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Research was initiated to find a secondary bleach to remove

brown discoloration on sulfur dioxide brined sweet cherries. In ad-

ditio, studies were carried out to determine the effects on texture

of not only the secondary bleaches, but also the primary bleach (sul-

fur dioxide).

Three bleaches were found to remove the pigments in question

leaving a snow white fruit at the end of the process, These were

sodium and calcium hypochiorite and sodium chlorite.

The study of the brining effects on the original fruit showed

that most firming occurred within the first four and one half weeks.

These constituents affecting firmness, the pectins and cellulose, did

not appreciably change during the curing process. Only the uptake of

calcium into the pectin was noted after the first few weeks.
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Analyses showed that seccndary bleaching with the hypochlo-

rites was too destructive to the cherry tissue. Sodium hypochiorite

was extremely harsh, as it destroyed up to one half of the original

cellulose and lowered the calcium level in the pectin. Calcium hypo-

chlorite was found to be less severe, although some destruction did

occur. Another problem encountered with the hypochiorites was the

difficulty in controlling the reaction unless constant care was main-

tamed.

No change in the constituents affecting texture was found with

sodium chlorite bleaching agent. Texture was still firm and although

the process took longer than the hypochiorite process, very little

attention was needed. Sodium chlorite was determined to be the best

bleaching agent for secondarily bleaching brined cherries. No off-

flavors developed when the fruit was processed into maraschino

cherries.
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RELATIONSHIPS OF CELLULOSE AND PECTIC
SUBSTANCES TO THE TEXTURE OF SECONDARILY

BLEACHED CHERRIES

INTRODUCTION

The work presented here originated from problems encoun-

tered by the cherry brining industry. Oregon produces the third

largest crop of sweet cherries in the nation. It leads all states in

brining the fruit. In 1961, about 16 percent of the United States crop

was sold on the fresh market or canned, while almost all remaining

cherries were brined in sulfur dioxide-hydrated lime solution, here-

after referred to as brine (Bontrager and Hutchings, 1965).

The cherry brining industry was firmly established on the

West Coast in the. 1930's largely through the efforts of Wiegand

(Bullis and Wiegand, 1931) in Oregon, and of Cruess (1935) in

California. Until that time, most brined cherries were imported

from France, Italy and Spain (Wiegand, et al., 1 939; Bontrager and

Hutchings, 1965). Important in the halt of imported cherries was

the Tariff Act of 1 930.

Brining is carried out in vats, barrels or tanks. The cher

ries are held, for several weeks in the brine for proper curing. The

brine firms the cherry, inhibits bacterial spoilage and degradation,

and of most importance, decolorizes the anthocyanin pigments in the

fruit. A cured cherry has a bright yellow "ground" or base color,
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because the yellow carotenoid pigments are not bleached by sulfur

dioxide. This color is desired for proper finishing into dyed mara-

schino cherries or candied fruit. Before the cherries are shipped

to a finisher, the pits areremoved. Fruit cocktail cherriesusually

are not pitted. Stems may or may not be removed depending on the

specifications of the finisher.

If the cherries are scarred, bruised or blemished, the sulfur

dioxide does not bleach them completely. The imperfections show

up as brown spots on the fruit, Oregon Standards for Sulfured

Cherries (1954) indicate three dicision.s. Oregon Grades indicate

No. 1 fruit to be clean, well bleached, firm and well formed. Light

surface discoloration exceeding 1/8 of surface area is not tolerated,

nor is a dai'k area of 3/16 inch in. diameter. No. 2 cherries can

have light discoloration covering less than. 1/2 of the surface area

with dark discoloration not exceeding 1/8 aggregate surface area

No. 3 cherries fail to meet No. I and No. 2 requirements. Often,

briners pack a No. 1 and 2 combination grade. The fruit is down-

graded to Oregon No. 3 or lower, depending upon the degree of

brown area. Since the blemishes are magnified when the fruit is

dyed, the cherries are many times unrnarketable and must be written

off as a loss.

Briners and growers not only want a good quality cherry, but

they also want rapid and cheap harvesting methods. As a result,
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mechanical harvesters and shakers are now coming into greater use.

Since the fruit is treated more roughly by the machines, blemishes

and bruise marks will cover more of the cherry fruit unless it is

brined immediately in the orchard.

A briner may have up to 20 percent of the crop graded no

higher than No. 3 (Stebbins, etal., 1967). To help reduce loss and

increase the quality of cherries, a secondary bleaching process was

investigated. A brined cherry could be upgraded by removing more

blemishes and discoloration through an additional secondary bleach

process.

Preliminary experimentation was carried out with a number

of bleaching agents in New York (Wagenknecht and Van Buren, 1965).

A year later in Oregon, work was carried on with these and other

agents. At that time, two hypochlorite compounds--calcium and

sodium hypochiorites--showed the most promise (Ross, 1966).

Beavers and Payne (1967) discovered sodium chlorite to be superior

to the former bleaches.

Attention was focused on the action of the three bleaching

agents upon the fruit texture. Texture is second only to color in

determining marketability of the cherry fruit. Since all three

bleaches satisfied the color requirement, data were needed to show

which, if any, of the bleaches gave the best textured fruit.

In order that relationships between bleaching agent and texture
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could be shown, several experimental studies were started, Ob-

jectives of the investigation were:

1. To determine if the bleaching agent was affected by the

maturity of the fruit.

Z. To analyze each lot of cherries for possible changes in

pectic substances, cellulose and calcium content.

3. To show correlation, if any, between texture data and

changes in chemical constituents.

4. To help determine the best secondary bleach to be used in

the cherry brining industry.



LITERATURE REVIEW

The texture of most food products is of utmost importance.

This is especially true in the case of fruits and vegetables (Weier

and Stocking, 1949).

Certainly flavor is important for acceptance of products and

some investigators have indicated a strong correlation between flavor

intensity and product acceptance (Pangborn and Leonard, 1958).

Their work showed the flavor importance in canned pear acceptance

and was supported by work of Sather and Calvin (1963). Other in-

vestigatIons showed texture to be most important in acceptance of

canned peaches (Postlmayer, Luh and Leonard, 1956). Fox and

Kramer (1966) noted that green beans were accepted by a combina-

tion of flavor and texture, and the two could not be easily separated.

Of course, brined cherries are not eaten in that form, so

flavor is not involved. However, if off-flavors develop from the

brining -bleaching process, flavor becomes important.

Bullis and Wiegand (1931) indicated that firmness in the

brined fruit is of primary importance. Yang, Ross and Brekke

(1966) noted that soft cherries can reduce the fruit quality and mar-

ket value because downgrading occurs after the fruit is brined.



A Definition of Texture

There are numerous definitions or, at least, variations of

defining texture. o single definition seems to encompass the wanted

meaning for the term. Though some have tried to find that universal

definition, it is generally conceded that all attempts have failed

(Kramer, 1959;. Matz, 1962; Szczesniak, 1963).

Most workers mention the sensation of mouthfeel when de-

fining texture. For instance, the Taste Testing and Consumer Pre-

ference Committee of the Institute of Food Technology defines

moutlifeel as !?the mingled experience derived, from the sensations of

the skin in the mouth after ingestion of the food or beverage. It re-

lates to density, viscosity, surface tension and other physical prop-

erties of the material being sampledu (Kramer, 1959).

Since brined cherries cannot be suitably sampled in, a flavor

panel, objective methods for texture determination must be substi-

tuted. No single objective method or measurement has been found to

measure texture of all products (Matz, 1962).

Blanchard and Maxwell (1941) found that sugar levels corre-

lated well with taste panel scores on peas. Other work on peas

showed alcohol-insoluble-solids (AIS) to be a reference to firmness.

The tougher, more mature peas had higher AIS levels (Makower,

etal.., 1953).
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Postimayer, etal. (1956) used the shear press to relate tex-

ture of canned peaches to flavor panel scores. The shear press has

also been used on numerous other products ranging from meats to

fruits and vegetables (Kramer, Burkhardt and Rogers, 1951; Rao,

1963; Weckel, 1954).

Pressure testers have been used to determine texture in

fresh Italian prunes. The results correlate well with flavor re-

sponses on the canned product (Wiley and Worthington, 1955). Yang,

Steele and Graham (1960) used puncturometers to test firmness in

brined cherries while working with problems of enzymatic softening

of the fruit. Other workers also used the same type instrument on

cherries (Brekke and Sandomire, 1961).

Factors Relating to Texture

Matz (1962) has stated that there are three general factors

influencing the texture of the food product. These are cell turgor,

cellular adhesion and cell wall rigidity. All of these areas support

the fact that firmness is related directly to the complete structural

make-up of the product (Isherwood, 1960).

Cell turgor has been shown to be particularly important for

some vegetable texture such as that of fresh lettuce (Matz, 1965).

The author noted that turgor often. is important in those products that

do not have a great deal of supporting cellular tissue. The lettuce
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cited above is an example of low cellular support.

Adhesiveness among cells is another important aspect of

firming. It is generally regarded to be a cementing of the cells to-

gether. The space between the cell walls, called the middle lamella,

has a pectic substance complexed with other substances. Sterling

and Bettelheim (1955) showed that calcium pectate was probably this

cementing substance. Other workers have suggested possibilities of

a pectin-protein complex (Sterling, 1963).

Cellular structure and, rigidity of the molecular bodies in-

volved certainly are important. Cellulose is known to be an impor-

tant building block for cells and is related to texture (Sterling, 1961).

Kertesz, Eucare and Fox (195.9) noted that cellulose i.s.l.ikely involved

in. lending foods of plant origin their typical structure. Reviews by

Sterling (1963) and Doesburg (1966) indicated many studies showing

importance of hemicelluloses and lignin. Isherwood (1960) has long

maintained importance of lignin in structural relationships.

Pectic substances are not limited to the middle lamella of the

cells. Albersheim and Killias (1963) have found uronide compounds,

of which pectin is one, throughout the cell walls.

Northcote (1958) found pectic substances in the primary walls

and the middle lamella. Cellulose and hemicelluloses were present

in the secondary and primary walls.

In the non-woody plant parts, such as cherry fruits, lignin



becomes less important (Matz, 1962). The important facets of struc-

tural make-up appear to be cellulose and pectic substances along with

their tie up with calcium ions. McCready and McComb (1954) indi-

cate that if the pectin is destroyed in brined cherries, they become

unfit for maraschino use.

Cellulose and Its Effects. Cellulose is a 1-4 linked beta-D-

glucose polymer. Although there are a few other sugar moieties in-

volved in cellulose, 95 percent is glucose polymer. Cellulose is

made up of 50 to 100 cellobiose units. The cellobiose unit is a.4-D

glucose beta D gluco pyranoside. About 50 of these chains are ar-

ranged in a bundle or micelle. These micelles form the structural

backbone for the plant tissue (Braverman, 1963). Frey-Wyssling

(195Z) noted that cellulose is the most abundant cell wall material.

The bundles or micelles of cellulose are tied together with herni-

cellulose. The hemicelluloses are polysaccharides of varying struc-

ture (Aspinall, 1963). Workers have found them to include polyrnerE

of mannose (rnannans) and arabinose (arabans).

Cellulo sic materials can be of great importance to texture in

some products--less so in others. Kertesz, etal. (1959) reported

a relationship between cellulose and the firmness in raw apples.

While working with irradiation treatments of food products, workers

were able to attribute loss in firmness in apples and carrots to the

degradation of cellulose. In. most cases, cellulose is not the only
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constituent influencing texture. It may very well be associated with

pectic substances (Isherwood, 1960). Luh, et al. (1960) indicated

that tomato juice consistancy might be affected by cellulose-pectin

interactions.

Another important effect of cellulose content is related to the

maturity of the plant tissue. Sistrink and Moore (1967) showed more

cellulose to be present in more mature strawberries.

The cell walls of the peach appear to become thinner during

maturation. X-ray studies have shown that there appears to be a

degree of cellulose degradation associated with maturation (Sterling,

1961).

Pectic Substances and Their Effects. The pectic substances

have long been a confusing part of cellular structure. Kertesz (1951)

has said that there is a great lack of knowledge about pectic sub-

stances, and that there is a very diverse way of defining them. Many

times workers contradict each other only because of misunder-

standing of the significance of the data involved.

Doesburg (1965) defines pectic substances as colloidal in

nature and as chains of anhydrogalacturonic acid moieties. Carboxyl

groups may be esterified with methoxyl groups.

Pectic substances can be divided into water soluble pectins

and protopectin (water insoluble form). Protopectin is defined as

being water insoluble with the ability to be converted to a soluble
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form (Doesburg, 1965).

Nomenclature is a problem, but most workers agree that pec-

tic substances nearly free of rnethoxyl groups are pectic acids, and

those with more than negligible methoxyl groups attached are pecti.nic

acids.

Plant tissues contain varying amounts of the pectin, fractions.

It is generally regarded that the protopectin is a rather intangible

fraction because it is so hard to extract from other parts of the cell

wall materials. Many hypotheses have been offered for this phenom-

enon and some of the best are reviewed by Joslyn (1962). The pectin

may be anchored. by self enmeshing of the pectic substance filament

or chain or by the enmeshing of the pectin, with other fibers such as

cellulose, hemicellulose and lignin. Ester bonds may. be formed be-

tween pectin. carboxyls and hydroxyl groups on other cell wall materi-

als. Lactone bonds among pectin chains may be formed. Salts may

bond the pectin, to basic groups of proteins and polyvalent ions such

as calcium, magnesium, iron or aluminum can bond between carboxyl

groups on the pectin chains. Finally, hydrogen bonding, hydration

bonds and molecular cohesion can help stabilize the pectin in the

tissue.

Calcium seems to play a great role in firming of fruits and

vegetables. Laconti and Kertesz (1941) worked, with tomatoes and

found that the pectic substances were precipitated. in the fruit as a
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calcium pectate. Hamson (1952) also noted the importanceof calcium

in firming the tomato fruit. Calcium salts have been used to firm

peppers, cauliflower and apple slices (Doesburg, 1965) Archer

(1962) noted that calcium is used to firm tomatoes and potatoes.

Van Buren. and Peck, as quoted in Doesburg (1965), showed that

sloughing in snap.beans decreased with increasing calcium levels in

the soil in which the beans were grown. Bullis and Wiegand (1931)

also indicated the importance of calcium in sulfur dioxide brine to

firm the cherries. This also is involved with the calcium-pectin

bonding.

Other substances may be linked to the pectin chain. The

chain is primarily alpha-D-1 -4 linked galacturonic acid residues.but

such sugars asrhamnose, galactose, arabinose and others havebeen

found in some plant pectin hydrolysates. Apparently, they are linked

covalently to the chains or even may be an intregal part of the chain

itself (Albersheim in Bonner and Varner, 1965; Doesburg, 1965;

Dinus, 1968).

Needless to say, pectic substances differ from other cell wall

components such as cellulose and lignin, because they can be con-

verted to other forms more readily. Manyworkers have indicated

that as a fruit matures, the pectic substances change form.

Deshpande and Salunke (1964) showed apricots to decrease in firm-

ness, acidity and total pectin content upon maturation. In. work done
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in:Europe, Davignon, as quoted. in Doesburg (1965), related that

esterification of the pectin molecules decreased during ripening of

cherries and other fruit.

Luh, etal. (1960), working on tomato juice, noted that the

protopectin. was evidently solubilized during ripening. McCready and

McComb (1954) found no decrease in total pectin of pears, avacodos

and peaches during maturation. However, these workers did show a

loss in intrinsic viscosity with some samples. dropping two to three

times the original values obtained. A plausible explanation of this

would be a shortening of the pectin molecular chains during the rip-

eni.ng process.

Postlmayer, et al. (1956) found that peaches tend to convert

protopectin to soluble pectin during the ripening process.

Pectic substances are affected by the brining process. Ap-

parently, the pectic substances may be partially solubilized

(Doesburg, 1965). However, cherry pectin breakdown is. less evident

in the brine. En fact, with calcium added, the cherries become firm-

er in the brine (Bullis and Wiegand, 1931).

Bleaching Agents

Sulfur Dioxide. Cherries are originally brined in sulfur di-

oxide-calcium solution. The sulfur dioxide. has been used in: industry

to bleach and preserve a number of other products such as
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strawberries, plums and apples.

Harborne (1964) showed that the sweet cherry has at least two

anthocyanin pigments pre sent. Cyanidin-3 -glucoside and cyanidin- 3-

rutinoside are those two pigments. The sulfur dioxide has been

thought to act on the pigments in different ways. In.reviewing papers

of Freudenburg and of Charlesworth, Jurd (1964) found that they at-

tributed anthocyanin bleaching to reduction of the pigment by the sul-

fur dioxide. Jurd found that Ribereau-Gayon assumed that a

chalcone-bisulfite complex was formed which. would be almost color-

less. Since there was rapid reversal of the color reaction if pH

changes from one to three were recorded, the reduction process was

ruled out. In the most recent work, Jurd (1964) used spectral analy-

sis to rule out a chalcone formation. It appears now to be a simple

reaction between an anthocyani.n carbonium ion with a bisulfite ion to

form a colorless chroinen 2 (or 4) sulfonic acid. It is a. reversible

process, but no hydrolysis of the glycosidic group occurs; no reduc-

tion of the pigment occurs; and no addition of bisulfite to a ketonic,

chalcone derivative is found.

Bullis and Wiegand (1931) have indicated the brine best suited

for bleaching cherries consists of 1. 5 percent sulfur dioxide and 0. 9

percent lime. Yang, Ross and Brekke.(1966) also advised the use of

a brine of up to 1. 5 percent sulfur dioxide. with hydrated lime added.

The calcium from the lime was for hardening or firming of the
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cherries. Specifications usually are flexible, being changed by and

for the individual briner. Calcium chloride has been suggested to

give additional calcium ions to the brine when extremely soft cherries

are found. Cruess (1937) indicated that California cherries need only

a 1. 0 percent sulfur dioxide- -0. 5 percent lime solution.

The sulfur dioxide does bleach out almost all the anthocyanin

pigments, leaving the brown blemishes as the only discoloration on

the cured fruit, as mentioned before.

Hypochlorite Bleaches. The hypochiorite compounds are very

strong oxidizing agents. The chemicals are quite specific in their

attack. Bleaching of cotton by hypochiorite is 150 times as fast as

the breakdown of the cellulose molecule. The hypochiorite is the

cheapest of the bleaching agents when a great deal of available

chlorine is needed.

In wood pulp bleaching, hypochlorite is used because of low

cost and because the cellulose degradation can be controlled (McEwen,

1963). Although some workers have maintained that cellulose is de-

graded to a great extent, Jappi. (1958) showed that pulp may be

stronger after bleaching. Lignin is acted upon by the hypochlorite

first. If bleaching is halted after lignin is oxidized and coloring mat-

ter is bleached, there are close cellulose fiber bondings, thus

creating the stronger pulp.

McEwen (1963) states that some pulpers wish to dissolve the
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cellulose, so they use long periods of strong hypochlorite bleaching.

For xnaximurnhypoçhlorite bleaching, Herbst (1963) indicated

acidic conditions should be present. A pH of four to six is one which

gives hypochlorous acid as the dominant form for the available

chlorine. Many pulp bleaching processes are carried out in neutral

or slightly alkaline solutions.

Hypochiorite bleaches attack cellulose at many points. It is

known that they oxidize the hydroxyl to form carbonyl groups and also

cleave glycosidic bonds, thus reducing polymerization. A third ac-

tion is the change of carbonyl groups to carboxyl groups.

Zienius and Purves (1960) tried to degrade pectic acids with

some delignifying bleaching agents. Sodium hypochiorite was found

to destroy up to 40 percent of the total pectic substances present.

Sodium Chlorite Bleach. Although chlorite has been known

for over a century, only within the last 25 years has it been used for

bleaching procedures.

The gas, chlorine dioxide, can be made from chlorite and was

thought to be the active bleaching agent in chlorite. Other data in-

dicate that the acidic sodium chlorite solution bleaches much more

rapidly than chlorine dioxide. As long as the pH of the bleach liquor

is above four, there is no danger of forming chlorinated by-products

since chlorine cannot be formed from chlorites under these conditions

(White, Taylor and Vincent, 1942). Hypochlorite.s are cnown to
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chlorinate some products and these cause off-flavors (Beavers and

Payne, 1967). Jeaneg and Isbefl (1941) found chlorite to oxidize only

reducing sugars. Since cellulose has reducing ends tied up in bouds,

no degradation occurs in the molecule, From these tests it was found

that carbon-carbon bonds are also not broken to an appreciable ex-

tent.

Acid sodium chlorite solution rid chlorine dioxide solutions

react rapidly with phen.olic compounds. Chlorine dioxide oxidizes

only the phenol ethers and derivatives with no phenolic hydroxyl or

aldehyde present. Sirce chlorine dioxide can be derived from sodi-

urn chlorite, some of the same products will result even though more

time is needed for the chlorite bleach. When phenolics are attacked,

the berizene ring is broken into oxalic, mnaleic and fumaric acids.

For these reasons, the sodium chlorite (and chlorine dioxide) attack

the lignins (Gianola and Meybeck, as quoted by Rapson, 1963).

Although celluloses and ligriins have been most widely treated

with sodium chlorite, one would need to know the action on pectic

substances. Zienius and Purves (1960) studied the action of chlorine

dioxide arid sodium chlorite on pectic acids. Results showed 0-ZO

percent degraded or about one half the amount lost with hypochiorite

bleaching agents.

Chlorite bleaching is used in the pulp industry because it will

bleach well to a high white brightness without degradation of the
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cellulosic materials (Taylor, etal., 1940). The loss in cellulosics

would ultimately give loss of strength in the pulp.

In commercial pulp making, the chlorite is often used in con-

junction with hypochiorite treatments. The first bleaching stage is

done by the cheaper hypochiorite. The final process is accomplished

with the sodium chlorite to finish the paper pulp with the high white-

ness (Taylor etal., 1940). Rapson (1963) has shown that chlorite

bleached pulps do not have as much color reversion as hypochiorite

bleached material. This reversion can be noted as a darkening of

the pulp with time, after the bleaching process. Beavers and Payne

(1967) noted a similar reversion to a brown color in bleached cher-

ries when they were heated; and indicated much less of this phenom-

ena occurred with the chlorite bleached product.

The textile industry also utilizes chlorite to bleach fabrics.

Cotton, flax, linen, hemp and rayon are among products bleached.

The chlorite is used to halt oxycellulose formation. This product is

yellow and is common in hypochiorite bleached material if left in the

solution too long (Taylor etal., 1942; Flege, 1965).

Other uses for the chlorite are in bleaching of sugar solutions

(sirups.) and in the processing of flour.

Rapson (1963) indicates that no other bleaching agent, regard.-

less of price, bleaches to a higher whiteness with better color stabil-

ity and strength than chlorine dioxide. A suggested source of
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chlorine dioxide would be the sodium chlorite, since the chlorine

dioxide can be derived from it.

Secondary Bleaching of Cherries

Only two recent papers have been published on secondary

bleaching of brined cherries. Wagenknecht and Van Buren (1965) did

preliminary work in the bleaching of the Windsor variety of cherries.

These workers used a number of bleaching agents. including

hypochlorite, chlorine dioxide, and hydrogen peroxide. Quality of

the cherries was determined by use of color measurements with the

Hunter color-difference meter. Texture was determined with a

pressure-tester and a flavor panel judged finished maraschino cher-

ries for acceptable quality.

Results showed that sodium hypochiorite, which had been

used earlier by Tucker (1935), could be used satisfactorily to bleach

the cherries to a white color. The drawback appeared to be possible

chlorinated off-flavors. The authors pointed out that when flavored

as is done by industry, no undesirable flavors were detectable.

Truscot and Warner (1966) also used sodium hypochiorite to bleach

cherries. Their procedure of bleaching with 1 0 percent solution of

hypochiorite at pH 7. 5 for four hours was said to make the cherry

white. Other samples were bleached for 22 hours, rinsed with tap

water for 30 minutes and then boiled for 25 minutes before
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processing. Product8 were said to be acceptable.

Hydrogen peroxide was also found to be acceptable. This

agent gave a yellow color to the fruit, but softened the cherry to a

certain degree. Other agents were deemed unacceptable.

Ross (1966) continued work on 1965 Oregon cherries and found

that the hydrogen peroxide softened the cherries too much to be of

value. The author found calcium hypochlorite to give bleached fruit

with good texture. The sodium hypochiorite also proved acceptable,

but the product was softer than the calcium treated fruit. With 1966

cherries, Ross (1966) was unable to bleach the cherries satisfactorily

with hypochiorite. Color reversion occurred when the fruit was

heated for processing. In addition, a strong chlorine compound with

medicinal odor and taste developed.

Beavers and Payne (1967) also worked with hypochlorite

bleaches and found that with very careful adjustment of pH, the cor-

rect fruit/solution ratios, and a specific length of time of bleaching,

fruit could be made acceptable. However, the off-flavor still per-

sisted to some extent. The same two workers used sodium chlorite

as a possible quench for the chlorinated off-flavored product and

found that an even better cherry color was produced. Work was then

carried out with acid chlorite solution on the original brined/bleached

fruit and results showed a very white, much firmer cherry.

These workers indicated that all bleaching should be carried
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out above pH 4. 0 for chlorite and between pH 5. 0 and 7. 0 for hypo-

chlorite s.
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EXPERIMENTAL PROCEDURE

Preparation of the Cherries and Brine

Brine solution was made in accordance with suggestions of

Yang, etal. (1966). A 1.5 percent sulfur dioxide solution was pre-

pared by bubbling the gas through agitated water. Lime was then

added to increase the pH and add calcium ions to the solution. All

of the brine solution prepared had a pH of 2. 65 to 2. 80, Percent sul-

fur dioxide dropped after addition of lime and was found to be between

1.25 and 1.35 (Table 1).

A total of nine barrels were prepared with approximately 150

pounds of brine per barrel. All barrels were transported to

Willamette Cherry Growers of Salem, Oregon, on July 5, 1967

Cherries were brined on that day. All cherries used were Royal

Anne variety. Boxes were selected at random from several loads of

cherries. Fruit was sorted by hand into three maturities according

to color. Cherry fruit that was mostly yellow or green in color was

deemed immature. Pink fruit and that about half pink-half yellow

was called mature. Red fruit was selected as overmature fruit.

Spot checks were made for soluble solids of the fruit to help deter-

mine maturity classification. Immature fruit contained about 14 per-

cent, mature fruit about 18 percent and overmature fruit, 22 percent
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soluble solids. Since a two to one ratio of brine to fruit was initially

selected, about 80 pounds of cherries were dumped into each barrel.

Three replicate barrels of each maturity were brined to determine the

difference in bleaching action as related to maturity, if any existed.

Samples of fresh fruit and the nine brined samples were then

transported back to Corvallis, Oregon, for further analyses.

Table 1. Preliminary Brining Data.

Barrel Maturity pH Percent SO2

1 Immature 2. 78 1. 29 84. 0

2 Immature 2. 65 1.28 79. 5

3 Immature 2.70 1.26 77.5

4 Mature 2.70 1.31 81.5

5 Mature 2.69 1.31 83.0

6 Mature 2. 80 1. 5 78. 0

7 Overmature 2.75 1.34 83.5

8 Overmature 2.75 1.35 78.0

9 Overn-iature 2.74 1.29 78.5

Procedures During Curing

The fruit was allowed to cure in the bleaching solution for 14

weeks. During that time, analyses were run on the fresh fruit
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(Analytical Procedures, page 29). The same analyseswere carried

out with cherries from each barrel after 1. 5, 4. 5 and 7. 5 weeks in

the brine. All samples were held in 95 percent ethanol until analyzed.

After the 14 week sample was drawn, the cherries were pitted. This

was accomplished with a hand pitter.

At this time the cherries were leached in otherwords, rinsed

with cold water. Cherries were leached for approximately 45 hours

to less than 100 parts per million (ppm) of sulfur dioxide. A sample

of these cherries was drawn and analyzed.

Secondary Bleaching of the Fruit

The leached fruit from each barreiwas divided into three lots

containing 15 pounds each. Each lot was to be bleached a second

time. In this way, one third of each barrel was to be bleached with

sodium hypochlorite; one third with calcium hypochiorite; and on.e

third with sodium chlorite.

To enhance the penetration of the secondary bleach into cherry

flesh, the fruit was boiled in water after the leaching procedure for

about ten minutes.

Sodium Hy-pochiorite. The sodium hypochlorite bleach.liquor

was made by dilution of a commercial household bleach. This prod-

uct contains 5. 25 percent sodium hypochiorite in an inert carrier. A

solution of 0. 25 percent sodium hypochlorite was used for bleaching



25

cherries. Stronger solutions bleached more rapidly, but Beavers

and. Roe a (19 67 ) found that when the stronger solutions were

acidified, a great deal of hazzardous chlorine gas was evolved. High

hypochiorite content often softens texture of cherries more rapidly,

so for these reasons a low concentration was used.

The bleaching liquor was acidified from pH 11. 5 to pH 6. 0

with acetic acid. The plan was to keep the bleaching under control by

holding pH values between 5. 0 and 7. 0. Above pH 7. 0, the reaction

proceeds too slowly, and below 5. 0, the reaction is too fast since

chlorine is evolved and texture is more quickly softened. With this

bleach, since pH is so important, checks were made frequently to

keep the reaction under control. The pH of the bleach solution was

controlled by use of acetic acid and sodium hydroxide when needed.

The original acidification to pH 6. 0 was needed because hypochiorites

are kept alkaline to keep them stable. The solution was placed on

the cherries in a two to one ratio of solution to fruit (30 pounds solu-

tion/ 15 pounds fruit).

Table 2 shows the additions of material to the bleaching liquor.

The cherries were bleached for 170 hours. During that time, three

additions of sodium hypochiorite were ri-iade to make a total of 1. 0

percent used. In addition, two other adjustments of pH were made

with sodium hydroxide to keep the reaction under control,

The cherries were tested for possible color reversion by
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boiling them in. water for ten minutes. A tan or brown color devel-

oped if bleaching was not complete. After the 170 hour bleach, all

of the samples.were leached to remove most of the chlorine and

hypochiorite. After one week of leaching with cold water, the chlo-

rine tested was at about 5 ppm. A sample was taken for subsequent

analyses and the rest of the cherries were returned to sulfur dioxide-

calcium brine. A sample was removed from these lots after 2. 5

weeks in brine. This amount of time was determined to be sufficient

to eliminate whatever chlorine was left in the fruit (Wagenkneáht and

Van Buren, 1965).

Table 2. Procedure for Sodium Hypochlorite Bleach

Hours in Bleach Adjustment

0 Start. with 0. 25 percent hypochlorite at pH 6. 0

12 Add sodium hydroxide to pH 6. 0

28 Add sodium hydroxide to pH 6. 0

48 Add 0. 25 p.ercent sodium hypochlorite*-pH to 6. 5

96 Add 0. 25 percent sodium hypochlorite*-pH to 7. 3

140 Add 0. 25 percent sodium hypochlorite*-pH to 6. 9

170 All samplesremoved from bleach

*Renewed to 0. 25 percent sodium hypochiorite with 5. 25 percent
commercial hypochlorite solution.
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Calcium Hypochiorite. In this bleaching procedure, solutions

of 0. 25 percent were made up by dissolving a commercial calcium

hypochiorite (with 70 percent available chlorine) in water. The solu-

tion was acidified from pH 11.5 to pH 6.0 with acetic acid, and placed

on the fruit in a two to one ratio of solution to fruit. With the calcium

bleach, the pH was to be controlled as in the sodium hypochiorite

series, with the exception that calcium oxide was used to raise pIT.

values.

After two weeks of bleaching, the cherries were taken out

of the bleach and were leached. During that time, 4. 5 additions of

hypochiorite were made, making a total of 1.4 percent used.

The pH was rnonitered closely through the bleaching and two

calcium oxide adjustments were made to keep the pH above 5. 0

(Table 3).

Te8t for completion of bleaching consisted of boilingthe cher-

ries for ten minutes to see if color reversion appeared.

Cherries were leached for one week to remove chlorine and

hypochlo rite and were then sampled and returned to brine. A sample

was drawn after 2. 5 weeks in the brine.
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Table 3. Procedure for Calcium Hypochiorite Bleach.

Hours in Bleach Adjustment

0 Start with 0. 25 percent hypochlo rite at pH 6. 0

24 Add calcium oxide to pH 5. 5

30 Add calcium oxide to pH 5. 75

42 Add 0. 25 percent hypochlorite* to pH 7. 3

86 Add 0.25 percent hypochlorite*to pH 7. 1

138 Add 0. 25 percent hypochlorite* to p14 6. 9

198 Add 0.25 percent hypochlorite* to pH 6.6

273 Add 0. 15 percent hypocblorite* to pH 6. 2

360 All samples removed from bleach

*Renew calcium hypochiorite to 0. 25 percent by addition of 0. 2
percent weight/volume of commercial hypochlorite powder.

Sodium Chlorite. The sodium chlorite presented fewer prob-

lerns and less need for periodic determination of the pH. The cher-

ries were placed in a 0. .75 percent solution of 82 percent sodium

chlorite and water at pH 6. 35, brought down by acetic acid. It was

anticipated that no adjustment of pH would be needed, since the reac-

tion would not go below pH 4.. 5. Test of bleach completion was

checked by boiling the fruit. The reaction proceeded very slowly

with the cherries remaining a brown-gray color for many days. The

pH dropped slowly.
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After 28 days, the mature and overmature lots were removed

from the bleach. Immature fruit bleached slower and those lots

proceeded for 34 days before being removed from the bleach (Table 4).

During the bleaching time, samples were stirred once a day. A

sample was taken periodically to check residual chlorite and pH.

These never proved critical, since about 1/3 to 1/2 of the original

chlorite was still present at the end of bleaching and the lowest pH

value was 4. 62.

These cherry samples were leached for a week, sampled and

placed in sulfur dioxide brine. Again, a 2. 5 week samplewas ob-

tamed for analysis.

Table 4. Procedure for Sodium Chlorite Bleach.

Hours in Bleach Adjustment

0 Start with 0. 75 percent chlorite at pH 6. 35

672 Mature and overmature fruit removed from
bleach with 0. 30 percent chlorite left--pH 4. 75

816 Immature fruit removed from bleach with chlo-
rite at 0.33 percent--pH 5. 0

No adjustmentsmade throughout entire bleach process

Analytical Procedure Used on Fruit Samples

Total solids, soluble solids and alcohol insoluble solids, cel-

lulose, a maximum force, and work accomplished in shearing cherry



30

samples were determined on the fruit. Pectic substances were

determined in five fractions- -total, water soluble, protopectin,

EDTA soluble and EDTA insoluble. The pectin fractions were ana-

lyzed for amounts of calcium present

A 1000 g sample of cherries was drawn from each lot. The

sample was picked as randomly as possible. The cherries were

placed in a pan and two 100 g samples were removed for shear press

determinations. The remainder was pureed in a Waring blender to

be used for other analyses.

Shear Press. Duplicate Allo-Kramer Shear Press readings

were made on each sample. Samples of 100 g of pitted cherries were

placed in the cell box of the Shear Press (Kramer, etal. , 1951)

after each cherry was broken open to assure that all the stones had

been removed. A test ring of 5000 pounds full scale force was used

for all cherry samples arid a sensitivity reading of ten percent was

used. This gave a reading of 500 pounds full scale. Maximum force

(height of recorded peak) and work performed by the plunger plates

while going through the sample (area under curve times 100 pounds

per inch) were recorded.

Alcohol-Insoluble -Solids (AIS). Twenty -five grams of fruit

puree were placed into Z50 ml of 95 percent ethanol. The nixture

was stirred and left for one day. The solids were collected on a

Whatman No. 2 filter paper and were washed twice with aliquots of
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95 percent ethanol, once with 80 percent ethanol and with one aliquot

of purified ethanol. This precipitate and paper were placed in a

drying oven for four hours at 1200 C. The samples were placed in a

desiccator and then weighed. Residue remaining was calculated as

alcohol insoluble solids.

Total Solids. The puree was thoroughly stirred. Duplicate

samples of about 10 g of puree were then placed in tared aluminum

pans. A weight was taken and recorded. The samples were placed

in a vacuum oven and dried for 24 hours at 750 C with a vacuum of

about 27 inches. The samples were then removed and placed in a

desiccator. Weight was again taken and the difference was calcu-

lated as total solids.

Soluble Solids. An aliquot of sample was squeezed through

cheese cloth. The liquid was placed in a Bausch and Lomb Abbe

refractometer and, after temperature correction, was calculated

as percent sucrose.

Pectic Substances. Total pectin was analyzed by a modified

method of Luh and Dastur (1966). A 25 g sample of puree was placed

in 95 percent ethanol and the AIS were collected as previously men-

tioned. After washing with ethanol twice, the sample was placed in

0. 5 percent EDTA [(Ethylenedinitrilo) tetraacetic acid disodium salt]

at pH 6. 0. The solution was adjusted to pH 11. 5 with 1 N sodium

hydroxide and stirred. After one hour, the solution was then
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acidified to pH 5. 0 with acetic acid and four ml .of fresh ten percent

pectic enzyme wer.e added (Pectinol R-10, Rohm and Haas). The

solution was covered with a few drops of toluene and left for 12

hours. The solution was then filtered with the aid of 10 g Super-Cel

(Johns-Manvifle), The filtrate was diluted to one liter and then

samples were colorimetrically analyzed for pectin with carbazole-

sulfuric acid (McCready and McComb, 1952). One ml of solution,

0.5 ml of 0. 15 percent carbazole and 0.5 ml of 95 percent ethanol

were added. Six ml of concentrated sulfuric acid were added, the

contents shaken vigorously and then allowed to stand for 25 minutes.

The color was then read on a Beckman B Spectrophotometer at

525 mu as units of anhydrogalacturonic acid. Values were then read

on a standard curve prepared with vacuum dried anhydrogalacturbnic

acid. Final readings were taken as gammas of an.hydrogalacturonic

acid- -a measure of the pectin present.

Water soluble pectin was determined by placing the AIS from

a 25 g sample of puree into 250 ml of distilled water. After one day,

the solution was filtered, the undissolved material re-extracted with

600 ml of distilled water and then refiltered. Filtrates. were corn-

bined and diluted to oneliter. The pectin was then determined as

outlined before. The filter cake was saved for protopectin determi-

nation. The cake was suspended in 0. 5 percent EDTA solution. The

pH was adjusted to 11.5 and then after two hours, readjusted to 5.0
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Three ml of ten. percent Pecti.nol were added, with several drops of

toluene. After standing overnight, the solution was again filtered,

rinsed and the filtrate was diluted to one liter. The solution was

again read spectrophotometrically. Results were calculated from the

standard curve. The residue was saved for cellulose determination.

An EDTA soluble fraction is a part of protopectin

(Postlmayer, et al., 1956). It is insoluble in water. but soluble in

0. 5 percent EDTA at pH 6. 0. AIS were extracted from a 25 g sample

of puree. As before, water soluble fraction was extracted and dis-

carded. The residue was mixed with 300 nil of 0. 5 percent EDTA at

pH 6. 0 and left in the presence o.f a few drops of toluene for one day.

The solution was filtered and adjusted to pH 11. 5 with sodium hy-

droxide. After one hour, the pH was readjuste.d to 5. 0 and mixedwith

two ml of ten percent Pectinol. After sitting overnight, the solution

was diluted and read as before. The same anhydroglacturonic acid

standard curve was used to determine the amount of pectin present.

The EDTA insoluble fraction was calculated as difference be-

tween the protopectin value and the EDTA soluble value. All samples

were treated the same except for the fresh fruit. These samples

were placed in boiling alcohol to inactivate any enzymes present when

extracting the AIS. If this was not done, a browning reaction would

quickly take place. Also, pectin and cellulose degradation might

Occur.
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Cellulose. The cellulose determination was the last analysis

to be run on the protopectin residue.

The filter cake was suspended in water and boiled to remove

any starch left in the fruit pulp. The solution was filtered and then

the filter cake was put into 250 ml of 70 percent sulfuric acid. The

solution was left for several hours. At that time, ten ml of the solu-

tion were diluted to 100 ml. A one ml sample was then taken for

colorimetric analysis. One ml of 1. 0 percent phenol was added along

with five ml of 95 percent sulfuric acid. After cooling to room tern-

perature, the solution was read at 490 mu. Results were then read

on a standard curve made from vacuum dried glucose. Final figures

were expressed as mg glucose for the amount of cellulose present.

Calcium. The calcium content of the pectin fractions was

determined as millequivalents of calcium per liter with a flame

photometer. A Coleman. Model 21 Flame Photometer and a Model

6 A Junior Spectrophotometer were used. The sample of pectin solu-

tion (in EDTA or water) was placed in a beaker and introduced to the

atomizer in the instrument. The resultant flame color was then

transmitted through a calcium filter and recorded as the millequiva-

lents of calcium.

Sulfur Dioxide. Sulfur dioxide content was determined by a

modified method suggested by Yang. et al. (1966). A ten ml sample

of brine was acidified with a few drops of sulfuric acid and then
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titrated with 0. 1 N or 0. 01 N iodine solution (starch indicator). The

titer times 320 gave sulfur dioxide in ppm.

Chlorine and Hypochiorite. Chlorine in hypochiorite solution

was determined by a method devised by Thompson (1966). Into a

beaker was placed 200 ml distilled water, 20 ml of 1 N sulfuric acid,

20 ml potassium iodide and 5 ml bleach solution (sample). This was

titrated with 0. 01 N sodium thiosulfate until colorless, using starch

as an indicator. The titer times 0. 0709 gave g of available chlorine

per liter.

Chlorite and Chlorine Dioxide. Chlorite and chlorine dioxide

was measured by using a five ml sample of solution added to five ml

of sulfuric acid (20 percent) and 15 ml of potassium iodide. This was

titrated with sodium thio sulfate (0. 1 N or 0. 01 N) using starch as an

indicator. The percent sodium chlorite per liter was calculated from

(ml titer) (0. 1 N) (0. 02263) 1000
5g 0.8

Flavor Evaluation

A one half gallon sample of each of the three secondarily

bleached lots were leached for one week. Also a sample of sulfur

dioxide bleached cherries were leached, and used as a control.

The cherries were then boiled in a 30 percent sugar solution

containing 0. 02 percent citric acid, 0. 1 percent benzoate and 150 ppm
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Ponceau dye (FD&C Red No. 4).

Each day the sugar content was raised 5. 0 percent until a

stable level of 40 percent sugar was attained. At that time, flavoring

was added and the jars were sealed. In addition, a sample of a corn-

mercial pack maraschino cherry was placed in the group to be tested.

A group of Z5 judges was selected to rate the cherries on a

nine point hedonic scale for appearance in the open cutting laboratory,

and also for flavor and texture (or n-iouthfeel) in the testing booth.

Coded cups were used for sample presentation to the panel. Average

scores for each lot were computed for each quality factor,

Statistical Analysis

Pertinent data such as pectin, cellulose and calcium values

were subjected to statistical analysis. Analyses were performed

on the data to determine statistically if changes in the constituents

were evident between the maturities of cherries.

Further analyses were performend to compare data gathered

on cherries before and after secondary bleaching. Finally, an ana-

lysis was performed on the data from the flavor panel tests to check

for differences in the final product

Statistical analyses consisted of performing analysis of

variance as described by Li (1962) on data.
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RESULTS

General Observations

Fresh Fruit. The fresh cherries that were received at the

Willamette Cherry Growers' dock on July 5. 1967, were mostly im-

mature and mature. Few overmature cherries could be found. Be-

cause of this, extensive sorting had to be done to find enough over-

mature cherries. Though the fruit was carefully sorted by color and

spot checked by hand refractometer for soluble solids content, the

lots of overmature cherries selected were not representative of

those received throughout the brining season. Normally overmature

fruit at the end of the season is in poor condition. It is often soft

fruit that has a great deal of discoloration when brined. If sampling

for this study had been made about two or three weeks later, a re-

presentative overmature cherry sample could have been drawn.

However, at the later date, it would have been difficult to obtain irn-

mature fruit.

The cherry bri.ners prefer slightly immature fruit for brining

because there is less loss and the cherries are easier to handle with-

out damaging the tissue or bruising the skin.

During sorting of the fresh fruit, the texture was noted by the

"feel" of the flesh. The immature and overmature cherries
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(classified by color) appeared to be firmer than the mature cherries.

Brined Fruit. The cherries were placed in brine immediately

after sorting. After one day, most of the bleaching was complete.

Within one and one half weeks, when the first samples were drawn,

the cherries were bleached and all possessed a yellow "ground1'

color. Subsequent samples drawn at 4.5, 7. 5 and 14 weeks showed

no difference in color of the cherries.

Table 5 lists the sulfur dioxide content in the brine during

the curing process. A large decrease of sulfur dioxide was found in

the first one and one half weeks. Only slight decreases occurred

from that point through the 14th week.

Table 5. Amounts of Sulfur Dioxide Present in Brine.

Sulfur Dioxide (percent)
Curing Time (weeks) Immature Mature Overmature

0 1.28 1.29 1.33

1.5 .74 .77 .72

4.5 .73 .75 .71

7.5 .70 .70 .65

14 ..59 .62 .59

The brined fruit had few large solution pockets. A number

of small pockets were noted during the pitting operation. Weight loss

averaged approximately three percent from pitting. Some selected
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samples of cherries with large solution pockets were also pitted, and

the weight loss in this fruit averaged approximately six percent.

Brined fruit from each lot was graded to be no less than

Oregon grade No. 2. Most cherries were No. I graded fruit, some of

the immature cherries were too small to meet the grade.

Sodium Hypoclilorite Bleached Fruit. The bleaching process

in this series was closely checked at four hour intervals, especially

during the first two days of bleaching. After two days, the checks

were made at eight to twelve hour intervals until the bleaching was

corn pie ted.

Observations on the bleached fruit showed that some disinte-

gration had occurred. The fruit was snow-white, but was, in general,

softer to the touch than the regular brined fruit. More than a few of

the cherries were very mushy. An estimated loss of about ten. per-

cent of the original weight was calculated after the bleach. Some of

the cherries were no more than a bag of skin with all of the flesh dis-

integrated.

Calcium Hypochlori.te Bleached Fruit. The calcium hypo-

chlorite bleached cherries were checked regularly at four to six hour

intervals during the first days of bleaching. Checks were made at

24 hour intervals during the second week of processing.

The cherries were found to be very white appearing, but were

slightly duller than the sodium hypochiorite bleached fruit. The
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calcium hypochiorite treated cherries were firmer, but still a

noticable number of cherries were disintegrated by the bleaching ac-

tion. The disintegration occurred predominantly in the immature

lots where bleaching of the pigments took place most rapidly. Evi

dently, the bleaching took place first and then the hypochlorite began

to break down the cellular tissues.

Sodium Chlorite Bleached Fruit. Sodium chlorite reacted

very slowly with the pigments in the fruit, and determination of the

consumption of sodium chlorite was made every two days. Much less

constant attention was given this series because the process did not

tend to go Out of control. The cherries were very white and were

firm. No disintegration was noted in these cherries. Each cherry

appeared to have almost all of Its flesh intact. The mature and over-

mature fruit hadrnore reacting pigments and substances in them, and

so the reaction proceeded a little more rapidly in. these lots. The

immature cherries bleached more slowly.

Maraschino Processed Fruit. After all the lots were dyed

red and processed, a distinct color difference was noticed between

the secondarily bleached fruit and the conventionally sulfur dioxide

bleached fruit. The secondarily bleached cherries with the white

background color, were lighter red when dyed, and were also trails-

lucent. The sulfured fruit with the yellow background dyed a deeper

red and were duller in appearance. The various lots of cherries
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were difficult to distinguish from one another by touch or feel.

Maturity Study of Brined Cherries

Total Solids. Total solids were determined since these data

often show trends for other constituents, and are necessary for cal-

culation of dry weight data for other constituents such as pectic sub-

stances and cellulose.

A large difference in total solid content was noted in the three

maturities of the fresh fruit. A large decrease occurred in the total

solids during one and one half weeks of curing in the brine followed

by development of a plateau. Table 6 shows the total solids of the

fresh and brined fruit.

Table 6. Total Solids in Fresh and Brined Cherries.

Percent
Curing Time (weeks) Immature Mature Overmature

0 14.8 19.5 22.5

1.5 8.7 7.5 9.8

4.5 7.5 8.7 9.8

7.5 7.5 8.5 9.8

14 7.3 8.8 9.8

Soluble Solids The percent soluble solids of the immature,

mature and overrnature fruit was 13. 7, 17. 7 and 21. 7 respectively.
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The differential was not as great as would have been preferred: in

order to give a definite demarcation of maturity.

During the 14 week curing period, an equilibrium of the sd-

uble solids between the fruit and the brine occurred. Table 7 lists

data indicating the amount of soluble solids found in the brine and

fruit. The data indicate that an equilibrium was established after

about four and one half weeks.

Table 7. Soluble Solids in Fresh and Brined Cherries (Percent
Sucrose).

Curing Time Immature Mature Overmature
(Weeks) Brine Fruit Brine Fruit Brine Fruit

0 - 13.7 - 17.7 - 21.7

1.5 5.3 8.3 7.2 7.6 8.2 9..5

4. 5 6. 1 6. 7 7. 9 7. 7 9. 0 9. 0

7.5 5.7 6.7 7.5 8.4 8.6 9.6

14 6.3 6.9 8.0 8.7 9.2 10.0

AlcohGl-Insoluble-Solids '(AIS). The AIS data were used in

calculating amounts of other constituents on an alcohol insoluble

solids basis. These data are often used as indications of maturity.

Data presented in Table 8 does not show appreciable difference be-

tween maturities or between sampling times.
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Table 8. AIS in Fresh and Brined Cherries (percent pureed sarnp1e)..

Curing Time (weeks) Immature Mature Overmature

0 2.29 2.46 2.47

1.5 2.41 2.16 2.27

4.5 2.61 2.47 2.55

7. 5 2. 59 2. 45 2. 53

14 2.89 2.76 2.84

From the information given in Table 8, it can be seen that

most of the AIS data for the mature cherries are lower than for the

immature and overmature cherries. Other constituents such as the

pectins show this same general relationship.

Shear Press Data. The shear press was used to determine

texture of the fruit. The data were calculated as maximum force and

as work accomplished. After studying these data thoroughly, the

work factor was selected because it illustrated the greatest differ-

ence. Table 9 includes both the maximum force and the work data.

A statistical analysis was performed on the shear data to determine

whether a significant difference could be shown between maturities

(Table 10). In the same analysis, the curing time was presented as

another factor, to determine the effect of curing time upon firmness

of the fruit. The data and analysis show a highly significant
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difference in the maturities of fruit. By examining these data, one

can see that the difference is generally between the immature and

mature classes. Single degree of freedom tests comparing immature

with mature, mature with overmature and immature with overmature

fruit showed the differences were not significant between the latter

two comparisons.

The curing time does not appear to greatly influence the

firming of the cherries after one and one half weeks in brine. The

analysis showed no significant difference between the samples drawn

at 1.5, 4.5, 7.5 and 14 weeks.

Table 9 is composed of raw data and Table 10 is a composite

of the results of the analysis of variance.

Table 9. Shear Press Data on Fresh and Brined Cherries.

Immature Mature Ove rmature
Curing Time Force Work Force Work Force Work

(weeks) (ibs) (in lbs) (ibs) (in ibs) (ibs) (in.lbs)

0 177 109 168 100 166 114

1.5 260 209 222 175 24S 187

4. 5 276 206 229 176 251 193

7.5 263 204 230 179 247 191

14 288 212 240 187 263 206
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Table 10. Analysis of Variance. Shear Press Data (work).

Degrees
Source of Sum of of Mean
Variation Squares Freedom Squares Significance

Maturity 9624 2 4812.0 **

Curing time 1543 3 514.3 NS

Maturity x
curing time 430 6 71. 7 NS

Error 14134 60 235.6

Total 25731 71

**Significance at one percent level.
NS No significant difference.

Total Pectin. One extraction of pectin substance s.measured

total pectin in the fruit. Table 11 lists total pectin as anhydrogalac-

turonic acid units. Data are given as a percent of a 25 g pureed

sample and as a dryweight percentage. Slight variations among in-

dividual maturities seem to be accounted for by sampling technique

and extraction variation. It is within statistical error.

The analysis of variance of the pectin data is presented in

Table 12. The values from the 25 g sample of fresh and brined cher-

ries. were used in the analysis of variance as the variation in the per-

cent moisture-free figures throughout the experiment were too great.

In this case, as with the shear press data, the maturity and curing

time were the factors studied. The test was run with 2 and 24
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Table 11. Total Pectin in Fresh and Brined Cherries.

OverrnatureImmature Mature
Curing Time Percent Percent Percent Percent Percent Percent

(weeks) as is* MFB** as is MFB as is MFB

0 . 74 5. 04 . 58 2. 45 . 63 2. 77

1.5 .67 7.72 .54 7.27 .59 5.96

4. 5 . 59 8. 77 . 54 6. 25 . 65 6. 67

7.5 .59 8.31 .53 6.22 .59 6.28

14 . 60 8. 40 . 57 6. 50 .. 6.2 6. 26

*Percent of 25 g sample of fresh or brined cherries.
**MFB = moisture free basis.

Table 12. Analysis of Variance. Total Pectin (percent of 25 g
sample).

Degrees
Source of Sum of of Mean
Variation Squares Freedom Squares Significance

Maturity 383 2 191.5 **

Curing time 47 3 15. 7

Maturity x
Curing time 233 6 37. 2 NS

Error 688 24 28.7

Total 1341 35

**Signifi.cant at one percent level
NS--no significant difference.
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degrees of freedom of maturity effects, and 3 and 24 degrees of

freedom for curing time effects.

The results indicate that a difference in total pectin occurred

among maturities, again between immature and mature fruit, but no

difference was found as the curing time progressed. Again, no

significance could be found between the immature and overmatue

cherries with regard to total pectin content.

Water Soluble Pectin. From the results given in Table 13,

it can be seen that the water soluble pectin was quickly leached. from

the cherries into the brine. After about one and one half weeks. in
4

the brine, this fraction has evidently equilated.. in the fruit and

brine, since there is little change in the amounts presented after one

and one half weeks. Data were calculated as percent of 25 g pureed

sample.

Table 13. Water Soluble Pectin in Fresh and Brined Cherries.

Percent as is
Curing Time (weeks) Immature Mature Overmature

0 .18 .15 .13

1.5 .03 .04 .04

4.5 .04 .03 .04

7.5 .04 .05 .06

14 .08 .08 .08



Protopectin. In this study the protopectin. fraction was con-

sidered as that part insoluble in water. These data are related

closely with the total pectin figures shown earlier in Table 11 and the

spread between maturities is about the same. There is a difference

in mature and- immature fruit, but the overature cherries still

closely parallel the values for the immature fruit. Curing time does

not have an effect on the protopectin content, as shown in Table 14.

Variance in dry weight figures is due to the change in total solids

content between fresh and brined fruit.

Table 14. Protopectin Content in Fresh and Brined Cherries.

Immature Mature Overmature
Curing Time Percent Percent Percent Percent Percent Percent

(weeks) as is MFB as is MFB as is MFB

0 . 56 3. 85 .43 2. 21 49 2. 19

1. 5 . 64 7. 35 . 50 6. 78 . 55 5. 55

4.5 .55 8.20 .51 5.86 .61 6.26

7. 5 . 56 7. 76 .48 5, 68 . 53 5. 61

14 .54 7.43 .49 5.59 .54 5.49

EDTA Soluble Pectin. This pectin fraction changed more

than any other. This is the fraction which is generally regarded as

low rnethoxyl pectin and which has the ability to bond with calcium to

form an insoluble calcium pectate. Data showed that a large amount
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of this substance was present in the fresh fruit. Within 1. 5 weeks

after brining, the level of EDTA soluble pectin dropped and tended to

level off at a point of about 0. 01 percent per sample of fruit. Appar-

ently, a bond was formed with or by the sulfur dioxide and this made

extraction, with slightly acidic EDTA impossible. When the E]JTA

was made alkaline, extraction occurred, but all pectin, was extracted

after this treatment. This was the protopectin fraction tabulated

earlier (Table 14). Since there is no increase iii water soluble pectin

in the. brine, one can safely say that the EDTA soluble pectin fraction

was not leached from the fruit. This disappearance ofthe EDTA

soluble pectin is discussed more fully later.

Table 15. EDTA Soluble Pectin in Fresh and Brined Cherries.

Immature Mature. Overixiature
Curing Time Percent Percent Percent Percent Percent Percent

(weeks) as is MFB as is MFB as is MFB

0 . 20 1.35 . 17 .88 . 19 .86

1.5 .03 .29 .02
. .24 .02 .22

4.5 .02 .25 .02 .17 .02 .22

7.5 .02 .2Z .02 .20 .01 .15

14 .01 . 17 .01 . 12 .01 . 13
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Calcium. All pectin fractions were tested, for calcium con-

tent. The EDTA soluble fraction and the total pectin fractions evi-

denced the most calcium uptake. Table 16 'shows the calcium values

calculated from flame photometer readings in milliequivalents per

gram of pectin. Statistical analysis. was performed as before on the

EDTA soluble pectin data. Figures indicate, that no significant dif-

ference could. be found in the calcium levels among the maturities,

but a highly significant difference was evident as curing time in-

creased. This does indicate that the calcium takes time to diffuse

into the cherry flesh and bond with the pectin.

Table 16. Calcium Content in Pectin of Fresh and Brined Cherries
(rneqfg pectin).

OvermatureImmature Mature
EDTA EDTA EDTA

Curing Time Total Soluble Total Soluble Total Soluble
(weeks) Pectin Pectin Pectin Pectin Pectin Pectin

0 .5 3.7 .7 .2 .6 3.1

1.5 4.4 49.2 5.3 72.6 5.0 54.3

.45 8.7 100.0 9.4 143.3 7.6 79.0

7.5 8. 1 104.3 9.6 97.8 8.3 ill. 1

14 .7. 8 186. 1 7. 8 222. 2 7. 3 177. 8
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Table 17. Analysis of Variance. Calcium (EDTA soluble).

Degrees
Source of Sum of of Mean
Variation Squares Freedom Squares Significance

Maturity 5251 2 2625. 5 NS

Curing time 87370 3 29123.3 **

Maturity x
Curing time 5749 6 958. 2 NS

Error 49863 24 2077.6

Total 148223 35

**Significant at one percent level,
NS- -no significant difference.

Cellulose. Ceflulo sic substances. were included in the anal-

yses even though they are quite stable. Though they do not change

as pectic substances do, they are important building blocks of struc-

ture and in turn affect texture and firmness of the fruit. Since the

brining procedure and reaction is not severe, no cellulose change. was

anticipated. These assumptions proved correct as figures in Table 18

indicate a rather constant amount of cellulose at each sampling pen-

od. Statistical evidence indicated that no appreciable difference was

found among maturities.
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Table 18. Cellulose in Fresh and Brined Cherries.

Percent as is
Curing Time (weeks) Immature Mature Overmature

0 .37 .32 .30

1.5 .34 .30 .33

4.5 .34 .32 .32

7.5 .34 .31 .35

14 .43 .36 .36

Secondary Bleaching Results

Secondary bleaching of the fruit presented another problem

in presenting data and interpreting results. The best method ap

peared to be to treat each bleach and its effects separately

Sodium Hypochlorite. The sodium hypochiorite bleach had

some important effects on firmness qualities of the cherries.

Table 19 lists data tabulated for four sampling periods. The first

line indicates the results obtained after the cher-ries had been cured

for 14 weeks in sulfur dioxide brine. The next line indicates results

after the sulfur dioxide. was removed by leaching. The third.line

shows data after secondarily bleaching and the final line gives infor-

mation after the secondarily bleached. fruit was returned to brine for

2. 5 weeks. The first two were called the ucontrolsTT of the



Table 19. Effects of Sodium Hypochlorite Bleach upon Firmness and Its Related Factors.

Shear Press Percent* Calciurn**
Total Proto- EDTA Total EDTA

Treatment Force Work Cellulose Pectin pectin Soluble Solids Total Soluble

Immature

I4wks in
brine 288 212 .43 .60 . 54 . 01 7. 3 7.8 186

Sulfur dioxide
leached 296 222 .32 .62 .60 .01 2.2 5.6 167

Sodium hypo-
chlorite bleached 283 134 .22 .58 .56 . 10 1.5 4.2 12

Rebrined second-
arily bleached 294 154 .. 21 .63 .62 .07 1.8 2. 1 16

Mature

14.wks in
brine 240 187 .36 .57 .49 .01 8.8 7.8 22Z

Sulfur dioxide
leached 250 193 .34 . 55 .53 . 01 2. 1 6.8 156

Sodium hypo-
chlorite bleachedZ40 143 . 18 .52 .51 . 10 1.4 2.3 12

Rebrined second-
arily.bleached 237 141 .24 .54 .53 .07 11.7 2.0 16



Table 19. (continued)

Shear Press -Percent* Calciurn**
Total Proto- EDTA Total EDTA

Treatment Force Work Cellulose Pectin pectin Soluble Solids Total Soluble

Ove rrn atu r e

14wks in
brine 263 206 .36 .62 .54 .01. 9.8 ?. 3 178

Sulfur dioxide
leached 279 216 .31 .56 .53 .01 2.2 7.7 161

Sodium hypo-
chlorite bleached248 158 . 19 .

. 54 53 . 09 1.. 5 4. 14

Rebrined second-
arily bleached 256 163 . 16 .58 .56 07 1.8 2.3 14

*All percent figures calculated as percent of 25 g pureed sample.
**Calcium calculated as millequivalents per g pectin.

(,71
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experiment since they are typical of commercially prepared fruit.

Several dramatic changes took placed in- the fruit after secondarily

bleaching with sodium hypochiorite. As indicated in Table 19, a de-

crease in firmness of the cherries, a loss in cellulose and calcium,

and an- increase in -the amount of pectin extractable by EDTA solution,

was found. No other pectic substances were altered. The total solids

decreased and this supported the data given for cellulose loss. The

bleach appeared- to behave the same toward the cherries in all three

maturities.

Statistical analysis of the results consisted of comparing the

one control -(usually the- leached fruit) with the bleached- fruit that had

been rebrined- for two and one half weeks. Single degree of- freedom

tests were run on the data from Table- 19. with the exception of total

solids. The mean squares and significance are listed in Table 20.

The individual components of the tests are too- lengthy to reconstruct

in this paper since error terms were different for each test. Tests

were made for each maturity to compound the amount of material that

could be listed.

Significarzt differences occurred in shear press, EDTA soluble

pectin, calcium and cellulose.

Calcium Hypochlorite. The tables-listed below are for data

obtained before and after calcium hypochiorite bleach. There was no

heavy destrucfion of cellulose with this bleach. Calcium content



Table 20. Mean Squares for Analysis of Sodium 1-Jypochiorite Treatment Effects on Firmness arid
Related Factors.

Total EDTA Calcium in.
Maturity Shear Press Cellulose Pectin. Protopectin Soluble Total Pectin

Lmrnature 12416** 254** 0. 6 NS 10. 0 NS 4160** 4358*

Mature 6441** 150 NS 1.0 NS 0. 1 NS 4816* 3800**

Overmature 5677** 368* 5. 0 NS 2. 0 NS 43 74* 3800**

*Significant at five percent level from control
**Sigrtificant at one percent level from control.
NS = no significant difference.

a'



Table 21. Effect of Calcium Hypochlorite Bleach on Firmness and Its Related Factors.

Shear Press Percent Calcium
Total Proto- E]JTA Total EDTA

Treatment Force Work Cellulose Pectin pectin Soluble Solids Total Soluble

Immature

14.wks in
brine 288 212 .43 .60 .54

. .01 7.3 7.8 186

Sulfur dioxide
leached 296 222 . 32 . 62 . 60 . 01 2. 2 5. 6 167

Calcium hypo -
chlorite bleached323 186 .44 .53 .51 .. 09 1.5 2.0 12

Rebrined second-
.arily bleached 335 192 .41 .62 .62 .03 2.1 11.1 '137

Mature

14 wks in
brine .240 187 .36 . 57 .49 . 01 8.. 8 7.8 222

Sulfur. dioxide
leached 250 193 .34 .55 .53 .01 2.1 . 6.8 156

Calcium hypo-
chlorite bleached.269 174 .42 .50 .47 :11 1.4 2. 1 10.

Rebrined second-
arily bleached .274 177 .35 . 54. .. 53 .03 1.9 11.0 131 Ui

-4



Table 21. (continued)

Shear Press Percent Calcium
Total Proto- EDTA Total EDTA

Treatment Force Work Cellulose Pectin pectin Soluble Solids Total Soluble

Overmatu.re

14.wkin
brine 263 206 .36 .62 . 54 .01 9.8 7.3 178

Sulfur dioxide
leached 279 216 .31 .56 .53 .01 2.2 7.7 161

Calcium hypo-
chlorite bleached 286 198 .42 .50 .48 . 10 1. 5 1.6 8

Re-brined second-
arily bleached 286 194 .36 -. 62 . 60 04 2.0 9. 1 102

U'
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dropped after bleaching, but increased again to a normal level after

being. rebrined. Shear press data showed no decrease in firmness.

In fact, some samples., were even firmer after secondary bleaching.

Total solids did not decrease as much as with the sodium hypochlorite,

although a slight decrease was noted, The only pectic substance

changing was the EDTA soluble fraction. The increase here was ten-

fold as it was with the previous hypochlorite bleached fruit. As noted

before, there was less of this fraction extracted after the fruit was

rebrined for two and one half weeks.

Statistical analysis was conducted. in the same fasb.ionwith the

same parameters as. with the sodium hypochlorite series. Table 22

shows mean squares and significance of the results.

Sodium Chlorite. Data on the samples of sodium chlorite

bleached fruit are shown in Table 23. The most striking, feature of

this bleach is the lack of change in any constituent after the bleaching

process. No cellulose changes and no calcium changes are evident

from the data. The EDTA soluble pectin increase is much smaller

than in the hypochlorite bleached cherries. After rebrining, no dif-

ference in the EDTA soluble fraction could be found.

Statistical information was compiled as before and Table 24

shows the mean squares of the analyses. The lack of significance

shown in the table confirms that the bleach has almost no effect on

the firmness of the cherries. The only significant change is in the



Table 22. Mean Squares for Analysis of Calcium Hypochiorite Treatment on Firmness and Related
Factors.

Total EDTA Calcium in
Maturity Shear Press Cellulose Pectin Protopectin Soluble Total Pectin

Immature 1240* 60. 0 NS 0. 6 NS 6. 0 NS 726* 1802 NS

Mature 309 NS 0. 1 NS 0.6 NS 0. 1 NS 504* 1601 NS

Overmature 331 NS 32.0 NS 54.0 NS 48. 0 NS 1067* 451 NS

*Significant at five percent level from control.
NS = No significant difference from control.



Table 23. Effect of Sodium Chlorite Bleach on Firmness and Its Related Factors.

Shear Press Percent Calcium
Total Proto- EDTA Total EDTA

Treatment Force Work Cellulose Pectin pectin Soluble Solids Total Soluble

Immature

14 wks in.
brine 288 212 .43 .60 .54 .01 7.3 7.8 186

Sulfur dioxide
leached 296 22.2 .32 .62 .60 .01 2.2 5.6 167

Sodium chlorite
bleached 279 211 .38 .58 .56 .03 1.7 11.2 189

Rebrined second-
a.rily bleached .301 226 ... 38 .62 .60 .02 2. 1 5.5 138

Mature

l4wks.iri
brine 240 187 .36 .57 .49 .01 8.8 7.8 222

Sulfur dioxide
leached 250 193 .34 .55 .53 . .01 2.1 6.8 156

Sodium chlorite
bleached 234 190 .35 .55 .54 .03 1.6 9.5 194

Rebrined second-
ailyb1eached 261 199 .37 .55 .54 .02 2.0 5,9 101

I-



Table 23. (continued)

Shear. Press . Percent Calcium
Total Proto- EDTA Total EDTA

Treatment Force Work Cellulose Pectin pectin Soluble Solids Total Soluble

Ove rrnature

14 wks in
brine 263

Sulfur dioxide
leached 279

Sodium chlorite
bleached 244

Reb.rined second-
arily bleached 269

206 .36 62 .54 . .01 9.8 7.3 178

216 .31 .56 .53 .01 2.2 7.7 161

205 .36 .58 .57 .03 1.7 10.3 212

.219 .35 .61 60 .02 2.2 5.5 113

0'



Table 24. Mean Squares for Analysis of Sodium Chlorite Treatment on Firmness and Related
Factors.

Total EDTA Calcium in
Maturity Shear Press Cellulose Pectin Protopectin Soluble Total Pectin

Immature 602 NS 20 NS 0, 6 NS 2 NS 74 NS 682 NS

Mature 409 NS 13 NS 0. 1 NS 4 NS 192 NS 542 NS

Overznature 520* 24NS 38. 0 NS 66 NS 89 NS 486 NS

Significant at five percent level from control.
NS = No significant difference from control.
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shear press data of the overmature fruit. Results indicated a firmer

fruit after the bleaching process.

Flavor Evaluation

Theflavor and sensory evaluation resulted in some interesting

observations, Individual preferences for each sample ranged from

excellent to poor depending on the judge. The wide range was found

in both the flavor and texture evaluations. Scoring for the overall

appearance showed that most people preferred the lighter, more

translucent maraschino cherry made from secondarily bleached fruit

instead of the darker, duller red maraschino cherries produced from

sulfur dioxide bleached fruit. A factor influencing this scoring would

be that the sulfured fruit had some blemishes on them, while the

secondarily bleached fruit had no dark spots on them.

In Table 25 are the ratings which 25 judges gave the five

maraschino samples. The statistical analysis (Table 26) indicated

that no difference could be found among the samples with regard to

flavor and texture. In other words, the samples were judged more

or less equal. In overall appearance all of the secondarily bleached

samples had the same light red color. The secondarily bleached

cherries were significantly different from the commercial samples

and the laboratory sample made from sulfur treated cherries.



Table 25. Sensory Evaluation Ratings of Five Maraschino Cherry Samples.
Flavor Texture Overall Appearance

Rating 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

Like
extremely 2 1 1 0 1 2 5 3 4 1 2 0 0 5 4

Like
very much 7 3 6 5 5 8 4 7 8 3 13 0 0 9 13

Like
moderately 4 6 7 4 4 5 1 5 6 5 4 1 2 6 5

Like
slightly 8 4 6 6 6 4 3 4 .2 4 1 3 5 :2 1

Neither like
ordislike 1 1 3 3 .2 2 2 3 2 1 4 5 4 3 1

Dislike
slightly 1 5 2 1 4 3 6 3 2 6 0 6 6 0 1

Dislike
moderately 1 4 0 6 2 1 2 0 1 4 1 8 4 0 0

Dislike
verymuch 1 0 0 0 0 0 1 0 0 1 0 1 1 0 0

Dislike
extremely 0 1 0 0 1 0 1 0 0 0 0 1 3 0 0

I -sodium hypochlorite 4-sodium chlorite
2- commercial sample 5-calcium hypochiorite
3-sulfur dioxide bleached



Table 26. Summary of Analysis of Variance.

Degrees
Source of Sum of of Mean
Variation Squares Freedom Squares Significance

Flavor Evaluation

Among sample 28 24 1. 17 I'IS

Within sample 391 100 3.91

Total 419 124

Texture Evaluation

Among sample 69 24 2. 88 NS

Within sample 380 100 3. 8

Total 499 124

Overall Appearance.

Among sample 325 24 1 3. 54 **

Within sample 120 100 1.20

Total 445 124

**Significant at one percent level
NS-No significance.
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DISCUSSION

The maturity study in the research was handicapped. by the

lack of overmature fruit. The validity of the classes of fruit is in

question. It appears that the immature and mature cherries were

classified correctly

There was a degree of difference between maturities in many

of the constituents.measured, However, the extent of the difference

often was not great enough, when subjected to statistical analysis.

The differences that do show up are generally due to the immature

and mature fruit. In almost every case, the data for overmature

cherries were very close to one or the other of the former two

classes. Total solids and soluble solids showed.the greatest in-

creases from immature through overmature classes.

When the cherries in this. experiment were selected. for ma-

turity, they were chosen on the basis of color; the color ranging from

yellow-green to dark red for immature to overmature fruit. Analyt-

ical data have shown that color is not a satisfactory index for differ-

entiation of maturities, and that a better separation could be made on

the basis of soluble solids.

Texture measurements. were not conclusive in 'distinguishing

between the three maturities. There was a difference between im-

mature fruit and mature fruit. The overmature cherries were fairly



firm, in direct contrast to what would normally be expected.

Shear. press data show a significant difference between ma-

turities with respect to firmness. The curing time apparently is not

too important in. firming after. 1 weeks when analyzing the shear

press data statistically, even though a slight increase was noted.

These data are based on one method of.texture measurement. Cain

(1967), using a punctu.rometer to measure firmness, determined.a

need for a period of six weeks to complete firming of.cherries when

brined.

Brining the fruit has often been thought to affect the pectic

substances. within the tissues. According to the data, the total pectin

content remains stable through the curing period. It appears that

only the water soluble pectin changes. This. pectin either diffuses in-

to the brine or combines, with calcium and is precipitated in the cher-

ry flesh.

EDTA soluble pectin changes during the brining with sulfur

dioxide solution. The protopectin. fraction, part of which is the EDTA

soluble fraction, does not decrease during brining. The EDTA just

does not extract as much pectin when in brine. Calcium or other

cation bonding with pectin is needed for EDTA extraction. Perhaps

the pH is too low for this cross-binding, thus decreasing the amount

of this fraction that can be extracted.

There is some speculation. that the brine complexes the pectin



in. another way, since even when all of the free sulfur dioxide is

leached out of the cherry, there still is no increase in the amount of

EDTA soluble pectin.

At the outset of the research, cellulose content determina-

tions were not thought to be extremely important in firmness studies.

The pectie substances were thought to be the important constituents

since they change more readily when treated harshly than does

cellulose. As.was seen in results of secondary bleaching, the cel-

lulose turned out to be very important.

Only one constituent of the fruit pectin changed during the

curing time. Calcium was taken up by the pectin in the fruit as the

curing time increased.from 1. 5 to 14 weeks. The uptake was paral-

Xe). for the .three im. turities and seemed to stabilize in the total pectin

fraction after 4. 5 weeks. The EDTA soluble fraction continued up-

take through the entire 14 week period.

It was found that the most firming occurs within the first 4. 5

weeks of curing if not before then, but the calcium continues to in-

crease in the pectin after that time. There is a limit as to the

amount of calcium needed to firm the fruit with. calcium-pectin bonds.

The boundary would be the number of sites available.

The calcium may. well bond in other places in. the fruit tissue

and may affect firmness in that way as well as with pectin. Perhaps

a tieup with cellulose, proteins, and so on are related.
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The study involving secondary bleaching was extensive, since

a feasible bleaching agent was needed.

Sodium hypochlorite was the first bleach considered, and as

data have shown, was the most destructive to the tissue and conse-

quently to the cherry texture. Interestingly, pectic substances. were

not decomposed. by the bleach and various fractions were not de-

creased. EDTA soluble pectin increased considerably, up to tenfold

in places. Possibly the bleach shortened the pectin chains, which also

might cause softening. Whether there be any great significance in the

increase of EDTA soluble pectin is difficult to say, but one does note

the same increase occurs.with calcium hypochiorite bleach, yet tex-

ture is not softened with this process.

A very noticable decrease in firmness was found with shear

press readings in all maturities in the sodium hypochiorite series.

A very significant decrease is found in the calcium content of

the pectin. The results showed a decrease of more than 100 mill-

equivalents of calcium per gram of pectin after secondary bleaching

with sodium hypochlorite. The importance of calcium bonds.within

the fruit pectins is great and this probably accounts for part of the

softening of the sodium hypoc.hlorite treated cherries.

Perhaps the most significant of all data is that of cellulose

content. The cellulose content of the sodium hypochlorite bleached

fruit is reduced to almost half the original amount in some cases.
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This is consistent with research in the paper industry, which has

shown that severe hypochiorite treatment will degrade cellulose. The

degradation of cellulose appears to be a main factor in softening of

sodium hypochiorite treated fruit.

In observing calcium hypochlorite treated fruit, one immedi-

ately notices the firmness of the fruit. The cherries are muchfirmer

than those treatedwith sodium h.ypochlorite. There were, however,

a number of cherries that disi.ntegratedcompletely, re-emphasizing

the action of hypochlorite on cellulose. It appears that calcium hypo-

chlorite is less severe in its action. than its sodium counterpart.

Bleaching time was longer with calcium hypochiorite which also in-

dicates a milder action on constituents.

When examining results obtained from the calcium series, it

is noticed that, as with the sodium hypochiorite series, there was no

degradation of pectic substances, but there was an increase of the

amount of pectin extracted with EDTA from the protopectin fraction.

This apparently is due to the high oxidation potential of the hypo-

chlorite bleaches.

A decrease in calcium occurred when the fruit was bleached,

but the calcium returned to the original level when the fruit was re-

brined. This re-combination of calcium did not take place after

sodium hypochiorite bleaching. The calcium hypochlorite bleached

cherries were very firm in some instances and this may be a cause
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of it.

Perhaps the one feature about the hypochiorite bleach that

makes it undesirable for commercial use is the attention and care

needed to maintain proper conditions for the bleach. A pH range of

5 to 7 should be maintained. Since the bleaching reaction forms

acids and lowers the pH rapidly, it is necessary to continue adjusting

the acidity several times in the first 48 hours. Not only must the pH

be monitered and adjusted, but also the hypochiorite must be re-

placed, as only low strengths can be used. Control must be almost

Continuous during the first days of bleaching.

Sodium chlorite bleach has the advantage of requiring almost

no attention after the process is started. The bleaching continued at

a slow rate and took longer than desired, The main problem was that

the initial pH was too high. Instead of being around pH 6. 35, the

bleaching liquor should have been adjusted to pH 5. 5 to 6. 0. This

would have initiated the bleaching reaction much more quickly. In

this experiment, the reaction needed to be controlled and so the pH

was not lowered as the effect of bleaching at a lower pH was not

known at the time. Later Beavers and Payne (1967) found that by

keeping the pH above 4. 5, one could hold the reaction within bounds

and that softening did not occur;

Although the process took one month to complete, the cherries

were of very desirable quality. No disintegrated fruit was found
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The color was. white and the fruit appeared.very "meaty. " In other

words, no loss of constituents seemed evident.

The chemical analysis and subsequent statistical analysis of

the data has already indicated that these assumptions were correct.

There was no signficant change in any of the chemical constituents

of the cherries. Pectic substances remained at steady levels, with

EDTA soluble pectin increasing only slightly. This slight increase

was within statistical error. No loss of calcium and cellulose oc-

curred. The only variation evident was shear press readings in the

overrnature series. A significant difference was shown but this was

because the firmness after bleaching was greater than before

bleaching.

All in all, it seems that sodium hypochiorite is eliminated as

a bleaching agent for cherries due to the fact that the reaction had to

be constantly checked, monitored and corrected, and because its high

oxidation potential has a destructive action on cellulosic materials.

The commercial use of calcium hypochiorite was questioned because

of its need for constant control although it did not destroy as much

fruit tissue. Sodium chlorite appeared to be the best, both because

of its action and because of its lack of needfor constant care. The

final decision rests, in any case, with the acceptability of a food

product in the form that it is to be consumed.

Cherries from each lot were processed into maraschino
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cherries and were only lightly flavored so that any off-flavors, such

as the flavors of chlorine and chlorinated compounds, could be de-

tected. by the flavor panel. In each secondary bleached.lot, some

judge stated that he could pick up a medicinal taste, but the vast

majority of the judges could detect no off-flavor. In addition, the

judges tended to prefer the lighter colored secondary bleached cher-

ries to the conventional product. The statistical analysis. of the data

showed flavor and texture differences to be insignificant. The Se-

condarily bleached cherries dyed a lighter and brighter red, and this

color was preferred over the conventional pack of cherries in. almost

every case.

One of the most noticable results coming from this study: was

that after the cherries were processed, no difference.was encoun-

tered. between bleached.lots. They were all acceptable to the panel

None of the samples were rejected by the judges.

Overall, one can speculate that any of the secondary bleaches

would suffice as a bleaching agent with regard to .the finished product,

although they all must be carried, to completion or a medicinal off-

flavor may be encountered. One must decide how to determine that

bleaching has been completed. The method used for this work was to

boil the fruit in water for ten minutes. If a brown or tan color ap-

peared, bleaching was not complete. This method could be mis-

leading at times, if a great deal of bleaching agent is left in the fruit..
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If bleaching agent remains, the boiling only activates bleaching more,

thus falsely indicating complete bleaching if there is only a little

bleaching time needed to finish the process. This same reaction is

important not only in the hypochiorites, but also with the sodium

chlorite bleaching agent. In this work, one of the lots of cherries

was evidently removed. from the bleach (chlorite) too early, because

two judges on the flavor panel detected a slight off flavor. The

bleaching evidently was not complete in this lot, and the particular

cherries they tasted, were off-flavored. Other lots of cherries in

which the bleaching was completed, did not have the off-flavo-r.

Work is being continued in this area to determine a better

method for ascertainin.g..when a lot of cherries is completely

bleached (Beavers and Payne, 1968).
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SUMMARY AND CONCLUSION

The research was prompted by the need. for a new bleaching

agent to remove blemishes from sulfur dioxide bleached cherries. A

part of the experiment was to determine regular brining effects as

well as effects of different maturities. After three secondary

bleaches had been found which would remove unwanted discoloration,

a study. was undertaken to determine the effect of these bleaching

agents on. texture and the chemical constituents involved in texture.

The three bleaches, sodium and calcium hypochiorite and

sodium chlorite, were used. to bleach nine lots, of Royal Anne cherries.

The nine lots, were divided into three replications of immature, ma-

ture and overmature cherries.. For the biining experiment, sample.s

were taken after 1. 5, 4. 5, 7. 5 and 14.weeks in the brine. Tests on

all samples. were run on p'ectic constituents, calcium content, cellu-

lose and the shear press for determination of firmness. Analysis of

variance was performed on pertinent data to determine its signifi-

cance. A flavor panel evaluation was run on finished cherries to

determine any possible objections to the final product made from

secondarily bleached cherries.

The brining study showed first of all that the cherries. were

not separated well enough into maturity classifications, especially

the overmature class. The other factor indicated that after 4. 5 weeks
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in brine, if not before, most of the constituents and the firmness of

the cherries were equilibrated and did not chan.ge in the ensuing

weeks. Only calcium uptake increased after the first 4. 5 weeks of

curing time. Some differences- were noted in the maturities between

the immature and mature cherries. More total pectin was p-resent in

the immature fruit. It was noticed that very little EDTA soluble pec-

tin could be extracted-in the brined fruit, perhaps due to the lack of

calcium cross- bonds at the low pH or due to a complex with the corn-

ponents of brine.

The secondary bleaching aspect of the -research -was- of utmost

importance. The results indicated that alibleaches produced a suit-

able product after they are sugared and flavored as maraschino cher-

ries. A panel of 25 judges- rated the secondarily bleached- fruit equal

to or better than, the sulfur dioxide bleached fruit.

The actual bleaching was not so easily judged. All gave good

whiteness so if a distinction was to be made, it would have to be in.

ease of handling the process or because of its action and effect on

firmness of the fruit.

The bleaching methods showed- little differences when corn-

p-a-ring color because all cherries-were snow white. The }aypochlorites

were very difficult to handle. The pH is critical in this system, and

must be kept within the pH range of 5. 0 to 7. 0. If this is not done,

the reaction. may go out of control, softening may occur, and chlorine
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gas can be evolved. Because of this and because of the need to make

a number of small additions of bleach to the solution throughout the

bleaching time, there is need for constant monitoring and control

during the first days of bleaching. In addition, the hypochlorites tend

to destroy tissues, especially cellulose, if bleaching is too harsh or

too long. This was exemplified by sodium hypochiorite, as it de-

stroyed about one half the cellulose present originally. Calcium

hypochiorite did not destroy as much cellulose, although some de-

struction could be detected. Sodium hypochiorite removed calcium

from the pectins, but calcium hypochlorite did not do so. This may

account partially for softening,

Sodium chlorite was found to be the best bleach in all respects

except time for completion. There was no degradation of chemical

constituents and little attention was needed for the bleaching process

once the chlorite solution was prepared and added to the fruit. The

process took about one month. By lowering the original pH of the

chlorite bleach to between pH 5. 5 to 6. 0, the time of processing can

be materially reduced. There were no detrimental effects of this

bleach on the texture, as the bleach appeared to attack only the pig-

ments in the cherries.

After the cherries have been rebrined in sulfur dioxide brine

for storage or shipping, there may be flavor and texture problems

that will occur. Off-flavors may develop upon storage as has been



79

reported with hypochiorite samples by Ro88 (1966) and Beavers and

Payne (1967). Studies need to be continued on this aspect of the

bleaching process. A softening may occur after long periods of

brining due to storing the secondarily bleached cherries in a low pH

brine. Some cherries were stored in a brine of pH 2. 50, which is

too low to provide conditions for calcium-pectin bonding and firming

in general. The pH of the stored secondarily bleached cherries when

rebrined should be above pH 3. 0- -preferably about pH 3. 5.

One of the desired results to be gathered from this research

is a workable bleaching operation that may be used industrially

Cherries may be secondarily bleached with sodium chlorite solution

giving quite firm, white cherries as a. final product. On the basis of

this research, the recommended process for secondary bleaching is

as follows:

1. Leach the cherries with cold water to remove sulfur di-

oxide to about 200 ppm. If possible, heat the cherries in boiling

water for ten minutes. The latter is not a necessity but helps in

penetration of bleaching solution. More sulfur dioxide may be left

in the cherries--up to 900 ppm. This speeds up the bleaching process

considerably.

2. Use a 2:1 ratio of solution to fruit. Prepare sufficient

0. 75 percent (by weight) sodium chlorite solution. Adjust to pH 5. 5

to 6. 0 with glacial acetic acid.
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3. Add bleach to the fruit and cover, The cherries and solu-

tion should be stirred or the liquid pumped over once every 24 hours

to insure uniformity of bleach at all levels of the vats, tanks, or

containers. The cherries will become dark taxi for a time before

they bleach. When the cherries are white, they may be checked for

completeness of bleach by boiling them for ten minutes. If they re-

vert to a tan color, the bleaching is not complete and must be con-

tinued. If the bleach (chlorite) is depleted before the cherries are

finished, another aliquot of bleach may be added (test for chlorite

on p. 35). There should be no need for this. (It is best to continue

bleaching for a few days after one thinks it is complete to insure total

bleaching.)

4. When bleaching is completed, the fruit should be leached

again with cold water for about one week to remove the excess

chlorite. Less time may be needed, depending on the amount of

chlorite remaining at the end of the bleaching period.

5. The cherries are returned to sulfur dioxide-calcium

shipping brine at about pH 3. 0 to 3. 5 for a period of one to two weeks.

6. The fruit may then be leached and processed normally

into maraschino or candied fruit.
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