during storage. 

No significant (p>0.05) difference in weight loss among the three types of coatings 

was identified. In fact, the results on the water vapor permeability of the films (Figure 

2.3) made from the same coating solutions demonstrated that the moisture barrier 

properties of chitosan coatings containing 5% GC or 0.2% VE was significantly 

(p<0.05) improved. The explanation that by adding a high concentration of calcium 

salts into the film matrix, counter ion interactions increase among adjacent molecular 

structures with small mineral ions acting as fillers, thus resulting in decreased 

diffusivity of water vapor through the film matrix and a decrease in the hydrophilic 

tendency of chitosan films. The influence of hydrophobic additives, such as VE and 

AM, on the WVP of the films is generally expected to improve the water vapor barrier 

properties by providing hydrophobicity and increasing film resistance to water 

transmission. Similar WVP reduction trends were observed on calcium caseinate- 

based films containing high concentrations of GC or VE (Mei and Zhao, 2003). These 

results again confirmed our hypothesis that adding high concentrations of calcium or 

vitamin E into chitosan-based coatings would not alter its basic moisture barrier 

property. 
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Figure 2.2 Effect of chitosan-based coatings on weight loss of fresh berry fruits stored 

at 2.0 0C and 88-89% RH: (a) Strawberry (Puget Reliance); (b) Red raspberry 

(Tullmeen). Vertical bars indicated standard deviation. GC=Gluconal   CAL, VE = dl- 

a-tocopheryl acetate. 
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Figure 2.3 Water vapor permeability (WVP) of chitosan-based coatings containing 

calcium or vitamin E, Data is the average of six measurements, and the vertical bars 

indicate standard deviation. GC = Gluconal® CAL, VE = dl- a -tocopheryl acetate. 

2.4.3 Drip loss of frozen-thawed strawberries 

Chitosan-based coatings provided significant (p<0.05) benefit for reducing drip 

loss of frozen-thawed strawberries (Figure 2.4). At least a 24 % reduction in the drip 

loss was,achieved regardless of the type of coatings. This indicated that coatings 

formed on the surface of the fruit can survive the freezing processing and storage, help 

retain the liquid, and prevent migration of moisture from the fruit to the environment 

during freezing and thawing. Among the three types of coatings, no statistically 

significant (p>0.05) differences were observed. 
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Figure 2.4 Effect of chitosan-based coatings on the drip loss of frozen-thawed 

strawberries (Totem) stored at -23 0C up to 6 months. Vertical bars indicated standard 

deviation. GC=Gluconal® CAL, VE= dl-a-tocopheryl acetate. 

2.4.4 pH and titra table acidity of fresh and frozen fruits 

The pH increased and the titratable acidity decreased significantly (p<0.05) along 

with increased storage time in both uncoated and coated fruit (Figure 2.5). These 

results agreed with those reported by Gaouth et al. (1991) and Garcia et al. (1998a) 

that the decrease of acidity during storage demonstrated fruit senescence. In both fresh 

strawberries (Driscoll's) and red raspberries (Tullmeen), coatings slowed the changes 

on pH and titratable acidity, effectively delaying fruit senescence. This was probably 

because the semi-permeable chitosan film formed on the surface of the fruit might 

have modified the internal atmosphere, i.e., the endogenous CO2 and O2 concentration 

of the fruit, thus retarding ripening (Lowings and Cutts, 1982; Bai et al., 1988). In 
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frozen strawberries (Totem), coating did not show a significant (p>0.05) effect on the 

control of titratable acidity, but slowed the increase in pH value during storage. 

Among the three types of coatings, no significant difference was observed in the 

titratable acidity of both fresh and frozen fruits, but chitosan alone and chitosan 

coatings containing calcium showed better control on pH (lower pH) than that of 

chitosan containing vitamin E on both fresh and frozen fruit. This finding might be 

attributable to the relatively high pH value of chitosan containing 0.2% VE solution, 

4.68 in comparison with 4.55 in chitosan alone solution. 
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Figure 2.5 The pH and titratable acidity changes of berry fruits during fresh or frozen 

storage: (a) Fresh Driscoll's strawberry stored at 2 0C and 88-89% RH; (b) Fresh red 

raspberry (Tullmeen) stored at 2 0C and 88 % RH; (c) Frozen strawberry (Totem) 

stored at-23 0C; (1-4): pH values; (5-8): titratable acidity; (1, 5): Control; (2, 6): 

Chtiosan; (3, 7): Chitosan+5 % GC; (4, 8): Chitosan+0.2% VE. Vertical bars indicated 
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standard deviation (hidden by the symbols) GC=Gluconal® CAL, VE= dl-alpha- 

tocopheryl acetate. 

2.4.5 Surface color of fresh fruits during storage 

The hue angle (arctan (b*/a*)) of fresh strawberries (Driscoll's) and red 

raspberries (Tullmeen) during cold storage are reported in Figure 2.6. In general, hue 

angle decreased during storage due to the synthesis of anthocyanins, a pigment 

contributing to the red color in strawberries and raspberries. Hence, the fruit became 

redder and darker along with increased storage time, this result is similar to that 

reported by Holcroft and Kader (1999). In red raspberries, the chitosan alone showed 

the best control of fruit color during storage, suggesting a delay in the 

maturation/ripening of the fruit. This may be explained by the different reactions of 

anthocyanins with chitosan, calcium, and vitamin E (Mazza and Miniati, 1993). 

Anthocyanins carry positive charges in their stable form, the same as chitosan. The 

positive charge of chitosan may stabilize the positive form of anthocyanins, leading to 

stable color of the fruit. When calcium or vitamin E is added into chitosan coating 

solutions, chitosan might combine some of them to some extent (Koide, 1998), thus 

reducing the stabilization ability of chitosan to anthocyanins. In addition, it was found 

that adding calcium or vitamin E to chitosan coatings changed the color of the 

coatings, where chitosan containing vitamin E coatings were more yellow and less 

transparent than chitosan coatings alone (data not shown). The color differences of the 

coatings might reflect the difference in color measurement of coated fruit. Hue angle 

was not significantly (p>0.05) different among different treatments in fresh 
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strawberries. Chroma of both raspberries and strawberries of all the treatments 

increased with the storage time, but not significantly different among treatments (data 

not shown). 
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Figure 2.6 Hue angle of fresh berry fruits during storage at 2.0 0C and 88-89% RH: (a) 

Fresh red raspberry (Tullmeen); (b) Fresh strawberry (Driscoll's). Vertical bars 

indicated standard deviation. GC=Gluconal® CAL, VE= dl-a-tocopheryl acetate. 
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2.4.6 Firmness 

The firmness of fresh strawberries is not being reported here due to inconsistent 

results. The firmness of fresh raspberries (Tullmeen) decreased during storage (Figure 

7), similar to the results of Zhang and Quantick (1998). Coating did not significantly 

control the loss of firmness, similar to what has been previously reported (Garcia et 

al., 1998b; Zhang and Quantick, 1998). This may be explained by our observation that 

coated raspberries were very difficult to dry completely. The wet surface led to an 

increase in softening of the fruit compared with uncoated. In this study, coating was 

achieved by dipping the fruit in the solution twice. While this method provided 

complete coating, it might also cause extra liquid residuals on the surface and the core 

area of the raspberries, which was very difficult to dry completely. This same problem 

occurs in other coating applications on fresh produce. Studies to find an optimum 

technology to apply coatings and drying the surfaces are needed. Using low volume 

spray instead of dipping to coat the berry surface is currently being investigated in our 

laboratory. This technology would not only improve uniformity of coating, but also 

solve the waste issue of extra coating solutions. The three different coatings did not 

show significant (p>0.05) differences with regard to raspberry firmness. For frozen 

strawberries (Totem), coating significantly (p<0.05) improved firmness of frozen- 

thawed fruits (Figure 2.7). This result indicated that edible coating might help 

maintain the integrity and texture of thawed products. Among the three coatings, 

chitosan containing calcium demonstrated the best result, probably because calcium 

may interacte with the pectic acid in the cell walls to form calcium pectate, a 

compound helpful for maintain the structure of the fruit (Rolle and Chism, 1987). 
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Figure 2.7 Effects of chitosan-based coatings on the firmness of fresh and frozen- 

thawed berry fruits: (a) Fresh red raspberry (Tullmeen) stored at 2.0 0C and 88-89% 

RH; (b) Frozen-thawed strawberry (Totem) stored at -230C. Vertical bars indicated 

standard deviation. GC=Gluconal® CAL, VE= dl-a-tocopheryl acetate. 
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2.4.7 Calcium and vitamin E enrichment in coated fruits 

Coating successfully enriched calcium and vitamin E content in fresh and frozen 

fruit. For 1 serving (200 g) of strawberries, coating treatment increased calcium 

content to 6.8 ~ 7.3% DRI in fresh coated strawberries depending on the variety of 

strawberries (Table 2.1). For red raspberries, the DRI value increased to 11.6% in 

coated fruits (Table 2.1). For frozen strawberries (Totem), the calcium content was 

increased to 6.7% DRI. The calcium source used in this study, Gluconal   GAL, is a 

mixture of calcium lactate and calcium gluconate and contains about 10.75% pure 

calcium. Calcium gluconate is recognized as GRAS (Generally Recognized As Safe) 

by the FDA for a Direct Food Substance. Calcium gluconate is a preferred intravenous 

preparation for the treatment of hypocalcemia and is available as an oral or 

intramuscular preparation (Levenson and Bockman, 1994). Calcium lactate is listed as 

a nutrient supplement, and has good solubility and bioavailability in comparison with 

other organic calcium salts (Sheikh et al., 1987). Gluconal® CAL has water solubility 

up to 400 g/L _1 with neutral taste, and has been commercially used in calcium 

fortification of foods (Glucona, Janesville, WI, U.S.A.). 

Coatings increased the vitamin E content for 1 serving of strawberries (200 g) 

from 4.6-6.6% DRI in uncoated samples, to 22.7-39.9% DRI (based on DRI 15 mg/d), 

depending on the variety of strawberry and storage time (Table 2.2). Storage did not 

significantly (p>0.05) decrease the vitamin E content of coated fruit, although it 

tended to go down, while uncoated berries lost about from 22 to 59% of their starting 

a-tocopherol. Coating also significantly increased the vitamin E content of red 

raspberries (Tullmeen) from 15.36 % to 78.2-102.3% of DRI depending on the 
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storage time. The high vitamin E content in the red raspberries is attributed to its large 

surface area to volume ratio, thus carrying more nutrients than that in strawberries. As 

shown in Table 2.2, one week of cold storage or up to 6 months of frozen storage did 

not cause significant loss of vitamin E, but the vitamin E content dropped about 15 to 

17% by the end of 2 weeks of cold storage. The dl-a-tocopheryl acetate (vitamin E oil 

acetate) used in this study is a non-oxidizable form (Traber, 1999) when exposed to 

light, air and heat. This study demonstrated that chitosan-based coatings could be used 

effectively as a carrier of calcium or vitamin E to develop nutritionally fortified fresh 

and frozen fruits. 

Table 2.1 Calcium content in fruit coated with chitosan-based coatings containing 
calcium 

Samples Calcium Con tent (g kg'1) 
Fresh Control Coated 

Strawberry 
(Driscoll's) 

0.1929a±0.0088 
(3.86%)* 

0.3389b±0.0088 
(6.78%) 

Strawberry 
(Puget Reliance) 

0.2363a±0.0162 
(4.73%) 

0.3657" ±0.0162 
(7.31%) 

Raspberry 
(Tullmeen) 

0.2203a±0.0292 
(4.41%) 

0.5774b±0.0292 
(11.55%) 

Frozen Control Coated 
Strawberry 

(Totem) 
0.2124a±0.0085 

(4.27%) 
0.3361 "±0.0085 

(6.72%) 

a"b Means with different superscript letters in the same row for the same treatment at 

same storage time differ significantly (p<0.05) 

Control: Uncoated; Coated: chitosan coating containing 5 % Gluconal® CAL. 

* Values in parenthesis are % DRI values of calcium in 200 g of fruits (1000 mg/d of 

DRI for calcium is used in the calculation). 



Table 2.2 Vitamin E content in fruits coated with chitosan-based coatings containing vitamin E during fresh and frozen storage 

Sample/ 
Storage time 

Vitamin E content (mg/100 g) 

0 week 1 week 2 weeks 

Fresh Control Coated Control Coated Control Coated 
Strawberry 
(Driscoll's) 

0.49a±0.15 
(6.55%)* 

2.56b±0.15 
(34.15%) 

0.41a±0.17 
(5.43%) 

2.44b±0.17 
(32.48%) 

0.20a±0.08 
(2.73%) 

2.10b±0.08 
(27.94%) 

Strawberry 
(Puget 

reliance) 

0.34a±0.09 
(4.57%) 

2.45 b±0.09 
(32.69%) 

0.30a±0.03 
(4.00%) 

2.10b±0.03 
(28.03%) 

0.25 a±0.04 
(3.27%) 

1.71b±0.04 
(22.73%) 

Raspberry 
(Tullmeen) 

1.15a±0.13 
(15.36%) 

7.66 b: 
(102.1 

t0.13 
3%) 

0.95a±0.14 
(12.64%) 

7.29b±0.14 
(97.21%) 

0.89a±0.15 
(11.90%) 

5.86b±0.15 
(78.19%) 

Frozen 0 month 1 month 2 months 6 months 

Strawberry 
(Totem) 

Control Coated Control Coated Control Coated Control Coated 

0.40a±0.05 
(5.37%) 

2.99b±0.05 
(39.85%) 

0.39 
a±0.08 

(5.16%) 

2.87b±0.08 
(38.20%) 

0.33 a±0.06 
(4.35%) 

2.47b±0.06 
(32.98%) 

0.31a±0.11 
(4.19%) 

2.45b±0.11 
(32.62%) 

a"b Means with different superscript letters in the same row for the same treatment at same storage time differ significantly (p<0.05) 
Control: Uncoated; Coated: chitosan coating containing 0.2% dl-a-tocopheryl acetate. 
* Values in parenthesis are % DRI values of vitamin E in 200 g of fruits (15 mg/d of DRI for vitamin E is used for the calculation). 
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2.5 Conclusion 

The chitosan-based coatings proved to extend the shelf-life of fresh strawberries 

and red raspberries by decreasing the decay incidence and weight loss, and delaying 

changes in color, titratable acidity and pH during cold storage. The coatings also 

significantly reduced the drip loss and improved the texture quality of frozen-thawed 

strawberries. In addition, chitosan-based coatings demonstrated their capabilities to 

carry high concentrations of calcium or vitamin E, thus significantly increasing the 

content of these nutrients in the fresh and frozen fruits. Incorporation of calcium or 

vitamin E into chitosan-based coatings did not significantly alter its anti-fungal and 

moisture barrier functionality. However, future studies to fully understand the 

moisture and gas barrier properties of such coatings at difference temperature and 

humidity conditions are necessary. The coatings have potential for extending shelf- 

life, improving storability, and enhancing nutritional value of fresh and frozen 

strawberry and raspberry and other fruit products. Sensory studies to assess consumer 

acceptance of coated strawberries is under the way for investigation. 
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Sensory Evaluation of Fresh Strawberries {Fragaria ananassa) Coated with 
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3.1 Abstract 

Strawberries (Fragaria ananassa) are highly perishable and characterized by short 

shelf-life. This is attributed to high respiration rates and susceptibility to fungal 

spoilage. Chitosan has been found to be an ideal preservative coating material for 

fresh fruits due to its antifungal properties. However, acid dissolved chitosan solutions 

develop bitterness and astringency, making chitosan-coated foods less practical on the 

real market. 

Three 1% chitosan-based coatings were developed: chitosan in 0.6% acetic acid 

solution, in 0.6% lactic acid solution, and in 0.6% lactic acid solution plus 0.2% 

vitamin E. Coated strawberries were packed in clam-shell boxes and stored at 2 0C 

and 88~89 % RH up to 3 weeks for sensory evaluation. Both a consumer panel and a 

free-choice profiling trained panel were used for the sensory study. 

Both consumer tests of 1 day and 1 week after coating indicated that lactic acid 

and acetic acid dissolved chitosan coatings increased the appearance acceptance of the 

strawberry, but coating containing vitamin E decreased acceptably appearance of 

strawberry. Chitosan coatings did not change sweetness and firmness compared to the 

uncoated treatment. Thel% chitosan coating solution did not extend the shelf-life of 

the strawberry after 1 week of storage. Trained panel results after storage of 1 week 

and on the selected samples after storage for 2 and 3 weeks showed that lactic acid 

chitosan coating increased the glossiness of the strawberry, while chitosan coating 

with vitamin E increased the waxiness and whiteness of the strawberry. The trained 

panel did not detect any astringency in the samples, and vitamin E fortified coating 
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tended to help maintain the overall strawberry flavor of the strawberry compared to 

other treatments at the same storage time. 

The 1 % chitosan treatment significantly decreased astringency of chitosan coated 

strawberries, but more work needs to be done to extend the shelf-life and at the same 

time decrease astringency. 

Keywords: chitosan coating, strawberry (Fragria ananassa), sensory, consumer test, 

free-choice profiling 
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3.2 Introduction 

Strawberries (Fragaria ananassd) are highly perishable due to high respiration 

rates (Li and Kader, 1989) and susceptibility to fungal spoilage (El-Kazzaz et al., 

1983). One possible solution is to use edible coatings to protect perishable foods from 

deterioration by retarding dehydration, suppressing respiration, maintaining texture 

quality, retaining volatile flavor compounds, and reducing microbial growth (Diab et 

al., 2001). Chitosan, a high molecular weight cationic polysaccharide obtained by 

deacetylation of chitin, might be an ideal preservative coating material for fresh fruits 

because of its excellent film-forming and biochemical properties (El Ghaouth et al., 

1991, 1992). Chitosan is a by-product from the seafood industry. 

Based on solubility, 2 general types of chitosan are available. The form usually 

used is the acid-soluble form (Shahidi et al., 1999); the other type is water-soluble 

chitosan (Kweon and Lim, 2003). Water-soluble chitosan has been studied for its 

sensory properties and it was found that bitterness, astringency, chemical and fish 

flavors were present, but were of low intensity (Kim et al., 1999; Lee and Lee, 2000; 

Alieva et al., 2002). However, its antifiingal activity has not been reported, and based 

on our laboratory experience, its film-forming function is poorer compared with acid- 

dissolved chitosan. In addition, water-soluble chitosan is much more expensive, and 

not manufactured in North America. According to El Ghaouth et al. (1991), Zhang and 

Quantick (1998), the acid-soluble chitosan has antifiingal activity against several 

fungi. They applied a chitosan solution (1.0, 1.5, 2.0% w/v) to strawberries inoculated 

with a suspension of B. cinerea and Rhizopus sp., and found a decreased decay rate in 

the coated strawberries. The capability of chitosan to prolong shelf-life of fresh 
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strawberries was reported by Reddy et al. in 2000. However, no sensory work has 

been done on these acid-soluble chitosan coated products. According to preliminary 

work from this study, when using acid soluble chitosan, the acids, usually acetic and 

lactic, assist the dissolution of chitosan, with pH in the range of 3.9 to 4.2. In this pH 

range, chitosan solutions develop bitterness and astringency, which has been one of 

the major sensory limitations for oral ingestion of chitosan-acid solutions. Further 

work needs to be done to improve the sensory properties of acid-soluble chitosan 

coatings. 

Edible coatings can be used as a vehicle for incorporating functional ingredients, 

such as antioxidants, flavors, colors, antimicrobial agents, and nutraceuticals (Kester 

and Fennema, 1986; Diab et al., 2001). Mei et al. (2002) developed xanthan gum 

based coatings incorporating calcium or vitamin E for peeled baby carrots and 

reported that each serving (85 g) of carrots could provide about 6.6% DRI of calcium 

and about 70% DRI of vitamin E, respectively. Chitosan-based coating solutions 

containing a high concentration of vitamin E were tested in a previous study for 

enhancing nutritional value of coated strawberries (Han et al., 2004). Such coatings 

showed excellent capabilities for enriching vitamin E concentration in coated 

strawberries and raspberries in addition to prolonging shelf-life of the fruits. 

Although strawberries are a good source of anthocyanins, vitamin C, and amino 

acids (Souci et al., 2000; Kahkonen et al., 2001), they are not a good source of vitamin 

E; the average amount of vitamin E in 100 g of strawberries is about 0.12 mg, while 

the dietary reference intakes (DRI) for adults is 15 mg/d (FNB, 2000). Vitamin E has 

been identified as an important nutraceutical that plays significant roles in the human 
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body to prevent certain diseases (Traber, 1999). Many Americans do not consume 

vitamin E-adequate diets (FNB, 2000), and coated strawberries could be a source of 

vitamin E supplements. 

The objectives of this study were to develop acid soluble chitosan-based coatings, 

including coatings containing vitamin E, and to evaluate the sensory quality of 

chitosan-coated fresh strawberries during cold storage through consumer testing and 

trained panel descriptive analysis. 

Free-choice profiling (FCP) was used for developing and rating intensities of 

product sensory characteristics. It allows each panelist to describe the samples in their 

own words (Williams, 1981). Descriptors are generated by each panelist choosing 

words freely; these terms are used to develop an individual ballot for subsequent 

testing. The result of this method is a consensus configuration revealing the 

relationships between the samples based on the descriptors given to each sample by 

the panelists (Stucky and McDaniel, 1997). 

3.3 Materials and Methods 

3.3.1 Chitosan Solution Ingredients 

All ingredients used in the chitosan solutions were food-grade. Specific material 

include the following: chitosan (Odorless and tasteless powder, extracted from 

recycled crab and shrimp shells, 89.8% deacetylation, Vanson, Redmond, WA, 

U.S.A.), glycerol (Fisher Scientific. Inc., Fairawn NJ, U.S.A.), acetic acid (AA: Baker 

Adamson, Morristown, NJ, U.S.A.), dl-lactic acid (LA: Mallinckrodt Baker, Inc. 
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Phillipsburg, NJ, U.S.A.), dl-a-tocopheryl acetate (VE: BASF Corporation, Mt. Olive, 

NJ, U.S.A.), and acetylated monoglyceride (AM: Danisco Cultor USA, Inc., New 

Century, KS, U.S.A.). 

3.3.2 Strawberry samples 

The original design required samples to be stored for 3 weeks. In order to compare 

the stored samples to fresh samples, new sample was purchased and put into storage 

after one, two and three weeks storage of the initial product. Thus, after 3 weeks have 

elapsed, a comparison of samples stored for one, two and three weeks would be 

possible. However, the original variety, Diamante, was not available at the beginning 

of the second week, and Seascape was substituted into the design. Thus, the storage 

study is of Diamante stored for one and three weeks, and Seascape stored for two 

weeks. 

Fresh strawberries (Fragaria ananassa) of the variety Diamante, from Coastal 

Berry Company (Watsonville, CA, USA), and of the variety Seascape from Larse 

Farms Inc. (Watsonville, CA, USA) were purchased from a local supermarket 2-3 

days after they were picked from the field, and were stored under refrigeration (~30C) 

before they were sold. Diamante berries were used for the consumer test one day after 

coating and for the consumer and trained panel test after 1 and 3 week's storage. 

Seascape berries were used for the consumer and trained panel test after 2 week's 

storage (Table 3.1). Fruits with uniform size, medium maturation, and free of physical 

damage and fungal infection were selected. The strawberries were checked every day 
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during cold storage, the molded, damaged strawberries were thrown away. So the 

samples were not generally representative. 

Table 3.1 Strawberry varieties used in the sensory test 

Sensory test Strawberry variety 
Consumer test Diamante 
Trained panel (1 week, 3 weeks) Diamante 
Trained panel (2 weeks) Seascape  

3.3.3 Preparation of coating formulation 

In preliminary studies, three concentrations of chitosan solutions, 1%, 1.5% and 

2% were tested (both lactic acid or acetic acid). It was found that 1.5 and 2% chitosan 

solutions required a high concentration of acid to dissolve, resulting in astringency and 

bitterness of the solutions. According to Rodriguez et al. (2003), when the pH of the 

chitosan solution reaches 6.3, the astringency will be significantly reduced; this can be 

done byi reducing the chitosan concentration and adding sodium hydroxide to 

neutralize the pH of the solution. El Ghaouth (1991) indicated that 1.0-2.0% of 

. chitosan in coating solution is sufficient to control decay of fresh berries during 

storage. Hence, the 1% chitosan solution was used in the final coating formulation. 

Three chitosan-based coatings were developed: 1) 1% chitosan in 0.6% acetic acid 

solution; 2) 1% chitosan in 0.6% lactic acid solution; and 3) 1% chitosan in 0.6% 

lactic acid solution containing 0.2% dl-a-tocopheryl acetate (vitamin E, VE). 

For preparing chitosan-based coating solutions, 1% chitosan was first dissolved in 

an 0.6% acid solution, and homogenized (Polytron PT 10-35, Kinematica AG, Littau, 

Switzerland) for 1 min with 0.5 % glycerol added to make the coating soft. Solution 

• pH was then adjusted to -5.2 using 40% NaOH. For preparing chitosan/VE solutions. 
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a 0.8%) acetylated monoglyceride (AM) was melted in a water bath, then 0.2% VE was 

dissolved in the AM solution, and this mixture was integrated into the chitosan 

solutions. All three chitosan-based coating solutions were homogenized again and 

filtered using a vacuum filter to remove bubbles during solution making. Solutions 

were then placed inside glass jars and sterilized in an electric pressure steam sterilizer 

(Model 25X, Wisconsin Aluminum Founory Co. Inc. Manitowoc, WI, U.S.A.) at 

115oCfor20min. 

3.3.4 Coating of strawberries 

Fresh strawberries were washed and the calyx removed before randomly assigning 

the three coating treatments. Fruits were dipped into the coating solutions twice for 10 

s each time. The fruits were drained on stainless-steel screens (0.5 inch x 0.5 inch) for 

30 min following the first dipping and for about 1 h under a fan to ensure dryness 

following the second dipping. Strawberries dipped in distilled water following the 

same procedures were used as control. Strawberries were packed in clam-shell clear- 

plastic, molded boxes and stored under refrigeration at 20C and 88~89% RH up to 3 

weeks. The samples were defined as: AA (Chitosan dissolve in acetic acid solution) 

LA (Chitosan dissolved in lactic acid solution), LAE (Chitosan dissolved in lactic acid 

solution containing vitamin E), and CON (control). 1W, 2W and 3W means stored for 

1 week, 2 weeks, and 3 weeks, respectively. 
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3.3.5 Sensory evaluation 

3.3.5.1 Recruiting of panelists 

Permission to carry out the sensory study was approved by the Institutional 

Review Board for the Protection of Human Subjects at Oregon State University 

(OSU). Consumers were recruited by emails using the Sensory Science Laboratory 

database, OSU, Corvallis, OR. They were screened for allergic reactions to 

strawberries and to the ingredients used in the coatings. Recruiting criteria included 

consumers over 18 years and consumers who liked strawberries. Before participating 

in the evaluation, consumers were asked to sign a consent form, which revealed all 

ingredients used in coating strawberries and had a clearly defined risk statement. Only 

those who met all the criteria were eligible. 

3.3.5.2 Sample presentation 

Samples were taken out of refrigeration 1 hr prior to the start of the evaluation to 

equilibrate to room temperature. The presentation order of the samples was balanced 

so that each sample appeared in the same position an equal number of times, in order 

to minimize any bias caused by presentation order. 

3.3.5.3 Consumer panel 

Two consumer panels were used in this study. The first panel consisted of 92 

consumers (68 females and 24 males, from 18 to 70 years old) recruited for evaluating 

samples 1 day after coating (day 1). The second consumer panel formed by 151 
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panelists (108 females and 43 males, from 18 to 70) was used for evaluating sensory 

quality of berries after 1 week of cold storage. Panelists were asked to observe and 

then rate the overall appearance of the samples in a separate room using a 9-point 

hedonic scale (1 = dislike extremely, 5 = neither like nor dislike, and 9 = like 

extremely). Two clam-shell boxes, each containing about 10 whole strawberries from 

each treatment, and labeled with 3-digit random numbers, were presented to the 

panelists. The panelists observed and rated the overall appearance of the samples. 

Following the appearance test, consumers entered into individual sensory booths and 

were served the samples on paper plates. For the day 1 consumer test, each plate 

contained 2 whole strawberries. For the stored sample consumer test, 2 half pieces 

from different strawberries were presented. Overall liking, flavor liking, sweetness 

liking, and firmness liking were rated by the panelists using the same 9-point hedonic 

scale. A complete block design was used (treatment = strawberries with different 

treatment, and block = consumer). The day 1 consumer test was completed in one day. 

For the samples after cold storage, the test was conducted on two consecutive days. 

Demographic data were obtained regarding gender, age, frequency of strawberry 

purchasing, interest in vitamin E fortified fruits and shelf life extension. 

3.3.5.4 Free-choice profiling panel 

Nine panelists (8 females and 1 male, aged from 18 to 50) were recruited for the 

Free-choice profiling trained panel study. Panelists met for three one-hour sessions to 

describe coated and uncoated strawberries using terms developed during panel 

discussions; only three panelists chose to use descriptors that were different from 
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those used by the other panelists. In data collection, panelists evaluated the appearance 

of the strawberries first in a separate room, where two clam-shell boxes each 

contained about 10 whole strawberries from each treatment. They were labeled with 3- 

digit random numbers, and presented to the panelists. The panelists observed and rated 

intensities of overall appearance descriptors (Table 3.2). They then entered individual 

booths to rate samples using texture and flavor/taste descriptors developed during 

training. Spring water (Aqua Cool, Portland, OR) was provided for rinsing between 

samples. A fifteen-point structured intensity scale (0 = none, 7 = moderate, 15 = 

extreme) was used. A complete block design (treatment = strawberries with different 

treatments, and block = panelists) was used; four replications were conducted on 2 

consecutive days with two replications on the first day and two replications on the 

subsequent day. 
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Table 3.2 Descriptors and definitions developed by the trained panel 

Descriptors Definitions 

Appearance 

Glossiness Surface shine 
Shriveled Shrinking of surface 
Dryness Dry appearance at sliced end of strawberry 
Damaged Includes bruised /disease 
WaxyAVhite White cover on the surface 

Texture 

Crispness The noise and force with which the sample breaks or 
fractures. 

Finnness The force required to compress between tongue and 

Juiciness 

Flavor/Basic taste 

palate. 
Amount of moisture in the mouth after chewing 5 
times. 

Overall 
Strawberry 

Fresh 
Strawberry 
Sour 

Sweet 
Astringency/Mouth 
drying  

Total strawberry impression (ripe or unripe, jammy, 
cooked, etc.) 

The flavor typical of fresh ripe berries. 

Taste stimulated by acids, such as citric, malic, 
phosphoric, etc. 
Taste stimulated by sucrose and other sugars 
The shrinking or puckering of the mouth surface 
caused by substances such as tannins or alum.  
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3.3.6 Instrumental analysis 

Strawberry samples were analyzed for color, pH, total titratable acidity, and 

firmness, using the methods described in Han et al. (2004). Surface color of the berries 

was measured using a Hunter Labscan colorimeter (Model No. MS/S-4500L, Hunter 

Associates Laboratory, Inc., Reston, VA, U.S.A.), mode 0/45. L*(lightness), 

a*(redness- greeness), and b*(yellowness-blueness) values were recorded. The hue 

angel (arctan (b*/a*) and chroma (a*2+b*2)1/2 were calculated to determine color 

changes during storage. Titratable acidity was measured by titration to pH 8.1 with 

0.10 N sodium hydroxide (Mallinckrodt Baker, Inc., Paris, KE), and pH was measured 

by a pH meter (IQ240, IQ Scientific Instruments, Inc., San Diego, CA, USA). A 

portable Brix Meter (RA-250, Kem Kyoto Electronics Manufacturing Co., Ltd, Japan) 

was used to measure soluble solids. A Texture Analyzer (Stable Micro Systems, Surre, 

England) was used to measure the firmness of the strawberries, which was expressed 

as the compression force of 50 g of strawberries. 

3.3.7 Statistical analysis 

For consumer tests, ANOVA and mean separation of attributes was conducted through 

Tukey's HSD by Compusense five (4.4.8., Compusense Inc., Gulph, Ontario, Canada). 

For Free-choice profiling, the raw data were analyzed by GPA (Generalized 

Procrustes Analysis) using Senstool 2.3 (Compusense Inc., Gulph, Ontario, Canada), 

which provides a group mapping of treatments. Treatment differences within each 

dimension (axis) were tested using univariate analysis of variance (SPSS 10.0.1, SPSS 
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Inc., Chicago, IL). Statistical significance was accepted if the p value was less than or 

equal to 0.05. 

3.4 Results and Discussion 

3.4.1 Consumer test 

Consumer acceptability mean ratings of the five sensory attributes on strawberries 

subjected to different chitosan-coating treatments one-day after application can be 

found in Table 3.3. No differences (p>0.05) were identified on flavor, sweetness, and 

firmness liking. However, significant differences (p<0.05) were identified on 

appearance and overall liking ratings, where LAE coated samples showed lower 

ratings than those of the control (CON), AA and LA coated samples. The lower 

appearance liking scores on LAE samples, can be attributed to the loss of shininess on 

the surface of the strawberries due to the addition of lipid-soluble vitamin E in the 

coating formulation. Chitosan films containing vitamin E are less transparent, more 

yellow, and less glossy than those without vitamin E addition (Park and Zhao, 2003). 

On overall liking scores, AA coated samples had the highest rating, but it was not 

statistically different from CON and LA samples; it was significantly higher than LAE 

samples. AA samples were rated highest in flavor and sweetness liking, but not to a 

significantly degree. In this study, no difference was identified between samples of 

AA and LA on any of the sensory descriptors. Based on previous studies, chitosan 

film made of LA was much more shiny than that from AA, hence LA was chosen to 

coat the fresh strawberries for storage studies by consumer and trained panels. 
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Consumer liking mean ratings of the five sensory attributes on strawberries 

subjected to different coating treatments and stored for one week at 20C and 88~89% 

RH can be found in Table 3.4. Among all one-week old samples, no significant 

difference (p>0.05) in five sensory attributes was identified except the LAIW samples 

received the highest rating in appearance liking and the LAE1W samples received the 

lowest score in flavor liking. These results illustrated that coating treatment did not 

affect the consumer acceptance on strawberries during the first week of storage, which 

is consistent with samples one day after coating as presented in Table 3.3. In 

comparison with uncoated samples, coating didn't show an additional benefit on 

sensory quality at the end of first week of storage. Significant (p<0.05) differences 

between fresh strawberries and those stored for one week were identified, where fresh 

strawberries had significantly higher sensory scores than one-week old strawbenies, 

obviously due to the quality deterioration of strawberries during storage. Samples 

were held for 2 weeks; however, the sample appearance after 2 weeks was not good 

enough to present to a consumer panel. 

3.4.2 Demographic survey results 

Sixty percent of the total 243 consumer panelists participated in this study were 

aged from 22 to 50 years old. When asking for whether they buy strawberries out of 

seasons, 60.5 % of the consumers responded either "often" or "occasionally", 32.5 % 

"once in a great while", and only 7.0 % of the consumers responded "never". More 

than 59.7 % of the participants would take it as an additional benefit if the strawberries 

have longer shelf-life, and 41.6% consumers indicated that it would increase their 
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purchase decision if the fruits were fortified with vitamin E (Table 3.5). Hence, there 

is a significant market demands on fresh strawberries with longer shelf-life and 

enhanced health benefits. 



Table 3.3 Consumer acceptability mean ratings of chitosan-coated strawberries (Diamante) 
after one-day storage at 20C and 88-89% RH ' 

Coating 
treatments 

Control 
Acetic acid 

chitosan coating 

Lactic acid 
chitosan 
coating 

Lactic acid 
chitosan coating 
with vitamin E 

p-value 

Appearance 
liking 

7.27a 

(1.29) 
7.40a 

(1.33) 
7.41a 

(1.28) 
6.85" 
(1.46) 

0.0003 

Overall 
liking 

Flavor 
liking 

Sweetness 
liking 

Firmness 
liking 

6.08ab 

(1.93) 

5.55a 

(2.26) 

5.33a 

(2.29) 

6.17a 

q-90) 

6.36a 

(1.73) 

6.07 a 

(2.09) 

5.75a 

(2.13) 

6.10a 

(2.07) 

6.08ab 

(1.77) 

5.74a 

(2.11) 

5.34a 

(2.01) 

6.14a 

5.70" 
(1.71) 

5.47a 

(1.98) 

5.00a 

(1.95) 

5.61a 

(1-96) 

0.0274 

0.1404 

0.0544 

0.0780 

Means of 92 consumer panelists, number in parentheses refer to standard deviation. 
a"bDifferent letter superscripts indicate significant differences at p<0.05 for each row separated by Tukey's HSD. 
Nine point intensity scale: 1 = dislike extremely; 5= neither like nor dislike; 9 = like extremely. 

oo 



Table 3.4. Consumer acceptability mean ratings of chitosan-coated strawberries (Diamante) 
after one-week storage at 20C and 88-89% RH 1 

Sample 
Conditions 

Fresh 
Control 

stored for 1 
week 

Lactic acid 
chitosan 

coating stored 
for 1 week 

Lactic acid 
chitosan coating 
with vitamin E 

stored for 1 
week 

6.1 lbc 

(1.37) 

5.81b 

(1.80) 

5.75b 

(2.05) 

5.35b 

(2.21) 

6.02b 

(1-97) 

p-value 

Appearance 
liking 

Overall 
liking 

Flavor 
liking 

Sweetness 
liking 

Firmness 
liking 

7.60a 

(0.90) 

6.71a 

(1.65) 

6.35a 

(1.95) 

5.96a 

(2.00) 

6.70a 

(1-69) 

6.36D 

(1.52) 

5.56b 

(1.88) 

5.34bc 

(2.06) 

5.14b 

(2.07) 

5.68b 

(2.03) 

5.89c 

(1.48) 

5.32b 

(1.94) 

5.10c 

(2.12) 

4.87b 

(2.06) 

5.85b 

(1-98) 

1 Means of 151 consumer panelists, numbers in parentheses refer to standard deviation. 
a"c Different letter superscripts indicate significant differences at p<0.05 for each row separated by Tukey's 
HSD. 
Nine point intensity scale: 1 = dislike extremely; 5= neither like nor dislike; 9 = like extremely. 

oo 



Table 3.5 Demographic questions and distribution percentage (%) of the answers 

Demographic Questions Answer & Distribution percentage (%) 

Ql: Do you buy strawberries out of 
season? 

Often     Occasionally 

11.1 49.4 

Once in a great 
while 

32.5 

Never 

7.0 

Q2: When you buy strawberries, 
would it be a benefit to have a longer 
refrigerated life?  

Yes 

59.7 

No 

22.6 

I Don't care 

17.7 

Q3: Would it affect your buying Yes, increase 
decision to know that the strawberries 
were fortified with Vitamin E? 41.6 

No, decrease 

17.3 

Don't care 

41.2 

Q4: Would it affect your purchasing 
decision if you knew in advance that 
the strawberries v/ere dipped in natural 
ingredients for the purpose of 
extending shelf life?  

Yes 

60.9 

No 

29.6 

I don't care 

9.5 

00 
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3.4.3 Trained panel test 

The trained panel evaluated the sensory quality of chitosan-coated strawberries 

stored up to 3 weeks at 20C and 88-89% RH using free-choice profiling (FCP). 

Uncoated samples were used as a comparison. However, uncoated strawberries 

became seriously damaged (an estimated 95% of the strawberries were not acceptable) 

after one week of storage, thus only uncoated one-week old samples (CON1W) were 

tested and used for comparison. Only estimate of 30% of coated strawberries after 

storage for 2 and 3 weeks were acceptable. Samples whose appearance was still good 

(not moldy or damaged) were selected for the presentation to the trained panelist. Thus 

the results presented here are for the "selected" samples only, and do not represent the 

total sample. FCP of the samples generated between 13 (panelist 1, 2, 3-, 5, 7, 8) and 

15 (panelist 4) descriptors with an average of 13 descriptors/panelist. Panelists used 13 

descriptors in common: Glossiness (Glo), Shriveled (Shr), Dryness (Dry), Damaged 

(Dam), WaxyAVhite (W/w), Crispness (Cri), Firmness (Fir), Juiciness (Jui), Overall 

Strawberry(OveStraw), Fresh Strawberry (FreStraw), Sour, Sweet, and 

Astringency/Mouth drying (Astrin). Strawberry jam (StrawJ), Old strawberry 

(OldStraw), and Musty were additional terms used by several panelists. 

The ANOVA (Analysis of variance) table of the sensory attributes on tested 

strawberries is in Table 3.6. Treatments applied on strawberries, including coating and 

storage time, showed significant (p<0.001) effects on all sensory descriptors except 

for crispness, sourness, sweetness, and astringency. There was also a significant 

(p<0.001) difference among the panelists for all the descriptors, which merely means 

that panelists used different parts of the scale. Significant (p<0.05) interactions were 
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identified between treatments and panelists over shriveled, dryness, damaged, 

crispiness, and astringency. However after observation of panelist ratings, the general 

trend was consistent, which meant that the panelists performed well. 



Table 3.6 Analysis of variance (ANOVA), summary of coating treatment and panelist effect on sensory descriptors of 
chitosan-coated strawberries during 3-weeks of storage at 20C and 88-89% RH ' 

ANOVA 
source of 
variation 

Df 

Treatment      8 

Panelist 

Glo2    Shr   Dry   Dam 
W/ 
w Cri      Fir Jui 

Over 
Stra 

Fre 
Stra 

Sour    Sweet     Ast 

P P       P        P 
3f* 3^ 9^ 3|C Jp ^ 3^ 3|C ^C ^ ?|C yp 

P P P 

***      NS      *** 

P P P P P P 
***     ***       ***       ^sfg       ^g       jsrs 

Treatment     64     NS 
*Panelists 

*#*     *** NS ***      NS      NS      NS NS        NS       NS        ** 

Results are from free-choice profiling trained panel. 
2 Glo = glossiness; Shr = shriveled; Dry = dryness; Dam = damaged; WAV = waxy and white; Cri = crispness; 
Fir =firmness; Jui = Juiciness. OverStr=overall strawberry flavor; FreStr=fresh strawberry flavor; Ast=astringency. 
3 p =p-value significance 
4 NS = Not significant. 
*, **, *** Means p<0.05, p<0.01, pO.OOl respectively. 

00 
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Mean ratings of the sensory descriptors of the samples in appearance, texture, and 

flavor/basic taste are given in Table 3.7. For glossiness rating, LA1W and selected 

LA2W samples were not significantly different from fresh samples (FRESH), 

however, selected LAE2W and selected LAE3W samples were significantly (p<0.05) 

lower. Selected LAE2W was significantly lower than selected LAE3W, which could 

be explained as a variety difference. Shriveled and dryness are the sensory descriptors 

related to each other, and both increased with increased storage time. Especially for 

selected LAE2W samples, the ratings of both shriveled and dryness were significantly 

higher. Selected LA2W samples were not significantly (p<0.05) different from 

CON1W samples on shriveled. For the rating of damaged, there were no significant 

(p>0.05) differences among CON1W, LA1W, selected LA2W, selected LA3W, 

LAE1W, and selected LAE3W samples, there was no significant (p>0.05) difference 

between selected LA2W and selected LAE2W samples; both of these two samples 

received higher ratings than other treatments. This again was attributed to the variety 

difference. Waxy and white was a special descriptor for LAE samples, as shown in 

Table 3.7, all LAE samples received significantly higher rating than those of others 

regardless storage time. Selected LA3W samples also received a significantly (p<0.05) 

higher rating on this descriptor, which could have been influenced by the high dryness 

rating. 

These results are consistent with the previous findings from the consumer test, 

where lactic acid was found to increase the glossiness of the strawberries, but the 

addition of vitamin E caused the loss of surface glossiness due to the lipid nature of 
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vitamnin E. However, along with increased storage time, either LA or LAE treated 

samples became more shriveled or dried in comparison with CON1W. 

LA samples had a lower dryness rating than that of LAE samples, which might 

mean that the LA coating prevented loss of moisture better than when vitamin E was 

present. This may be explained as a result of the addition of lipid-based vitamin E 

(0.2%) and AM (Acetylated Monoglyceride) (0.8%), used for assisting the dissolution 

of vitamin E in coating solution. According to Garcia et al. (2000), increasing the oil 

concentration above the optimum (2g/L) in the coating solution will increase the water 

vapor permeability (WVP), thus making the moisture transmit faster in the LAE 

coating than is that of the LA coating. This result was similar to what was found in our 

previous study (Han et al., 2004). Surface waxy and white was caused by the addition 

of vitamin E, and became more visible along with increased storage time and exposure 

to air, i.e., the dryness of sample surfaces. Up to 3 weeks of storage for Diamante, 

selected LA or LAE samples showed no significant difference (p<0.05) from FRESH 

samples in degree of damage. 

For the texture quality, no significant difference on crispness was found among all 

samples. However, significant (p<0.05) difference on firmness and juiciness were 

observed, where firmness ratings increased with increased storage time and juiciness 

decreased with storage time, but no significant difference was found within coating 

treatments of the same storage time. These results were consistent with the 

instrumental analysis on fruit firmness (Table 3.8), where the firmness, expressed as 

peak force, increased with storage time, but was not different within coating 

treatments of the same storage time. The loss of firmness is due to the loss of moisture 
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along with increased storage time. While evaluating the flavor/basic taste of the 

samples, significant differences were only identified on the overall strawberry flavor 

and fresh strawberry flavor among different samples. For the overall strawberry flavor, 

LAE1W and selected LAE2W samples received the same high ratings as FRESH 

samples. There was no significant (p<0.05) difference between selected LA3W and 

selected LAE3W from CON1W on fresh strawberry flavor. On both overall 

strawberry and fresh strawberry flavor, LAE samples received higher ratings than that 

of LA samples within the same storage time. No difference (p>0.05) was found on 

sourness and sweetness among different samples, although the instrumental analysis 

indicated that 0Brix and pH increased with increased storage time and total titratable 

acidity decreased with the storage time (Table 3.8). No significant difference (p>0.Q5) 

was found among the treatments on astringency. 

This study found that LAE coating helped to maintain the overall strawberry and 

fresh strawberry flavors. Therefore the lactic acid used for dissolving chitosan did not 

cause any undesirable smell. LAE samples received higher ratings than other coatings 

might be the result of the addition of vitamin E, which was dissolved with the help of 

AM (Acetylated Monoglyceride). It is possible that either vitamin E, or AM, or their 

combination helped to cover the flavor caused by the acid in the coating solution. 

The result for the sourness and sweetness was consistent with the consumer test, 

where consumers and trained panelists could not detect any difference. Although 

titratable acidity has been hypothesized to relate to sourness (Harvey, 1920; Plane et 

al., 1980; Noble et al., 1986), other researchers have reported that the two were 

slightly or not at all related (Rubico, 1992; Straub, 1992). Astringency was one of the 
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major concerns in acid dissolved chitosan coatings, but was not detected by both 

consumer and trained panels in this study, i.e., no difference between fresh and coated 

samples. This result demonstrated that the modification of chitosan coating 

formulation by lowering chitosan concentration and adjusting pH of the coating 

solution to around pH 5 can significantly prevent the undesirable astringency of 

chitosan-coated samples. 

The instrumental analysis of color (Table 3.8) indicted that L*(lightness) 

decreased, chroma increased and hue angle decreased with storage time, these were 

the results of the ripening of the strawberries with storage time. 



Table 3.7 Trained panel mean ratings for descriptors showing changes of chitosan-coated strawberries during cold storage at 
20C and 88-89% RH by free-choice profiling1 

Strawberry Sample Conditions 
Descriptors Diamante Seascape 

FRESH CON1W LA1W LA3W LAE1W LAE3W LA2W LAE2W 
Appearance 

Glo3 *** 
Shr*** 
Dry *** 
Dam*** 
WAV*** 

Texture 

9.4'(2.7) 
2.6'(2.4) 
2.8'(2.3) 
2.3'" (2.3) 
0.1'(0.4) 

7.8'de(1.3) 
3.9a"(2.5) 
4.5" (2.6) 
2.4'" (2.8) 
0.2'(0.7) 

9.4'(2.4) 
3.6'" (2.6) 
5.6"'(2.7) 
1.6'(1.8) 
0.1'(0.3) 

6.7"'(3.1) 
5.7'd(2.6) 
9.2'(3.2) 
3.2a"(2.9) 
3.9" (4.7) 

7.2b'd(4.0) 
5.1"' (3.0) 
6.6'd(2.9) 
2.1'"(2.6) 
4.1"(3.8) 

5.8" (2.6) 
5.1"'(1.9) 
10.8f(1.9) 
3.2'" (3.1) 
4.9" (5.2) 

8.8 d'(2.8) 
4.4"'(2.2) 
7.6d(2.7) 
3.6"'(3.5) 
0.8"(2.1) 

2.8a(1.3) 
9.1e(1.9) 
9.2ef(1.8) 
5.1'(4.5) 
5.7" (4.3) 

Cri(NS)          6.3'(2.5) 
Fir ***           6.6'"'(2.3) 
Jui ***            6.7ab(3.3) 
Flavor/Basic taste 

6.5'(2.9) 
6.3'"'(2.8) 
6.7'" (2.7) 

6.2'(2.9) 
5.7ab(2.7) 
7.8" (2.6) 

7.5'(2.7) 
7.7'(2.4) 
6.0a(3.1) 

5.8'(2.9) 
5.6'(2.8) 
8.0"(2.8) 

6.0a(2.8) 
7.4"'(2.9) 
6.4a(2.6) 

6.8'(2.7) 
6.9'"'(2.5) 
5.9'(2.5) 

6.4'(2.5) 
6.2'"'(2.8) 
6.3'(3.0) 

OveStraw 
*** 8.0'(2.25) 7.9'(2.1) 7.4"'(1.8) 5.7a(2.1) 7.9'(2.2) 6.3ab(2.9) 6.9'"' (2.8) 8.0'(2.2) 

FreStraw 
*** 7.3'(2.8) 7.2"'(2.5) 6.0"'(2.6) 5.5'" (2.6) 6.8"'(2.9) 6.3"'(3.4) 4.0'(2.9) 4.2'(2.6) 

Sour (NS4) 5.4'(2.6) 5.9'(2.6) 4.8'(1.7) 5.5'(2.4) 4.9a(1.7) 4.8a(2.0) 5.4'(2.2) 4.7'(2.1) 
Sweet 
(NS) 

5.0'(1.9) 5.3'(1.9) 5.4a(2.4) 5.1'(2.2) 4.9'(1.9) 5.8'(2.2) 4.4'(2.3) 5.3a(3.0) 

Astrin 
(NS) 

3.6'(2.1) 3.4'(2.3) 3.7a(2.3) 3.1'(1.8) 3.5'(2.0) 3.8'(2.1) 3.3'(2.1) 3.3a(1.9) 

to 
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1 Means of 9 panelists, numbers in parentheses refer to standard deviation,a" Different 
letter superscripts indicate significant differences at p<0.05 for each row separated by 
Tukey's HSD. 
Fifteen point structured intensity scales (0 = none, 7 = moderate, and 15 = extreme). 
2 FRESH = Fresh, uncoated samples; CON1W = Fresh, uncoated samples stored for 1 
week; LA1W = Samples coated with lactic acid dissolved chitosan solution and stored 
for 1 week; LAE1W = Samples coated with lactic acid dissolved chitosan solution 
containing 0.2% vitamin E and stored for 1 week; LA2W = Samples coated with lactic 
acid dissolved chitosan solution and stored for 2 weeks; LA3W = Samples coated with 
lactic acid dissolved chitosan solution and stored for 3 weeks. LAE2W = Samples 
coated with lactic acid dissolved chitosan solution containing 0.2% vitamin E and 
stored for 2 weeks; LAE3W = Samples coated with lactic acid dissolved chitosan 
solution containing 0.2% vitamin E and stored for 3 weeks. 
3 Glo =glossiness; Shr ^shriveled; Dry =dryness; Dam =damaged; WAV =waxy and 
white; Cri =crispness; Fir =firmness; Jui =Juiciness; OveStraw =overall strawberry; 
FreStraw =fresh strawberry; Astrin =astringency. 
4 NS = Not significant. *** Indicate significance at p<0.001. 



Table 3.8 Means for selected physiochemical properties of chitosan-coated strawberries during cold storage at 2?C and 
88-89% RH ' 

Strawberry Sample Conditions 2 

Measurements Diamante Seascape 
FRESH CONIW LAIW LA3W LAEIW LAE3W LA2W LAE2W 

L** 

Chroma** 

Hue angle 

30.74c 29.29" 31.54c 27.91' 31.71c 28.28" 30.67"c 31.34e 

(3.57) 
33.60' 

(3.45) 
38.69c 

(2.62) 
34.82'" 

(2.88) 
38.90c 

(2.43) 
33.42' 

(3.13) 
39.65c 

(3.84) 
37.74"c 

(3.30) 
36.80'"c 

(3.87) 
30.78'" 

(4.45) 
30.14'" 

(4.46) 
31.37" 

(2.93) 
28.85'" 

(3.59) 
31.18" 

(4.79) 
27.64' 

(5.08) 
31.03" 

(4.76) 
29.35'" 

** 

PH 

TA (%) 

(3.94) 
3.32"c 

(3.22) 
3.44ef 

(5.94) 
3.37cd 

(3.49) 
3.48f 

(3.31) 
3.31'" 

(2.67) 
3.46ef 

(4.24) 
3.40de 

(4.47) 
3.44ef 

(0.02) 
0.81c 

(0.04) 
0.78" 

(0.02) 
0.90e 

(0.04) 
0.75' 

(0.02) 
0.87d 

(0.05) 
0.75' 

(0.02) 
0.81° 

(0.09) 
0.83c 

Brix (%) 
(o.on 
6.00ab 

(0.01) 
7.5d 

(0.00) 
6.47c 

(o.on 
8.57f 

(0.03) 
6.27"c 

(0.06) 
8.00e 

(0.08) 
8.00e 

(0.00) 
8.03e 

** 

Peak force 
(0.09) 

112.89'bc 
(0.10) 

118.24'"c 
(0.23) 

106.44'" 
(0.06) 

151.82c 
(0.59) 
99.89' 

(0.10) 
146.97"° 

(0.10) 
135.14a"c 

(0.06) 
121.34abc 

(N)** (18.56) (8.18) (10.68) (42.17) (13.90) (19.20) (12.29) (19.60) 

Numbers in parentheses refer to standard deviations of 3 replicates, a"f Different letter superscripts indicate significant 
differences at p<0.05 for each row separated by Tukey's HSD. 
2 FRESH = Fresh, uncoated samples; CONIW = Fresh, uncoated samples stored for 1 week; LAIW = Samples coated with 
lactic acid dissolved chitosan solution and stored for Iweek; LAEIW = Samples coated with lactic acid dissolved chitosan 
solution containing 0.2% vitamin E and stored for 1 week; LA2W = Samples coated with lactic acid dissolved chitosan 
solution and stored for 2 weeks; LA3W = Samples coated with lactic acid dissolved chitosan solution and stored for 3 
weeks. LAE2W = Samples coated with lactic acid dissolved chitosan solution containing 0.2% vitamin E and stored for 2 
weeks; LAE3W = Samples coated with lactic acid dissolved chitosan solution containing 0.2% vitamin E and stored for 3 
weeks. ** Indicate significance at p<0.05. 
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3.4.3.1 Generalized Procrustes Analysis (GPA) 

ANOVA on consensus scores from Generalized Procrustes Analysis (GPA) 

determined that the first three Principal Axes (PA) were significantly different (Data 

not shown). The first, second, and third PAs are shown in Table 3.9, respectively. 

The three PAs explained nearly 50% of the variation as 31%, 10 %, and 7 % were 

explained by the 1st, 2nd, and 3rd PAs, respectively. The first PA was characterized by 

glossiness in positive zone (Figure 3.1), as this descriptor created a high loading for 

every panelist (Table 3.10). The negative zone of the plot was characterized by 

shriveled, dryness, and waxy/white, as these descriptors created loadings <-0.40 

among more than half of the panelists (Table 3.10). This was reasonable, as the 

opposite of shriveled, dryness and waxy/white was glossiness. The farther along the 

axis a sample is located, the more of the characteristics of that axis is present in that 

sample. 

Figure 3.1 is the averaged GPA results for the first PA vs. the second PA. From 

the plot, it can be seen that FRESH, CON1W, LAI W, and selected LA2W samples 

were characterized by glossiness, while LAEl W, selected LAE2W, selected LAE3W, 

and selected LA3W samples were characterized by less glossiness, thus was shriveled, 

dryness, and waxy /white. Except for selected LA3W, strawberries coated by LA were 

located on the right side of the chart, which were characterized by high glossiness. 

The second PA was characterized by overall strawberry flavor and fresh 

strawberry flavor in the positive zone (Figure 3.2), and it was characterized by 

shriveled in the negative zone. FRESH, selected LAE3W, LAE1W, CON1W, and 

selected LA3W were located on the right side of the chart, and characterized by 
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overall strawberry and fresh strawberry. Selected LAE2W, selected LA2W and LAIW 

were characterized by shriveled (Figure 3.2). Principal axis 3 did not significantly 

separate the samples, hence there was no descriptor associated with it (data not 

shown). 

From the results in Figure 3.1 and Figure 3.2, it can be concluded that the most 

important sensory descriptor to separate all the samples on the first principal axis was 

glossiness, and overall and fresh strawberry flavor are the most influential on the 

second principal axis. On both Fig 3.1 and Fig 3.2, selected LAE2W and selected 

LA2W were separated from other treatments; this again indicated the variety 

difference. 
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Table 3.9 Mean scores for different treatments of principal axis 1-3 

Sample Mean Score Mean Score Mean Score 
Conditions* (Principal Axis 1) (Principal Axis 2) (Principal Axis 3) 
LAE2W -0.5a -0.15a -0.16a 

LAE3W -0.24b -0.14ab -0.16a 

LA3W -0.18bc 0.01bc -0.13a 

LAE1W -0.07cd 0.08cd 0.19C 

LA2W 0.09de -0.14ab -0.16a 

CON1W 0.25ef 0.07cd 0.08b 

LA1W 0.27f 0.00bc -0.01b 

FRESH 0.35f 0.15d 0.04b 

*FRESH = Fresh, uncoated samples; CON1W = Fresh, uncoated samples stored for 1 
week; LAI W = Samples coated with lactic acid dissolved chitosan solution and stored 
for 1 week; LAE1W = Samples coated with lactic acid dissolved chitosan solution 
containing 0.2% vitamin E and stored for 1-week; LA2W = Samples coated with lactic 
acid dissolved chitosan solution and stored for 2 weeks; LA3W = Samples coated with 
lactic acid dissolved chitosan solution and stored for 3 weeks. LAE2W = Samples 
coated with lactic acid dissolved chitosan solution containing 0.2% vitamin E and 
stored for 2 weeks; LAE3W = Samples coated with lactic acid dissolved chitosan 
solution containing 0.2% vitamin E and stored for 3 weeks. a"d Different letter 
superscripts indicate significant differences at p<0.05 for each column separated by 
Tukey's HSD. 
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Table 3.10 Loadings1 of the descriptors for the first two principal axes following free- 
choice profiling for chitosan-coated strawberries during cold storage at 2?C and 
88-89% RH 

Panelist  Principal Axis 1 Principal Axis 2  
1 -Shr 2(-0.67)-Dry (-0.79)- W/w (-0.56)   Glo (0.43)-Shr (-0.43)-Ove 
 (0.50)-Fre(0.61)-Swe(0.53) 

2 Glo (0.81)-Dry (-0.53)-W/w (-0.91)        Shr (-0.58)-Dry (-0.40)- Ove 
(0.59)-Fre (0.49) 

3 Glo (0.80)-Shr(-0.48)-Dry (-0.85)- Shr (-0.55)-W/w (0.44)-Ove 
W/w (-0.79) (0.61)- Fre (0.57) 

4 Glo (0.70)-Shr (-0.63)-Dry (-0.64)- Dam (-0.43)-Fre (0.47)-Mus 
Dam (-0.60)-W/w (-0.90) (-0.40)- Old (-0.48) 

5 Glo (0.63)-Shr(-0.82)-Dry (-0.71)- W/w (0.46)-Ove (0.40)-Sou (- 
Dam (-0.52)-W/w (-Q.83)-Cri (-0.40) 0.45)-Swe (0.61)-Ast (-0,53) 

6 Glo (0.73)-Shr (-0.59)-Dry (-0.67)- Shr (-0.45)- Ove (068)-FEe 
Dam (-0.86) (0.70)-Swe (0.53)-Mus (- 

0.50) 
7 Glo (0.63)-Shr (-0.55)-Dry (-0.80)- Glo (0.43)-Shr (-0.56)-Dam (- 

Dam (-0.41)-W/w (-0.85) 0.59) 
8 Glo (0.76)-Shr (-0.76)-Dry (-0.69)-        W/w (0.49)-Ove (0.51 )-S.we 

W/w (-0.82) (0.45) 
9 Glo (0.73)- Dry (-0.57)- W/w (-0.80)      Ove (0.53)-Mus (-0.50) 

1 Descriptors with loadings <0.40 or >-0.40 were not included in the table 
2 Glo =glossiness; Shr =shriveled; Dry =dryness; Dam ^damaged; W/W =waxy and 
white; Cri =crispness; Fir =firmness; Jui =Juiciness; OveStraw =overall strawberry; 
FreStraw =fresh strawberry; Astrin =astringency; Oldstraw =old strawberry; StrawJ 
=strawberry Jam. 
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Figure 3.1 Sample consensus plot for free-choice profiling of chitosan-coated 
strawberries during cold storage at 2?C and 88-89% RH following generalized 
procrustes analysis (GPA): principal axes 1 vs. 2 

(FRESH = Fresh, uncoated samples; CON1W = Fresh, uncoated samples stored for 1 
week; LAIW = Samples coated with lactic acid dissolved chitosan solution and stored 
for 1 week; LAE1W = Samples coated with lactic acid dissolved chitosan solution 
containing 0.2% vitamin E and stored for 1 week; LA2W = Samples coated with lactic 
acid dissolved chitosan solution and stored for 2 weeks; LA3W = Samples coated with 
lactic acid dissolved chitosan solution and stored for 3 weeks; LAE2W = Samples 
coated with lactic acid dissolved chitosan solution containing 0.2% vitamin E and 
stored for 2 weeks; LAE3W = Samples coated with lactic acid dissolved chitosan 
solution containing 0.2% vitamin E and stored for 3 weeks). GLO = glossiness, SHR = 
shriveled, DRY = dryness, WAXY/W = waxy and white, OVE=overall strawberry, 
FRE=fresh strawberry. 
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Figure 3.2 Sample consensus plot for free-choice profiling of chitosan-coated 
strawberries during cold storage at 2?C and 88-89% RH following generalized 
procrustes analysis (GPA): principal axes 2 vs. 3 

(FRESH = Fresh, uncoated samples; CON1W = Fresh, uncoated samples stored for 1 
week; LAIW = Samples coated with lactic acid dissolved chitosan solution and stored 
for 1 week; LAE1W = Samples coated with lactic acid dissolved chitosan solution 
containing 0.2% vitamin E and stored for 1 week; LA2W = Samples coated with lactic 
acid dissolved chitosan solution and stored for 2 weeks; LA3W = Samples coated with 
lactic acid dissolved chitosan solution and stored for 3 weeks; LAE2W = Samples 
coated with lactic acid dissolved chitosan solution containing 0.2% vitamin E and 
stored for 2 weeks; LAE3W = Samples coated with lactic acid dissolved chitosan 
solution containing 0.2% vitamin E and stored for 3 weeks). OVE = overall 
strawberry, FRE = fresh strawberry, SHR = shriveled. 
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3 A3.2 Panelist and sample variation 

The amount of consensus between panelists, in describing each sample, could be 

visualized by looking at the residual variation divided into two parts, percentage 

consensus and percentage residual, obtained from the GPA of the samples (Figure 

3.3). The lower, darker portion of the histogram represents the percentage consensus 

variation, and the upper, lighter portion is residual variation for various samples. There 

was high agreement for selected LAE2W, selected LAE3W, FRESH, and selected 

LA3W, but low agreement for selected LA2W, LA1W, LAE1W, and CON1W. 

Except for selected LAE2W, strawberries stored for 3 weeks were different from those 

stored less than 2 weeks, and were much easier to be distinguished mainly due to the 

loss of glossiness and moisture. For LAE samples, they were quite different from 

others after 2 weeks storage as a result of their surface waxy/white appearance. 

Selected LAE2W samples were even more distinctive than selected LAE3W ones, 

which may be caused by the variety difference. 

Panelists' individual performance was examined by the percentage residual 

variation obtained from GPA. None of the panelists had residuals that were 

significantly greater than the others (data not shown). 
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Figure 3.3 Percentages consensus and residual variation distributed over 8 chitosan- 
coated samples during cold storage at 2 C and 89% RH using free-choice profiling 

(FRESH = Fresh, uncoated samples; CON1W = Fresh, uncoated samples stored for 1 
week; LAI W = Samples coated with lactic acid dissolved chitosan solution and stored 
for 1 week; LAE1W = Samples coated with lactic acid dissolved chitosan solution 
containing 0.2% vitamin E and stored for 1 week; LA2W = Samples coated with lactic 
acid dissolved chitosan solution and stored for 2 weeks; LA3W = Samples coated with 
lactic acid dissolved chitosan solution and stored for 3 weeks; LAE2W = Samples 
coated with lactic acid dissolved chitosan solution containing 0.2% vitamin E and 
stored for 2 weeks; LAE3W = Samples coated with lactic acid dissolved chitosan 
solution containing 0.2% vitamin E and stored for 3 weeks). 

3.4.4 Discussion 

Astringency has been one of the major sensory limitations for oral ingestion of 

acid-soluble chitosan coated products according to our preliminary experiment. The 

astringency of the chitosan could be the result of a rise in amine protonated groups 

when dissolved in acid solution. The pKa of the amino group of glucosamine residue 

is about 6.3 (Muzzarelli, 1985), hence chitosan is polycationic at acidic pH value 

(Hwang and Damodaran, 1995; Femanderz, 1997). When the protonated amine groups 

in chitosan increase, the affinity of chitosan increases, thus it can bind salivary 
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proteins, causing astringency. Rodriguez et al. (2003) reported that at higher pHs of 

4.6 to 6.3, less astringency is perceived. In this study, the concentration of chitosan 

was reduced to 1%, hence the concentration of acid required to dissolve chitosan was 

also decreased (0.6%), and the pH of the solution was adjusted to -5.2 with NaOH, all 

these helped to reduce the astringency of the chitosan solution. 

In our previous study it was demonstrated that 2% chitosan coating extended the 

shelf-life of strawberries to 2 weeks, however, this experiment showed that the decay 

incidence of 1 % chitosan coated strawberries was over an estimation of 70% after 2 

weeks, although the decay incidence of uncoated samples was over 95%. The 1% 

chitosan did not work as effectively as 2%, but still had some effect, and this is mainly 

due to the decreased concentration of chitosan. This is not consistent with the result of 

El Ghaouth (1991), who found that 1% chitosan decreased the decay rate of 

strawberries to 11%, the shelf-life was extended to 21 days. They used 1% acetic acid 

and which is the only difference from the work reported here. 

It has been proven that vitamin E content in strawberries coated with 0.2% vitamin 

E fortified coating, reaches -40% of the DRI in 200 g of strawberries (Han et al., 

2004). Hence, an edible coating fortified with vitamin E has great potential to increase 

human intake of vitamin E. However, as found from this study, one of the pitfalls with 

vitamin E fortified coatings is the loss of surface glossiness with increased storage 

time and extended exposure to air. More research needs to be conducted to make the 

technology more effective and acceptable. 
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3.5 Conclusions 

1. The 1 % chitosan resulted in no perception of astringency. The low 

concentration of acid used to dissolve chitosan slowed the astringency, and the 

adjusted high pH also helped reduce the astringency. 

2. The 1% chitosan coating did not fully protect fresh strawberries from decay as 

reported in earlier work. This was probably due to the different types and 

concentrations of acids used for dissolving chitosan. In the previous work, 1 % 

acetic acid was used, but 0.6% lactic acid was used in this study. This may also 

be attributed to the different variety of strawberries. 

3. Lactic acid helped increase the glossiness of the coated strawberry, but the 

incorporation of vitamin E into the chitosan coating reduced the glossiness of 

coated strawberries; this may be a problem affecting the consumer acceptance. 

More work needs to be done to improve glossiness, such as dipping 

strawberries in the vitamin E fortified solution first and then coating with the 

chitosan solution. 
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CHAPTER4 

General Conclusions 

The 2% chitosan-based coatings containing high concentrations of calcium or 

vitamin E proved to extend the shelf-life of fresh strawberries and red raspbenies by 

decreasing the decay incidence and weight loss, and delaying changes in color, 

titratable acidity and pH during cold storage. The coatings also significantly reduced 

the drip loss and improved the texture quality of frozen-thawed strawberries. In 

addition, the 2% chitosan-based coatings demonstrated their capabilities to carry high 

concentrations of calcium or vitamin E for significantly increasing the content of these 

two nutrients in both fresh and frozen berries. Incorporation of calcium or vitamin E 

into chitosan-based coatings did not significantly alter its anti-fungal and moisture 

barrier functionality. The coatings have potential for extending shelf-life, improving 

storability, and enhancing nutritional value of fresh and frozen strawberry and red 

raspberry. 

The 1% chitosan-based coatings decreased the astringency and increased the 

glossiness of coated strawberries. The coatings containing vitamin E tended to 

maintain the overall strawberry and fresh strawberry flavors. The 1% chitosan coating 

protected a portion of the strawberries from mold but not well enough to achieve 
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consumer acceptance at longer storage times. Fortification of vitamin E coating caused 

the loss of glossiness on the appearance of strawberries. 

Additional studies need to be done to find a more effective chitosan coating 

formulation for extending shelf-life and improving consumer acceptance of coated 

products. These may include the selection of chitosan concentration between 1 to 2%, 

and the type and concentration of acid to dissolve chitosan. New coating techniques 

are also necessary to ensure uniform formation of coatings on the surface of the 

product. 
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