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A fruit color descriptive study was conducted on 'Max' and 'Sensation' 

Red Bartlett,  'Columbia' and 'Gebhard' Red Anjou, 'Rogue Red', 'Rosired', 

'Red Clapp' and 'Cascade' red pear varieties.   A parallel comparative study was 

done to test differences between related red strains.   'Max' was compared with 

'Sensation' in three different growing regions: Medford, Hood River high 

elevation and Hood River low elevation, while 'Columbia' was compared with 

'Gebhard' in two locations: Medford and Hood River. The effect of modifying 

temperature   by evaporative cooling and of light quality on color of 'Sensation' 

Red Bartlett pears were also evaluated. Anthocyanins of red pear skin were 

characterized  and quantified and their concentrations  were related to fruit 

chromaticity values. 

In all the studies fruit color was measured with a portable tristimulus 

colorimeter using the Commission Internationale   de I'Eclairage color space (L*, 

a* and b*) coordinates  at four times during fruit maturation.  Visual percentage 



of blush was also evaluated. Evaporative cooling was done with overtree 

sprinkler irrigation. Skin anthocyanins were extracted with acetone, isolated with 

polyvinylpyrrolidone (PVPP) and recovered in 1% methanolic Hcl. The extract 

was analyzed using high-performance  liquid chromatography  (HPLC) and thin- 

layer chromatography  (TLC). Monomeric anthocyanin content was determined  in 

an aqueous extract using a pH differential method. To study the effect of light 

quality on color development, gelatin filters of different spectral transmittance 

were attached over the exposed side of 'Sensation' pear fruits one month before 

harvest. Chromaticity was recorded before the filters were placed and at harvest 

after their removal. Following color measurements,   anthocyanins were extracted 

from individual skin disks. 

In the descriptive study, every strain presented different color 

development. Hue, chroma and L* increased with maturity in fruits of all 

varieties except for 'Rogue Red' and 'Rosired'.   'Rosired' had the biggest change 

in hue during maturity and 'Cascade' had the smallest.   'Columbia' and 

'Gebhard' showed the smallest change in chroma and 'Rogue Red' had the 

highest gain in L* value.   There were high differences in color between exposed 

and shaded fruit surfaces and at each stage of maturity for every variety.     In 

the variety comparison study various interactions  were found among the main 

factors: growing location, variety, surface of the fruit and stages of maturity. 

Gain in chroma, hue and L* with maturity was higher in 'Max' than in 

'Sensation', higher in Medford than in the other growing regions, and higher on 

the shaded sides of fruit than on the exposed ones.   Increase in chroma, hue and 



L* value with maturity was higher in Hood River for 'Columbia' than for 

'Gebhard', while the opposite was observed in Medford.   Shaded fruit surfaces 

had higher chromaticity values. 

Evaporative cooling promoted red skin color. However, the increase in 

coloration may have been due in part to advanced maturity stimulated by the 

evaporative cooling. 

HPLC and TLC analyses confirmed the presence of a major and a minor 

pigment which coeluted with cyanidin 3-galactoside and peonidin 3-galactoside. 

The average content of anthocyanins in red pear skins was 6.83 mg/100 g of fruit 

peels. 

In the light quality study all filters yielded less hue than the control. 

Wavelengths above 600 nm had the largest effect in chroma. Aluminum wrapped 

fruit had the highest luminosity. Wavelengths form 400 to 500 nm gave darker, 

less chromatic and redder pear fruit. All treatments  especially longer 

wavelengths yielded higher anthocyanin content than the control. 
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"Through self-knowledge you begin to find out what is 
God, what is truth, what is that state which is timeless. 
Your teacher may pass on to you the knowledge which 
he received from his teacher, and you may do well in 
your examinations, get a degree and all the rest of it; 
but, without knowing yourself as you know your own 
face in the mirror, all other knowledge has very little 
meaning. Learned people who don't know themselves 
are really unintelligent; they don't know what thinking 
is, what life is. That is why it is important for the 
educator to be educated in the true sense of the word, 
which means that he must know the workings of his 
own mind and heart, see himself exactly as he is in the 
mirror of relationship. Self-knowledge is the beginning 
of wisdom. In self-knowledge is the whole universe, it 
embraces all the struggles of humanity." 

J. Krishnamurti 



Note: This thesis is presented  in manuscript format as three publications 

written in the format of the Journal  of the American Society for 

Horticultural  Science. 
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CHAPTER   1 

INTRODUCTION 

In the past decade red pear cultivars have attracted the attention of fruit 

growers because of their high market value and increased return over standard 

varieties. They have been heavily planted in the temperate fruit regions of the 

world although the volume of production has as yet been relatively small (Willett, 

1983; Sugar, 1990). Different varieties or strains of red pears have unique 

characteristics and do not behave as a homogeneous group. Therefore it is very 

important to study them individually. 

Red pears originated in two ways: as sports, natural bud mutations on 

green-fruited trees; and as hybrids, crosses between a green variety and a red 

sport. Except for 'Rogue Red', in which the red comes from the variety 'Seckel', 

'Red Bartlett' was used as one of the parents for all of the hybrids currently 

available (Sugar, 1990). Following is a description of the fruits of the cultivars 

included in this study. 

Red Bartlett: 

Both the 'Max' and 'Sensation' strains of Red Bartlett are bud sports of 

green Bartlett. 'Max' Red Bartlett was the first red pear to be found. It was 

discovered as a bud sport of Bartlett in 1938 in Washington, and patented in 1947. 



2 

Subsequently it was used for the development of red pear hybrids.  'Sensation' is 

a strain found in Australia in 1940 and introduced in 1959 in the United States. 

Differences between the two strains are not pronounced but it has been observed 

that 'Sensation' maintains red color better as harvest approaches and is less prone 

to reversion than 'Max'. Nevertheless, the fruit color of both strains declines near 

harvest.    In both strains the fruit present  a striped pattern   in the red color 

beginning at the basal end extending up to 1/3 of the length of the fruit (Dayton, 

1966).  Harvest time of Red Bartlett is generally after green Bartlett giving the 

Red Bartlett more opportunity to gain size.   'Sensation' maintains fruit firmness 

in the orchard longer than green Bartlett,  and seems to be less susceptible to 

premature   ripening induced by cold nights in late summer (Sugar, 1990).   Red 

Bartlett fruit arejseldom all red, but are more a red "cheeked" fruit, 'Sensation' 

being the one which usually has a more uniform color (Ing, 1987).  The fruit of 

both strains has a Bartlett  type shape with fine texture, white flesh color and 

moderate storage life. 

Red Anjou: 

Two red sports of D'Anjou currently are being propagated.     One was 

discovered by Vemon Gebhard in 1950 in Medford, Oregon.   Another sport was 

found as a single limb by Gene Euwer in Parkdale, Oregon in 1976.  The fruit 

color of Red Anjou is a dull rather than bright red that covers the fruit on all 

sides, has prominent lenticels and often a leathery or mottled appearance   (Ing, 

1987).    Red  Anjous  appear   to have little color variation  in different  growing 
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regions.  There is not much information comparing the two strains of Red Anjou 

due to the relatively recent development of 'Columbia' (Sugar, 1990). 

Fruits of 'Columbia' have higher soluble solids and ripen more promptly 

than 'Gebhard'. Fruits of both red strains mature with Anjou, but are often 

harvested after Anjou to allow more time for size increase (maturity date: late 

August to mid-September). Fruit shape is uniform oblong-ovate-pyriform, medium 

size, flesh color is yellowish white with fine smooth texture. 

Rogue Red: 

'Rogue Red' resulted from a cross of 'Cornice' with a seedling of 'Seckel' 

x 'Farmingdale #122', and is the only red hybrid that does not have a true red 

pear in its parentage. 'Seckel' tends to blush red on the sun-exposed fruit surfaces, 

'Rogue Red' fruit color presents these similar characteristics but the red color is 

brighter and covers more of the fruit surface. The fruit has an attractive red blush 

over a yellow ground color and the shaded portions of the fruit remain green 

(Sugar, 1990). The shape of the fruit varies from ovate to pyriform. In general 

the fruit finish is regularly very clear and highly attractive (Willett, 1983). In 

contrast to Red Bartlett, the color of 'Rogue Red' seems to intensify near harvest. 

The fruit, like 'Seckel', is very sweet but with a drier coarser texture. Fruit 

matures late, with 'Bosc'. 

Rosired Bartlett: 

Found in California in 1948, 'Rosired' is a sport of Bartlett.   In comparison 

with 'Max' and  'Sensation' Red Bartletts   which have a striped  color pattern. 
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'Rosired' is solidly colored, and the red is a darker maroon hue.   Russet and 

surface marks give a yellow-gold appearance   on the fruit of 'Rosired' and are 

more pronounced  than the darker marks of the other red strains (Sugar, 1990). 

Fruit mature   1-2 weeks later than 'Bartlett' and the fruit size may be slightly 

smaller than that of 'Sensation' (Sugar, 1990). 

Red Clapp: 

Also known as 'Red Clapp's Favorite', 'Starkrimson', and 'Super Red', this 

variety originated as a sport of the green 'Clapp's Favorite' found by Kalle in 

Michigan. The fruit color is deep crimson red, solid, and entirely covering the 

fruit surface. Color reversion has been noticed occasionally in Oregon and 

California (Sugar, 1990). The different cast of color in 'Starkrimson' and its lack 

of change during ripening attest to the probability that genes different from those 

in the other bud-sports are involved (Dayton, 1966). 

Fruit quality is good with an excellent color and a melting but slightly 

granular and gritty texture and a sweet juicy flavor (Willett, 1983). The shape is 

pyriform and uniform. Fruit are ready for harvest 5-10 days before Bartlett. The 

advanced harvest period of this cultivar allows for early insertion onto the market 

with high quality fruit. However this has an adverse impact on the market for 

Red Bartlett which typically follow with a paler and less complete red color 

(Sugar, 1990). 



Cascade: 

This pear is a cross of 'Cornice' x 'Max Red Bartlett' made by Prof. 

Reimer in the early 1940s at the Southern Oregon Experiment Station in Medford, 

Oregon. 'Cascade' was introduced in 1985. Prior to release, the cultivar was 

known as 3-3-6 (Sugar and Lombard, 1986; Sugar, 1990). 

Fruit of 'Cascade' is 60-90% covered with a dark red blush on a yellow 

background. Fruit is large and pyriform, fine and smooth textured like 'Cornice' 

with a mild acidity like 'Bartlett' and white flesh. Fruit is mature towards the end 

of the 'Bartlett' harvest season. The most frequently encountered disadvantages 

of 'Cascade' are its incomplete red color and its sensitivity to surface marking in 

the orchard. According to some observations, color development may be best in 

areas with warm day and cool night summer temperatures   (Sugar, 1990). 

The most important attribute of these cultivars is the color of the fruit that 

makes a more attractive display of all pears in the market (Sugar, 1990). Red skin 

color is an important factor for market acceptance. Red cultivars are often 

preferred to others, and within a cultivar, better colored fruits generally earn 

higher prices (Saure, 1990; Singha et al., 1991a; Singha et al., 1991b; Mazza and 

Miniati, 1993). For example, in apples, consumers know from experience that 

brighter colored often taste better than green ones, this is because of the higher 

sugar and aromatic compound levels (Saure, 1990). 
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The pigments causing red coloration in pears are mainly anthocyanins, the 

ones identified  are: cyanidin-3-galactoside  and cyanidin-3-arabinoside   (Francis, 

1970).     Environmental    and  cultural   factors   influence   fruit  color  evolution. 

Temperature   and light are two environmental  factors important for red pigment 

development of fruit (Saure, 1990; Singha et al., 1991a). Different growing regions 

present different conditions for the seasonal development  of color quality, and 

therefore   strains  that  ordinarily  evolve good fruit color could  show distinct 

response with inherent variations in the environment (Singha et al., 1991a). 

Fruit color may be analyzed with a tristimulus colorimeter.   The portable 

tristimulus colorimeter is a rapid, non-destructive method for estimating changes 

in  individual   fruit  skin color  during  the   growing  season,   quantifying   it in 

internationally  acceptable  units and thus allowing more consistent and reliable 

comparisons (Singha el al., 1991a and 1991b). 

The objectives of this study were to analyze fruit color development and 

change during maturity in eight red pear cultivars in different growing areas of the 

Pacific Northwest, evaluate the effects of light and temperature on fruit color and 

characterize  and determine total monomeric anthocyanins in red pear skins. 



CHAPTER 2 

LITERATURE REVIEW 

Pigments responsible for red color in pome fruits 

Three groups offlavonoids are of particular interest in plant physiology: the 

anthocyanins, the flavonols and the flavones (Salisbury, 1992). Anthocyanins 

(from the Greek anthos, "flower",and kyanos, "dark-blue") are pigments which 

give most fruit their red, violet, and blue color (Salisbury, 1992; Macheix et al., 

1990; Mazza and Miniati, 1993). However, they are not present in certain fruits 

(e.g., tomato, red pepper) in which the color is caused by carotenoids pigments. 

Natural anthocyanic pigments (anthocyanins) are glycosides which release aglycone 

forms (anthocyanidins)  by hydrolysis (Macheix et al., 1990). 

Flavonoids are compounds which all possess the same basic skeleton: C15 

(C6-C3-C^) and are generally distributed throughout the plant kingdom (Harbome, 

1988; Macheix et al., 1990; Stafford, 1990; Salisbury, 1992). Usually, this basic 

skeleton is modified such that more double bonds are present, making the 

compounds absorb visible light and consequently giving them color (Salisbury, 

1992). 
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The carbon ring at the left of the molecule is called the A ring and the one 

at the right end is designated   as the B ring.   Experiments   with radioactively 

labeled precursors established that the carbon skeleton of all flavonoids is derived 

from acetate and phenylalamne (Macheix et.al, 1990). The A ring and the oxygen 

of the central ring are formed from three acetate units (malonate)   provided by 

acetyl Co A. This is formed through the carboxylation of acetyl Co A, by the action 

of acetyl CoA carboxylase, in the presence of ATP (Gross, 1987). Phenylalamne, 

the aromatic amino acid produced in plants via the shikimate pathway, gives rise 

to the B-ring and the three carbons of the central ring (Macheix et al., 1990; 

Salisbury, 1992). The sequence of reactions in flavonoid biosynthesis involves the 

transformation   of phenylalamne   into  cinnamic   acid  through   elimination   of 

ammonia.  The reaction is catalyzed by phenylalamne ammonia-lyase (PAL), a key 

enzyme in phenolic biosynthesis (Gross, 1987; Macheix et al., 1990). 

Hydroxyl groups are almost always present in the flavonoids, particularly 

attached in the 3' or 4' positions to the B ring, or to the 5 and 7 positions of the 

A ring, or to the 3 position of the central ring.   Various sugars utilize these 

hydroxyl groups  as points   of attachment    increasing   the   water   solubility  of 

flavonoids (Salisbury, 1992). 

The biosynthesis of anthocyanins  proceeds by the pathway chalcone — ► 

flavanone   —► 3-hydroxyflavanone   (dihydroflavonol)    —► anthocyanidin    —► 

anthocyanin.   Enzymes for the conversion of dihydroflavonols into anthocyanidin 

are still unknown (Macheix et al., 1990). Chalcone is the first common precursor 
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for all flavonoids.  The enzyme chalcone synthase which catalyses its formation is 

the key enzyme in flavonoid biosynthesis. Chalcone isomerase isomerizes 

chalcone into flavonone, which is then converted into flavones, flavonols or 

anthocyanins (Wellmann and Baron, 1974; Seitz and Hinderer, 1988). The last 

steps in anthocyanin biosynthesis are glycosylation and acylation (Seitz and 

Hinderer,  1988). 

Several different anthocyanins exist in higher plants, and sometime more 

than one is present in a particular organ (Salisbury, 1992). Anthocyanins are 

present as glycosides, usually containing one or two glucose or galactose units 

attached to the hydroxyl group in the central ring, or to the hydroxyl group at the 

5 position of the A ring. The resulting glycosides become water soluble. 

Glycosidic variation leads to about 200 sugar derivatives of anthocyanidins (Seitz 

and Hinderer, 1988); removing the sugars, the remaining parts of the molecules 

are called anthocyanidins and are still colored (Salisbury, 1992). Some 15 

anthocyanidins are known today, but only 6 are widespread and commonly 

contribute to the pigmentation of plant organs (Macheix et al., 1990). These six 

anthocyanidins are commonly found in fruits and they are all 3,5,7 and 4' 

hydroxylated derivatives; they differ in the 3' and 5' hydroxylation and 

methoxylation on ring B, and they are usually named after the particular plant 

from which they were first obtained (Macheix et al., 1990; Salisbury, 1992). 

The hydroxylated anthocyanidins are cyanidin, crimson; pelargonidin, bright 

red  (scarlet)   and  delphinidin,   blue-violet;   they differ only in the  number   of 
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hydroxyl groups attached  to the B ring of the basic flavonoid structure.    The 

methylated anthocyanidins include the reddish peonidin, the purple petunidin and 

the mauve-colored (purplish) malvidin (Salisbury, 1992). 

HO 

OH 

Rl = H R2 = H Pelargonidin (l>g) 

Rl = OH R2 = H Cyanidin (Cy) 

Rl = OH R2 = OH Delphinidin (Dp) 
Rl = OCH3 R2 = H Peonidin (Pn) 
Rl = OCH3 R2 = OH Petunidin (Pt) 
Rl = OCH3 R2 = OCH3 Malvidin (Mv) 

Chemical stmemres or anthocyanidins prcseni in frxins 

A study of some 40 fleshy fruits determined that cyanidin is the most 

common anthocyanidin (90% of the fruits examined), and only very few red fruits 

do not contain it. After cyanidin, the next most common anthocyanidins are 

delphinidin (35%), peonidin (30%), pelargonidin (20%), and finally petunidin and 

malvidin (15%). Among the fruits examined, apple, pear, peach, blackberry, black 

raspberry, redcurrant, gooseberry, mulberry, mangosteen, and elderberry contained 

(pnly cyanidin.  All these fruits seem to be incapable of the methylation reactions 

which lead from cyamdin to the other anthocyamdins.    Fruits which contain two 
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aglycones (15 out of 40 cases examined) were the most frequent case. Cyanidin 

is generally combined with peonidin, delphinidin, or pelargonidin. A very small 

<y number of fruits possess three agly cones (Macheix et al., 1990). 

In fruits as in other parts of plants, glycosylation of anthocyanidins almost 

always occurs in the 3 position. Five oses are involved in the formation for the 

3-monoglycosides: glucose, arabinose, galactose, xylose and rhamnose. The two 

ose molecules can be linked either to two different hydroxyls of the aglycone or 

\ only to position 3. In the first case, only glucose is involved in fruits and positions 

3 and 5 are the two main glycosylation sites .^Triglucosides are not very numerous 

and not widely distributed in fruits (Macheix et al., 1990). 

Acylated anthocyanins are found fairly often in fruits. Acylation by 

phenolic acids has been known for a long time, but other types of organic acids 

can also be involved (Asen, 1979; Strack and Wray, 1989); acylation appears to be 

related to the stabilization of anthocyanins in the acid environment of the cell sap 

(Gross, 1987; Macheix et al., 1990). 

As in all parts of plants, the vacuole in fruit cells forms the main 

compartment in which phenolic compounds accumulate, even though most 

flavonoids are synthesized outside the vacuole (Pecket and Small, 1980; Yamaki 

1984; Salisbury, 1992; Mazza and Miniati, 1993). In cell walls, where lignin is 

deposited, are the other major sites where phenolic compounds accumulate. In 

fleshy fruits, lignin is found only in stone cells and in certain cells of pear pulp or 

is formed as a reaction to wounding (Macheix et al., 1990). In most cases, soluble 
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phenolic   compound   levels are higher in the external  tissues of fleshy fruits 

(epidermal and subepidermal layers) than in internal tissue (mesocarp, pulp). For 

example, pear peel contains 27 times more total phenols than the flesh (Ranadive 

and Haard, 1971). In apple cells, 97% of the phenolic compounds accumulate in 

vacuoles, where the concentration  is in the order of 108 mM (Yamaki, 1984). In 

other fruits they are found both in skin and flesh, predominating  in the skin as in 

some sweet cherries, or more evenly distributed as in sour cherries.   In berries 

they are generally  distributed   throughout   the whole fruit as in strawberries, 

currants and raspberries.   An uncommon distribution is that of blood oranges, in 

which they are found only in the pulp (Gross, 1987).  It can be considered that 

there are two types of compartmentation   of anthocyanins, either in terms of space 

between the different parts of a fruit or in time between the various physiological 

stages   (Macheix  et al., 1990).    Some  authors   have  shown the  presence   of 

anthocyanoplasts    inside  and  outside   vacuoles  and  it is suggested  that  these 

structures  may be the subcellular  site of anthocyanin biosynthesis; no enzyme 

activity was detected in isolated vacuoles (Pecket and Small, 1980). 

The color differences among various fruits depend on the nature and the 

concentration of the anthocyanins.   Additional factors affecting fruit color are the 

pH of cell sap, the co-pigmentation  effect determined  by the presence of other 

flavonoids in the vacuole, and the metal chelation determined by the availability 

of metals which form complexes with the orthohydroxyl groups of the aglycone 

(Gross, 1987). 
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Anthocyanins behave like indicators in aqueous media; their structure and 

thus their color vary with the pH.  At pH 1 they are highly colored as flavylium 

or oxonium cations.   With increasing pH the color gradually fades as colorless 

pseudobases   are formed (carbinol form).   In mild alkali blue anhydrobases  are 

formed (Wrolstad,  1976; Gross, 1987).   The reaction is reversible unless strong 

alkali   is  used,   which  produces   irreversible   changes.      Acid   hydrolysis   of 

anthocyanins yields anthocyanidin (aglycone) and sugars (Gross, 1987). 

Vacuolar contents in fruits are distinctly acid because of the sometimes 

considerable accumulation of organic acids (Ulrich, 1970). Acidity generally falls 

during maturation. For example, the pH of apple changes from 2.8 to 3.5, but 

measurement of vacuolar pH has in fact rarely been carried out on vacuoles alone 

(Macheix et al., 1990). 

The electronic absorption spectra of the flavonoids are characterized by two 

separate bands, one at the longer wavelengths determined by the B ring 

conjugation, and the second in the ultraviolet region determined by the A ring 

conjugation (Gross, 1987). The highly colored anthocyanin salts in acid solution 

have two main absorption maxima, one in the visible region between 465 and 550 

nm, and a less intense one in the ultraviolet range between 270 and 280 nm 

(Gross, 1987). 

Possible functions of anthocyanins have been considered ever since their 

discovery but there is no precise answer why the greatest accumulation in fruits 

is in the  outer  part  of the  tissue  (skin, pericarp,  etc).    One  of the  several 

frcJ< 
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hypotheses is the attraction that pigmented fruits may have on the consumer - 

man or certain animals (Harbome,   1976, Gross, 1987, Strack and Wray, 1989); 

also, anthocyanins may play a role in disease resistance, although evidence for this 

is weak (Salisbury, 1992). In addition, phenolic compounds in general may play 

the role of UV radiation   filter and thus protect  fragile chemical  structures 

(Macheix et al., 1990; Salisbury, 1992). Anthocyanins may be indicators of stress, 

they are of chemotaxonomic value, and also play a role as genetic markers (Seitz 

and Hinderer,  1988). 

The nature, concentration, and relative proportions of anthocyanins are 

mainly governed by genetic factors which lead to more or less clearcut distinctions 

between cultivars and species. The distribution of anthocyanins in fruit is also 

under genetic control and the consequences with regard to coloration may be 

important. Anthocyanins in apple fruit skin are regulated by a single dominant 

gene, R; the environment, however, strongly influences its expression (Schmidt, 

1988). 

The general pattern of anthocyanin distribution in pear fruits involves a 

non-pigmented epidermis and 1 or 2 additional non-pigmented layers, lying above 

2 to 5 layers containing anthocyanins. A major exception is ^Starkimson', a 

mutation of 'Clapp Favorite', where 95%, of the color is due to anthocyanin in the 

epidermal layer (Dayton, 1966; Francis 1970). Since the red character in 'Red 

Clapp' is not present in the pollen or ovule, this variety should not transmit this 

character   to its progeny (Einset,   1952).    The gene  or genes  responsible   for 
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anthocyanin development in 'Max' Red Bartlett and 'Seckel' are carried in cells 

of the second histogenic layer and this is probably also true for Rosired Bartlett 

and Royal Red Hardy (Dayton, 1966). 

The genes that determine red fruit characteristics in most red pear cultivars 

are also expressed  in red leaves and shoots which may reduce photosynthesis 

through a reduction in green^pign]ent_orjhlorophyll.  This red pigmentation may 

be the reason why red pear trees are more weakly growing than green fruited 

selections of the same variety (Willett, 1983). 

As cited by Mazza and Miniati (1993), Isaev and Maksimova in 1968 

observed a significant correlation between leaf pigmentation and the quantity of 

anthocyanins in apple hybrids fruits. In pears, Dayton (1966) reported the 

presence of anthocyanins in young leaves and shoots of all red-fruited seedlings 

of 'Farmingdale' x 'Max Red Bartlett' pears and noted that in a red-fruited plant 

all tissues should be capable of anthocyanin development. The general similarity 

in the pattern of anthocyanin distribution between the pollen parent and its red- 

fruited progeny indicates the existence of a genetic factor that is closely linked 

with the major gene for anthocyanin production (Dayton, 1966). The phenomenon 

of reversion, or returning to the ancestral yellow pigmentation, was observed by 

Fregoni and Roversi (1968) in 'Red Bartlett' pears. 

Two pigments were obtained from fruits of the pear varieties 'Davoe'JMax 

Red Bartlett', 'Seckel', 'Early Seckel' and 'Starkrimson'. The pigments were 

identified  as cyanidm-3-galactoside   and cyanidin-3-arabinoside   (Francis,  1970). 
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The two Pomoideae genera, Malus and Pyrus, both contain cyanidin-3-galactoside 

which is absent from the other sub-families of Rosaceae,  so it would be unlikely 

from a taxonomic point of view that the two mutants of pears would differ in their 

major pigment (Francis, 1970; Timberlake and Bridle, 1971). However, they might 

differ in the minor pigment.   In contrast to apple, in which there is a notable 

presence of acylated pigments, these pigments are practically irrelevant in pear 

fruits (Mazza and Miniati, 1993). Redelinghuys et al.  (1973) identified cyanidin 

3-galactoside  and peonidin 3-galactoside  in the epidermis  of a red mutant  of 

'Williams Bon Chretien' ('Williams', 'Bartlett').   Compared with other fruits, the 

concentration  of anthocyanins in pear peels is distinctly lower going from 5 to 10 

mg/lOOg of fresh weight (Macheix et al., 1990; Mazza and Miniati, 1993). 

Fruit maturation can be characterized through the metabolism of phenolic 

compounds   like the appearance   of anthocyanins   in red fruits and its gradual 

increase during maturation that can be considered as an index of maturity (Knee, 

1972).    The  evolution  of the  activity of numerous   enzymes  leading  to the 

biosynthesis or degradation of phenolic compounds (PAL, chalcone synthase, etc.) 

leads to the notion of biochemical  markers of maturation   applied to phenolic 

compounds and their metabolism (Macheix et al., 1990). In many fruits, like pears 

and apples, PAL activity is at its maximum in very young fruits and then falls very 

rapidly during growth.   Although PAL activity is absolutely  necessary for the 

synthesis of phenolic compounds, it is often considered to be non-limiting at a 

given physiological stage; in contrast its substrate, phenylalanine, might appear to 
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be a limiting factor in the production of phenolic compounds (Margna, 1977). 

Nevertheless, when the different physiological stages of a fruit are compared in 

many fruits there is a good correlation between variation in PAL activity and 

accumulation of phenolic compounds (Tan, 1979; Kataoka et al., 1983; Macheix 

et al., 1990). 

According to Saure (1990), in apples there are two peaks of anthocyanin 

formation. The first one is produced during the phase of intense cell division in 

the fruit and is negligible economically. The second peak coincides with the 

ripening of red cultivars. Both take place in different environmental conditions, 

in climates ranging from cool to tropical, pointing to endogenous control. Young 

apple fruitlets present a remarkable coloration even in cultivars not tending to 

anthocyanin formation during maturation. 

The rate of color formation depends on the size and maturity of the fruit 

(Flecher,   1929), and  the  increasing   capacity  of apple   fruits  to  accumulate 

anthocyanins   near  harvest  time  is a function  of maturity.     Anthocyanin   in 

immature fruit skin is degraded as rapidly as it is formed, while after maturation 

the rate of degradation  is less than the rate of synthesis (Chalmers et al., 1973). 

According to Arakawa (1988) there is a difference among cultivars in the 

ability of the fruit to produce anthocyanin during ripening. Some apple cultivars 

have a peak of anthocyanin formation corresponding to the beginning of the rise 

of ethylene in cortical tissue followed by a decrease shortly after. In other 

cultivars it continues to increase after the onset of ripening. 
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External factors influencing red color in deciduous tree fruits 

The formation of anthocyanin depends on a number of internal and 

external factors. Knowledge of the role of these factors in the control of 

anthocyanin biosynthesis is particularly valuable because they can be used for 

practical control of fruit quality and market value. External factors that influence 

color development interact with each other and with endogenous control. 

Therefore, to promote anthocyanin synthesis these external factors must interfere 

with endogenous control by either increasing the capability of anthocyanin 

formation, or by reducing the repression of its formation (Saure, 1990). 

Although it is well known that the genesis of anthocyanins is genetically 

determined, its content in fruits varies considerably in relation to climatic factors, 

light and temperature in particular, cultivar and ripening (Walter, 1967; Chalmers 

et al., 1973; Faragher, 1983; Saure, 1990; Macheix et al., 1990). 

Environmental factors: 

Light: 

Three types of experimental approaches have been used in fruits to monitor 

the effect of light on phenolic metabolism   (Macheix et al., 1990).   The first 

involves whole fruits, detached from the mother plant or not, where the effect of 

natural solar light and its qualitative and quantitative modifications are studied. 

The second incorporates experiments on skin disks cut from fruits and kept under 



19 

certain conditions  over a time period.    This is an approach  frequently used 

because it permits analysis of the effect of light in combination with other factors 

like temperature,  chemical application, etc.  and findings may be contrasted with 

the results obtained for whole fruits.  However, cutting disks may also affect the 

plant sample as a wound response to which phenolic metabolism is very sensitive. 

For example, removing apple disks alters the regulation of the accumulation  of 

anthocyanin by PAL (Tan, 1979; Chalmers and Faragher,1977).   Finally, in vitro 

cultures of fruits are good models with which to study the effect of light and other 

factors in phenolic metabolism (Thorpe et al., 1971; Seitz and Hinderer,  1988). 

Red color in apples requires light for its formation and is localized in the 

areas most exposed to the sun (Siegelman and Hendricks, 1958). Fruits from the 

outer parts of apple trees have a higher proportion of red colored skin than fruits 

from the inner parts, and artificially imposed shade in apple reduces fruit color 

(Jackson et al., 1971). Anthocyanin content in the most exposed part of the fruit 

skin increases with light intensity up to at least 50% of full sunlight (Jackson, 

1980). Jacyna (1978) observed a high positive correlation between the amount of 

direct sunlight received and both the intensity and extent of red coloration of the 

individual fruit surfaces. According to Mancinelli (1985) the biosynthesis of 

anthocyanins in plant tissues either requires light or is enhanced by it. 

The time course of anthocyanin formation in the green peel of harvested 

apples has an induction period of about 20 hours in which practically no 

anthocyanin is formed and a second phase in which anthocyanin formation is a 
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linear  function of time of irradiation   at constant   irradiance   (Siegelman   and 

Hendricks,  1958).   Continuous fluorescent light does not shorten the induction 

period, but after induction there is a proportionality between flux and synthesis 

(Bishop and Klein, 1975). In attached and detached apples, Proctor and Creasy 

(1971) reported that the length of the induction stage for anthocyanin formation 

is  12-15 hours.     In attached   immature   'Mclntosh'  apples   they  noticed   that 

anthocyanin formation continues in the dark after preceding illumination until 

after 2 days loss of anthocyanin began. 

Hirst et al. (1990) working with Granny Smith apples found that profoundly 

shaded fruit skin appeared to be sensitive to high light intensities leading to stress- 

induced anthocyanin production. Proctor and Lougheed (1976) covered apples 

with foil bags from about 1 month after bloom until harvest, and observed no 

effect on anthocyanin formation, but uncovering fruits at various times before 

harvest allowed formation of anthocyanin depending on the cultivar and time of 

exposure. Therefore they suggested an optimum time for bag removal to obtain 

maximum red color formation and this may be coincident with a certain stage in 

fruit growth and development, perhaps the period of the pre-climacteric minimum 

respiration rate and the start of ripening. 

Siegelman and Hendricks (1958) found a linear increase in anthocyanin 

concentration   with light intensity above a certain threshold   value.    Similarly, 

Proctor and Creasy (1971) mentioned a close correlation between the distance of 

the fruit from fluorescent lamps and the quantity of anthocyanin produced when 
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natural light within the tree canopy was supplemented   by continuous irradiation 

for 48 h, provided a certain minimum energy requirement   for the initiation of 

anthocyanin synthesis was met.   Arakawa et al.,(1986) noticed that the increase 

of anthocyanin synthesis in detached whole apples and isolated apple skin is also 

nearly linear with energy flux (Holmes, et al., 1985).   Anthocyanin synthesis is 

considerably higher in continuous light than under intermittent  light cycles of 14 

h light and 10 h dark (Faragher, 1983). 

Experimentation has shown that fruit red color formation due to 

anthocyanin is controlled by a high energy photoreaction, with an action maximum 

at 650 nm (about 640 and 670 nm for Siegelman and Hendricks, 1958) and a 

subsidiary one at 430 to 480 nm, and by a subsequent photoreaction with an action 

maximum near 655 nm (Downs et al., 1965). However, the region studied in these 

experiments was confined to wavelengths longer than 400 nm. The optimum 

wavelength for anthocyanin synthesis in harvested apples is 440 nm; red light was 

additive (Bishop and Klein, 1975). Light of wavelengths from 280 to 320 nm (UV- 

B) is highly effective in stimulating anthocyanin synthesis and exerts a synergistic 

effect when applied simultaneously with red light (Arakawa et al., 1985). Kubo 

et al. (1988) noticed that the rapid increase of anthocyanin formation in attached 

apples after bagging was prevented when UV cut-off filters were used. 

Even though from the beginning of fruit development all apple cultivars are 

able to form anthocyanins if receiving sufficient light, they lose this capability at 

different stages of fruit growth (Saure, 1990). In the course of fruit development. 
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the effect of certain light intensities may have a marked variation.   In immature 

apple fruits a reduction of light intensity caused a decrease in anthocyanin content, 

while its accumulation continued in mature fruits (Chalmers et al.,1973). Further 

investigations   by   Chalmers   and   Faragher    (1977)   noted   that   anthocyanin 

accumulation ceased fairly early in detached immature fruits although it continued 

in detached  mature fruits.   The minimum light requirement   varies considerably 

with cultivars and changes during seasons (Proctor, 1974). Dependence  on certain 

light qualities for anthocyanin  formation differs among cultivars, as does their 

responsiveness to white light (Arakawa et al., 1986; Arakawa, 1988). 

Light stimulates the accumulation of phenylalanine ammonia-lyase (PAL, 

a key enzyme in anthocyanin synthesis) and anthocyanin and reduces the level of 

phenylalanine  ammonia-lyase inactivating system (PALS-IS) in the skin of whole 

apples (Tan, 1979). However, in apple skin disks PAL increases even in the dark, 

without corresponding  anthocyanin synthesis (Tan, 1979; Arakawa et al., 1986). 

Arakawa et al. (1986) stimulated PAL activity in 'Mutsu',a yellow apple cultivar, 

by white and by white + UV-B light, and only the combined  light treatment 

induced limited anthocyanin formation.    Accordingly, Blankenship   and Unrath 

(1988) affirmed that in 'Red' and 'Golden Delicious' apples PAL activity has a 

similar pattern   during maturation   even though  these   cultivars  have  a great 

difference in their capacity for color formation.   They also noticed that red color 

in the skin of 'Red Delicious' is gradually developed even when PAL levels are 
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low, and concluded that high PAL activity during maturation has little effect on 

red color development. 

Phytochrome (a pigment bound to protein) is the photoreceptor in light 

dependent anthocyanin synthesis and it also stimulates PAL synthesis by light 

(Saure, 1990). As in many plants, synthesis of anthocyanins in apple skin presents 

the characteristics of a high irradiance reaction (HIR) (Downs et al., 1965), and 

phytochrome is involved in the photoregulation of HIR and anthocyanin 

production (Mancinelli, 1985). Mancinelli and Rabino (1984) emphasized that 

anthocyanin production in young seedlings is different from that in apple skin, 

because it does not depend on photosynthetic  activity. 

Bagging + UV-B causes the greatest increase in anthocyanin formation in 

yellow and most red apple cultivars (Arakawa, 1988). Bagging raises the 

phytochrome content (light causes a destruction of phytochrome; therefore, 

etiolated tissues contain many times more phytochrome than green tissues). UV-B 

increases the effectiveness of phytochrome. However, if phytochrome levels are 

low, even its much higher unit effectiveness can cause only a small increase in 

anthocyanin formation, and this is what most likely takes place under UV-B 

irradiation of yellow cultivars (Saure, 1990). 

Temperature: 

Temperature    is a major  factor  in anthocyanin   accumulation.      Low 

temperatures   have long been considered to promote anthocyanin synthesis, and 
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high temperatures  in autumn to inhibit it (Saure, 1990; Mazza and Miniati, 1993). 

Thus   it is known that  most anthocyanin-containing    fruits develop   a higher 

coloration in cooler regions (Gross, 1987). 

Creasy (1966) reported that in apples, there is a promotion of anthocyanin 

synthesis by low temperatures whether applied during the light or the dark period. 

Similarly, Tan (1979) showed that low temperature (6C) both in light and dark 

stimulated the accumulation of PAL. Fruits held at alternating temperatures of 

6 and 18C in light produce twice the amount of anthocyanin as fruits at constant 

18C. 

The development of red skin color in 'Red Chief apples was promoted by 

cool night temperatures; fruits exposed to 26C day temperature during fruit 

development and maturation showed more red skin color when held at 11C than 

at 22C night temperatures (Blankenship, 1987). Overhead sprinkler irrigation may 

promote anthocyanin formation in a warm climate because of the cooling that 

lessens the negative effect of heat during the warmest period of the day, 

decreasing the fruit respiration rate and thereby conserving energy (Ryugo, 1988; 

Saure, 1990). Unrath (1972) found that fruit from 'Red Delicious' apple trees 

evaporatively cooled by overtree irrigation have greater surface coloration and 

nearly twice as much surface area with good red color as fruit which received 

undertree or no irrigation. Overhead sprinkling also removes dust particles from 

leaves and improves their photosynthetic capacity (Ryugo, 1988). 
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Faragher  (1983) showed that the effect of temperature   on anthocyanin 

synthesis in apple fruit was different as fruit ripened; the optimum temperature 

for anthocyanin   accumulation   in detached   'Jonathan'   apples   increased   with 

ripening.     He  noted   a 'shift' of temperature   effects  in the course  of fruit 

development.    In addition, the temperature   of the apple skin surface can differ 

from field air temperature   (Unrath,  1972).   Arakawa (1991) demonstrated   that 

anthocyanin synthesis in apples varied with cultivar, stage of fruit ripening and 

bagging or otherwise. 

When explaining the effect of temperature as a factor related to the stage 

of fruit ripening, Faragher (1983) stated that temperature and ripening affect 

anthocyanin synthesis via the regulatory enzyme PAL. Levels of PAL activity were 

higher at low than at high temperature and increased inactivation of PAL by high 

temperature in combination with ripening and light was more plausible than a 

direct stimulation of PAL by low temperature. Yet temperature does not appear 

to affect PAL levels via an effect on ethylene production or ripening; PAL and 

ethylene levels change in opposite directions in response to a change in 

temperature. 

Numerous explanations have been proposed for the effect of temperature 

on anthocyanin   synthesis.    Uota  (1952) stated  that at higher temperatures   a 

greater amount of energy is required to synthesize the pigment and high levels of 

pigmentation  can be obtained by increasing the light intensity.   Creasy (1968) 

suggested that the increase in anthocyanin formation in apple skin is favored by 
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low temperatures   that permit the accumulation of photosynthate,  increasing the 

carbohydrate status of the tissue. Cool night temperatures  reduce respiratory loss 

of carbohydrates (Ryugo, 1988). Faragher (1983) and Faragher and Bohier (1984) 

explained that the increase in anthocyanin in autumn may be more directly related 

to the ripening process, as manifested by the rise in ethylene, than to a fall in 

temperature.    Saure (1990) concluded that low temperatures   may contribute  to 

color formation by directly decreasing gibberellin activity. 

Tree factors: 

Variety: 

The cellular distribution of anthocyanin in the skin is a distinctive varietal 

characteristic (Dayton, 1959). Genetic factors control the anthocyanin distribution 

pattern which are closely linked with the major gene for anthocyanin production 

(Chevreau et al., 1989). 

Anthocyanins are accumulated in the exocarp and mesocarp of'Red Heart', 

'Elephant Heart', and 'Laroda' plums but are confined to epidermal layers of 

Queen Anne and Nubiana plums. Plum cultivars range from deep blue, purple, 

blood red to pink, depending on the kinds and concentrations of anthocyanins. 

Red-fleshed cherries do not require light to form anthocyanins, provided adjacent 

leaves perceive light and supply fruits with substrates that promote pigment 

synthesis. Most white-fleshed cherries must be exposed to light to produce a blush 

(Ryugo,   1988).      A   comparable    mechanism    for   synthesizing   anthocyanins 
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presumably exists in strains of Red Delicious apple and highly pigmented peach 

and nectarine cultivars.  The skin of these cultivars will turn deep red even when 

fruits are placed in the darkest part of the foliar canopy (Westwood, 1978), while 

epidermal cells of light-skinned apple and peach cultivars will develop a red blush 

only when exposed to direct sunlight (Ryugo, 1988). 

Rootstock: 

Rootstock can greatly influence fruit quality, but usually the influence is not 

dramatic, and the effects are not always the same with different cultivars 

(Westwood, 1978). In general, dwarfing and semi-dwarfing rootstocks, and 

possibly growth-reducing interstocks, have a positive effect on anthocyanin 

formation, as compared with vigorous rootstocks (Walter, 1967). At equal light 

positions within the canopy, apples on dwarfing rootstocks had a higher proportion 

of red color than those on vigorous rootstocks (Jackson, 1967). 

Cultural factors: 

Cultural practices can influence indirectly anthocyanin formation through 

their effects on fruit development and their interactions with the other external 

factors. 

Fertilization: 

Available nitrogen is of paramount importance for anthocyanin formation 

(Saure, 1990). Based on early investigations, nitrogen deficiency is associated with 
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poor anthocyanin accumulation in fruits. Although the percentage of well-colored 

fruits at harvest time is reduced by excessive nitrogen fertilization, the total of well 

colored fruit may be higher (Beattie,  1954).  It is not clear whether the effect is 

indirect, by increasing vegetative growth which hinders the penetration of light and 

delays fruit maturity, or direct, as more nitrogen-containing   substances  such as 

amino acids and proteins  are synthesized, interfering  with the biosynthesis  of 

sugars and anthocyanins (Gross, 1987; Saure, 1990). 

According to Faust (1965) there is an antagonistic relationship between 

anthocyanin development and protein synthesis in apple skin. During the growing 

season of 'Mclntosh' apples, anthocyanin developed only when the protein content 

of the skin was low. When a N source was supplied to apple skin the anthocyanin 

content decreased and protein synthesis increased. Both pathways require 

shikimic acid as a basic precursor and anthocyanin, a secondary compound, can 

only form when shikimic acid is not utilized for protein synthesis. Accordingly, 

Kliewer (1977), working with grapes, found that high nitrogen doses reduce 

coloration and delay maturity due to the diversion of photosynthate from 

carbohydrate accumulation to amino acid and protein synthesis. 

Weeks et al. (1958) stated that high fruit color is not always associated with 

low levels of nitrogen, but is related to the nitrogen and potassium levels in the 

foliage. In some instances potassium fertilization appeared to offset the 

depressing effect of moderate nitrogen levels on fruit color (Weeks et al., 1958). 

Walter (1967) concluded that potassium seems to favor the development of color 
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in some apple cultivars.   Clear information on the effect of other nutrients on 

anthocyanin formation is unavailable (Saure, 1990). 

Pruning: 

The effects of pruning on anthocyanin formation are diverse. Severe 

dormant pruning has been reported to improve, but also to reduce fruit color 

(Walter, 1967). Few large thinning cuts that enhance light penetration into the 

canopy but do not stimulate much growth usually enhance fruit color; in contrast, 

many small cuts such as by spur pruning decrease fruit color (Westwood, 1978; 

Faust, 1989). Summer pruning in general improves anthocyanin formation by 

increasing fruit light exposure (Jackson, 1980) and in some cultivars or training 

systems is essential for good fruit color (Robinson et al., 1991). In contrast, Myers 

and Ferree (1983) found that apple fruit color was unaffected by summer pruning. 

Pruning may even have detrimental effects, particularly if done early in the season 

and in poorly colored cultivars such as Jonagold apples (Saure, 1987). Severe 

pruning will also raise gibberellin activity (Saure, 1990). Schupp and Ferree 

(1988) improved the percentage of well-colored fruits by root pruning but 

sometimes also reduced the total yield. 

Thinmng: 

Fruit thinning  also increases  fruit color, but the amount   of thinning 

required   for maximum color development   is still a point of conflict and may 
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depend on many factors inside and outside the fruit (Saure,  1990).   Thinning 

increases the leaf/fruit ratio, therefore ensuring appropriate fruit development and 

facilitating better light exposure of the remaining fruits (Faust, 1989).  Through 

a better supply of carbohydrates, thinning may improve fruit color development, 

by causing an earlier increase in endogenous  ethylene and abscisic acid (ABA) 

formation (Saure, 1990). 

Chemical applications: 

Chemicals used to promote anthocyanin formation include thiocyanates, 

ethephon, daminozide, paclobutrazol, auxins, cytokinins, gibberellins, growth 

regulators such as 2,4,5-T,NAA, and NAD, and the fungicide Tuzet (Mazza and 

Miniati, 1993). Ethephon is an ethylene-generating product that can promote 

color formation in some cultivars if applied up to two weeks before the normal 

harvest date (Saure, 1990). Some authors argue that ethephon acts principally 

by accelerating the ripening process (Murphey and Dilley, 1988), and that it is 

capable of inducing red color formation without sufficient light or in nonred 

cultivars such as Golden Delicious. Other authors, however, have found that when 

applied in combination with daminozide it may promote anthocyanin formation 

without significantly accelerating the ripening process (Blanpied et al., 1975). 

Daminozide (SADH, Alar) is a growth retardant that applied to fruit trees 

enhances pigment formation in most red cultivars (Ryugo, 1988). Nevertheless, 

it does not induce red coloration in nonred cultivars (Castro et al., 1984) and has 
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a limited effect in cultivars such as Jonagold.   The tree physiological status at the 

time of application also influences the effectiveness of daminozide (Saure,1990). 

Paclobutrazol (Cultar, PP333) is another growth retardant, similar to daminozide, 

that may increase red color formation in some apple cultivars when applied under 

favorable conditions (Williams, 1984). Many other chemicals have been tested in 

recent years; however, most of them have not been introduced for color promotion 

because of inconsistent or insufficient effects or because of negative side effects 

(Saure, 1990). 

Bagging: 

Growers in Japan induce anthocyanins to form in 'Mutsu' and 'Golden 

Delicious' apples by individually bagging the fruit or covering the tree with a tent 

about one month prior to harvest. After the covers are removed about two weeks 

later to expose fruits to direct sunlight, there is a rapid development of red color 

and the coloration even exceeds that of control fruits in most cultivars (Ryugo, 

1989). Proctor and Lougheed (1976) found that uncovering fruits at various times 

before harvest allowed formation of anthocyanin, maximum amounts being 

dependent on cultivar and time of exposure. Bagging seems to differ from other 

cultural practices by temporarily raising the level of phytochrome instead of 

reducing the repression of anthocyanin formation. Etiolated tissues contain many 

times more phytochrome than green tissues and light causes a destruction of 

phytochrome (Saure, 1990). 
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Irrigation: 

The importance of soil moisture in relation to the development of fruit 

color is complicated by various interactions. Nevertheless it appears that soil 

moisture generally promotes anthocyanin formation, especially in dry areas or dry 

seasons within the limits required for normal fruit development. Both excessive 

and deficient soil moisture that hamper normal fruit development impair 

anthocyanin synthesis (Walter, 1967). 

Overall, diverse external factors act independently of each other, and 

therefore their effects may be additive; hence their utilization for maximum 

anthocyanin formation will require an integrated approach. 

Composition factors 

Sugars: 

Sugars are important in the synthesis of anthocyanins, and some authors 

found that their presence  has a triggering effect on anthocyanin accumulation 

(Pierrie and Mullins, 1976).  Fructose, glucose, lactose, maltose, and sucrose all 

stimulate anthocyanin synthesis in apple skin (Vestrheim,  1970).  Catabolism of 

glucose via the pentose  phosphate   pathway  (PPP) has been  associated   with 

anthocyanin production in apple fruit (Faust, 1965). 
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In contrast, Uota (1952), in controlled temperature   studies with Mclntosh 

apples,   found  no correlation   between   sugar content   of the  fruit and  color 

developed at time of fruit maturity, and concluded that the sugar content per se 

is not an important factor in the synthesis of anthocyanin pigments.   Blankenship 

(1987) stated that low night-temperature   treatments   that promoted   skin color 

formation in Red Chief apple did not change the soluble solids content of the 

fruit. 

Ethylene: 

Ethylene initiates rapid anthocyanin accumulation during apple ripening by 

increasing the level of the rate-limiting enzyme, PAL, in the skin of detached 

apples (Faragher and Brohier, 1984). Blankenship and Unrath (1988) found that 

internal ethylene and PAL increased at approximately the same time during apple 

maturation. The activity of PAL is stimulated by light, ethylene and fruit ripening. 

However, ethylene can only stimulate PAL activity which is light-induced (Camm 

and Towers, 1973). When this condition is not fulfilled as in etiolated figs, the 

anthocyanin synthesis is hindered (Gross, 1987). Arakawa et al. (1985) concluded 

that the stimulation of anthocyanin synthesis by sunlight was not mediated by 

ethylene. One of the effects of ethylene is to increase the level of ABA, although 

the converse may occur too. Working with grape berries, Kataoka et al. (1983) 

found that ABA possibly triggers the ripening process. 
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Other phytohormones: 

Endogenous    growth   regulators,    such   as   abscisic   acid,   gibberellins, 

cytokinins, and auxins, are known to affect color development  in apples (Saure, 

1990).    ABA  stimulates   anthocyanin   synthesis  in grape  berries   (Pierrie   and 

Mullins, 1976). However both, GA and ABA inhibit synthesis of anthocyanin in 

radish seedlings (Guruprasad   and Laloraya,  1980).   Gibberellins,   which delay 

maturation   are   extensively  used   in sweet  cherry  production   to  extend   the 

processing   season  (Drake   et al., 1978).    Cytokinins, which generally  delay 

senescence,   have an opposite  effect in olives.    Exogenous  treatment   induced 

anthocyanin   accumulation,   without  affecting  other  parameters   of maturation 

(Shulman  and Lavee, 1973).   CPPU, a compound  with cytokinin-like activity, 

appears to increase red pigmentation in commercial apple trials but its effect on 

color may depend on specific cultivar, concentration and environmental conditions 

(Curry and Greene, 1993). The results of applications of various auxins to apple 

trees indicate  that they may promote  anthocyanin  formation, but it is unclear 

whether this is a direct effect or a consequence   of advanced  maturity (Saure, 

1990). 

The mechanism of degradation that causes the inhibition of anthocyanin 

accumulation in immature fruit is still ambiguous. However, there are some 

indications that gibberellins (GAs) are involved, which are well known for their 

potential   in reducing   or delaying  color formation.     Finally, the  endogenous 
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repression of anthocyanin formation appears to be controlled by the balance of 

GA activity vs.  ethylene and/or  ABA activity and the endogenous  capacity of 

anthocyanin formation and accumulation, by the level ofphytochrome activity, and 

on photosynthetic activity for the expression of the response (Saure, 1990). 

Mathematical specification of color 

If one were confronted with the problem of describing a color, it is a near 

certainty that after a few bumbling attempts and many adjectives such as pale, 

dark, light, deep, etc., the person in utter frustration, would search for a piece of 

similarly colored material and say "this is it". 

The same type of problem is faced when one is asked to measure color. 

A measurement implies units of some description, whether they be subjective or 

objective, and the simplest way to find suitable units would be to match the color 

and use the components necessary to achieve the match, as units (Francis and 

Clydesdale, 1975). 

Color normally involves three components; a source of light, an illuminated 

object and an observer; visual discrimination experiments have permitted Standard 

Observer data to be converted into Y x y scales based on visual units of color 

perception and that are easy to interpret and relate to perceived colors and color 
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differences (Hunter, 1975). A diagram with the lineage of the most widely used 

color scales is shown in the following chart from Hunter (1975): 

FAMILY TREE OF COLOR SCALES 

ALL OBJECTS ALL STIMULI 

CIE  r. x, y 
1931 

Judd Maxwell 
Triangle 1935 

MacAdam u. r 
Diagram 1937 

Breckenridge 
and Schaub 
RUCS 1939 

OPAQUE 
DIFFUSE OBJECTS 

Dominant Wavelength 
and Purity 1931 

MacAdam 
Ellipses 
1942 

Friele 1961 

FMC 1967 

Hunter a, 0 
1942 

Munsell 1929 

Munsell 
Renotation 

1943 

Adams Chromatic 
Value 1942 

X 
Adams— 

Nickerson 
1944. 1950 

Glasser 
Cube Root 

1958 

Hunter /frf, a, b 

1948 

T 
Hunter L, a. b 

1958 

CIE U'V'W 
1964 

I 
CIE L'u'v' 

1976 

CIE  L'a'b' 
1976 
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Differences among the scales relate primarily to the visual data and color 

theory on which they are based.   All of the uniform color scales are a significant 

improvement over the x, y spacing of colors. 

The CIE (Commission Internationale   de I'Eclairage), is an international 

body which makes recommendations   on all matters concerning light and color 

(Francis and Clydesdale, 1975). In order to define the artificial light sources used 

in appearance   evaluation, CIE established  in 1931 'standard' illuminants, which 

have spectral characteristics similar to natural light sources and are reproducible 

in the laboratory.  All the various surface color scales for objects under illuminant 

C are interrelated  through the CIE Standard Observer data, on which they are 

based.   Therefore color values in one scale can be converted to those of another 

scale (Francis and Clydesdale, 1975; Hunter, 1975). 

Actual instrumental measurement of color appearance may be divided into 

two parts: spectrophotometry   and tristimulus colorimetry. Spectrophotometers 

generate wavelength by wavelength analyses of the light reflecting or transmitting 

properties of objects, and is the least common method used in the food industry. 

Tristimulus instruments  are designed to respond to spectral distributions 

of light in the   same  manner   as the  human   eye.    They  have  source-filter- 

photodetector   combinations  that stimulate the standard observer functions, and 

a device that computes directly chromatic dimensions of color, such as X, Y, Z or 

L, a, b scale. Tristimulus colorimeters provide generally less expensive means for 
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the routine intercomparisons  of similar colors and the adjustment of small color 

differences (Hunter, 1975; Francis and Clydesdale, 1975). 

It is appropriate to talk about color measurement as a quality attribute. 

Color is a quality factor that the consumer first realizes; if color is unappealing, 

consumers are unlikely to judge the flavor or texture (Francis, 1980). Color is a 

composite, three-dimensional characteristic consisting of a lightness attribute, and 

two chromatic attributes, 'hue' and 'saturation'. Red, yellow, blue, etc is how we 

all perceive color in everyday language. The term used to distinguish these red, 

yellow and blue colors is called 'hue'; the continuum of these color hues creates 

the color wheel. But a color specification, however, consists of more than just a 

designation of hue. Colors of the same hue can differ in how much color there 

appears to be. This concept is 'saturation' (depth, vividness, purity), and is a 

measure of how different the color is from gray; the dimension of saturation can 

be incorporated into the hue color wheel if the center point of the circle is 

considered to be neutral gray and the most saturated color is to be located at the 

greatest distance from the center. The third dimension is the brightness of the 

color, this is the luminous attribute which is called 'lightness' (value), and in the 

hue circle is the vertical axis with white at the top through light gray and dark gray 

to black at the bottom. This hue-saturation-lightness color solid is frequently used 

in color identification and analysis (Hunter,  1975). 

The way a person is involved in the use of color often determines  the 

preferred type of three-dimensional   specification system.  One of the best known 
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surface color systems is the Munsell System of color notation.   In this system, the 

three visually perceived dimensions of color appearance are designed hue, chroma 

and value. 

The opponent-colors systems (L,a,b type scales) are based on the opponent- 

colors theory of color vision that presumes that in the human eye, there is an 

intermediate signal-switching stage between the light receptors in the retina and 

the optic nerve taking color signals to the brain. In this switching stage, red 

responses are compared with green to generate a red-to-green color dimension. 

The green (or red and green together) response is compared in a similar manner 

with the blue to generate a yellow-to-blue color dimension. In fact, the four 

unique hues comprise two pairs, red and green, and yellow and blue; the colors 

in each of these pairs are opponent, in the sense that they cannot both be 

perceived simultaneously as component parts of any one color. That is, it is 

impossible to have a reddish green, a greenish red, a yellowish blue, or a bluish 

yellow (Hunt, 1987). In the three dimensional color space, the red-to-green 

dimension runs from right to left and the blue-to-yellow from front to back. These 

two dimensions are widely associated with the symbols a and b, respectively. The 

third dimension, L (lightness), varies vertically as in the other systems. The 

arrangement resembles that of the Munsell Color System, except that the 

dimensions are rectangular rather than cylindrical. 

All the various surface color scales for objects under illuminant C are 

interrelated   through the CIE Standard Observer data, on which they are based. 
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Color values in one scale can therefore be converted to those of another scale. 

Conversion among scales has been simplified by the use of special formulas, tables 

and graphs (Hunter,   1975).   Equations   for the conversion of data via the CIE 

XYZ system are: 

Y, x, y (Chromaticity coordinates): 

Y=Y X Y 
x= „ „ „ y=- 

X+Y+Z X+Y+Z 

L, a, b (Hunter  1958): 

L=10y/Y                                   a=i^(1.02X-y) b=—(7-0.84672) 
V? ft 

L*. a*, b* (CIELAB  1976): 

L*=2A.99]/Y-16                  a*=lVljfi/lMX-]/Y\ b* =43.(39^-^0.^46711 

Most of the color data in foods are reported in the Hunter L, a , b system 

primarily because of Richard Hunter's personal attempts in the food area in the 

formative years of objective color measurements (Francis, 1980). In the past few 

years, a variety of portable color measuring instruments have become available. 

The tristimulus colorimeter reports coordinates based on integrated spectral 

responses and it functions best to measure color differences. Instruments such as 

the Hunter colorimeter (Hunter Assoc.,Reston, Va.) and various Minolta chroma 

meters (Minolta, Ramsey, N.J.) generate directly from the color measurements  a 
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set of cartesian coordinates that pinpoint the measured color in a three- 

dimensional color space. The instrumentally obtained coordinates, CIE 1931 

(Y,x,y) or CIE 1976 (L*,a*,b*) provide information on lightness directly but 

require some computation to obtain explicit measures of 'chroma' and 'hue' 

(McGuire,  1992). 

The CIE 1976 (L*,a*,b*) or CIELAB color space may be visualized as a 

rectangular-coordinate grid. The lightness coefficient L* varies from black = 0 

to white =100. For any measured color of lightness, the coordinates a* and b* 

locate the color perpendicularly to the L* axis; at the grid origin the color is 

achromatic (gray) with a* = 0 and b* = 0. The horizontal axis corresponds to a*, 

with positive values for a hue of red-purple and negative values for bluish-green. 

On the vertical axis, positive b* values indicate yellow and negative b* blue. 

Interpretation of the data is an area of concern; there are several 

approaches found in the literature with varying degrees of acceptance. Lightness 

or darkness represented by L* value is correctly reported without further 

manipulation; a* and b* relate to the visually perceived redness, greenness, etc. 

that indirectly reflect hue and chroma. These coordinates are difficult to interpret 

separately and are not independent variables (Francis, 1980; McGuire, 1992). 

Misapplication or unconventional interpretation of basic concepts when expressing 

colorimetric data in the Hunter L,a,b system can and have occurred in the 

literature  causing some confusion (Little, 1975; Francis, 1975). 
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The proper quantification  of tristimulus colorimetry data is based upon 

trigonometric functions.  A color wheel subtends 360°, with red-purple placed at 

the far right, or at an angle of 0°, and following counter-clockwise yellow at 90°, 

bluish-green at 180° and blue at 270° (Little, 1975). 

YELLOW 
<90\l.5708«> 

GREEN. 
liar. 3.1416r) I      -o 

\ 
\ 

\ 
\ 

to 

/' 

RED 
(36Cr, 6.2832 r) 

BLUE 

(270*. 4.71240 

Depiction of hue angle 3nd saturation index on the Hunter a.b diagram. Point Pv 

located at la.b) in rectangular coordinates and (B9 rl in polar coordinates: 0, I Hue angle) - 
tan'1 b/a: Saturation index - (a' + b* J* The broken curve with arrows pointing in counter- 
clockwise direction indicates the direction of change in hue from red to yellow as the slope 
increases from 0 to — from yellow to green, as the slope decreases from *> to 0 etc. 

An appropriate  measure of color can be obtained from the calculation of 

hue angle (© or h0) and Chroma  C*, analogous  to the indices of hue and 

saturation that are described by Little (1975) as follows: Chroma C* is calculated 

as (a*2 + b*2),/4and represent the hypotenuse of a right triangle created by joining 
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points (0, 0), (a*, b*), and (a*, 0).  Hue angle is the angle formed between the 

hypotenuse and 0° on the a* axis, & is calculated from the arctangent of b*/a* 

(Little, 1975; McGuire, 1992; Voss, 1992).  Whether expressed as cos"1, tan"1 or 

cot"1,   the hue angle referred to in each of these cases corresponds to angle @ 

described by Hunter (Van Buren et al., 1974; Little, 1975). 

Color   measuring   instruments   are   less  flexible  than   the   eye, but,  if 

conditions and scale of measurement   are properly chosen, they quickly reduce 

color appearances  to numbers that correlate well with visual evaluations. 

Tristimulus colorimetry, using the Hunter Color System is well established 

as an objective method of measuring color in agricultural products, preferable 

when color must be reported in terms relevant to the human visual response. 

Assessing fruit color with a colorimeter eliminates the problem of subjectivity 

associated with visual ratings and permits color to be reported in internationally 

accepted units. 
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CHAPTER  3 

DIFFERENCES IN FRUIT COLOR CHANGE WITH MATURITY AND 

GROWING LOCATION IN RED PEARS 

Abstract 

A fruit color descriptive study was conducted on 'Max' and 'Sensation' Red 

Bartlett, 'Columbia' and 'Gebhard' Red Anjou, 'Rogue Red', 'Rosired', 'Red Clapp' 

and 'Cascade' red pear varieties in Medford, Oregon in 1991 and 1992. A parallel 

comparative study was done in the same years to test differences between related red 

strains. 'Max' was compared with 'Sensation' in three different growing regions: 

Medford, Hood River high elevation and Hood River low elevation. 'Columbia' was 

compared with 'Gebhard' in two locations: Medford and Hood River. 

Fruit color was measured on the shaded and exposed fruit surfaces with a 

Minolta CR-200b portable tristimulus colorimeter using the Commission 

Internationale de I'Eclairage color space (L*, a* and b*) in the same spot at mid- 

season and three times during fruit maturity. Visual percentage of blush was also 

evaluated in some cultivars. 

In the descriptive study, every strain presented different color development. 

All varieties increased hue, chroma and L* with maturity except for 'Rogue Red' and 

'Rosired'. 'Rosired' had the biggest change in hue during maturity and 'Cascade' the 
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smallest.   'Columbia' and 'Gebhard' had the smallest change in chroma and 'Rogue 

Red' had the highest gain in L* value. There were high differences in color between 

exposed and shaded fruit surfaces and at each stage of maturity for every variety. 

Hue angle correlated   with the percentage   of blush, r = -0.64 for 'Rosired' and 

'Cascade'. 

In the variety comparison study various interactions  were found among the 

main factors: growing location, variety, surface of the fruit and stages of maturity. 

Gain in chroma, hue and L* was higher in 'Max' than in 'Sensation', higher in 

Medford than in the other growing regions, and higher on the shaded side of the fruit 

than on the exposed one.   Increase in chroma, hue and L* value with maturity was 

higher in Hood River for 'Columbia' than for 'Gebhard', while the opposite  was 

observed in Medford.   Shaded fruit surfaces had higher chromaticity values. 
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Introduction 

Red cultivars of pear have attracted the attention of fruit growers because of 

their higher market value than standard varieties. They have been planted throughout 

the temperate fruit regions of the world, although the volume of production has as 

yet been relatively small (Willett, 1983; Sugar, 1990). Different varieties or strains 

of red pears have unique characteristics and do not behave as a homogeneous group. 

Therefore it is very important to study them individually. 

The most important attribute of these cultivars is the color of the fruit that 

makes an attractive display in the market (Sugar, 1990). Red skin color is an 

important factor for market acceptance. Red cultivars are often preferred to others, 

and within a cultivar, better colored fruits generally earn higher prices (Saure, 1990; 

Singha et al., 1991a; Singha et al., 1991b; Mazza and Miniati, 1993). Color is a 

quality factor that the consumer perceives readily; if color is unappealing, consumers 

are unlikely to judge the flavor or texture (Francis, 1980). 

Environmental and cultural factors influence fruit color evolution. Different 

growing regions present different conditions for the development of color quality, and 

therefore varieties that ordinarily evolve good fruit color could show distinct response 

with inherent variations in the environment (Singha et al., 1991a). 

Although selecting varieties with high coloring potential is important, it is 

equally important to determine the uniformity in fruit coloration in each strain. 

Strains that have a high anthocyanin level on the side not exposed to light would 
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produce fruit having improved color under low-light or shaded conditions (Singha et 

al., 1991a). A comparable mechanism for synthesizing anthocyanins may exist in 

strains of Red Delicious apple and highly pigmented peach and nectarine cultivars. 

The skin of these cultivars will turn deep red even when fruits are located in the 

darkest part of the foliar canopy (Westwood, 1978), while epidermal cells of light- 

skinned apple and peach cultivars will develop a red blush only when exposed to 

direct sunlight (Ryugo, 1988). 

The rate of color formation depends on the size and maturity of the fruit 

(Fletcher, 1929), and the increasing capacity of apple fruits to accumulate 

anthocyanins near harvest time is a function of maturity. Young apple fruitlets 

present a remarkable coloration even in cultivars not tending to anthocyanin 

formation during maturation. Anthocyanin in immature fruit skin is degraded as 

rapidly as it is formed, while after maturation the rate of degradation is less than the 

rate of synthesis (Chalmers et al., 1973). 

According to Saure (1990), in apples there are two peaks of anthocyanin 

formation. The first one is produced during the phase of intense cell division in the 

fruit and is negligible because it is economically unimportant. The second peak 

coincides with the ripening of red cultivars. Arakawa (1988) stated that there is a 

difference among cultivars in the ability of the fruit to produce anthocyanin during 

ripening. Although it is well known that the genesis of anthocyanins is genetically 

determined, its content in fruits varies considerably in relation to climatic factors, 

light and temperature   in particular, cultivar and ripening (Walter, 1967; Chalmers et 
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al., 1973; Faragher, 1983; Saure, 1990; Macheix et al., 1990). Rootstock can greatly 

influence fruit quality, but usually the influence is not dramatic, and the effects are 

not always the same with different cultivars (Westwood, 1978). 

It is appropriate to talk about color measurement as a quality attribute. Color 

measuring instruments are less flexible than the eye, but, if conditions and scale of 

measurement are properly chosen, they quickly reduce color appearances to numbers 

that correlate well with visual evaluations. Tristimulus colorimetry, using the Hunter 

Color System, is well established as an objective method of measuring color in 

agricultural products, preferable when color must be reported in terms relevant to 

the human visual response. Most of the color data in foods are reported in the 

Hunter L, a, b system primarily because of Richard Hunter's personal efforts in the 

food area in the formative years of objective color measurements (Francis, 1980). 

The portable tristimulus colorimeter is a rapid, non-destructive method for estimating 

changes in individual fruit skin color during the growing season, quantifying fruit 

color in internationally acceptable units and thus allowing more consistent and 

reliable comparison of fruit color (Singha el al., 1991a and 1991b). 

Interpretation of data is an area of concern; there are several approaches 

found in the literature with varying degrees of acceptance. Lightness or darkness 

represented by L* value (luminosity) is correctly reported without further 

manipulation; a* and b* relate to the visually perceived redness, greenness, etc. that 

indirectly reflect hue and chroma. These coordinates are difficult to interpret 

separately   and  are  not  independent    variables   (Francis,   1980; McGuire,   1992). 
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Misapplication  or unconventional  interpretation   of basic concepts when expressing 

colorimetric data in the Hunter L,a,b system can and have occurred in the literature 

causing some confusion (Little, 1975; Francis, 1975). 

An appropriate measure of color can be obtained from the calculation of hue 

angle (@orh0)and Chroma C*, analogous to the indices of hue and saturation that 

are described by Little (1975) as follows: Chroma C* is calculated as (a*2 + b*2)'* 

and represent the hypotenuse of a right triangle created by joining points (0, 0), (a*, 

b*), and (a*, 0). Hue angle is the angle formed between the hypotenuse and 0oon 

the a* axis, & is calculated from the arctangent of b*/a* (Little, 1975; McGuire, 

1992; Voss, 1992). 

The objectives of this study were to analyze fruit color development and 

change during maturity in eight red pear cultivars and compare related red varieties 

in different growing areas of the Pacific Northwest. 
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Materials and Methods 

A descriptive study of fruit color was conducted on eight strains of red pears 

in Medford, Oregon in 1991 and 1992. The climate in this location is hot and dry 

with high radiation during the growing season. 

'Rogue Red', 'Rosired', 'Red Clapp', and 'Cascade' grafted on various 

rootstocks were grown at the Southern Oregon Experiment Station on a sandy loam 

soil. 'Sensation' and 'Max' Red Bartlett were in a commercial orchard on Darrow 

silty clay loam; trees were 12 and 40 years old, grafted on Pyrus calleryana and 

Bartlett seedling, respectively. 'Columbia Red AnjouV Winter Nellis seedling and 

'Gebhard Red AnjouV Pyrus betulaefolia were located in different commercial 

orchards on similar clay loam soils. 

Twenty fruit were chosen from the periphery of four trees of each variety. At 

mid-season and three times during maturity, fruits were wiped with a cloth to remove 

dust or spray residues and fruit color was measured on sun-exposed and shaded fruit 

surfaces (ground color). Readings were taken at the same marked spot on the fruit 

each time. 

The 8-mm-diameter measuring area of a Minolta CR-200b portable tristimulus 

colorimeter was placed at the midpoint between the stem and calyx end of each fruit 

and chromaticity was recorded in Commission Internationale de I'Eclairage 

(CIELAB) L*, a* and b* color space coordinates (Hunter, 1975; Singha et al., 1991a 

and 1991b).   The meter was calibrated  at illuminant condition C (6774K) with a 
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white standard (Minolta calibration plate CR.A43).   L* represents the lightness of 

colors from 0 to 100, being small for dark colors and large for light colors,   a* is 

negative for green and positive for red. b* is negative for blue and positive for 

yellow. Both a* and b* scales range from -60 to 60. Visual rating of the percentage 

of blush in each fruit was taken in 1992 for 'Rogue Red', 'Rosired', 'Cascade', and 

'Sensation' and 'Max' Red Bartlett at the different stages of maturity. 

Maturity stages were chosen to correspond to the beginning, middle, and end 

of the firmness range for harvestable maturity recommended by Southern Oregon 

Experiment Station (Oregon State University). Ten fruits per tree were taken from 

four replicate trees at each stage of maturity and flesh firmness was measured on two 

sides using a UC firmness tester penetrometer (Western Ind. Supply, S.F.,CA) with 

a 7 mm tip. 

The data were analyzed using SAS General Linear Models procedure (SAS 

Institute, Gary, NC) based on a complete randomized design in a two factor factorial 

arrangement (stages of maturity and surface of the fruit) for each variety using 

analysis of variance for hue angle (tan"1bs|7a*), chroma ((a*2 + b*2)1^) and L* value. 

A correlation analysis was performed between percentage of blush and each of the 

following variables: L*, a* and b* value, a*/b*, (a*/b*) 2, hue angle and chroma. 

Due to color quality changes observed in different growing regions, 

experiments were planned to compare related varieties of red strains in different 

locations. 'Max Red Bartlett' was compared with 'Sensation Red Bartlett' and 

'Columbia Red Anjou' with 'Gebhard Red Anjou'.  Measurements   of fruit color in 
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'Sensation' and 'Max' were taken in three different growing locations in Oregon: 

Medford, Hood River high elevation and Hood River low elevation. 

The characteristics of the tree and the location for Medford were described 

above. The Hood River high elevation orchard was at 335 m on a soil of the Oak 

Grove series. Trees of 'Max'/ Bartlett seedling were planted in 1983, 'Sensation'/ 

Old Home xFarmingdale 97 were planted in 1984. The Hood. River low elevation 

orchard at 168 m and the soil a Wind River variant. Both 'Max'and 'Sensation' Red 

Bartlett trees were grafted on Bartlett seedlings and were 30 and 12 years old, 

respectively. 

'Columbia' and 'Gebhard' Red Anjou color measurements were done in two 

growing locations: Medford, described above, and at the Mid-Columbia Agricultural 

Research and Extension Center in Hood River. Hood River is a relatively cool 

growing district. Both 'Gebhard' and 'Columbia' were eleven-year-old trees grafted 

on Old Home x Farmingdale 333 in a sandy loam soil. Fruit color, flesh firmness 

and soluble solids measurements were taken for each variety at each growing location 

as described above. Data were analyzed using SAS General Linear Models 

procedure (SAS Institute, Gary, NC) based on a complete randomized design in a 

factorial arrangement of four factors (growing location, variety, date of maturity and 

surface of the fruit) using analysis of variance for hue angle, chroma and L* value. 
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Results and Discussion 

Color study: 

Red Bartlett: 

In 'Max' Red Bartlett the analysis of variance for hue and chroma presented 

significant interactions   between stage of maturity and fruit surface (exposed and 

shaded side) for both years of study (P < 0.001). Interactions  were also significant 

for L* value in 1991 but not for 1992 (P = 0.62).   Each stage of maturity was 

significantly different from all others in luminosity, L* = 37.12 (Stage I), 39.90 (Stage 

II), 42.01 (Stage III) and 44.68 (Stage IV).   The shaded side of the fruit presented 

a higher L* value compared   with the exposed  surface  (L*  = 44.83 and 37.02 

respectively).   Means separation was performed by LSD, P = 0.05. 

During the growing season, fruit color generally became lighter, more 

chromatic and with higher hue angle, especially on the shaded fruit surface (Fig. 

3.1). The differences in hue between fruit surfaces were high during all the stages 

of maturity (Fig. 3.1). Chroma presented the highest correlation with the visual 

rating of the percentage of blush (r = -0.48). Hue angle and L* value had also 

correlation coefficients greater than 0.40 (Table 3.1). 

There were no interactions between stage of maturity and fruit surface for hue 

and L* value in 'Sensation' Red Bartlett (P = 0.28 and 0.92 respectively). For 

chroma the interactions were significant (P = 0.01). Tables 3.2 and 3.3 show the 

mean hue angle and L* values at different maturity stages and between sides of the 
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fruit for 1992.  The last stage of maturity had the highest hue and L* value and is 

significantly different from the two first stages but not from the third one. Both years 

of study had the same results; data of 1991 were transformed  to a log scale for 

analysis (data not shown). Hue angle, chroma and L* value increased with maturity. 

The shaded fruit surface gained the most, especially in hue and luminosity (Fig. 3.2, 

Table 3.3).  Thus the color became a more chromatic yellower red.   The highest 

correlation   to the visually rated  percentage   of blush was with hue (r = -0.42), 

followed by chroma (r = -0.39) (Table 3.1). 

Red Anjou: 

Both 'Gebhard' and 'Columbia' Red Anjou presented significant interactions 

between the different stages of maturity and the surface of the fruit for hue, chroma 

and L* value (P < 0.01). 

'Columbia' showed the same results both years of study. In general, 

luminosity and hue increased with maturity, being higher on the shaded surface of 

the fruit, except for the second stage of maturity that showed a decrease in both 

variables on the exposed side (Fig. 3.3). Differences in chroma between fruit 

surfaces disappeared after the second stage of maturity and fruit color became more 

chromatic (Fig.  3.3). 

For 'Gebhard' only data of 1991 is shown due to unplanned harvest of the 

fruit before the last stages of maturity in 1992. Fruits of 'Gebhard' generally 

increased in hue and became lighter and more chromatic with time (Fig. 3.4). The 
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exposed side of the fruit presented the highest gain in color. Chroma differed only 

slightly between fruit surfaces (Fig.  3.4). 

Rogue Red: 

The analysis of variance for hue and L* value for 'Rogue Red' indicated no 

interaction between stages of maturity and surface of the fruit (P = 0.34 and 0.28 

respectively).    In the case of chroma  the analysis of variance presented   highly 

significant interactions  between stages of maturity and fruit surfaces (P < 0.001). 

Table 3.4 and 3.5 shows the separation of means among different maturity stages 

and between  side of the fruit for 1992.   Fruit of 'Rogue Red' had the highest 

luminosity and hue at stage I, significantly different than the other stages, although 

differences were not sigmficant among stages II, HI and IV (Table 3.4). The fruits 

of this variety decreased  in hue angle and became darker over time.   The shaded 

surface of the fruit had higher hue and L* than the exposed surface (Table 3.5). 

Chroma decreased   in stage 11 of maturity on the exposed sides of the fruit and 

subsequently  increased.   The exposed surface behaved differently, becoming more 

chromatic during all the stages of maturity (Fig. 3.5). Both years of study presented 

the same results.  Visual rating of the percentage of blush indicated low correlation 

with all the chromaticity variables (Table 3.1). 

Rosired Bartlett: 

A color study in Rosired was done only in 1992. The analysis of variance for 

hue, chroma and L* indicated a highly significant interaction between stages of 

maturity and fruit surface (P < 0.01).  There was a sharp decrease  in hue angle. 
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chroma and L* value on the shaded surface of the fruit (Fig.  3.6). Thus the skin 

color became redder, more chromatic, and darker.   In general, the exposed side of 

the fruit was fairly uniform in color during the growing season (Fig. 3.6). Hue angle 

showed the higher correlation with the percentage  of blush r = -0.64 (Table 3.1). 

Red Clapp: 

There was no stage of maturity - surface of the fruit interaction for hue and 

L* (P = 0.97 and 0.84 respectively). Interactions for chroma were highly significant 

(P < 0.001). Every stage of maturity differed from all others in hue but only the last 

stage was different in L* (Table 3.6). L* value and chroma increased after the stage 

II of maturity  on the shaded  surface of the fruit (Fig. 3.7).   Hue continuously 

increased during the growing season for both surfaces.   The shaded side of the fruit 

exhibited the highest luminosity and hue (Table 3.7). Both years of study presented 

the same results.   Only 1992 data is shown. 

Cascade: 

There were no interactions between surface of the fruit and stages of maturity 

for hue, chroma and L* value (P = 0.75; 0.84; and 0.98 respectively).  Stages II and 

III of maturity did not differ in chroma, hue or L* value, while stage FV had the 

highest chromatic and L* value (Table 3.8). The exposed side of the fruit was darker 

than the shaded surface with a smaller hue angle and chroma (Table 3.9; Fig. 3.8). 

Hue angle was the variable that correlated best with percentage of blush (r 

= -0.64) (Table 3.1).  With maturity, skin color became lighter, yellower red and 
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more chromatic.   As results were consistent in both years of study, data from 1992 

only are shown. 

In summary, this variety color study confirmed that, as described for other 

horticultural characteristics (Willett, 1983; Ing, 1987; Sugar, 1990), different strains 

of red pears have unique color characteristics and do not behave as an homogeneous 

group. Even though 'Rosired' is a sport of Bartlett like 'Max'and 'Sensation', its 

color pattern is very different (Fig. 3.6,3.1 and 3.2). Even 'Red Clapp', described 

as solidly deep red over all the surface of the fruit (Sugar, 1990) showed a change 

in color with maturity and differences of color between sides of the fruit. 

In general, 'Rosired' had the biggest change in color from the beginning to the 

end of the study period, especially in hue angle, starting at 100 in the stage I of 

maturity and finishing at 40 for the shaded surface of the fruit. 'Columbia' and 

'Gebhard' tended to have the smallest change in chroma during maturity and 

'Cascade' the smallest change in hue (Fig. 3.8). All varieties increased in hue, 

chroma and L* with maturity except for 'Rogue Red' and 'Rosired'. 

'Rogue Red' had the highest L*. The exposed side of the fruit increased 

chroma and decreased hue becoming a more chromatic redder color. This result 

agrees with the description of Sugar (1990) for 'Rogue Red' which observed color 

intensifying near harvest. 

Hue angle was one of the chromaticity variables that presented the highest 

correlation  with visual rating of the percentage   of blush.    This agrees with the 
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findings of Francis and Clydesdale  (1975) on hue angle correlations   with visual 

ratings of foods. 

Variety comparisons: 

'Max' and 'Sensation' Red Bartlett: 

The four factor factorial analysis of hue angle for 'Max' and 'Sensation' Red 

Bartlett in 1991 showed a significant three way interaction among variety, stage of 

maturity and fruit surface (P < 0.001). The other four and three way interactions 

were not significant. For the analysis, data was transformed to the inverse function 

of hue to reach normality. In any location the difference in hue angle between the 

shaded and exposed surface of the fruit for a given variety was greater in the later 

stages of maturity than in stage I (Fig. 3.9). Two way interactions location -variety, 

location - stage of maturity and location - surface of the fruit were also significant. 

In general the shaded surface of 'Sensation' and 'Max' gained in hue to a greater 

extent in Medford than in the other locations. In Medford, hue increased constantly 

during maturity. This was also observed in Hood River high elevation, but at a lower 

rate. In Hood River low elevation there was no change in hue between stages 11 and 

III of maturity, but hue increased at stage III (Fig. 3.9). In 1992 Hood River low 

and high elevation showed a drop in hue in the last stage of maturity that could be 

an artifact due to the use of a different chromameter for that time in that locations 

(Fig.    3.10).   In Medford, similar trends were observed  in both years of study 
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although in 1992 the final gain in hue for both varieties and the rate of increase was 

smaller than in 1991. 

The analysis of variance for chroma indicated a significant three way 

interaction among location, variety and stage of maturity (P = 0.02). 'Sensation' had 

a smaller increase in chroma than 'Max', especially in Hood River high elevation 

and at stage 11 of maturity (Fig. 3.11). All the two way interactions were highly 

significant except for the one involving fruit surface - stage of maturity (P = 0.27). 

Both surfaces of the fruit in 'Sensation' presented similar gains in chroma in all the 

locations. For 'Max'the differences in chroma with maturity between surfaces of the 

fruit were greater in Medford than in the other locations (Fig.  3.11). 

Fruits of 'Sensation', though of lower chroma, were more uniform, and the 

difference between shaded and exposed sides of the fruit were not as marked as in 

'Max'. This agrees with the visual observations of both varieties described by Ing 

(1987). Chroma generally increased during maturity in every location for both 

varieties.   The shaded fruit surface of 'Max' exhibited the highest chroma. 

Results in 1992 were similar. Interaction among location, variety and stage 

of maturity was also significant (P = 0.03). Two way interactions were significant as 

well. A large drop in chroma measured at stage III of maturity in Hood River high 

and low elevation was due to measurements performed with another chromameter 

(Figure 3.12). Analysis of variance for L* value showed no significant three and four 

way interactions, but all of the two way interactions were highly significant (P < 

0.01).  The results were consistent in both years of study, although in 1992 stage of 
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maturity - fruit surface and location - variety interactions were not significant (P = 

0.74 and 0.39 respectively). 

There was a continuous increase in L* value during maturity of the fruit at the 

three   locations   (Fig. 3.13 and  3.14).    Medford   presented   the  highest  gain in 

luminosity during the growing season for both varieties.  In Hood River high and low 

elevation  'Sensation' showed less difference in L* between sides of the fruit than 

'Max'. The shaded fruit surface of both varieties presented  the highest luminosity 

throughout the growing season and this difference was greater in Medford than in 

the other locations.   Similarly, Singha et. al. (1991a), found that the blushed surface 

of the fruit of different 'Delicious' strains was significantly darker (lower L* value) 

than the nonblushed surface.   They also noted that the 'Delicious' strains that had 

the  lightest fruit color had also a low anthocyanin   content   on the nonblushed 

(shaded) surface of the fruit. Hood River low elevation presented a smaller increase 

in L* value at stage HI of maturity compared  with the other locations  for both 

varieties. 

Overall, 'Max' Red Bartlett tended to gain more chroma, hue angle and L* 

during maturity than 'Sensation' in any location and generally started the season with 

higher chromaticity values than 'Sensation'. Both varieties differed more in hue and 

luminosity than in chroma in all locations during the growing season. The shaded 

surface of the fruit gained more chroma, L* and hue than the exposed surface for 

both varieties. Thus the skin color of the shaded surfaces was a darker, yellower red 

and more chromatic, as defined by Sacks and Shaw (1993) for strawberries.   Lower 
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hue angles and chroma of the exposed side of the fruit represent   a redder, less 

chromatic surface in the wheel of color (Minolta, 1990).  Jacyna (1978) observed a 

high positive correlation between the amount of direct sunlight received and both the 

intensity and extent of red coloration of the individual fruit surfaces.   The greatest 

changes in color occurred after stage I of maturity (mid season) in all the locations 

and for both varieties.   In general, stage III of maturity presented the least increase 

in hue and L* value in the three locations for both varieties.   Chroma had a more 

uniform and continuous increase during maturity in all locations.   Change in color 

during maturity due to an increase  in the differences  between  the exposed and 

shaded  surfaces of the fruit is more marked at the end of the growing season. 

Structuring trees to allow light in the inner parts of the tree will help to increase the 

color of the shaded surfaces of the fruit, giving a more uniform color (Siegelman and 

Hendricks, 1958; Jackson et. al., 1971). 

Medford was the location where the greatest gains in hue, chroma and L* 

values occurred during the season for both varieties and also was the location where 

greater differences between exposed and shaded surfaces of the fruits were found in 

each variety. Medford has a hot and dry climate during the growing season and both 

years of study presented   higher maximum temperatures   than Hood  River (see 

appendix).   Climatic differences are known to affect fruit color development (Saure, 

1990).   In Medford (the warmest region) the fruit became yellower (higher hue), 

more chromatic and lighter with maturity than in Hood River. These results indicate 

that delaying harvest of 'Max'and 'Sensation' Red Bartlett may affect fruit color, and 
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this in turn may affect market appeal.   Cultural practices which enhance exposure of 

fruit to light are likely to result in more fully colored fruits. 

Medford in 1992 had not only higher temperatures but also a greater 

difference between maximum and minimum temperatures than in 1991. We can 

speculate that even though the significant interactions masks some results, these 

differences in maximum and minimum temperatures in 1992 affected color changes 

in the second year of study. 

'Columbia' and 'Gebhard'Red Anjou: 

The analysis of variance for chroma in 1991 showed that three and four way 

interactions were not significant, nor were variety - stage of maturity and location - 

surface of the fruit interactions (P = 0.05 and 0.07 respectively). Only 1991 data are 

shown due to unplanned harvest of 'Gebhard' before the last stages of maturity of 

1992. In Hood River, the two varieties were more alike than in Medford. There was 

a decrease in chroma at stage II of maturity for the shaded side of both varieties in 

Medford (Fig. 3.16). The exposed side of the fruit gained chroma continuously 

during the growing season. The greatest gain on both surfaces of the fruit occurred 

in the last maturity stage. In general, both varieties develop chroma similarly. The 

greatest gain in chroma for both varieties occurred in Hood River (Fig.  3.16). 

Hue and L* value analysis of variance presented the same results. Three way 

interactions were highly significant among location - stage of maturity - surface of the 

fruit, location - variety - surface of the fruit, and location - variety - stage of maturity. 
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There was a sharp increase in hue and luminosity at the last stage of maturity 

specially in the shaded side of the fruit (Fig.  3.15 and 3.17). 

Differences between varieties were more apparent in Medford, where the 

shaded side of 'Gebhard' had higher hue and L* values. In Hood River, both 

varieties behaved similarly and the shaded side of 'Columbia' had the greatest hue 

and L* value (Fig. 3.15). Hue and L* chromaticity values were highest in Medford, 

as was found in the 'Max' and 'Sensation' Red Bartlett variety comparisons. This 

reaffirms the concept that different strains show distinct response with inherent 

variation in the environment (Singha et al., 1991a). Higher maximum temperatures 

in Medford than in Hood River affected Red Anjou color quality development; the 

fruit in the former location became a lighter yellower red and less chromatic than in 

Hood River. 'Columbia' had a deeper darker red than 'Gebhard' in Medford, while 

the opposite was observed in Hood River. 

In the color and variety comparison study, color evolved differently at the four 

different stages of maturity for all the varieties. In the course of red pear fruit 

development as in other fruits, the effect of light intensity and temperature in the 

evolution of color varies with cultivar and stage of fruit ripening (Chalmers et al., 

1973; Arakawa, 1991). 



Table 3.1.      Correlation coefficients (r) for visual rating of the percentage of blush and selected chromaticity values in fruits 

of different red pear varieties2. 

Percentage of blush 

Chromaticity values Pear varieties 

Max Sensation Rogue Red Rosired Cascade 

-0.42 -0.34 -0.19 -0.58 -0.58 

0.24 0.16 0.28 0.56 0.56 

-0.47 -0.06 -0.22 -0.62 -0.62 

0.39 0.37 0.25 0.58 0.58 

0.31 0.29 0.28 0.32 0.32 

-0.48 -0.39 -0.21 -0.39 -0.39 

-0.42 -0.42 -0.25 -0.64 -0.64 

L* 

a* 

b* 

a*/b* 

(a*/b*)2 

Chroma 

Hue 

ZA11 correlation coefficients are significant at P < 0.01. 
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Table 3.2. Hue angle and L* chromaticity values for 'Sensation' Red 

Bartlett pear fruit measured at different stages of maturity 

during 1992 growing season, Medford, ORz. 

Stages of maturityy Hue angle L* 

I 

II 

III 

IV 

zMean separation within columns by LSD; P = 0.05,n = 160. 

yStages of maturity defined by Firmness range (Newton) and Days After Full Bloom respectively: 

I: 119-123,80; II: 72-83, 111; III: 76-78,123; IV: 73-75,133. 

28.62 c 36.02 b 

35.33 b 36.77 b 

38.35 ba 39.69 a 

43.67 b 40.75 a 
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Table 3.3. Hue angle and L* chromaticity values for the shaded and 

exposed fruit surfaces of 'Sensation' Red Bartlett pears, 

Medford, OR, 1992z. 

Surface of the fruit                        Hue angle L* 

Shaded                                               44.62 a 40.83 a 

Exposed                                             28.37 b 35.79 b 

zMean separation within columns by LSD; P = 0.05,n = 320. 
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Table 3.4. Hue angle and L* chromaticity values for 'Rogue Red' pear 

fruit measured at different stages of maturity during 1992 

growing season, Medford, ORz. 

Stages of maturityy Hue angle L* 

I 60.83       b 49.50 b 

II 61.70       b 49.54 b 

III 61.95       b 50.57 b 

IV 75.80       a 52.67 a 

zMean separation within columns by LSD; P = 0.05,n = 160. 

yStages of maturity defined by Firmness range (Newton) and Days After Full Bloom respectively: 

I: 89-94,95; II: 62-67,145; III: 54-58,152; IV: 48-59,159. 
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Table 3.5. Hue angle and L* chromaticity values for the shaded and 

exposed fruit surfaces of 'Rogue Red' pears, Medford, OR, 

1992z. 

Surface of the fruit                   Hue angle L* 

Shaded                                       93.24       a 59.09      a 

Exposed                                     36.90       b 42.05      b 

zMean separation within columns by LSD; P = 0.05^ = 320. 
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Table 3.6. Hue angle and L* chromaticity values for 'Red Clapp' pear 

fruit measured at different stages of maturity during 1992 

growing season, Medford, ORz. 

Stages of maturityy Hue angle L* 

I 13.09 d 32.69 b 

II 17.96 c 32.78 b 

III 20.54 b 33.61 b 

IV 22.80 a 35.14 a 

zMean separation within columns by LSD; P = 0.05,n = 160. 

yStages of maturity defined by Finnness range (Newton) and Days After Full Bloom respectively: 

I: 120-    124,81; II: 77-81, 111; III: 67-78,119; IV: 67-74,124. 
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Table 3.7. Hue angle and L* chromaticity values for the shaded and 

exposed fruit surfaces of 'Red Clapp' pears, Medford, OR, 

1992z. 

Surface of the fruit                      Hue angle L* 

Shaded                                           21.19       a 34.81        a 

Exposed                                         16.01       b 32.29        b 

zMean separation within columns by LSD; P = 0.05,n = 320. 
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Table 3.8. Chroma, hue angle and L* chromaticity values for 'Cascade' 

pear fruit measured at different stages of maturity during 

1992 growing season. Medford, OR2. 

Stages of maturityy Chroma Hue angle L* 

I 16.76 c 51.98       b 40.00     c 

H 20.21 b 55.61       ba 41.38      cb 

HI 21.07 b 58.91       b a 42.45        b 

IV 23.45 a 61.67         a 44.82        a 

zMean separation within columns by LSD; P = 0.05,n = 160. 

yStages of maturity defined by Firmness range (Newton) and Days After Full Bloom respectively: 

I: 99-105,88; II: 71-83,117; HI: 67-74,124; IV: 59-65,135. 
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Table 3.9. Chroma, hue angle and L* chromaticity values for the shaded 

and exposed fruit surfaces of 'Cascade' pears, Medford, OR, 

1992z. 

Surface of the fruit Chroma Hue angle L* 

Shaded 22.28    a 79.79       a 46.91 

Exposed 18.46    b 34.29       b 37.41 

zMean separation within columns by LSD; P = 0.05,n = 320. 
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Fig. 3.1. Change in L* value, chroma and hue angle of the exposed 
(e) and shaded (s) surfaces of fruit from 'Max' Red Bartlett pears. 
The measurements were taken in 1992 at different stages of 
maturity defined by Firmness range (Newton) and Days After Full 
Bloom respectively: 1:119-123,80; II: 72-83, 111; HI: 76-78,123; IV: 
73-75, 133. Each point represents  the mean of 80 measurements. 
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Fig. 3.2. Change in L* value, chroma and hue angle of the exposed 
(e) and shaded (s) surfaces of fruit from 'Sensation' Red Bartlett 
pears. The measurements were taken in 1992 at different stages of 
maturity defined by Firmness range (Newton) and Days After Full 
Bloom respectively: I: 119-123,80; E: 72-83, 111; HI: 76-78,123; IV: 
73-75, 133. Each point represents  the mean of 80 measurements. 
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Fig. 3.3. Change in L* value, chroma and hue angle of the exposed 
(e) and shaded (s) surfaces of fruit from 'Columbia' Red Anjou 
pears. The measurements were taken in 1992 at different stages of 
maturity defined by Firmness range (Newton) and Days After Full 
Bloom respectively: I: 89-98, 99; II: 65-71,142; IH: 62-76,146; IV: 
65-75, 154. Each point represents  the mean of 80 measurements. 
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Fig. 3.4. Change in L* value, chroma and hue angle of the exposed 
(e) and shaded (s) surfaces of fruit from 'Gebhard' Red Anjou 
pears. The measurements were taken in 1991 at different stages of 
maturity defined by Firmness range (Newton) and Days After Full 
Bloom respectively: I: 89-98, 80; II: 65-71,146; III: 62-76,157; IV: 
65-75, 164. Each point represents the mean of 80 measurements. 
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Fig. 3.5. Change in L* value, chroma and hue angle of the exposed 
(e) and shaded (s) surfaces of fruit from 'Rogue Red' pears. The 
measurements were taken in 1992 at different stages of maturity 
defined by Firmness range (Newton) and Days After Full Bloom 
respectively: I: 89-94, 95; 11: 62-67, 145; III: 54-58, 152; IV: 48-59, 
159. Each point represents  the mean of 80 measurements. 
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Fig. 3.6. Change in L* value, chroma and hue angle of the exposed 
(e) and shaded (s) surfaces of fruit from 'Rosired' Bartlett pears. 
The measurements were taken in 1992 at different stages of 
maturity defined by Firmness range (Newton) and Days After Full 
Bloom respectively: 1:134-137,84; 11: 93-95,114; HI: 84-94,122; IV: 
83-90, 133. Each point represents  the mean of 80 measurements. 
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Fig. 3.7. Change in L* value, chroma and hue angle of the exposed 
(e) and shaded (s) surfaces of fruit from 'Red Clapp' pears. The 
measurements were taken in 1992 at different stages of maturity 
defined by Firmness range (Newton) and Days After Full Bloom 
respectively: I: 120-124,81; 11: 77-81, 111; IH: 67-78,119; IV: 67-74, 
124. Each point represents  the mean of 80 measurements. 
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Fig. 3.8. Change in L* value, chroma and hue angle of the exposed 
(e) and shaded (s) surfaces of fruit from 'Cascade' pears. The 
measurements were taken in 1992 at different stages of maturity 
defined by Firmness range (Newton) and Days After Full Bloom 
respectively: I: 99-105, 88; II: 71-83,117; IE: 67-74,124; IV: 59-65, 
135. Each point represents  the mean of 80 measurements. 
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Fig. 3.9. Change   in hue  angle  of the  exposed  (e)  and  shaded   (s) 
surfaces of fruit from 'Max' (M) and 'Sensation' (S) Red Bartlett 
pears grown in three locations. The measurements were taken in 
1991 at different stages of maturity defined by Firmness range 
(Newton) and Days After Full Bloom respectively: I: 112-129,74-87; 
II: 89-105, 121-127; III: 76-89, 135-141; IV: 73-82, 143-148. Each 
point represents  the mean of 80 measurements. 
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Fig. 3.10. Change in hue angle of the exposed (e) and shaded (s) 
surfaces of fruit from 'Max' (M) and 'Sensation' (S) Red Bartlett 
pears grown in three locations. The measurements were taken in 
1992 at different stages of maturity defined by Firmness range 
(Newton) and Days After Full Bloom respectively: I: 112-129,75-80; 
II: 72-101, 109-111; El: 76-87, 119-123; IV: 74-81, 132-133. Each 
point represents the mean of 80 measurements. 
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Fig. 3.11. Change in chroma of the exposed (e) and shaded (s) surfaces 
of fruit from 'Max' (M) and 'Sensation' (S) Red Bartlett pears grown 
in three locations. The measurements were taken in 1991 at different 
stages of maturity defined by Firmness range (Newton) and Days 
After Full Bloom respectively: I: 112-129,74-87; II: 89-105,121-127; 
III: 76-89, 135-141; IV: 73-82, 143-148. Each point represents the 
mean of 80 measurements. 
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Fig. 3.12. Change in chroma of the exposed (e) and shaded (s) surfaces 
of fruit from 'Max' (M) and 'Sensation' (S) Red Bartlett pears grown 
in three locations. The measurements were taken in 1992 at different 
stages of maturity defined by Firmness range (Newton) and Days 
After Full Bloom respectively: I: 112-129,75-80; U: 72-101,109-111; 
III: 76-87, 119-123; IV: 74-81, 132-133. Each point represents the 
mean of 80 measurements. 
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Fig. 3.13. Change in L* value of the exposed (e) and shaded (s) surfaces 
of fruit from 'Max' (M) and 'Sensation' (S) Red Bartlett pears grown 
in three locations. The measurements were taken in 1991 at different 
stages of maturity defined by Firmness range (Newton) and Days 
After Full Bloom respectively: I: 112-129,74-87; II: 89-105,121-127; 
III: 76-89, 135-141; IV: 73-82, 143-148. Each point represents the 
mean of 80 measurements. 
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Fig. 3.14. Change in L* value of the exposed (e) and shaded (s) surfaces 
of fruit from 'Max' (M) and 'Sensation' (S) Red Bartlett pears grown 
in three locations. The measurements were taken in 1992 at different 
stages of maturity defined by Firmness range (Newton) and Days 
After Full Bloom respectively: I: 112-129,75-80; II: 72-101,109-111; 
ffl: 76-87, 119-123; IV: 74-81, 132-133: Each point represents the 
mean of 80 measurements. 
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Fig. 3.15. Change in hue angle of the exposed (e) and shaded (s) 
surfaces of ftuit from 'Columbia' (C) and 'Gebhard' (G) Red Anjou 
pears grown in three locations. The measurements were taken in 
1991 at different stages of maturity defined by Firmness range 
(Newton) and Days After Full Bloom respectively: I: 82-98; 80-91; II: 
62-71; 140-146; ffl: 60-70, 148-157; IV: 53-75, 158-164. Each point 
represents  the mean of 80 measurements. 
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Fig. 3.16. Change in chroma of the exposed (e) and shaded (s) surfaces 
of fruit from 'Columbia' (C) and 'Gebhard' (G) Red Anjou pears 
grown in three locations. The measurements were taken in 1991 at 
different stages of maturity defined by Firmness range (Newton) and 
Days After Full Bloom respectively: I: 82-98; 80-91; 11: 62-71; 140- 
146; III: 60-70, 148-157; IV: 53-75, 158-164. Each point represents 
the mean of 80 measurements. 
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CHAPTER 4 

EVAPORATIVE COOLING EFFECTS OF OVERTREE SPRINKLER 

IRRIGATION ON 'SENSATION' RED BARTLETT PEARS 

Abstract 

The effect of evaporative cooling by overtree sprinkler irrigation on fruit 

color was studied in 'Sensation' Red Bartlett pear. Color was measured on the 

shaded and exposed surfaces of each fruit with a Minolta CR-200b portable 

tristimulus colorimeter using the Commission Internationale de I'Eclairage color 

space (L*, a* and b*) coordinates. The measurements were done four times 

during maturity (at 104,122,133 and 139 days after full bloom). Visual rating of 

the percentage  of blush was also evaluated on each fruit. 

Cooling increased chroma, a* value, and decrease hue. Cooled fruit became 

redder and more chromatic and showed a higher percentage of blush. Although 

shaded fruit surfaces of both treatments gained more hue angle and exposed 

surfaces more a* value, differences between fruit surfaces in cooled trees were not 

as marked as inuncooled ones. Fruit from cooled trees decreased in flesh firmness 

faster than fruit from the control trees as maturity advanced. Accordingly, they 

should be harvested earlier for optimum keeping quality.   Evaporative  cooling 
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promoted red skin color, however the increase in coloration may have been partly 

due to an advanced maturity. 
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Introduction 

Color development in fruit is influenced by cultural and environmental 

factors. The most important environmental factors are temperature and light 

(Saure, 1990). Temperature has a profound effect on the accumulation of 

anthocyanin and red color formation, and the relationship between temperature 

and color development has been examined in many studies (Uota, 1952; Creasy, 

1968; Blankenship, 1987). Low temperatures have long been considered to 

promote anthocyanin synthesis, and high temperatures in autumn to inhibit it 

(Saure, 1990; Mazza and Miniati, 1993). Thus most anthocyanin-containing fruits 

develop a higher coloration in cooler regions (Gross, 1987). 

Creasy (1966) reported that in apples anthocyanin synthesis is promoted by 

low temperatures whether applied during the light or the dark period. Similarly, 

Tan (1979) showed that low temperature (6C) both in light and dark stimulated 

the accumulation of phenylalanine ammonia-lyase (PAL). Fruits held at 

alternating temperatures of 6 and 18C in light produce twice the amount of 

anthocyanin as fruits at constant 18C. The development of red skin color in 'Red 

Chief apples was promoted by cool night temperatures; fruits exposed to 26C day 

temperature during fruit development and maturation showed more red skin color 

when held at 11C than at 22C night temperatures   (Blankenship,   1987). 

Overhead  sprinkler irrigation may promote anthocyanin formation in a 

warm climate because of the cooling that lessens the negative effect of heat during 
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the warmest period of the day, decreasing the fruit respiration rate and thereby 

conserving energy (Ryugo, 1988; Saure, 1990).   Unrath (1972) found that fruit 

from 'Red Delicious' apple trees evaporatively cooled by overtree irrigation have 

greater surface coloration and nearly twice as much surface area with good red 

color as fruit which received undertree or no irrigation.  Overhead sprinkling also 

removes dust particles from leaves and improves their photosynthetic   capacity 

(Ryugo, 1988). 

Faragher (1983) showed that in the field the increase in anthocyanin in 

apple   skin before   harvest  coincided   with decreasing   temperatures    and  with 

increasing ethylene production by the fruit.   Numerous explanations  have been 

proposed  for the effect of temperature   on anthocyanin synthesis.   Uota (1952) 

stated  that at higher temperatures   a greater amount of energy is required  to 

synthesize  the pigment  and high levels of pigmentation   can be obtained   by 

increasing  the light intensity.    Creasy (1968) suggested  that  the increase   in 

anthocyanin formation in apple skin is favored by low temperatures   that permit 

the accumulation of photosynthate increasing the carbohydrate status of the tissue. 

Cool night temperatures  reduce respiratory loss of carbohydrates (Ryugo, 1988). 

Faragher (1983) and Faragher and Bohier (1984) explained that the increase in 

anthocyanin in autumn may be more directly related to the ripening process, as 

manifested by the rise in ethylene, than to a fall in temperature.    Saure (1990) 

concluded that low temperatures   may contribute to color formation by directly 

decreasing gibberellin activity. 
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The objectives of this study were to evaluate  the effects of modifying 

temperature   by evaporative  cooling on fruit color in 'Sensation' Red Bartlett 

pears. 
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Materials and Methods 

Trees  of 'Sensation' Red  Bartlett   pear were evaporatively   cooled  by 

overhead sprinkler irrigation in Medford, Oregon in 1992. The trees were thirteen 

years old grafted on Pyrus communis rootstock. In this location the climate is hot 

and dry with high radiation during the growing season. 

Two micro-sprinklers were installed above each of four replicate trees 

scattered in a row of 'Sensation' trees. Another four trees in the same row but 

apart from the ones cooled were used as a control. The overtree system was 

designed for an application rate of 72 1 h and the sprinklers affected a radius of 

1.15 m. The overhead system was activated at ± 32C (Lombard et al., 1966; 

Unrath, 1972), operated continuously at ambient temperature in excess of 32C and 

was shut off as the temperature dropped below + 30C. A thermometer was 

located in each tree (cooled and control) at approximately 1 m high to record 

daily maximum air temperature around the trees on days when cooling was 

applied (Figure 4.1). 

Four times during maturity (104, 122, 133 and 139 days after full bloom) 

twenty fruits on the periphery of each tree were wiped with a cloth to remove dust 

or spray residues and fruit color was measured on sun-exposed and shaded fruit 

surfaces (ground color). Readings were taken at the same marked spot on the 

fruit each time. The 8-mm-diameter measuring area of a Minolta CR-200b 

portable tristimulus colorimeter was placed at the midpoint between the stem and 
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calyx of each fruit and chromaticity was recorded in Commission Internationale 

de I'Eclairage (CIELAB)  L*, a* and b* color space coordinates  (Hunter,  1975; 

Singha et al., 1991a and 1991b). The meter was calibrated at illuminant condition 

C (6774K)  with a white  standard   (Minolta   calibration   plate   CR.A43).    L* 

represents the lightness of colors from 0 to 100, being small for dark colors and 

large for light colors, a* is negative for green and positive for red. b* is negative 

for blue and positive for yellow. Both a* and b* scales range from -60 to 60. The 

percentage   of blush on each fruit was visually estimated   at each time of color 

measurement. 

Ten fruits per tree were taken from each tree at each stage of maturity and 

flesh firmness was measured on two sides using a UC penetrometer (Western Ind. 

Supply, S.F.,CA)   with a 7 mm tip. 

The data were analyzed using SAS General Linear Models procedure (SAS 

Institute, Gary, NC) based on a complete randomized design in a three factor 

factorial arrangement (cooled vs. control, stage of maturity, and exposed vs. 

shaded fruit surface) using analysis of variance for hue angle (tan"1b*/a*), chroma 

((a*2 + b*2)1^, L* and a* value. A two factor factorial arrangement (treatment 

and stage of maturity) was performed for the visual rating of the percentage of 

blush. 
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Results and Discussion 

The analysis of variance for L* value showed no differences between 

treatments. Cooled and uncooled fruits increased luminosity with maturity at the 

same rate (Figure 4.2). Data on chroma and hue angle were transformed to the 

inverse function for the analysis. The evaporatively cooled fruits presented more 

chroma and less hue than the uncooled (Table 4.1). Cooled fruits became redder 

and more chromatic and generally, shaded fruit surfaces gained more hue angle 

than the exposed ones (Figure 4:2). 

For a* value (the measure of redness) the data were transformed to the log 

scale for analysis. Cooled fruits gained more red with maturity than control fruit 

(Table 4.1) and the exposed fruit surfaces of both treatments were redder than the 

shaded surfaces (Figure 4.2). Working with 'Mclntosh' apples, Creasy (1968) 

noticed that low temperature increased the rate of anthocyanin synthesis in the 

exposed tissues and permitted synthesis in poorly exposed skin. 

The percentage of blush was also higher in cooled fruits than in uncooled 

fruits (Table 4.1). Although the percentage of blush decreased as maturity 

advanced, at the end of the growing season both cooled and uncooled fruits had 

blush levels similar to those at the beginning of the study (Figure 4.3). These 

results agree with the visual color determination done by Unrath (1972) who 

found that apple trees with overtree irrigation had fruits with greater surface 
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coloration and nearly twice as much surface area with good solid red color as 

fruits which received undertree  or no irrigation. 

Fruits from cooled trees decreased in firmness faster than fruits from the 

control trees as maturity advanced, and at harvest had a higher percentage of core 

breakdown (Fig. 4.4). This promotion of maturity by evaporative cooling was also 

noted by Lombard et al. (1966) in 'Bartlett' pears. They suggested that since 

evaporatively cooled pears matured earlier, they should be harvested earlier for 

optimum keeping quality. Also, a later report by Wang et al. (1971) indicated that 

exposure of 'Bartlett' pears to cool temperature treatments resulted in a 

premature ripening on the tree prior to anticipated time of normal harvest. 

Unrath (1972) working with 'Red Delicious' apples, stated that, from trees 

receiving overtree sprinkler irrigation, harvest was completed one week earlier 

than in those with undertree or no irrigation. 

For the exposed surface of both cooled and control fruits red color increase 

at the same rate with decreasing fruit firmness (Fig. 4.5). This suggest that the 

higher a* values (redder fruits) that the cooled trees acquired in the exposed 

surfaces were due to premature ripening of the fruits rather than to a direct effect 

of lower temperatures produced by cooling on fruit color. Faragher (1983) and 

Faragher and Bohier (1984) explained that the increase in anthocyanin in autumn 

may be more directly related to the ripening process, as manifested by the rise in 

ethylene, than to a fall in temperature. Arakawa (1991) stated that the effects of 

temperature   on anthocyanin synthesis varied with the stage of fruit ripening. The 
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shaded sides of the fruit behaved differently. Control fruits decreased in a* value 

while cooled ones increased, implying a direct effect of evaporative cooling on red 

color. 

The control fruits increased hue at a higher rate than the cooled ones for 

both fruit surfaces, being more notable in the shaded side of the fruit (Fig. 4.6). 

Control fruits became yellower and even though the exposed side of the fruit 

gained some red color (Fig. 4.5), there was a gain of yellow color on that surface 

that contributed to the higher hue values. 

Gain in hue angle by cooled fruits was very small, indicating redder fruits. 

This difference in rate of the increase in hue angle between treatments suggests 

a direct effect of cooling on color development. Overhead sprinkler irrigation may 

promote anthocyanin formation in a warm climate because of the cooling that 

lessens the negative effect of heat during the warmest period of the day, 

decreasing the fruit respiration rate and thereby conserving energy (Ryugo, 1988; 

Saure, 1990). Temperature is an environmental variable which can influence the 

degree of red coloration of 'Sensation' Red Bartlett pears. The influence of low 

temperature in permitting the accumulation of photosynthate is a phenomenon 

reported in several plants. Stimulation in photosynthate accumulation could 

increase the carbohydrate status of the tissue and lead to increased anthocyanin 

synthesis (Creasy, 1968). 

Faragher (1983) stated that temperature   in conjunction with ripening and 

light is an important   factor regulating  anthocyanin  accumulation   and that its 
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effects are mediated by effects on the level of PAL. The regulation of the level 

of PAL by temperature  appears likely to depend on increased inactivation of PAL 

by high temperature    rather   than  direct   stimulation   of PAL levels  by low 

temperature.  He also reported that it is likely that ripening has a greater effect in 

increasing anthocyanin levels than does low temperature. 

Color in 'Sensation' Red Bartlett pears appears to respond to temperature 

similarly to other anthocyanin containing fruits. Cool temperatures  promoted red 

skin color, however the  increased   coloration  was partly due to an advanced 

maturity in which ethylene may had an important role.  The modification of red 

pear skin color by tree management has a potential economic value especially in 

cultivars with irregular color development. 
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Table 4.1. a*, hue angle and chroma chromaticity values and visual 

rating of the percentage of blush for evaporatively cooled 

and uncooled fruits of 'Sensation' Red Bartlett pears, 

Medford, OR, 1992z. 

Treatment a* Hue angle Chroma % Blush> 

Cooled 19.94 a 43.29 b 29.87 a 91.80 a 

Uncooled 15.65 b 49.71a 28.19 b 86.70 b 

z Mean separation within columns by LSD; P = 0.05,n = 32. 

yn = 16 



114 

O 

CD 

■4-> 

cd 

0) 
On 

0 
0) 

44  - 

26  - 

n—i—r "i—i—i—r i—i—i—r- 

Cooled 
Uncooled 

J I L J l J L J I J L 

141618202224262830 1   3   5   7   9 11 
July August 

Figure 4.1. Maximum air temperatures in cooled and uncooled 
'Sensation'Red Bartlett pears trees during the period when overtree 
sprinkler irrigation system was operated in 1992 growing season. 
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CHAPTER  5 

QUANTIFICATION AND CHARACTERIZATION OF ANTHOCYANEVS IN 

RED PEARS AND THE EFFECT OF LIGHT QUALITY ON FRUIT COLOR 

Abstract 

A study  was conducted   to  characterize   and  quantify   anthocyanin   in 

'Sensation' Red Bartlett pear skin and evaluate the effects of light quality on fruit 

color development.   Anthocyanin   concentration   was related   to instrumentally 

measured fruit chromaticity values. 

The red pear skin pigments were extracted with acetone, isolated with 

polyvinylpyrrolidone (PVPP) and recovered in 1% methanolic HC1. High- 

performance liquid chromatography (HPLC) and thin-layer chromatography (TLC) 

were used to analyze the extract. Two spots were detected in the TLC 

chromatogram, one of them did not change color with molybdate sprays indicating 

the possible presence of peonidin. HPLC analysis confirmed the presence of a 

major and a minor pigment which coeluted with cyanidin 3-galactoside and 

peonidin 3-galactoside. Monomeric anthocyanin content was determined on an 

aqueous extract using a pH differential method. The content of anthocyanins in 

'Sensation' Red Bartlett pear skins was 6.83mg/100 g of fruit peels. 
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Gelatin filters of different wavelengths were attached over the exposed side 

of 'Sensation' pear fruits one month before harvest for the light quality study. The 

treatments   were: control (without filter), total opaque  (aluminum  foil wrapped 

fruits), and filters with spectral-transmittance   wavelengths from 400 to 500 nm, 500 

to 600 nm, above 600 nm and above 700 nm. Chromaticity was recorded before 

the filters were placed and at harvest after their removal. Color measurements 

were made with a Minolta CR-200b portable  tristimulus colorimeter  using the 

Commission Internationale  de I'Eclairage (L*, a* and b*) color space coordinates. 

Following color measurements,   anthocyanin was extracted from individual skin 

disks. All filters yielded less hue than the control. Wavelengths that transmit above 

600 nm had the largest effect in chroma, a* and b* value. Aluminum wrapped 

fruit had the highest luminosity. Wavelengths from 400 to 500 nm gave darker, less 

chromatic and redder pear fruit. All treatments yielded higher anthocyanin content 

than the control.  There  was a tendency  towards an increase   in anthocyanin 

production   with longer wavelengths.  The  simple  linear  regression  of the  log 

anthocyanin content on L* value and (a*/b*) 2 provided an R2 = 0.41. Precision 

was enhanced  slightly when both terms were included in the model, R2 = 0.46. 
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Introduction 

The general pattern of anthocyanin distribution in pear fruits involves a 

non-pigmented epidermis and one or two additional non-pigmented layers, lying 

above two to five layers containing anthocyanins. An exception is 'Starkimson', a 

mutation of 'Clapp's Favorite', where 95% of the color is due to anthocyanin in 

the epidermal layer (Dayton, 1966; Francis 1970). The gene or genes responsible 

for anthocyanin development in 'Max Red Bartlett' and 'Seckel' are carried in 

cells of the second histogenic layer and this is probably also true for 'Rosired 

Bartlett' and 'Royal Red Hardy' (Dayton, 1966). 

Pigments causing red coloration in pears are mainly anthocyanins. Those 

previously identified are: cyanidin-3-galactoside and cyanidin-3-arabinoside 

(Francis, 1970). Both Pomoideae genera, Malus and Pyrus, contain cyanidin-3- 

galactoside which is absent from the other sub-families of Rosaceae, so it would 

be unlikely from a taxonomic point of view that two mutants of pears would differ 

in their major pigment (Francis, 1970; Timberlake and Bridle, 1971). However, 

they might differ in the minor pigment. In contrast to apple, in which there is a 

notable presence of acylated pigments, these pigments are practically irrelevant 

in pear fruits (Mazza and Miniati, 1993). Redelinghuys et al. (1973) identified 

cyanidin 3-galactoside and peonidin 3-galactoside in the epidermis of a red mutant 

of 'Williams Bon Chretien' ('Williams', 'Bartlett'). Compared with other fruits, the 
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concentration  of anthocyanins in pear peels is distinctly lower, ranging from 5 to 

10 mg/lOOg of fresh weight (Macheix et al., 1990; Mazza and Miniati, 1993). 

Environmental and cultural factors influence fruit color evolution. 

Temperature and light are two environmental factors important for red pigment 

development in fruit (Saure, 1990; Singha et al., 1991a). Knowledge of the role 

of these factors in the control of anthocyanin biosynthesis is particularly valuable 

because they can be used for practical control of fruit quality and market value. 

External factors that influence color development interact with each other 

and with endogenous control. Therefore, to promote anthocyanin synthesis these 

external factors must interfere with endogenous control by either increasing the 

capability of anthocyanin formation, or by reducing the repression of its formation 

(Saure, 1990). The biosynthesis of anthocyanins in plant tissues either requires 

light or is enhanced by it (Mancinelli, 1985). Siegelman and Hendricks (1958) 

also reported that red color in apples requires light for its formation and is 

localized in the areas most exposed to the sun. Furthermore, Jackson (1980) 

observed that anthocyanin content in the most exposed part of the fruit skin 

increases with light intensity up to at least 50% of full sunlight. Siegelman and 

Hendricks (1958) found a linear increase in anthocyanin concentration with light 

intensity above a certain threshold value. 

Experimentation has shown that fruit red color formation due to 

anthocyanin is controlled by a high energy photoreaction, with an action maximum 

at 650 nm (about 640 and 670 nm for Siegelman and Hendricks,   1958) and a 
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subsidiary one at 430 to 480 nm, and by a subsequent photoreaction with an action 

maximum near 655 nm (Downs et al., 1965). In these experiments only the effects 

of wavelengths longer than 400 nm were studied.   The optimum wavelength for 

anthocyanin  synthesis in harvested apples is 440 nm and red light was additive 

(Bishop and Klein, 1975).   Light of wavelengths from 280 to 320 nm (UV-B) is 

highly effective in stimulating anthocyanin synthesis and exerts a synergistic effect 

when applied simultaneously with red light (Arakawa et al., 1985).  Kubo et al. 

(1988) noticed that the rapid increase of anthocyanin formation in attached apples 

after bagging was prevented when UV cut-off filters were used. Dependence   on 

certain light qualities for anthocyanin formation differs among cultivars, as does 

their responsiveness to white light (Arakawa et al., 1986; Arakawa, 1988). 

The objectives of this study were to characterize   and determine   total 

monomeric anthocyanins in red pears, evaluate the effects of light quality on color 

in 'Sensation' Red Bartlett pears, and also relate anthocyanin concentration   to 

instrumentally measured fruit chromaticity values. 
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Materials and Methods 

Characterization and quantitation of anthocyanins: 

Peels from the exposed surface of the fruit of'Sensation' Red Bartlett pears 

from Medford, OR, 1992 were used for this study. After fruit harvest, the peels 

were frozen in liquid nitrogen and stored at -40C. To prepare the aqueous extract 

the frozen peels were shattered to a fine powder and blended with liquid nitrogen. 

The powdered sample (51.2 g) was mixed with 70 ml of acetone and stored 

overnight at 5C (Wrolstad et al., 1990). The sample was filtered on a Buchner 

funnel and the filter cake residue reextracted with 30 ml aqueous (30%) acetone 

(3 ml H20 + 27 ml acetone). Filtrates were combined, shaken in a separatory 

funnel with 240 ml chloroform and stored overnight at 5C to allow a clean 

separation of the two phases (Wrolstad et al., 1990). The acetone chloroform 

phase was discarded and the aqueous portion was made up to 100 ml with distilled 

water. 

Sample preparation for TLC and HPLC analysis of anthocyanins: 

Polyclar AT (PVPP; GAF Corp., New York, N.Y.) was hydrated in water 

and left to settle overnight. The PVPP was poured in a Buchner funnel lined with 

Whatman N01 filter paper and the aqueous solution of the pear skins was applied 

trying to avoid cracking Polyclar AT filter pad. After that, the PVPP was washed 

with water until the eluate came out colorless. The pigments adsorbed onto PVPP 

were recovered  with 200 ml MeOH   in 2 ml HCl (1% methanolic   HCl) and 
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centrifiiged  for a cleaner  separation   (Wrolstad  et al., 1982). The anthocyanin 

extract was concentrated to dryness on a rotary evaporator (water bath 

temperature, 35C; vacuum, 736 nm Hg). The pigment concentrate was dissolved 

in 2 ml of 1 % methanolic HC1 and 1 jjd was applied to 20 x 20 cm x 25 mm 

cellulose MN 300 TLC plate to develop the first dimension in acetic acid- 

concentrate HC1-water (AHW) (25:3:72 v/v) solvent (3 h). The plate was allowed 

to air-dry to remove the solvent and then sprayed with molybdate spray. A similar 

plate was prepared in which the first dimension was developed in AHW, and after 

air-drying, the second dimension was developed in n-pentanol-acetic acid-water 

(PAW) (2:1:1 v/v) (6 h). This was also sprayed like before (Wrolstad and 

Struthers, 1971; Wrolstad et al., 1982). 

For the HPLC sample, the extract was concentrated to dryness on a rotary 

evaporator in the way previously described, but in this case the pigment 

concentrate was redissolved with 3 ml of 4% phosphoric acid and filtered for 

HPLC. Cranberry cocktail, for which the anthocyanins have been thoroughly 

characterized, was used as a reference. This cranberry cocktail solution was 

absorbed onto an activated C18 Sep-Pak. The cartridge was washed with 0.01% 

HC1, and pigments were eluted with 0.01% HC1 methanol. The methanolic extract 

was then evaporated to ca. 1 ml. The isolate was redissolved in 4% phosphoric 

acid and filtered for HPLC (Hong and Wrolstad, 1990). Cranberry cocktail and 

pear skin extracts mixed in different proportions were injected in the HPLC as 

well as each extract separately to characterize  the anthocyanins in pear skins. 
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Liquid chromatograph   (Perkin-Elmer   Series 400) was done under  the 

following conditions: column, Supelcosil LC-18 fitted with ODS-10 Micro-Guard 

column;   mobile   phase-solvent:    (A)   100%   acetonitrile,    solvent   (B)   8.4% 

acetonitrile,  8.4% acetic acid, 8.5% phosphoric acid. The following program was 

used: isocratic elution with 100% B from 0 to 5 min, linear gradient to 94% B 

from 5 to 20 min, isocratic elution from 20 to 25 min. and 100% B from 25 to 30 

min. The flow rate was l.Oml/min. The column was at room temperature.   The 

injection volume was 50 pi. 

Determination of anthocyanin pigment content: 

Monomeric anthocyanin pigment content was determined on aqueous 

extracts using a pH differential method (Wrolstad, 1976). The extract was divided 

into two samples. The first sample was diluted 5x with pH 1.0 buffer (2 ml of 

sample to 10 ml of buffer) so that the absorbance at 510 nm is less than 1.0. For 

the pH 1.0 buffer combine 125 ml 0.2NKC1 and 385 ml 0.2NHC1, adjust to pH 

1.0, and dilute to 1 1 with water. The second sample was diluted with pH 4.5 

buffer as with pH 1.0. For the pH 4.5 buffer combine 400 ml 1M sodium acetate 

and 240 ml IN HC1. Adjust pH to 4.5 with some solutions and dilute to 1 1 with 

water. Absorbance at wavelength of maximum absorbance, 510 nm, was 

determined as well as at 700 nm. Turbidity (haze) was corrected by subtracting the 

absorbance at 700 nm from the absorbance at 510 nm. Finally, the difference in 

absorbance (A) at 510 nm (corrected for haze) between pH 1.0 and 4.5 samples 

was calculated. The anthocyanin pigment concentration (as cyanidm-3-galactoside) 
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was determined by the following formula (Wrolstad, 1976): Anthocyanin pigment 

(mg/1)   = A x MW x DF x 103 / c x L. For cyanidin-3-galactoside   e = 30,200 

solvent: 1% HCl/MeOH   (Wrolstad, 1976), and MW = 445.2; L = pathlength  = 

1.0; DF = dilution factor = 5. 

The content  of anthocyanin   in the pear skins were expressed  as mg 

cyanidin-3-galactoside/100g   of pear peels. 

Light quality study: 

Fruit color measurements  of 'Sensation' Red Bartlett pears were taken in 

Medford,  OR  in 1992 from trees   12 years old grafted  on Pyrus calleryana 

rootstock. Five fruits per treatment  were chosen from the periphery of each of 

four replicate trees. One month before harvest the 8-mm-diameter measuring area 

of a Minolta CR-200b portable tristimulus colorimeter was placed at the midpoint 

between the stem and calyx of the sun-exposed fruit surface of each fruit and 

chromaticity was recorded in Commission Internationale  de I'Eclairage (CIELAB) 

L*, a* and b* color space coordinates  (Hunter,  1975; Singha et al., 1991a and 

1991b). The meter was calibrated at illuminant condition C (6774K) with a white 

standard (Minolta calibration plate CR.A43). L* represents the lightness of colors 

from 0 to 100, being small for dark colors and large for light colors, a* is negative 

for green and positive for red.   b* is negative for blue and positive for yellow. 

Both a* and b* scales range from -60 to 60.   After fruit color was measured, 

gelatin   filters  transmitting   different   wavelengths   of light  (Eastman   Kodak 

Company, 1981) were attached over the sun-exposed fruit surface. The treatments 
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were: control (without filter), total opaque (aluminum foil wrapped fruits), and 

filters with spectral-transmittance   wavelengths from 400 to 500 nm, 500 to 600 nm 

and  above  700 nm. At harvest,  filters were removed,  and  chromaticity   was 

measured again. Following color measurements, disks 16 mm in diameter, of the 

fruit skin where the filters had been placed were frozen in liquid nitrogen and 

stored at -40C until needed. 

Each disk was extracted overnight at 5C in 2 ml of methyl alcohol 

containing 1% HCl. The extracts were placed in a rotary shaker in the dark for 

2 h, then filtered on a Buchner funnel and the filtrates were made up to 10 ml 

with methyl alcohol containing 0.01% HCl. The extracts were centrifiiged for 1 

min at 8000 rpm. Absorbance was measured using a Bausch & Lomb Spectronic 

2000 spectrophotometer. Anthocyanin absorbance was obtained from (A530 - A70o) 

and its concentration (as cyanidin-3-galactoside) was determined using a molar 

extinction coefficient of 30,200 (Wrolstad, 1976). 

The data were analyzed using SAS General Linear Models procedure (SAS 

Institute, Gary, NC) based on a randomized block design with four blocks (trees) 

and six treatments. The analysis of variance was done for the differences in 

chromaticity (A) between the last measurement and the first one for hue angle 

(tan1 b*/a*), chroma ((a*2 + b*2)l/4), L*, a*, and b*. Anthocyanin content among 

treatments was compared using Fisher protected LSD method. Data were 

transformed  to the log scale for the analysis. The relationships  of anthocyanin 
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concentration  on L*, a*, and b* were investigated in the control samples of the 

measurement   at harvest using a variety of regression models. 
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Results and Discussion 

Characterization and quantitation of anthocyanins: 

The one-dimensional and two-dimensional cellulose TLC chromatograms 

of the anthocyanin pigments are shown in Figures 5.1 and 5.2, respectively. Only 

two spots corresponding to anthocyanins were detected. After molybdate sprays, 

one spot became purple and the other remained red. This suggest that red pear 

skins contained not only cyanidins (Francis, 1970) but also peonidins 

(Redelinghuys, 1973) which do not change color with molybdate sprays (Wrolstad 

et al., 1982). Also a yellow spot was found that could be due to another phenolic 

compounds such as quercetin, found in appreciable amounts in apple peels 

(Timberlake and Bridle, 1971). 

Shown in Figure 5.3 is an HPLC chromatogram of pear skin anthocyanins 

with their relative peak areas. Two peaks are distinctive, the major one coeluted 

with cyanidin 3-galactoside, the major anthocyanin found in red pear and apple 

skins. This confirms the findings of Francis, 1970; Timberlake and Bridle, 1971; 

and Redelinghuys et al., 1973. The relative percentage of cyanidin 3-galactoside 

based on total peak area was 63% and the retention time was 7.4 min. The second 

bigger peak coeluted with peonidin 3-galactoside, and had a retention time of 13 

min. The relative percentage of peonidin 3-galactoside based on total peak area 

was 18%. We can relate this with the TLC results where, as it was explained 

before, there is a spot that did not change color with molybdate sprays confirming 
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the presence of peonidin. This results agree with the findings of Redelinghuys et 

al. (1973) that  identified   peonidin   3-galactoside   as a minor pigment  in the 

epidermis of a red mutant of 'Williams Bon Chretien'. 

Determination of anthocyanin pigment content: 

The absorbance at 510 ran of the pH 1.0 solution was 0.563 and that of the 

pH 4.5 solution was 0.074. At 700 ran, the absorbance for pH 1.0 solution was 

0.023 and for pH 4.5 solution was 0.009. Total monomeric anthocyanins was 

calculated as above. 

The content of anthocyanins in red pear skins was 6.83 mg/lOOg of fruit 

skins. This value corresponds with the range of 5 to 10 mg/lOOgr of fresh weight 

cited by Macheix et al. (1990) in peels of red pears. According to Francis (1970) 

in certain varieties of pear with red skins only 10 to 50% of the epidermal or 

hypodermal cells contain anthocyanic pigments. That might explain in part the 

distinctly lower values of anthocyanin concentration in pear skin than those 

observed in other fruits. 

Light quality study: 

All treatments yielded less change in hue than the control, especially at 

wavelengths that transmitted between 400 to 500 ran, above 700 ran and the total 

opaque (Table 5.1). Wavelengths that transmitted above 600 nm had the largest 

effect on chroma and were not statistically different than the control but differed 

from the filters that transmit above 700 ran. This was also true for the change in 

a* and b* values (chroma is a function of both). This suggests that wavelengths 
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between 600 to 700 nm affected chroma, resulting in more chromatic, more vivid 

colors. This wavelength range also gave large L* values, therefore lighter colors 

(Table 5.1).  Experimentation   has shown that fruit red color formation due to 

anthocyanin is controlled by a high energy photoreaction  with an action maximum 

between 640 and 670 nm (Siegelman and Hendricks, 1958). 

Aluminum wrapped fruit had the highest luminosity. Wavelengths from 400 

to 500 nm gave darker, less chromatic and redder pear fruits. Down et al. (1965) 

found a subsidiary wavelength range between 430 to 480 nm that control 

anthocyanin formation. Furthermore, Bishop and Klein (1975) stated that the 

optimum wavelength for anthocyanin synthesis in harvested apples was 440 nm 

and red light was additive. 

All treatments yielded higher anthocyanin content than the control, even 

though differences among treatments were not statistically significant (Table 5.2). 

There was a tendency towards increased anthocyanin production with longer 

wavelengths, especially the ones above 600 and 700 nm. Siegelman and Hendricks 

(1958) showed that radiation between 640 and 670 nm was effective in 

anthocyanin formation. 

The aluminum wrapped fruits (opaque treatment)   showed high levels of 

anthocyanin. This could be due to the timing of the experiment because the fruits 

were mature and anthocyanin were already present;  in contrast to the control 

where pigment degradation could have been the cause of the low anthocyanin 

content (Chalmers et al., 1973). This also corresponds with the high hue angles of 
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the controls where fruits were yellower, the opaque treatment  had smaller hue 

angles with redder fruit skins (Table 5.1).Saure (1990) stated that although from 

the   beginning   of fruit  development   all  apple   cultivars   are   able   to   form 

anthocyanins  if receiving sufficient light, they loose this capability at different 

stages of fruit growth. Therefore the responsiveness  of anthocyanin synthesis to 

light is developmentally  regulated (Proctor and Creasy, 1971). 

High hue angles could be due not only to a degradation of anthocyanin but 

also to an increase in carotenoids formation. As have been studied in 'Cox's 

Orange Pippin' apples, anthocyanin levels increased three fold (4 to 12 jig/cm2) 

during ripening meanwhile chlorophyll concentration fell fourfold and carotenoids 

increased fourfold (Knee, 1972). Light has been shown to enhance flavonoid 

production. Quercetin glycosides were twice as high in peel of 'Golden Delicious' 

on the sunny side of fruit compared to the shaded side (Workman, 1963). This 

increase in flavonoid concentration was not accompanied by reddening and 

anthocyanin production (Lancaster,  1992). 

A number of linear models used to relate chromaticity coordinates to 

anthocyanin content gave poor to a relatively satisfactory results (Table 5.3).The 

simple linear regression of the log anthocyanin content on L* value (Figure 5.4) 

and (a*/b*) 2 provided an R2 of 0.41. Precision was enhanced slightly when both 

terms were included in the model (R2 = 0.46). These results agree with the work 

of Singha et al. (1991a) although the coefficients of determination in their study 

were higher. A smaller number of samples was used in this study. 
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This study confirmed the presence of a major and a minor pigment which 

coeluted with cyanidin 3-galactoside and peonidin 3-galactoside. The content of 

total monomeric  anthocyanins  in 'Sensation' Red Bartlett  pear skins was 6.83 

mg/100 g of fruit peels. 

Wavelengths above 600 nm gave the largest change in chroma, a* and b* 

value. They had similar effect than the control but they were different from 

wavelengths above 700 nm. Wavelengths from 400 to 500 nm gave darker, less 

chromatic and redder pear fruits. The change in hue was lower for all treatments 

versus the control. The aluminum wrapped fruits had the highest change in L* 

value. All treatments yielded higher anthocyanin content than the control and 

there was a tendency towards an increase in anthocyanin production with longer 

wavelengths. 

Although the predominant anthocyanins and flavonoids in apples and pears 

have   been   characterized,    their   copigmentation    interaction   to  produce   red 

coloration   needs   further   investigation   as  well as  the   moderating   effect  of 

carotenoids and chlorophyll on the perception of color. 



Table 5.1.      Changes in chromaticity values (A) of 'Sensation' Red Bartlett pear fruit surfaces measured one month 

before harvest and at harvest.2 

Treatmentsy A Hue angle A Chroma AL* A a* Ab* 

Control 7.92 a 11.15 a b 1.73 cd 8.01 a 7.93 a 

400-500 nm 3.67 c 7.88 c 1.37 cd 6.27 c 4.98 b 

500-600 nm 6.73 a b 8.05 c 1.87 be 6.10 c 5.62 b 

> 600 run 5.61 abc 12.41 a 3.01 ab 9.53 a 8.09 a 

> 700 nm 4.12 be 8.37 c 0.56 d 6.75 b c 5.11b 

Opaque 3.84 c 9.43 b c 3.59 a 7.82 a b 5.44 b 

zMean separation within columns by LSD (P = 0.05), each value is an average of at least 18 measurements. 

yThe treatments were a control, gelatin filters with spectral-transmittance at different wavelengths, and a total opaque (fruit wrapped with aluminum 

foil). 

00 
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Table 5.2.     Anthocyanin content of the skins of'Sensation' Red Bartlett 

pear fruit surfaces.2 

Treatments anthocyanin concentration 

mg/lOOg mg.cm"' 

Control 

400-500 nm 

500-600 nm 

> 600 nm 

> 700 nm 

Opaque 

3.57 b 

5.59 a 

5.85 a 

6.08 a 

7.37 a 

6.76 a 

2.23 b 

3.49 a 

3.66 a 

3.79 a 

4.61a 

4.22 a 

zMean separation within columns by LSD (P = 0.05),each value is an average of at least 4 extractions. 

yThe treatments were a control, gelatin filters with spectral-transmittance at different wavelengths, and 

a total opaque (fruit wrapped with aluminum foil). 
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Table 5.3.      Coefficient   of determination (R2)  for selected   regression 

models relating chromaticity values to anthocyanin content in 

fruit peels of 'Sensation' Red Bartlett pears. 

Variablez R2 

a* 0.05 

b* 0.38 

L* 0.41 

Hue angle (tan1 b*/a*) 0.34 

Chroma ((a*2 + b*2)*) 0.04 

a*/b* 0.39 

(a*/b*)2 0.41 

L* Hue angle 0.42 

L* (a*/b*) 0.44 

L* (a*/b*) 2 0.46 

z Data were transformed to the log scale. 
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Figure 5.1.    One-dimensional   thin layer chromatogram   of anthocyanin 
pigments   from red pear  skin extract.  Developing   solvent: 
AHW. Spot a (red) did not changed color with molybdate 
sprays. Spot b (purple)   tentatively  identified  as cyanidin 3- 
galactoside. Spot c (yellow). 
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Figure 5.2.    Two-dimensional   thin layer chromatogram   of anthocyanin 
pigments  from red pear  skin extract.  Developing   solvents: 
AHW and PAW. Spot a (red) did not changed color with 
molybdate  sprays. Spot b (purple)  tentatively  identified  as 
cyanidin 3-galactoside. 
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Figure 5.3.    HPLC chromatogram of red pear skin anthocyanins. Detection 
at 520 nm. Peak characterization   (relative   peak  areas  in 
parentheses):   a, cyanidin 3-galactoside (63%); b, peonidin 3- 
galactoside (18%). 
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Figure 5.4.    Relationship  between extractable anthocyanin and L* values 
measured at harvest in 'Sensation' Red Bartlett pear skins. 
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Figure 1.       Maximum  and  minimum  air temperatures    from April to 

October in Medford, OR, 1991. 
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Figure 2.       Maximum   and  minimum   air temperatures    form April  to 

October in Hood River, OR, 1991. 
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Figure 3.       Maximum  and  minimum   air temperatures    from  April  to 

October in Medford, OR, 1992. 
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Figure 4.       Maximum  and  minimum   air temperatures    form  April  to 

October in Hood River, OR, 1992. 


