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ABSTRACT

EVALUATION OP PROCESSING QUALITY OP SELECTED APPLE

CULTIVARS GROWN IN MICHIGAN

BY

Korada Sunthanont

Fifteen apple selections were processed into

applesauce, apple puree, and frozen apple slices after

harvest and after 2-month storage (1.1 °C) for a processing

potential study. The chemical-physical measurements,

subjective measurements, and sensory evaluations, which were

conducted only in applesauce, were analyzed. Influences of

cultivar, and storage were found for all characteristics of

applesauce and frozen apple, except influence of storage on

frozen. apple color(—aL). USDA. grading specification of

processed products were reported. Sensory evaluations

determined that Golden Delicious, Mutsu, Empires, and

Honeycrisp were the most acceptable varieties tested.

Jonagold apples with 9 different maturities were used

for a controlled atmosphere(CA) storage study. One-half of

the apples for each maturity was sprayed one month pre-

harvest with 200 ppm aminoethoxyvinylglycine(AVG). The

apples were stored in CA for 6 months before processed into

applesauce. The objective measurements were evaluated.

Influences of AVG treatment and maturity were detected on

all characteristics of applesauce except consistency.
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REVIEW OF LITERATURE

APPLE A8 A FOOD RESOURCE

Most of the world's supply of apples come from the

temperate zone of the Northern and Southern hemispheres

between latitudes 40° and 50° north in Europe and North

America, between 30° and 40° north in Asia and between 20°

and 40° south in the southern hemisphere. The European

continent has been the dominant supplier of apples. The

outlook for production in the 1990s reflected a stagnation

of European apple production, while growth was expected in

the US., Mexico, selected countries of south and east Asia,

and among leading producers in the Southern hemisphere such

as Chile, Brazil, South Africa, Australia, and New Zealand

(O'Rourke, 1994). Apples have been a popular fruit from the

earliest times, especially for fresh consumption, and no

other fruit can be used in as many ways as apples. Fresh

apples are considered a food of moderate energy value,

comparable in this respect to many other fruits. Processed

apple products are either comparable to fresh apples in

energy value or higher because of concentration

(dehydration) or the addition of sugars during processing

(Lee and Mattick, 1989).



Apple varieties

There are hundreds of apple cultivars, many of them

shown with color plates in The Apples of New Ybrk (Beach,

1903) . Only about twenty cultivars are now grown

commercially in the United States. Table 1 presents

superior commercial U.S. apple cultivars and their

characteristics (Manhart, 1995).

Compositions of Apples and Their Changes due to the Ripening

Processes

CW

Carbohydrate are ‘the. principal food. constituents in

apple, with starch and sugars the available carbohydrates

and pectin, cellulose, and hemicellulose the unavailable

fraction (Lal Kaushal and Sharma 1995). Apple fruit cell

walls consist mainly of cellulose and pectin, with some

hemicellulose and a very small amount of extensin (Knee and

Bartley, 1981). Total carbohydrate in fresh apples is

approximately 15%. The most common sugars are fructose (3-

11.76%), sucrose (0.88-5.62%), and glucose (O.89-5.58%) (Lee

and Mattick, 1989).

Immature apples contain a relatively large amount of

starch , 3-4%, but as the fruit ripens the starch is

converted into sugars remaining very little in quantity (Lee

and Mattick, 1989). Starch hydrolysis usually begin in the

latter stages of fruits growth but before the onset of

climacteric; this contributes to a further increase in free
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sugars (Beruter et al. 1985; Knee et a1. 1989). Later,

sucrose is slowly hydrolyzed to form more glucose and

fructose (whiting, 1970). Sorbitol dehydrogenase is

predominant in more mature apples to allow the utilization

of the major translocated carbohydrate, sorbitol, for

synthesis of the major accumulated sugar, fructose (Beruter,

1985; Yamaki and Ishikawa, 1986).

Apples, a good source of fiber, with skin contain more

than O.7-O.8% fiber than that in oranges, bananas, apricots,

grape fruit, or peaches (Lee and Mattick, 1989).

Pectin consists of two separate polymers, a

rhamnogalacturonan and a homogalacturonan, and these are

both at least 70% methyl-esterified. The rhamnogalacturonan

carries side chains of arabinose and galactose residues and

may constitute much of the primary wall matrix; the

homogalacturonan. may form the middle lamella (Knee and

Bartley, 1981).

Cell wall compositional changes during ripening are

restricted to the pectic polymers. Theme is no evidence of

changes in the cellulose or hemicellulose (Nelmes and

Preston, 1968; Bartley, 1976). Kertesz et al. (1959)

reported that a higher cellulose content distinguished

firmer apples from soft ones, but that the softening that

accompanied ripening could not be accounted for on the basis

of changes in the cellulose of the fruit. Wiley and

Stembridge (1961) presented. evidence ‘that. a decrease in

starch.‘was associated. with softening' of apples as they



ripened . The galactose side chains of the

rhamnogalacturonan are lost (Knee, 1973) and

homogalacturonan is solubilized by removal of calcium ions

from the wall into the cell during ripening process (Knee,

1978), allowing softening of the apples.

Organic—acid

Organic acids are among the most important constituents

in apples. The primary acid in this fruit is malic acid,

although others such as citric, lactic, and oxalic are also

present. The acidity in the fruit is of interest because it

affects eating and cooking quality (Lal Kaushal and Sharma

1995). Malic acid is metabolized to a greater extent than

the others and may fall by 50% during the life of the fruit.

It is a major substrate of respiration and this accounts for

the respiratory quotient of 1.1 or higher (Fidler and North,

1967).

211959.109

Fresh apples with skin contain about 0.19% protein,

thus being a poor source of this important nutrient (Lee and

Mattick 1989; Lal Kaushal and Sharma 1995). Aspartic and

glutamic acid are the predominant amino acids in apples,

followed by lysine and leucine (Gebhardt et al. 1982).

Protein synthesis that has been found to increase

during the climacteric phase in apples provide the enzymes

involved in the ripening processes (Frenkel et al. 1968).

This coupled with numerous reports (Looney and Patterson,

1967; Rhodes and WOoltorton, 1967; Hartmann, 1963; Dilley,
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1962; Hulme and Wooltorton, 1962) of increased activity of

several enzymes during ripening of climacteric fruits.

Ethylene synthesis is dependent on protein synthesis at the

early-climacteric stage (Frenkel et al., 1968).

W

The vitamin contained highest in apples is vitamin C

(ascorbic acid). The average ascorbic acid content is about

5 mg/100 g of apple, depending on cultivar, maturity stage,

and growing condition (Gebhardt et al., 1982). It has been

shown that the peel contains up to three to five times more

vitamin C than the pulp(Young, 1975) . Among the popular

apple cultivars, McIntosh contains very low amounts of

vitamin C (Lee and Mattick, 1989).

The average ash (mineral) content of fresh apples with

skin is 0.26%. Potassium constitutes the main portion of the

total mineral content of apples, and it accounts for more

than 40% of the total ash (Gebhardt et al. 1982). Its

content in fresh apples with and without skin is 115 mg/100

g and 113 mg/100 g, respectively. Phosphorus (7 mg/100 g

with skin, 7 mg/100 9 without skin) and calcium (7 mg/100 g

with skin, 4 mg/100 9 without skin) are the second and third

most prevalent minerals, which are varied within a cultivar

from season to season (Gebhardt et al., 1982). Calcium ions

may aid the packing of polygalacturonate chains fitting into

a microcrystalline structure and neutralizing mutually

repulsive charges (Ree, 1972). Processing caused no change

in the content of chromium, cobalt, copper, iodine,
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magnesium, manganese, molybdenum, or selenium but resulted

in an increase in chloride and sodium. This was attributed

to dipping of the peeled apples in 3% NaCl to inhibit

enzymatic browning (Upshaw et al., 1978).

Pigments

The pigments of apples consist of anthocyanins,

chlorophylls and carotenoids. Chlorophyll is held tightly

bound to the thylakoid membranes within the chloroplast

(Tucker 1993) . Anthocyanins are a very diverse range of

pigments localized within the vacuole of the plant

cell(Timberlake 1981). The main anthocyanin in apples is

idaein (cyanidin-B-galactoside) (Timberlake, 1981).

Carotenoid pigments are localized within the chloroplast

(Tucker 1993). Carotenoids like other photosynthetic higher

plant tissues are principally B-carotene, lutein,

violaxanthin, neoxanthin and cryptoxanthin (Knee, 1972;

Gross et al., 1978).

The regulation of color pigment synthesis pathway

during ripening is unclear, but may involve enzymatic and

chemical reactions (Tucker 1993). The color changes during

ripening of apples depend mainly on the simultaneous

disappearance of chlorophylls a and b (Knee, 1972, 1980).

75% of chlorophyll content degraded during ripening of

Golden Delicious apple, with fivefold increase in

xanthophyll contents (Workman 1963). Among the carotenoids,

B-carotene decrease, whereas xanthophylls, particularly
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lutein and violaxanthin increase substantially (Knee, 1972;

Gross et al., 1978).

v vo ' es

Apple flavors depend upon complex mixtures of organic

compounds, many of which are synthesized during the

climacteric phase. Analysis of the volatiles present in

apple indicated at least 230 different compounds (Van

Straten 1977) . Typical constituent aliphatic esters are

butyl ethanoate, 2-methyl butyl ethanoate and hexyl

ethanoate (Dimick and Hoskin, 1983). Furthermore, Drawert

et al. (1983) also (detected 2-frexanol and frexanol of

aldehyde and ethyl-Z-methyl butyrate as important compounds

contributing to apple flavor. The saturated aliphatic

esters usually contribute a generic fruity aroma. Other

kinds of volatile compound occur in trace amount or in a

restricted range of cultivars. 4-methoxy(propenyl benzene)

gives a spicy flavor to some apple cultivars (Williams et

al., 1977). Terpenoid compounds are represented among apple

volatiles by linalool and its epoxide, as well as farnesene

(Dimick and Hoskin, 1983). Flath et al. (1967) has reported

that acetaldehyde is generated by senescent apples, likewise

hexanal and trans-2-hexenal are formed on tissue disruption,

these can be dominant compounds giving a green flavor to

immature fruits.
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MATURATION

Horticultural maturity is "The stage of development

when a plant or plant part possesses the prerequisites for

utilization by consumers for a particular purpose" (Herner

et al. 1984). Physiological maturity is "The stage of

development when a plant or plant part will continue

ontogeny even if detached" (Herner et al. 1984).

Harvesting at the appropriate maturity is a critical

factor in determining quality of the fruits. Wiley and

Thompson (1960) have reported that apple maturity at harvest

time has an important effect on canned apple slice quality.

Color, flavor, and overall canned grade were observed to be

improved with increasing apple maturity, but early-harvest

apples gave firmer canned slices. Fully mature apples also

produce the best-quality sauce (Way and McLellan, 1989) .

Harvested before optimum. :maturity, apples are ‘more

susceptible to superficial scald, incomplete development,

and decreased in storage life. Harvested after optimum

maturity, apples. may’ decrease storage life and increase

physiological disorders, such as softening, internal

breakdown, mealiness, and are more susceptible to bruising

and decay. Apples are commonly harvested just as they begin

to ripen or in the preclimacteric stage (Knee, 1993).

Predicting harvest date is not only important for quality of

the fruits but it is useful in scheduling harvest of

processed crops. This allows an even flow of produce through

the processing plant which helps increase efficiency.
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Indices of harvest maturity of apples are based largely

on color (external and internal), flesh firmness,

composition(starch, sugar, and acid), mechanical properties

(rupture force, modules of elasticity), ease of separation

from spurs, and days from full bloom to harvest (Salunkhe

and Desai 1984). Measurement of fruit firmness, respiration

rate, ethylene production, starch hydrolysis, soluble

solids, titratable acidity, color' of skin, and cortical

tissue are included to monitor the changes in fruit maturity

(Fidler 1973). The sorbitol/total sugar ratio , or

fructose/glucose ratio has been used to detect the

adulteration (Lee and Mattick, 1989) . ' However, the most

reliable index of harvest maturity for seversl cultivars is

a standard calendar date, i.e., the number of days from full

bloom (DAFB) to harvest ‘(Salunkhe and Desai 1984; Mitra

1991)

Ethylene and Apple Fruit Ripening

Ethylene is a natural product of plant metabolism and

is produced by all tissues of higher plants and by some

microorganisms. Because of its marked effect on growth and

ripening, ethylene is considered to be a plant growth

hormone (Pratt and Goeschl, 1969).

Fruits can be divided into climacteric and

nonclimacteric types. Climacteric fruits are those in which

ripening is associated with a distinct increase in

respiration and ethylene production such as apples, bananas,
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avocados, pears, mango, fig, and tomato. In nonclimacteric

fruits such as oranges, lemon, strawberry, cherry,

pineapple, grape, ripening is protracted and the attainment

of the ripe stage is not associated with a marked increase

in respiration or ethylene production (Hultin and Milner

1978).

It is the effect of ethylene as a self-generating

regulator’ that. is important in jpost-harvest, handling' of

fruit, particularly the fleshy fruits such as apples. A

very small quantity of ethylene within the tissues of the

fruit is required to bring about the ripening response,

Lprobably 1.0 ppm or less (pratt and Goeschl, 1969). The

ethylene is produced in sufficiently high concentrations

during the preclimacteric stage to induce the rise in

respiration and the ripening process (McGlasson 1970; Pratt

and Goeschl et al. 1969; Burg and Burg et al. 1965). It has

been. reported. that, Ethylene stimulates the synthesis of

protein which is necessary for the ripening process (Ness et

al. 1980; Frenkel et al., 1968).

Ethylepg biosynthesis

Methionine is the principal substrate for ethylene

production and a cycle for the synthesis of methionine and

its conversion to ethylene has been described (Yang and

Hoffman et al. 1984; Yang 1975;Beyer 1985). Figure 1 shows

ethylene synthesis path way by Adams and Yang (1979). The

conversion of ACC to ethylene has been reported to be oxygen



l6

6

A

  

5'-METHYLTHIORIBOSE-I-P 2-KETO-4-METHYTHIO-

AN

BUTYRATE

s

7

(L

5'-METHYLTHIOADENOSINE METHIONINE

4 I

5'-METHYLTHIORIBOSE S-ADENOISYL MATHIONINE

l-AMINOCYCLOPROPANE-

l-CARBOXYLIC ACID

3

co: _HCN

ETHYLENE

Methionine adenosyl transferase (EC 2.5.1.6)

ACC synthase (EC 4.4.1.14)

ACC oxidase

5 Lmethylthioadenosine nucleosidase

5'-methylthioribose kinase (EC 2.7.1.100)

This step is catalysed by at least three enzymes.

This step represents a transamination reaction with glutamine as the most

efficient amino donor.

\
I
O
‘
U
l
-
‘
b
W
N
I
‘

Figure 1. Ethylene synthesis pathway (Adams and Yang, 1979)



17

dependent (Adams and Yang, 1979) and heat sensitive process

(Field, 1981; Yu et al., 1980).

Control of Ethylene

The two key control enzymes for the biosynthesis of

ethylene are aminocyclopropane carboxylic acid(ACC) synthase

and the ethylene forming' enzyme or .ACC oxidase (Tucker

1993). The levels of .ACC are low' in. green fruit and

accumulate rapidly and coincident with ethylene synthesis

(Hoffman and Yang 1980). In post-climacteric fruit, levels

of ACC remain high while ethylene production declines

(Hoffman and Yang 1980) . These incidents could indicate

roles of ACC synthase and ACC oxidase, respectively (Tucker

  

1993).

Aminoethoxyginylglycine (AVGI, effects on gthyleng

l' I! .

A number of papers have shown that AVG [NH2-CH2-CH2-O-

CH:CH-CH(NH2)-COOH], a derivative of the antibiotic

rhizobitoxine, inhibited ethylene biosynthesis, resulting in

delaying of ripening, respiration, and pre-harvest drop in

apples (Bufler et al. 1984; Child at al. 1984; Bramlage et

al. 1980; ‘Ness et al. 1980; Bangerth et al. 1978;

Liebermann et al.1974). Adams and Yang et al.(1979) have

reported that AVG, a potent inhibitor that blocks conversion

of methionine to ethylene, inhibited the conversion of S-

adenosylmethionine (SAM) to 1-Aminocyclopropanecarboxylic

acid (ACC) . The soluble and strongly enzyme that can be



18

inhibited by AVG was ACC synthase (Boller et al. 1979).

Additional studies suggested that AVG may interfere with

other pyridoxal phosphate-dependent reactions (Giovanelli et

al. 1971; Owens et al. 1971). It may also inhibit tRNA

charging, suppressing protein synthesis in plant tissue

which is necessary for the ripening of harvested fruits

(Ness et al. 1980; Anderson et a1. 1978). The application

of AVG in reducing ethylene production could be a pre-

harvest spray or as a post-harvest dip (Child et al. 1984).

Bramlage et a1. (1980) observed that preharvest spray of AVG

at 500 ppm delayed ripening and ethylene production in

McIntosh apples (after 30 days, ethylene was 10% of that in

untreated controls) and inhibited ripening. The effective

use of AVG is dependent on cultivars, time of application,

and stage of maturity (Child at al. 1984) . The greater

benefit of AVG toward less mature fruits has been reported,

where the strongest inhibition of ethylene production is in

green stage (Baker et al. 1978).

Inhibition of ethylene forming enzyme or ACC oxidase

was discussed later in controlled-atmosphere storage.

Storage of Apples

Apples for processing are rarely utilized immediately

following removal from the tree for many reasons: the wish

to permit further ripening of the fruit to make them more

suitable for manufacturing of a particular finished product,

the necessity of using up previously harvested fruit to
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avoid excessive spoilage, or simply the need to lengthen the

processing season (Massey, 1989). Shelf life of a fruit

during storage is dependent on its initial quality, its

storage stability, the external conditions, and the handling

methods (Shewfelt, 1986). The practical storage situations

benefits can be obtained by maintaining ethylene at low

levels in produce (Hultin and Milner 1978).

C s o

The most frequently utilized holding environment for

intermediate to long-term holding of apples is low-

temperature refrigerated storage (Patchen, 1971). For

optimum benefits for CA storage, the fruit should be

harvested very early, often 2-3 weeks before conventional

harvest dates for ordinary cold storage (Massey 1989).

Apple fruit tissue showed increases or decreases of at least

30% for divergencies of 5°C (41°F) from the reference

temperature of 20°C (68°F) (Burg and Thimann 1959) . The

mean percentage increase for a rise in temperature from 38°F

-45°F (3.3-7.2 °C) was 40% for C02 output and 60% for 02

uptake, for apples in air. However, Cox's Orange Pippin,

Tydeman's Late Orange, and Blenheim Orange apples were

susceptible to low temperature injury, the rates of C02

output and 02 uptake, at temperature below 2.8-3.3°C (37-

38°F), increased with time and with onset of injury (Fidler

and North 1967) . Additionally, heating Spartan and Golden
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Delicious apples to 38°C (100.4°F) for 4-6 days after

harvest maintained fruit firmness in storage but also

significantly decreased titratable acidity (Lidster, 1979).

Increased firmness resulting from heat treatments was

associated with a decrease in pectin solubility and

esterification (Van Buren, 1967; Hoogzand and Doesburg,

1961).

C e t 5 here CA stora e

Controlled-atmosphere (CA) storage is a system for

holding produce in an atmosphere that differs substantially

from normal air in respect to the proportion of nitrogen

(N2), oxygen (02), or carbon dioxide (C02) (Ryall and

Lipton, 1972). The principle of using a CA storage, most

effective means of extending storage life, is to slow down

respiration, therefore extending the shelf life of respiring

fruits (Dalrymple, 1967). A. typical storage atmosphere

could be composed of 3% 02 and 3-5% C02 at 0 °C (Blanpied

and, Smock 1983; Meheriuk 1985; Patchen 1971; Ryall and

Penzer 1981; Smock and Neubert 1950). The combination of

1.25% 02 and 0.75% C02 for CA storage of apples has been

reported by Hutin and Milner 1978) . Effectiveness of CA

storage varies considerably with cultivar (Meheriuk 1985).

The effects of 02 and C02 are basic factors in which a

lower concentration of Oz limits the oxidation process of

respiration and C02 and also plays a role in carboxylation

and decarboxylation activities. With reduced respiration

rates, the energy available for the ripening process is
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limited (Ryall and Pentzer 1974). The benefits of low 02

storage on fruit firmness and titratable acids, depended on

fruit maturity, have been confirmed for Turley (Workman

1963), Delicious (Anderson 1967; Lau and Looney 1982), Cox's

Orange Pippin' (North et a1. 1976), and McIntosh (Sharples

et al. 1978; Lidster et al. 1980; Lau et al. 1986).

Lowering 02 and elevated C02 reduce respiration rate of

fresh fruits and vegetables (Kader 1986) . Shipway and

Bramlage (1973) found that CO; levels above 6% simulated

malate oxidation and suppressed oxidation of citrate, 0t-

ketoglutarate, succinate, fumarate, and pyruvate in

mitochondria isolated from apples.

The conversion of ACC, as an intermediate in ethylene

synthesis cycle, to ethylene is oxygen-dependent (Yang and

Hoffman 1984) . Low oxygen concentration has been found to

inhibit the final step in the ethylene synthesis pathway

(Reid 1992). Fidler and North (1967); and Smock (1942)

agreed that the effect of very low 02 storage would be

additional to the inhibitory effects on C2114 production and

fruit respiration. Reduced 02 levels below 8% decrease

ethylene production by fresh fruits and vegetables and

reduce their sensitivity to ethylene (Kader 1986). Burg and

Burg (1967; 1969) confirmed that 02 is required for ethylene

production and action. At 2.5% 02, ethylene production was

halved and fruit ripening was retarded. At 3%02, the

binding of ethylene was reduced to about 50% of that in air

(Burg and Burg 1967).
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Figure 2 shows the mechanism of ethylene action. The

produced ethylene binds to a protein, called binding site,

passing through protein synthesis process. The formed

proteins are enzymes that cause the actual ethylene response

(Reid 1992).

A number of studies reported the means that try to

minimize ethylene response by lowering ethylene

concentration in CA storage system. Forsyth et al. (1969),

Lougheed et al. (1973) and Liu (1979) concluded that removal

of CQH4 from CA storage retained fruit firmness in MCIntosh

apples in conventional atmosphere. Scrubbing C2H4 (0.304

ml/l) from conventional CA atmosphere (5.0% C0; + 3.0% cu,

resulted. in. significantly firmer fruit than in storages

which had no C2H4 removal or high C2114 levels (Lidster et

al. 1983) . Potassium permanganate delayed ethylene

accumulation in the storage atmosphere for 40 days with

Golden Delicious and 200 days with Bramley's seedling apples

stored at 4 °C in 5% C02 and 3% 02, Knee and Hatfield (1981)

found that removal of ethylene retarded softening.

Subatmospheric pressure, ‘ a form of controlled

atmosphere with reduced atmospheric pressure, at 1% level

significantly extended storage life of both Red Kink apples

for 3.5 months and Golden Delicious apples for 2.5 months

based on delayed losses of sugars and decreases in

titratable acidity (Salunkhe and Wu 1973). Jonathan apples

stored best at 0.13 atm (Kim et al. 1969). The effects of
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hypobaric (low-pressure) storage on horticultural crops were

summarized (Lougheed et al. 1978; Jamison 1980).

CA storage gave the most striking results with apples

such as McIntosh, Newtown, and Cortland, which do not keep

well at -1.1-0 °C (30.0-32 °F). However it is also used for

other apples that do keep well at -1.1 °C (30.0 °F), such as

Delicious, Golden Delicious, Rome Beauty, and stayman, to

extend the storage life (Lutz and Hardenberg, 1968).

Browning Reactions

Enzymatic browning

The oxidative, or enzymatic, browning is a reaction

between oxygen and a phenolic substrate catalyzed by

polyphenol oxidase (Whistler and Daniel 1985). Exposure of

the cut surface to air results in rapid browning due to the

enzymic oxidation of phenols to orthoquinones, which in turn

rapidly polymerize to form brown pigments or melanins

(Richardson and Hyslop 1985). Figure 3 shows the formation

path way of melanin pigments resulting from the oxidation of

tyrosine, a major substrate, by phenolase (Richardson and

Hyslop 1985).

H !° 1 .

Nonoxidative, or nonenzymatic, browning includes

caramelization and Maillard reaction. Caramelization is a

complex group of reactions occurs by direct heating of

carbohydrates, particularly sugars and sugar syrups

(Whistler and Daniel 1985). Maillard reaction requires the
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presence of an amino-bearing compound (usually a protein), a

reducing sugar, and some water for minimum reactants.

Figure 4 shows decomposition pathways of amadori compounds

to produce melanoidin pigments, colloidal and insoluble

compounds in Maillard reaction (Whistler and Daniel 1985).

Maillard browning can be inhibited by decreasing moisture to

very low levels, lowering pH, or lowering temperature

(Whistler and Daniel 1985).

Thermal Processing of Apples

An efficient thermal process could be used to

inactivate enzymes without the use of enzyme inhibitor such

as 802. Control of thermal softening in the apple tissue is

vital to produce a good quality product. The effect of

heating on fruits have been reviewed by Holdsworth (1979).

Blanching

Blanching is a kind of pasteurization generally applied

to fruits and vegetables primarily to inactivate natural

food enzymes, such as lipase, phenolase, lipoxygenase,

chlorophyllase, catalase, jperoxidase, and. ascorbic

acidoxidase, which cause undesirable flavor, color, and

aroma changes in the finished product during storage

(Potter, 1986; Foley and. Buckley, 1977). Blanching is

regarded as adequate when the relatively heat resistant

enzyme, peroxidase, is no longer active (Richardson and

Hyslop 1985). Blanching is essential for vegetables that

are to be frozen because freezing process only slows enzyme
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activities (Potter, 1986). However, blanching leads to the

most important nutrient (Tannenbaum and Young 1985; Foley

and Buckley, 1977) and flavor losses (Foley and Buckley,

1977). Surveys of individual unit operations indicated that

blanching contributed significantly to overall plant

effluent. In most cases over 50% of the plant biochemical

oxygen demand (BOD) was due to blanching and cooling (Lee,

1975). It has been reported that the leaching of valuable

soluble material during the prolonged stay in heated water

can be inhibited by the application of short-high steam

treatments or saturated blanching water (Steinbuch, 1976) .

High temperature blanching also effects texture changes of

frozen fruits and vegetables. However, it has been reported

that the LT-LT (Low Temperature Long Time) blanching can

maintain desired texture of frozen vegetables (Steinbuch,

1976). Van Buren et al. (1960) reported a relationship

between the blanching conditions and the firmness of canned

vegetables“ The firming effects of LT-LT blanching' is

considered to be related to activation of pectinesterase.

APPLE PROCESSINGS AND PROCESSED APPLE PRODUCTS EVALUATIONS

The era of most rapid growth in apple processing in the

United States was the period from the end of World War II in

1945 to the early 19705. An increasing number of women were

working outside the home. House wives were finding many

more valuable uses of their time than cooking or preparing

popular foods such as apple juice, applesauce, or apple
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pies. Processors rushed to meet consumers' needs for

familiar products minus the drudgery of cleaning,

preparation, or cooking (0' Rourke, 1994). Processing

quality can be affected by decay, damage, maturity,

firmness, color, soluble solids, acids, and other chemical

compounds such as tannins contained in the fruit (Downing,

1989).

Americans consume an average of 47 lb per capita of

apples and apple products per year. Over 27 lb of apples

per capita are processed apple products (Diane, 1996).

Apples may be grown especially for processing, a practice

common among orchards in the eastern United States, but most

apples sold to the processor are redeemed from fruit grown

for the fresh market (Childers, 1983) . Canned applesauce

rank the second to apple juice in importance processed apple

products. Of the processing apples, an average of 75% are

used for applesauce (Root, 1996). Refrigerated, frozen, or

dehydrofrozen apple slices represents about 15% of the apple

processed (Root 1996).

Applesauce and Apple Puree

Quality attributes in raw apples that produce a high—

quality finished product are described by LaBelle (1981) .

The quality of canned applesauce has been shown to be

affected by the varietal characteristics, maturity of the

fresh apples, postharvest storage conditions, and storage

temperatures of the canned product (LaBelle et al. , 1960,
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1961; Smock and Neubert, 1950; Wiley and Toldby, 1960; Luh

and Kamber, 1963). Desirable characteristics in apples for

applesauce include high-sugar solids (usually 11-24 °Brix);

high-acid, aromatic, bright golden or white flesh; variable

grain or texture; and sufficient water-holding capacity

(Root 1996). The brix/acid ratio normally ranges from 25 to

60 (Way and MbLellan, 1989). Acid and Tannins, which are

responsible for astringency in taste, decreased in the sauce

with increased maturation, while sugars and volatile

reducing substances increased (Lee, 1965). Desirable

characteristics in apples for applesauce and puree include

high. soluble, solid. content, high acid, aromatic, bright

golden or white flesh, variable grain or texture, and

sufficient water-holding capacity (Diane 1996). Water-

holding capacity is the single; most important yield

characteristic for the sauce (LaBelle et al., 1961). It is

desirable to combine different varieties of apple for sauce

manufacture so that the resulting product is well balanced

in acidity and flavor quality. A typical apple blend for

applesauce might be primarily York (more than 50%) , with

Golden Delicious and Rome each contributing a lesser

percentage (Way and McLellan, 1989).

In traditional applesauce and puree production,

selected apples are washed, peeled, diced, then fed into a

stainless steel screw-type cooker. Either live steam

injected or steam jacketed provides temperature between 93°C
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(199°F) and 98°C (208°F)for about 4-5 minutes is use to

soften the fruit tissue and inactivate polyphenoloidase,

which is responsible for enzymatic browning. Sodium

hydroxide (NaOH) or potassium hydroxide (KOH) chemical

peeler can be used instead of automatic peeling and coring

machine to reduce trim waste and time consumed (Diane, 1996;

Woodroof, 1975 ). Sugar, either liquid blend or dry, and

other desired ingredients are added into the sauce just

before cooking. Liquid sugar is preferred because it imparts

a desirable sheen to the finished applesauce. Cooked

applesauce is finished with 0.065 to 0.125 in. screens,

baby puree with fine 0.033 in. screens; the finished product

is then preheated to 90°C (194°F) and piston-filled into

glass jars or metal cans immediately. For the last step,

containers are cooled to an average of 30-40 °C (95-104 °F)

to prevent "stacking cooking" in the warehouse (Diane 1996).

There have been many studies to improve quality of the

sauce. Sauce color, flavor and grain improved as harvest

was delayed to allow the fruit to tree-ripen, particularly

if the apples were processed into sauce directly after

harvest (LaBelle, 1960) . The flavor of canned applesauce

can be improved by fortification with apple essence and

citric acid (Buck, et al., 1955; Dyrden and Hills, 1957).

Daoud and Luh (1971) reported that higher storage

temperatures caused faster corrosion of the tin coating and

the formation of hydrogen gas in the head space. The
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recommended storage temperature for applesauce is 20 °C (68

°F) or lower. Golden Delicious applesauce yield from CA

storage (40.6% weight loss) was less than from cold storage

(35.8% weight loss), due to longer cooking time (10 minutes

and 5 minutes, respectively) to soften the pulp. However,

applesauce from CA apples had a superior yellow color than

that from cold stored apples (Drake et a1. 1979).

Frozen Apple Slices

Quality of raw fruit is the most important factor in

determining the quality of the frozen product. It is

influenced by varietal characteristics, climate of the

growing area, irrigation, cultural practices, and ripeness

level at harvest (Diane, 1996). Ripening of firm-ripe fruit

was required to improve product flavor, and to a lesser

extent, color (Caldwell et al 1955). Important

characteristics for apple slices are firmness, color, and

integrity of the flesh 'when diced. Sweetness is less

important in making slices than in sauce (Root 1996). It

has been shown that texture attribute may account for about

one half of an overall slice grade (Wiley and Thompson

1963). An easily peelable shape and small seed pocket will

help to minimize residual peel and carpel that are also

undesirable and cause for down-grading under the U.S.

Standard. Medium-size wedge slices are preferred because

large slices tend to be underbalanced (with brown centers)

and also to have excessive residual carpel attached
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(LaBelle, 1981). The early harvest apples should be ripened

20 days in common storage, or 30-60 days in cold storage.

The late harvest apples gave the best product if processed

immediately (Wiley and Thompson, 1959) . Generally,

processors do not mix cultivars in the production of apple

slices (Hall, 1989). Shallenberger et al. (1963) reported

that more mature fruit yielded firmer slices. The addition

of Ca salts improved firmness of canned vegetable products

(Durocher and Roskis 1949; Loconti and Kertesz 1941).

In traditional frozen apple slices processing, the

dumping, washing, grading, peeling, and coring steps are

similar to those used for sauce production. The slicing

operation is usually an integral part of the peeling and

coring process, where the apples are slices into twelve to

sixteen pieces in the coring section. Apple slices are

inspected for defects, and conveyed over a shaker screen to

remove small chips. The slices are passed through vacuum

impregnation, in which the slices are placed in a vessel

that is sealed and a 27- to 28- Hg vacuum is pulled. The

vacuum is broken by the injection of water, salt, ascorbic

acid, and/or sugar. The apples pass through an IQF

(Individually Quick Frozen) unit where the slices are

individually frozen. The freezing air forced upwards

through a perforated tray fluidizes the product plus acts as

freezing medium. The slices are packaged and stored frozen.

at -17°C (-1°F) or below (Root, 1996).
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° ua u'c

IQF is the term that , is applied when the freezing

process is accomplished rapidly in order to control moisture

loss from food products (Singh and Heldman, 1993; Heldman,

1992). Primarily, a form of IQF is obtained using the

combination of low-temperature air with high convective

heat-transfer coefficient (high air speed) contact directly

with a small product leads to short freezing time or rapid

freezing (Singh and. Heldman, 1993). Quick frozen food

achieves temperature as low as -45°C in 30 minutes or less.

The rapid freezing forms only very small ice crystals that

do not rupture the cells, reducing tissue damage (Hsu,

1975). The enzyme activity which causes browning and off-

flavors is inhibited by quick freezing (Luh et al., 1975).

Processed Apple Product Quality

9.912:

One of the most critical factors affecting

acceptability for consumers is the color of the products.

The color of the products mostly relies upon the raw

materials, processing operations, and storage conditions.

The preferred color for canned applesauce is uniform and

bright golden yellow (Root, 1996; USDA, 1974) and that for

frozen apples, internally and externally, is a reasonably

uniform bright color characteristic of apples of similar

varieties (USDA, 1954).
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Heat processing, freezing, and thawing lead to cell

disintegration, pigment degradation and isomerization of

carotenoids (Simpson, 1985). Discoloration of canned

applesauce stored at high temperature above 20°C (68°F)

could have been caused by Maillard browning (slow chemical

reaction. between amino acids and. reducing sugars);

fragmentation of sugars to furfural and other carbonyl

compounds, and formation of hydroxymethyl furfural from

hexoses and amino-carbonyl reactions; and reaction of the

tannins with iron due to severe can corrosion (Luh and

Kamber, 1963).

Soluble solidszacid ratio

The common use of soluble solids to define product

quality came about in response to the need for a more

reliable and meaningful direction. An estimation of percent

soluble solids, mostly sugar, is determined as the

equivalent. °Brix by a representative drop of juice on

refractometer (Belle, 1981).

The acidity and pH, as chemical and flavor factors, are

frequently used in the processing plant as well as in

research to evaluate product flavor. Acidity is of special

important to the flavor of processed apple products in that,

like sweetness, it remains substantially unchanged during

normal canning, freezing, or drying (LaBelle, 1981).

Since acidity is changing in the opposite direction

form soluble solids content during maturation, the ratio of

the two, variously referred to as "sugar-acid", "Brix-acid",
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or "soluble solids-acid", shifts rapidly and is more useful

as a guide to determine the optimum maturity, or optimum

level for processed products (LaBelle, 1981).

W

Szczesniak (1963) defined the texture for food as " the

composite of the structural elements of food and the manner

in which it registers with the physiological senses." Kramer

(1973) defined it as ". .. one of the three primary sensory

properties of food that relates entirely to the sense of

touch or feel and is, therefore, potentially capable of

precise measurement objectively by mechanical means in

fundamental units of mass or force."

According to Reiner and Scott Blair (1967), consistency

is the property of a material by which it resists permanent

change of shape, defined by the complete stress-flow curve.

Various types of consistometers have been used basically for

testing semi-solid foods such as paste, sauce, and puree.

Most empirical consistometers fall into two groups: devices

which measure distance of spread and devices which measure

resistance to a rotating spindle or paddle. The Adams and

the Bostwick consistometers are typical of the first group.

The Adams consistometer measures the area to which a given

quantity of the test material will spread under a certain

set of conditions. The Bostwick consistometer, an official

National Canners Association device for catsup, measures the

distance a given amount of the semi-solid will travel down a
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slanted though upon being released from a container

(Szczesniak, 1973)

The most common texture measuring instrument for frozen

apple slices (solid foods) probably is the Kramer Shear

Press (Kramer et al. 1951). The system is driven

hydraulically and the force is measured by a force

transducer ranging from 0 to 3000 lb capacity. A metal lid

containing a set of ten bars that match the bars in the

bottom fits over the box (Bourne 1982) . The test samples

are placed in the standard test cell and covered with the

lid. When the ram is activated, the multi-blades are forced

down through the box, first "Compressing" and then

"Extruding" the material. The moving blades are propelled

downward until they pass between the bars on the bottom of

the cell.

ev 'o

Sensory evaluation is a scientific discipline used to

evoke, measure, analyze and interpret reactions to those

characteristics of foods and materials as they are perceived

by the sense of sight, smell, taste, touch, and hearing

(IFT, 1975) . Sensory evaluation involves the measurement

and evaluation of the sensory characteristics of foods. It

also involves the interpretation of panelists' responses.

Sensory evaluation of food can provide data and important

information essential to successful marketing of new

products (Stone, 1985).
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There are two major classifications of sensory tests,

analytical test and affective test. The analytical test

involves laboratory evaluation of products for differences

or similarities and for identification and quantification of

sensory characteristics. The affective test evaluates

acceptance and preference of products and require a large

number of untrained panelists (IFT, 1981).

Most sensory evaluation techniques Use hedonic scaling.

The psychological states of like or dislike are measured on

a rating scale. Results are interpreted as relating to the

sample population's opinion of the product under test.

Discussions on the theory and its applications can be found

in Moskowitz (1983), Amerine et al.(1965), and Beebe-

Center(1932).

Kramer (1955) classified sensory quality under the

three major senses: appearance as sensed by the eye, flavor

as sensed by the papillae on the tongue and the olfactory

epithelium of the nose, and texture as sensed by the nerve

endings that is attached to muscle. Sensory descriptors for

applesauce chosen by trained panelists fell into five

categories: visual attributes, aroma (by smell only), aroma

(during tasting of the product), taste, and mouthfeel

(McLellan et al., 1984). McLellan and Massey (1984) used

three sensory attributes: color, flavor, and texture for

sensory study of applesauce.

A Brix/acid ratio of 48.8 was found ideal for consumers

(Dryden and Hills, 1957). Using expert applesauce tasters,
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the optimal ratio was in the range of 28-45 in still another

U.S. study (LaBelle et al., 1960). The preferences change

from place to place and time to time, and ideal sensory

attribute , such as Brix/acid ratios, must be established

for each market.

Sensory evaluations, consumer test, for frozen slices

were conducted by Greig et al. (1962) with pie made from

frozen slices. However, consumer exhibited no significant

preference for any one cultivar.



STUDY I: ASSESSING THE COMMERCIAL PROCESSING POTENTIAL OF

NEW CULTIVARS AND ADVANCED SELECTIONS OF APPLES

SUITABLE FOR THE STATE OF MICHIGAN



Introduction

One of the world’s most successful apple producers, the

United States commercial apple production accounts for one

eighth of the current annual world production. Apple

production in the United States is primarily in the states

of Washington, New York, Michigan, California, and

Pennsylvania. These states produce over three—quarters of

the total U.S. production. From the USDA estimation for

1993, Michigan is second only to the state of Washington in

apple production. (Manhart, 1995).

The development of exceptional apple cultivars and the

improvement and enhancement of production methods make

Michigan a key participant in the apple industry world wide.

The processing quality of Michigan grown apples could be

better evaluated if a consistent state-wide process

assessment was used to evaluate products over different

seasons. To help alleviate this problem, the Michigan apple

industry, apple processors, apple grower, and the Michigan

State University research program have joined together to

established such procedures. There are many fresh market

and processing apple varieties grown in Michigan as well as

new dual varieties in experimental stages. Common apple

40
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varieties currently grown in Michigan and their acreage are

listed below:

W Acres

Red Delicious 14,100

Jonathan 8,150

Golden Delicious 6,090

Rome 5,130

McIntosh 4,680

Idared 4,630

SPY 3,610

Empire 3,330

Gala 990

Winesap 900

Jonagold 820

Mutsu 650

Greening 640

Cortland 520

Spartan 430

Fuji 330

Jonamac 270

(Michigan Fruit Survey - 1995)

LaBelle (1981) described in detail the quality

characteristics of raw apples that are necessary for the

manufacture of high-quality apple products. He found that

processed. product quality is affected. by the following

characteristics of the raw product: ripeness, damage, decay,

fruit size, shape, seed pocket size, specific gravity, skin
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color, flesh color, firmness, soluble solids, total acid,

pH, organic flavor compounds, tannins, tendency to brown by

oxidation, and. juiciness. ‘The raw—product factors have

differing relative influences depending on the types of

final processed products used.

Several researchers have sought for innovative

alternatives to improve product quality and increase apple

yield. Studies have shown that sauce color, flavor and

grain improved as harvest was delayed to allow the fruit to

tree-ripen, particularly if the apples were processed into

sauce directly after harvest (LaBelle, 1960). The flavor of

canned applesauce can be improved by fortification with

apple essence and citric acid (Buck, et al., 1955; Dyrden

and Hills, 1957). Shallenberger et al. (1963) reported that

more mature fruit yielded firmer slices. The addition of Ca

salts improved firmness of canned vegetable products

(Durocher and Roskis 1949; Loconti and Kertesz 1941).

The objectives of this study was to analyze and

evaluate the processing qualities of processed. products

(applesauce, apple puree, and frozen apple slices) of

current standard known and new apple varieties both fresh

harvest and following common cold storage



MATERIALS AND METHODS

SOURCES OF MATERIALS AND SAMPLE PREPARATIONS

This experiment was conducted to evaluate processing

quality of selected apple cultivars, and the influence of

storage of fresh apples on their processing quality changes.

Apples

Fifteen apple selections including; Red Delicious,

Golden Delicious, McIntosh, Jonathan, Jonagold, Cortland,

Honeycrisp, Rome, Gala, Mutsu, Idared, Northern Spy, and

Empire (at early, middle, and late harvest season) were

delivered from Michigan State University Clarksville

Research Station, Clarksville, Michigan. The apples were

harvested at defined stage of maturity by hands in the

morning to minimize the loss from mechanical damage and

water loss, respectively. The apples were loaded into wood

crates providing air circulation and immediately transported

to Michigan State University, East Lansing, Michigan.

Experimental conditions

Fifteen apple selections were used. One-half of the

apple of each selection, approximately 2 bushels, was

manufactured into adult applesauce, baby apple puree, and

frozen apple slices after fresh harvest. The other half was

43
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manufactured after 2 months of cold air storage at 1.1°C

(34°F), 99.8:tO.Z% relative humidity, in the department of

Plant and Soil Science Building, Michigan State University.

The apples were stored in the cold storage on the day they

were picked.

Apple Processing

The apples were processed under controlled conditions

into unsweetened adult applesauce, baby apple puree, and

frozen apple slices in Food Processing Center, at the

department of Food Science and Human Nutrition, Michigan

State University.

First, selectively uniform fruits were separated for

frozen apple slices. The rest was divided into two groups,

one for applesauce, the other for apple puree. The selected

apples were washed using chlorinated water 15.6 °C (60 °F)

to remove dirt, debris, and pesticide residues.

Adultmlsscnce

The prepared apples were peeled, cored and trimmed

using peeler and trimmer (model No. 1035, Goodell Co.,

Antrim, NH) then dipped into 1% NaCl solution to prevent

surface discoloration from enzymatic-browning reaction.

Then, the apples were sliced into 1/4' width, using a slicer

(model No. 101, Qualheim Inc., Racine, WI). The sliced

apples were blanched in steam kettles at 98.9 °C (210 °F)

for 5 minutes to soften the tissue and inactivate the
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enzyme , polyphenoloxidase , which is responsible for

enzymatic browning. Cooked apples were passed through a

pulper (model No. P56E3050M-FP, Reeves Pulley Co., CO) with

a 0.060" screen, removing defects and defining texture. The

applesauce was preheated up to 90.6°C (195°F) and

consistency of the sauce was adjusted with condensate using

Bostwick consistometer until the optimum level was reached

(5-7 cm/5 seconds). Applesauce was hot filled into 303 x

406 (1602) metal cans at 93.3 °C (200 °F). The closure

(model No. 5K21336228 No. YP, General Electric Induction

Motor) for metal cans was used followed by cooling cycle.

Figure 5 shows flow diagram of adult applesauce process.

Ezgggg gpplg slices

Preselected, and washed apples were peeled , cored, and

trimmed using peeler and trimmer (model No. 1035, Goodell

Co., Antrim, NH). The apples were sliced into twelve, or

sixteen pieces depending on their size to achieve

approximately 1.6 cm (5/8") wedges. The sliced apples were

submerged into chilled water for maximum 3 minutes. After

slicing, the apples were inspected for defects such as

blossom or calyx, carpel tissue, skin, and bruises. The

slices were handled quickly at this point to avoid enzymatic

browning. The apple slices were placed in a vessel that was

sealed, and a 27- to 28-in. Hg vacuum was held for 15

seconds. The vacuum impregnation was conducted with a

solution; containing 1.0% ascorbic acid, 0.5% citric acid,

0.5% NaCl, and 0.3% CaClz. The apples were then spread over
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Wash

Peel, core, trim (slightly)

Place in 1% NaCl solution (dip)

Dice 1/4"

 
Blanch at 98.9°C (2109F) for 4-5 minutes

Finish (0.060-0.077 in. screen)

Heat to 93.3°C (200°F) for immediate filling

 

Adjust consistency (Bostwick 5-7 cm/5 sec.)

Fill (Full head space 303x460 cans)

 
Invert and cool immediately

 

Cool cans in water to 37.8°C (100°F)

Storage at room condition

Figure 5. Flow diagram for adult applesauce process
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metal screens and stored in freezing room with circulating

air flow stimulating IQF (Individually Quick Frozen) unit,

where the slices were individually frozen. Finally, the

frozen apple slices were packaged in polyethylene sandwich

bags and held at -28.9°C (~20°F) until evaluated. Figure 6

shows flow diagram of frozen apple slice process.

PRODUCT QUALITY EVALUATION

Adult Applesauces

Chemical-physical analyses (Objective measurements)

Applesauces were held in 303 x 460 (1602.) cans and

stored at 24 °C (75.2 °F) prior to analyses. Samples were

randomly selected with three replications.

Solublg solids

Soluble solids were measured using refractometer

(Baush & Lomb Optical Co. , Rochester, NY). One drop of

sample juice at approximately 25°C was placed on measuring

cell. Refractometric method was prescribed in "Official

Methods of the Association of Official Analytical Chemists",

10th edition, page 309. The soluble solid unit was degree

brix (°Brix).

Agigigylpfi

Representative sample (59 8 25 °C) of each selection was

diluted with 25 ml deionized water and titrated with 0.10 N

NaOH to phenolphthalein end point (pH = 8.2). An automatic
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Wash

 

Peel, Core, Trim

12—14 cut, "5/8 heel"

 

Place apples in chilled water

3 minutes (maximum)

Vacuum impregnation general solution:

with .— Ascorbic acid 1.0%

solution Citric Acid 0.5%

for 15 seconds Salt 0.5%

Calcium chloride 0.3%

IQF on trays

 
Package

Storage at -28.9°C (-20°F)

Figure 6. Flow diagram for frozen apple slice process
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titrator (Model DL12, Mettler Instrument Co., Hightown, NJ)

was used to monitor the end point. Acidity of the sample

was calculated in terms of percent concentration of the

malic acid, predominant organic acid, occurring in the apple

tissue.

% acidity = 0.1 me 67 0

5 g x 1000

Where

X = used ml of 0.10 N NaOH

67.0 = grams of Malic acid per equivalent.

0.1 = concentration of NaOH (N, meq/ml)

Colo;

The color of product was measured using Hunter Lab

Optical sensor (Model D25-PC2A, Hunter associates

Laboratory, Inc., Reston, Virginia). The color meter

measures reflectance on three coordinates labeled L, aL, and

bL. The L value measures lightness and varies from 100 for

perfect white to 0 for black, approximately as the human eye

would evaluate it. The aL value represents redness

(positive), gray (zero) and greenness (negative). The b1,

value represents yellowness (positive), gray (zero) and

blueness (negative). Hue angle was calculated for each

sample using the representative L, aL, and bL.. Step for

calculation of hue angle was as followed;

Y = L2 / 100
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x = (a * L + 1.75L2) / 178.497

2 = (0.7L2 - b * L) / 59.270

L* = 116 * (Y / 100)“3 - 16

a* = 500 * [(x / 98.041)1/3 — (Y / 100)“3 1

5* = 200 * [(Y / 100)“3 - (z / 118.103)1/3 1

c* = (a"2 + 6*2 )1/2

Ha = Arctan (b* / a* )

Estes;

L measures lightness and varies from 100 for perfect

white to 0 for black, approximately as the human eye would

evaluate it.

The chromacity dimensions are represented by a and b

which give understandable designation of color as follows:

a measures redness (positive), gray (zero) and

greenness (negative).b measures yellowness (positive), gray

(zero) and blueness (negative).

If is the Commission Internationale de l'Eclairage

(CIE) 1976 psychometric lightness.

C* is a measure of the CIE 1976 a, b chroma. Chroma is

the radius of an arc located on a plane (afxb' at a height

of L*) and expressed as the linear distance between the

points A(L*, 0, 0) and B(L*, a*, b*) in a polar coordinate

system of (L* a* b*).

Ha is a measure of the CIE 1976 a, b hue angle. Hue

angle can be visualized as an angle between the line AB and

the a' axis in the above polar coordinate system. The
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closer the hue angle is to 90° indicates an increase in

yellowness, while the further away it is from 90° indicates

an increase in redness.

The Hunter instrument was standardized by a white tile

with the coordinate L = +94.5, aL = -O.6, and bi, = +0.4.

Approximately 100 g of sample was placed in an optically

pure glass dish, covered to prevent interfering light and

readings were recorded.

Consistency

Measurement was measured using USDA flow sheet No.1

(Art and Industrial Lamination Co., Fairfax, VA). Contents

of containers were stirred thorough at room temperature,

then transferred into plastic cylinder (3-inch inside

diameter, 33: inch high) which was placed exactly over the

center of the flow sheet. The cylinder was lifted straight

up. The spread of the sauce was recorded after 1 minute by

averaging the reading in is inch increments at 4 points

around the circumference of the plate.

Subjective measurements

The sample preparation for subjective measurements was

the same as that for objective measurements. The products

were evaluated using the USDA grading specification for

applesauces. The considered characteristics included color,

consistency, defects, finish, and flavor. Grades of

applesauce were divided into U.S. Grade A, U.S. Grade B, and

Substandard. USDA grading specification for applesauces

(USDA, 1974) is presented in appendix II.
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Sensory evaluations

Sensory evaluations were performed for applesauce

product. To provide typical consumption, applesauce samples

were kept at refrigerated temperature over night (4.4-7.2

°C, 40-45 °F) before conducting the tests. The samples were

provided in small white cups with the same amount, and

served on a white tray at refrigerated temperature (4.4-7.2

°C, 40-45 °F). All samples were coded with 3-digit random

numbers. A complete balanced order of sample presentations

were made. The panelists were provided with drinking water

to wash their pallet of residual tastes between each sample.

This brief instance was also used as rest periods of 30

seconds. The tests were conducted in the morning before

lunch time. Three sensory assessment techniques were

conducted; including triangle test, scaling test, and

acceptance test.

Triangle pest

The triangle test (Poste et al., 1991) is use to

indicate whether or not a detectable difference exists

between two samples. This test was performed to detect

significant differences between applesauces processed after

fresh harvest and 2 month storage for each variety.

The samples were taken from 15 applesauce samples (13

varieties with 3 different maturities of Empires), of 2

different storage times. One set of harvested apples was

stored for 2 months while the other was processed into apple

sauce immediately after fresh harvest.
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The subjects, untrained panelists, were provided with

three coded samples, was told that two of the samples are

the same and one was different, and asked to identify the

odd samples. The score sheet is presented in Figure 7. To

provide controlled conditions, the tests were conducted in

separated room. The panelists were seated in fully lighted

isolated booths.

Sc t s

There are two types of scale, structured scale and

unstructured scale. ‘The structured, or category, scale

provide panelists with an actual scale showing several

degrees of intensity or magnitude of a perceived sensory

characteristic using number, words, or combination of the

two. The detail of structured and unstructured scale has

been explained by Poste et al.(1991). This scaling test was

performed to detect significant differences between

applesauce processed after fresh harvest and 2 month storage

for each variety by focusing on specific attributes

including color, consistency, and flavor. The samples were

the same as those for triangle test.

The subjects were selected from a well-focused group,

including professors, and graduate students who were

familiar with applesauce processing. The subjects were

asked to score the samples at a time based on their sensory

perception. The score sheet, 9-point structured scale, is

presented in Figure 8. To provide controlled conditions,
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the tests were conducted in separated room. The panelists

were seated in fully lighted isolated booths.

Acceptance tests (Hgdonic scaling tests)

This is similar to a normal structured scale except

 

that it is not related to any particular physical continuum.

Hedonics relates to pleasant and unpleasant state of

organism, and in hedonic scaling affective rating of

preference or liking and disliking are measured (Piggott,

1988). This test was performed to detect the acceptance

among applesauces taken from fifteen samples (13 varieties

with 3 different maturities of Empire) which processed after

fresh harvest.

The subjects were asked to test the samples through

sensory perception using hedonic scale. The score sheet, 9-

point structured scale, is presented in Figure 9. To

prepare uncontrolled and typically consumed condition,

acceptance test was conducted at two different places; in

Banquet room of Holiday Inn, Lansing, MI and The Community

Center of Spartan Village, Michigan State University.

Frozen Apple Slices

Chemical-physical analyses (Objective measurements)

Frozen apple slices were packaged in polyethylene

sandwich bags and stored in freezing room at -28.9 °C (-20

°F). Before the analyses, frozen apples were thawed at 4.4-

7.2 °C (40-45 °F) for 2 days. There was an controlled
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temperature system to keep frozen products temperature

approximately 4 . 4-7 . 2 °C (4 0-45 °F) during conducting the

analyses. Samples were randomly selected with three

replications.

Solublg_§olid

Soluble solids for frozen apple slices was measured the

same manner as that for applesauces.

AciditylpH

Representative juice of the sample (59 @ 25 °C)

selection was used. The acidity/pH for frozen apple slices

was measured the same manner as that for applesauce.

Shear resistancg

Firmness assessment was proceeded using a Kramer Shear

Press (Model TMS-90, Food Technology Corporation, Rockville,

Maryland). Thawed and drained samples were placed up to the

edge in a Standard Shear-Compression Cell CS-l (Figure 10

with ten multiple blades). The samples were evenly

distributed in the cell and sheared. Results of firmness for

the thawed apple slices were presented in N force/1009

samples. The firmness was recorded from Kramer Shear

resistance as the maximum textural peak force of the thawed

apple slices. 9

Drained weight

After thawing period, thawed apple slices were weighed

for the initial weight before draining, and then poured onto

a US Standard No. 8 screen (0.24 cm opening). The sample

was drained with the screen set at a 15° angle for two
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minutes prior to weighing. Thaw samples were reweighed and

the percent drain weight was calculated.

Drained weight % = weight of drained slicgs (at x 100

initial weight (g)

9212;

The color measurement for frozen apple slices was

measured the same manner as that for applesauces.

Subjective measurements

The sample preparations for subjective measurement were

the same as those for objective measurements. The products

were evaluated ‘using the USDA. grading specification for

frozen apple slices. The considered characteristics

included color, size, defects, and character. Grades of

frozen apple slices were divided into U.S. Grade A or U.S.

Fancy, U.S. Grade C or U.S. Standard. USDA grading

specification for frozen apple slices (USDA, 1954) is

presented in appendix II.

STATISTICAL ANALYSIS

The effects of variety and storage on chemical-physical

processing qualities of applesauce and frozen apple slices

were analyzed using the analysis of variance (ANOVA) of the

statistical program, Stat View for window, version 4.5. The

chemical-physical processing qualities were analyzed as a

two-way interaction ANOVA, with varieties and storage. 1F

values were reported. The significant level were set at p s

0.05 (*) and p S 0.01 (**). Coefficient of variation (%CV)



61

expresses the standard deviation as a percent of the

calculated mean. Least significant difference (LSD) was

used for the separation of means. These were used to

compare variety differences.

The differences between the chemical-physical

processing qualities of each apple variety due to storage

were determined using the t-test statistical program (paired

two sample for means), Microsoft excel for Window 95

(Ver.7). The two sets of data were evaluated by comparing

the calculated t value with tabulated t value. When t

(calculated) value is higher than t (tabulated) value, it

indicated significant difference. The significant level

were set at p S 0.05 (*), p S 0.01 (**),p S 0.005 (***), and

p g 0.001 (****).

The multiple regression equations were used to

calculate quality score for both products, applesauces and

frozen apple slices. Assumed standards were set up

providing range of score for both products shown in Table 2

and Table 3. The chemical-physical characteristics of

products were then scored and presented as dependent

variable (y) in multiple regression. The multiple

regression equations were determined from graph creating

program, Microsoft excel for Window 95 (Ver.7). The

calculated quality scores of both produCts were then

calculated using derived multiple regression equations.
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Table 2. Assumed score range for each chemical-physical

characteristic of processed applesauce

 

 

Score Sugar/acid Consistency2 Lightness Hue angle3

ratiol (L) (Ha)

1 13-19 6-5.6 42—47.6 55-62

2 19-25 5.6-5.2 47.6-51.2 62-69

3 25-31 5.2-4.8 51.2-54.8 69-76

4 31-37 4.8-4.4 54.8-58.4 76-83

5 37-43 4.4-4 58.4-62 83-90

 

1” Brix/malic acid % ,

2W‘USDA flow sheet (cm/minute); higher numbers indicate less

limited flow (lower consistency)

:3.The closer the hue angle is to 90° indicates an increase

111 yellowness, while ‘the further' away it is from 90°

indicates an increase in redness.

Table 3. Assumed score range for each chemical-physical

characteristic of processed frozen apple slices

 

 

 

Score Sugar/acid Shear Drained Lightness

ratio resistance1 weight2 (L)

1 12—16.4 150-520 67-76 34-40

2 16.4-20.8 520-890 76-82 40-46

3 20.8—25.2 890-1260 82-88 46-52

4 25.2-29.6 1260-1630 88-94 52-58

5 29.6-34 1630-2000 94—100 58-64

1. N/lOOg

2. %



RESULTS AND DISCUSSION

Chemical-Physical Processing Quality (Objective

Measurement) of Apple Processed Products

Experimental mean values for chemical-physical

processing quality of adult applesauces and frozen apple

slices processed after fresh harvest and after two months in

cold storage are presented in Table 4 to Table 8 and Table

12 to Table 17, respectively. The traditional varieties

were Red Delicious, Golden Delicious, McIntosh, Jonathan,

Cortland, Northern Spy, Idared, and Rome. The recent

varieties were Mutsu, and Empires (with 3 stages of

maturity: early, middle, and late harvest season). The new

varieties were Honeycrisp, Jonagold, and Gala.

Adult applesauces

Table 4 shows the mean values of the sugar/acid ratio

of applesauces, a value related to flavor attributes.' Among

applesauces from all apple selections, Red Delicious

applesauce showed the highest sugar/acid ratio (41.23 and

37.19 °Brix/malic acid % after fresh harvest and storage,

respectively), while Northern Spy applesauce showed the

lowest sugar/acid ratio (14.53 and 16.25 °Brix/malic acid %

after' fresh harvest and storage, respectively). Among

63
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Table 4. Comparison of sugar/acid ratio1 mean values2 of

applesauces from traditional, recentd and new

varieties (control , 2 month storage )

 

 

 

 

 

Category Selection Control 2 month Calculated

Traditional Red Delicious 41.23 37.19 l4.59***

varieties Rome 25.32 29.10 4.37*

Golden Delicious 23.96 32.11' 5.91*

Idared 18.27 23.89 13.94**

McIntosh 18.11 22.50 128.83****

Cortland 16.94 21.98 31.98****

Jonathan 16.75 17.36 1.53

Northern Spy 14.53 16.25 6.69*

Recent Mutsu 28.64 31.47 3.42

varieties Empire (Late) 23.35 28.71 8.58*

Empire (Middle) 22.65 24.86 13.75**

Empire (Early) 19.64 27.00 21.81***

New Gala 30.13 33.29 4.06

varieties Jonagold 24.42 32.92 0.00

Honeycrisp 20.00 22.50 4.08

1.300.055 2.43 2.28
 

1. °Brix/malic acid (%)

n=3, t-test, * = significant at t calculated value 2 4.303 (to,05

tabulated value), ** = significant at t calculated value 2 9.93

(to.01tabulated value), *** = significant at t calculated value 2

14.09 (t0.00S tabulated value), **** = significant at 1: calculated

value 2 31.60 (to,001 tabulated value)

Applesauces processed after fresh harvest

Applesauces processed after 2 month storage

n=3, Least significant difference (LSDQ.05) mean separation; means

are significantly different at p S 0.05 between varieties
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Empires, both fresh harvested and stored apples harvested at

late season, showed the highest sugar/acid ratio, followed

by those harvested at middle and early season, respectively.

Evaluation of the sugar/acid ratios using a paired t-test

for McIntosh (P S 0.001), Cortland (P S 0.001), Empire

(Early) (P < 0.005), Empire (Middle) (P S 0.01), Idared (P S

0.01), Golden. Delicious (P :5 0.05), Empire (Late) (P .S

0.05), Rome (P S 0.05), and Northern Spy (P S 0.05)

applesauces, showed significantly higher sugar/acid ratios

after storage. However, Red Delicious applesauce showed

significantly’ lower sugar/acid. ratios (P :5 0.005) after

storage. These increases in sugar/acid ratio were

attributed due to general ripening processes in the fruits.

Table 5 shows the mean values of consistency of

applesauces, a physical property related to viscosity. The

lower numbers indicates the limited flow of the applesauces

which means higher consistencies. Processing of fresh

harvest Mutsu produced applesauce showing the highest

consistency (4.47 cm/minute), while Cortland applesauce

showed the lowest consistency (5.65 cm/minute). After

storage, processed Mutsu applesauce also showed the highest

consistency (4.54 cm/minute), while Honeycrisp applesauce

Showed the lowest consistency (6.00 cm/minute). Among

Empires, applesauces produced from fresh harvested apples

harvested at late season showed the highest consistency,

ifiDllowed by those harvested at middle and early season,
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Table 5. Comparison of consistency1 mean valueszof

applesauces from raditional, recerlt, and new

varieties (control , 2 month storage )

 

 

 

 

 

Category Selection Control 2 month storage Calculated

Traditional Cortland 5.65 5.16 6.90*

varieties Jonathan 5.44 5.44 0.07

Northern Spy 5.39 5.33 1.20

Rome 5.11 4.63 9.55*

Red Delicious 5.07 5.44 5.20*

Golden Delicious 4.98 5.63 3.70

Idared 4.73 5.38 5.55*

McIntosh 4.59 4.55 0.57

Recent Empire (Early) 5.53 4.63 10.15**

varieties Empire (Middle) 5.19 4.94 6.55*

Empire (Late) 4.52 4.53 0.72

Mutsu 4.47 4.54 0.50

New Honeycrisp 5.44 6.00 4.40*

varieties Gala 4.78 5.71 28.43***

Jonagold 4.76 4.61 7.20*

Lsoo,055 0.34 0.38

 

USDA flow sheet (cm/minute); higher numbers indicate less limited

flow (lower consistency)

n=3, t-test, * = significant at t calculated value 2 4.303 (1.10.05

tabulated value), ** = significant at t calculated value 2 9.93

(to,01tabulated value), *** = significant at t calculated value 2

14.09 (t0.005 tabulated value), **** = significant at 1: calculated

value 2 31.60 (to,001 tabulated value)

Applesauces processed after fresh harvest

Applesauces processed after 2 month storage

n=3, Least significant difference (LSDo,05) mean separation; means

are significantly different at p S 0.05 between varieties
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respectively. However, after storage, applesauce from late

season apples showed the highest consistency, followed by

those harvested at middle and early season, respectively.

Evaluation of consistency using a paired t-test for Empire

(Early) (P S 0.001), Empire (Middle) (P S 0.05), Jonagold (P

S 0.05), Cortland (P S 0.05), and Rome (P S 0.05) showed

significantly higher consistencies after storage, while Gala

(P S 0.005), Red Delicious (P S 0.05), Honeycrisp (P S

0.05), and. Idared. (P is 0.05) showed. significantly lower

consistencies after storage. The different behaviors of

consistency changes due to storage is probably a result of

the diversity of pectin molecular architecture in the apple

cell wall. Certain cultivars give an increase, rather than

the more customary decrease, in sauce particle size with

continued fruit storage (Mohr 1989).

Table 6 shows the mean values of lightness (L) of

processed applesauces. Processing of fresh harvest Gala

produced applesauce showing the highest (61.03), while Rome

applesauce showed the lowest lightness value (50.10) among

applesauces from all apple selections. After storage,

processing of Empire (Early) produced applesauce showing the

highest (58.70), while Rome applesauce showed the lowest

lightness value (45.37). Among Empires, applesauces

jproduced from fresh harvested apples harvested at late

Season showed the highest lightness value, followed by those

Imarvested at middle and early season, respectively.
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Table 6. Comparison of lightness (L) mean values1 of

applesauces from. traditional, recent, and new

varieties (controlz, 2 month storage3)

Category Selection Control 2 month storage alculated t

Traditional Jonathan 58.30 57.33 2.07

varieties Cortland 58.20 58.00 1.73

Red Delicious 57.07 55.40 2.87

Northern Spy 56.17 56.33 0.21

Idared 54.93 57.57 14.93***

Golden 54.80 53.67 2.95

McIntosh 53.53 53.87 3.78

Rome 50.10 45.37 39.38****

Recent Mutsu 58.30 56.10 2.06

varieties Empire (Late) 58.30 58.33 0.07

Empire (Middle) 54.77 58.13 8.76*

Empire (Early) 53.03 58.70 170.00****

New Gala 61.03 55.23 15.32***

varieties Jonagold 56.63 55.87 4.35*

Honeycrisp 55.70 53.25 10.69**

Lsno,054 2.79 2.19

1. n=3, t-test, * = significant at t calculated value 2 4.303 (to,05

tabulated value), ** = significant at t calculated value 2 9.93

significant at t calculated value 2

significant at t calculated

(to,01tabu1ated value), ***

14.09 (to.005 tabulated value),

value 2 31.60 (to.001 tabulated value)

****

Applesauces processed after fresh harvest

Applesauces processed after 2 month storage

n=3, Least significant difference (LSD0,05)

are significantly different at p S 0.05 between varieties

mean separation; means
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However, after storage, applesauce from early season apples

showed the highest lightness value, followed by those

harvested at late and. middle season, respectively.

Evaluation of the lightness values using a paired t-test for

Empire (Early) (P 5; 0.001), Idared (P 5; 0.005), Empire

(Middle) (P S 0.05) showed significantly higher, while Rome

(P < 0.001), Gala (P S 0.005), Honeycrisp (P S 0.01), and—

Jonagold. (P 5; 0.05) showed. significantly’ lower lightness

values after storage.

Table 7 shows mean values of greenness (-aL) of

applesauces. Honeycrisp applesauce showed the highest (-

7.93), while Rome applesauce showed the lowest greenness

value (-0.85) among applesauces from all apple selections

including both fresh harvest and storage. Among Empires,

applesauces produced from fresh harvested apples harvested

at late season showed the highest greenness value, followed

by those harvested at middle and early season, respectively.

However, after storage, applesauce from middle season apples

showed the highest consistency, followed by those harvested

at late and early season, respectively. Evaluation of the

greenness values using a paired t-test for Empire (Early) (P

S 0.001), Empire (Middle) (P S 0.001), Idared (P S 0.005),

and Empire (Late) (P S 0.05) showed significantly higher

greenness values after storage, while Rome (P S 0.001), Gala

(P S 0.005), Jonagold (P S 0.005), Red Delicious (P S 0.01),
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Table 7. Comparison of greenness (-aL) mean valueslof

applesauces from. traditional, recent, and new

varieties (control , 2 month storage )

 

 

 

 

 

Category Selection Control 2 month storage Calculated t

Traditional Northern Spy -5.47 -6.43 5.48

varieties Red Delicious -5.40 -4.20 12.00**

Golden Delicious -5.27 -4.73 6.05*

Jonathan -5.07 -4.63 6.50*

McIntosh -4.07 —3.97 1.73

Cortland -3.70 -4.03 3.78

Idared -2.10 -6.23 17.71***

Rome -0.85 4.83 37.97****

Recent Empire (Late) -6.00 -6.53 8.00*

varieties Empire (Middle) -5.53 -6.77 37.00****

Mutsu -5.20 -4.30 2.94

Empire (Early) -3.50 -5.63- 64.00****

New Honeycrisp -7.93 -7.53 6.93*

varieties Gala -7.20 -6.10 19.05***

Jonagold -5.10 -4.07 15.50***

Lsoo,054 0.78 0.76
 

1. n=3, t-test,

14.09 (to,005 tabulated value),

* a significant at t calculated value 2 4.303 (to,05

tabulated 'value), ** =

(to,01tabulated value),

significant at t calculated value 2 9.93

significant at t calculated value 2

**** significant at t calculated

value 2 31.60 (to,001 tabulated value)

12. Applesauces processed after fresh harvest

:3. Applesauces processed after 2 month storage

44. n=3, Least significant difference (LSD0,05) mean separation; means

are significantly different at p S 0.05 between varieties



71

Golden Delicious (P S 0.05), Jonathan (P S 0.05), and

Honeycrisp (P>:§ 0.05) showed significantly lower greenness

value after storage. However, it should be obvious that the

higher the greenness values, the lower the redness values.

Table 8 shows mean values of yellowness (bL) of

applesauces. Mutsu applesauce showed the highest (24.03),

while Cortland applesauce showed the lowest yellowness value

(13.20) among applesauces from all apple selections

including those processed using fresh harvested and stored

apples. .Among Empires, processed applesauces from both

fresh harvested and stored apples harvested at late season

showed the highest yellowness value, followed by those

harvested at middle and early season, respectively.

Evaluation of the yellowness values using a paired t-test

for Empire (Early) (P S 0.001) and Empire (Middle) (P S

0.05) showed significantly higher, while Rome (P S 0.001),

Honeycrisp (P S 0.001), and Jonagold (P S 0.05) showed

significantly lower yellowness values after storage.

Table 9 and Table 10 show the rank of processed

applesauces from fresh harvested and stored apples based on

chemical-physical processing qualities. Golden Delicious as

a typical variety for applesauce is highlighted to indicate

the standard generally recognized by industry. Desirable

characteristics in apples for applesauce include high sugar

solids content, high acidity, aromatic with white or golden
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Table 8. Comparison of yellowness (bL) mean values:l of

applesauces from traditional, recgnt, and new

varieties (controlz, 2 month storage )

 

 

 

 

 

Category Selection Control 2 month storage Calculated t

Traditional Golden Delicious 21.17 20.23 2.94

varieties Northern Spy 21.03 21.53 0.97

McIntosh 17.67 18.40 1.00

Red Delicious 17.53 18.60 2.71

Idared 16.50 16.83 1.88

Jonathan 15.67 15.40 1.22

Rome 15.05 7.23 117.50****

Cortland 13.20 12.87 2.77

Recent Mutsu 24.03 23.10 1.10

varieties Empire (Late) 21.67 21.40 1.32

Empire Middle) 19.87 20.90 4.43*

Empire (Early) 17.97 20.93 44.50****

New Jonagold 20.33 19.43 7.79*

varieties Honeycrisp 18.70 15.90 48.50****

Gala 13.57 13.60 0.09

Lsno,os4 1.96 1.71

 

1 e ":3, t-teat’

(to,01tabulated value),

14.09 (to,005 tabulated value),

* = significant at t calculated value 2 4.303 (to,05

tabulated value), ** = significant at t calculated value 2 9.93

significant at t calculated value 2***

**** significant at t calculated

value 2 31.60 (to.001 tabulated value)

2. Applesauces processed after fresh harvest

3. Applesauces processed after 2 month storage

4. ns3, Least significant difference (LSD0,05) mean separation; means

are significantly different at p S 0.05 between varieties
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Table 9 . Descending rank order for processing

characteristics of applesauces processed from

15 apple selections (controll, 2 monthsz)

Order Sugar/acid ratio Consistency

No. Control 2 months Control 2 months

1 Red Delicious Red Delicious Cortland Honeycrisp

2 Gas Gfla Impue(mumm Qua

3 Ihmsu .Rxmgohd itreycrunn GohkrIDeLunbus

4 lune GohkrlDeLuncus Jammflan Redtxdickmm

S Jomxxud tansu hkmtnmniSpy .mmruman

6 afldmwkdkflmm3 Ikne Emnnaufldfle) lanai

7 lmpne(Lme) IMpUe(Lm£) Ame mxueniqy

8 Empire (Middle) Empire (Early)) Red Delicious Cortland

9 Ikmewnflsp Empnx:(Mntfle) GohhmiDekauns Empin9(mefle)

10 Enpire (Early) Idared Gala Enpire (Early)

11 ibnmmm. icnmmm. mmaqnd are

12 Lkued Ikmewnfisp Lhued Jenmxfld

13 (kniland (kmtlmmi Mdhflxeh Mdhfireh

14 mmumhan Jammman Eane flame) lumen

15 defiemnsxy NmflhenaSpy Iamsu Iaane date)

1. Applesauces processed after fresh harvest

2. Applesauces processed after 2 month storage

3. Golden Delicious designated as industry standards for

comparative rank order
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flesh, variable grain or texture, and sufficient water-

holding capacity (Root 1996).

Table 11 shows the analysis of variance for chemical-

physical processing qualities of applesauces from 15 apple

selections. Significant differences (P S 0.01) of all

attributes were detected for both selection (15 apple

selections included: Red Delicious, Golden Delicious,

McIntosh, Jonathan, Jonagold, Gala, Empire at early season,

Empire at middle season, Empire at late season, Honeycrisp,

Cortland, Mutsu, Rome, Idared and Northern Spy) and storage

(fresh harvest and 2 month storage). There were significant

interactions (P s 0.01) between selection and storage for

all attributes: sugar/acid ratio, consistency, lightness

value, greenness value, and yellowness value. Roa et al.

(1986) have reported. that consistency of applesauce ‘was

significantly affected by apple cultivar and firmness as

well as screen size which was confirmed by this experiment.

Frozen apple slices

Table 12 shows sugar/acid ratio mean values of frozen

apple slices. After fresh harvest, Red Delicious frozen

slices showed the highest (27.83 °Brix/malic acid %), while

Northern Spy frozen slices showed the lowest sugar/acid

ratio (12.14 °Brix/malic acid %) among frozen slices from

all apple selections. After storage, Red Delicious frozen

slices showed the highest (28.98 °Brix/malic acid %), while
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Table 12. Comparison of sugar/acid ratiol mean values2 of

frozen apple slices from traditional, recent, and

new varieties (control , 2 month storage )

 

 

 

 

 

Category Selection Control 2 month storage Calculated t

Traditional Red Delicious 27.83 28.98 1.78

varieties Golden Delicious 19.68 23.96 18.39***

Rome 18.99 17.04 4.27

Idared 15.93 17.31 4.84*

Jonathan 14.50 14.23 0.64

Cortland 13.65 17.86 32.44****

McIntosh 12.72 14.60 12.60**

Northern Spy 12.14 14.54 31.26***

Recent Empire (Early) 18.82 16.88 30.58***

varieties Empire (Late) 19.87 17.29 2.81

Empire (Middle) 20.31 18.54 5.69*

New Gala 21.47 30.04 3.66

varieties Jonagold 21.42 28.98 6.63*

Honeycrisp 13.81 14.61 1.32

Lsno,055 2.40 3.59

 

1. °Brix/malic acid (%)

= significant at t calculated value 2 4.303 (to,05

tabulated value), ** = significant at t calculated value 2. 9.93

significant at t calculated value 2

2. n=3, t-test,

(to,01tabulated value),

14.09 (t0.005 tabulated value),

value 2 31.60 (t0.001 tabulated value)

3. Frozen apple slices processed after fresh harvest

(4. Frozen apple slices processed after 2 month storage

***

**** significant at t calculated

5. ns3, Least significant difference (LSDo,05) mean separation; means

are significantly different at p S 0.05 between varieties
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Jonathan frozen slices showed the lowest sugar/acid ratio

(14.23 °Brix/malic acid %) among frozen slices from all

apple selections. Among Empires, both fresh harvested and

stored apples harvested at middle season showed the highest

sugar/acid ratio, followed by those harvested at late and

early season, respectively. From the evaluation of

sugar/acid ratios using a paired t-test , Cortland (P S

0.001), Golden Delicious (P S 0.005), Northern Spy (P S

0.005), McIntosh (P S 0.01), Jonagold (P S 0.05), and Idared

(P S 0.05) frozen slices showed significantly higher, while

Empire (Early) (P S 0.005) and Empire (Middle) (P S 0.05)

showed lower sugar/acid ratios after storage.

Table 13 shows shear resistance, a physical property

related to texture, mean values of frozen apple slices.

After fresh harvest, Cortland frozen slices showed the

highest (1788 N/100g), while McIntosh frozen slices showed

the lowest shear resistance value (272.8 N/100g) among

frozen slices from all apple selections. After storage,

Northern Spy frozen slices showed the highest (911.60

N/100g), while Empire(Late) frozen slices showed the lowest

shear resistance value (183.50 N/lOOg) among frozen slices

from all apple selections. Among Empires, fresh harvest

frozen slices processed from. apples harvested at early

season showed the highest shear resistance value, followed

by those from middle and late, respectively. However, after

storage, frozen slices processed from apples harvested at
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Table 13. Comparison of shear resistance1 mean values2 of

frozen apple slices from traditional varieties,

recent varieties , and experimental lines

(control , 2 month storage )

 

 

 

 

 

 

Category Selection Control 2 month storage Calculated

Traditional Cortland 1788.00 182.90 97.60****

varieties Jonathan 1720.33 765.27 9.82*

Idared 1449.67 774.37 198.93****

Rome 1346.00 274.10 361.27****

Northern Spy 1297.00 911.60 14.91***

Red Delicious 1257.33 903.40 24.34***

Golden Delicious 1229.7 296.90 40.83****

McIntosh 272.8 233.93 1.37

Recent Empire (Early) 1090.17 211.50 15.45***

varieties Empire (Middle) 990.20 224.83 41.39****

Empire (Late) 310.37 183.50 17.85***

New Gala 1090.67 927.43 4.34*

varieties Jonagold 845.53 698.20 2.57

Honeycrisp 765.10 799.43 1.30

1.500.055 223.31 112.24

1. N/lOOg

2. n=3, t-test, * = significant at t calculated value 2 4.303 (to,05

tabulated value), ** = significant at t calculated value 2 9.93

(to,01tabulated value),

14.09 (t0.005 tabulated value),

value 2 31.60 (to.001 tabulated value)

***

****

3. IFrozen apple slices processed after fresh harvest

‘4. Frozen apple slices processed after 2 month storage

significant at t calculated value 2

significant at t calculated

5. n=3, Least significant difference (LSD0,05) mean separation; means

are significantly different at p S 0.05 between varieties
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middle season showed the highest shear resistance value,

followed by those harvested at early and late season,

respectively. From evaluation of the shear resistance

values using a paired t-test, frozen slices from all apple

selections except for those from McIntosh, Jonagold, and

Honeycrisp had significantly lower shear resistance values

after storage. There was no significant difference in shear

resistance values between fresh and after storage for

McIntosh, Jonagold, and Honeycrisp. The mushy appearance

and texture of thawed apple slices is probably due to

increased volume of ice crystals when water is frozen

causing mechanically damaged cellular membranes, thus

resulting in dramatically decreased shear resistance of most

cultivars (Desrosier and. Tressler 1977). The un-stored

apples may contain higher starch and other firming

substances such as insoluble pectin to support the tissue,

so they were less affected by ice crystal damage.

Table 14 shows drained weight mean values of frozen

apple slices. Jonathan frozen slice showed the highest

(99.8 %), while Honeycrisp frozen slices showed the lowest

drained weights (71.12 %) among frozen slices from all apple

selections including both fresh harvest and stored apples.

Among Empires, both fresh harvested and stored apples

harvested at middle season showed the highest drained

weight, followed by those harvested at early and late

season, respectively. From the evaluation of the drained
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Table 14. Comparison of drained weightl mean valueszof

frozen apple slices from traditional, reefnt,

and new varieties (control , 2 month storage )

 

 

 

 

 

 

Category Selection Control 2 month storage Calculated t

Traditional Jonathan 99.80 99.80 0.16

varieties Cortland 99.56 99.59 6.11

Idared 98.03 92.78 4.48*

Golden Delicious 97.91 94.55 1.89

Rome 96.79 92.46 4.96*

Northern Spy 94.41 95.16 1.45

Red Delicious 90.74 90.19 0.35

McIntosh 82.61 76.17 5.32*

Recent Empire (Middle) 95.29 89.89 2.04

varieties Empire (Early) 90.03 84.30 6.98*

Empire (Late) 88.83 84.20 4.24

New Jonagold 92.07 84.54 3.43

varieties Gala 86.84 98.17 11.87**

Honeycrisp 71.12 71.24 0.04

Lsno,055 6.14 7.53

1. %

2. n=3, t-test,

(to,01tabulated value),

14.09 (to,oos tabulated value),

value 2 31.60 (to,001 tabulated value)

3. Frozen apple slices processed after fresh harvest

44. Frozen apple slices processed after 2 month storage

* = significant at t calculated value 2 4.303 (to.05

tabulated ‘value), ** a significant at t calculated value 2 9.93

*** significant at t calculated value 2

*** significant at t calculated

55. n=3, Least significant difference (LSD0,05) mean separation; means

are significantly different at p S 0.05 between varieties
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weights using a paired t-test, Gala (P S 0.01) frozen slices

showed significantly higher drain weights, while Rome (P S

0.05), Idared (P S 0.05), McIntosh (P S 0.05) and Empire

(Early) (P S 0.05) showed significantly lower drained

weights after storage. Removing water by freezing causes

colloidal solutions to become irreversibly dehydrated within

cell membranes and thus causes a change in their

permeability and elasticity, resulting in loss of rigidity

upon thawing (Desrosier and Tressler 1977).

Table 15 shows lightness mean values (L) of frozen

apple slices. After fresh harvest, Jonathan frozen slices

showed the highest (61.07), while Empire (Early) frozen

slices showed the lowest lightness value (35.03) among

frozen slices from all apple selections. After storage,

Jonathan frozen slices showed the highest (56.03), while

Rome frozen slices showed the lowest lightness value (43.33)

among frozen slices from all apple selections. Among

Empires, frozen slices processed after fresh harvest from

apples harvested at late season showed the highest lightness

value, followed by those harvested at middle and early

season, respectively. However, after storage, frozen slices

from late season apples showed the highest lightness value,

followed by those harvested at early and middle season,

respectively. Evaluation of the lightness values using a

paired t—test for Jonagold (P S 0.001), Gala (P S 0.05),

Idared (P S 0.05), and Rome (P S 0.05) frozen slices showed
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Table 15. Comparison of lightness (L) mean values1 of frozen

apple slices from ‘traditional, recent, and new

varieties (control , 2 month storage )

 

 

 

 

 

Category Selection Control 2 month storage Calculated t

Traditional Jonathan 61.07 56.03 2.48

varieties Northern Spy 59.27 49.00 9.92*

Cortland 57.50 59.37 4.16

Idared 56.93 49.17 7.12*

Golden Delicious 51.47 53.20 1.98

McIntosh 50.53 43.87 3.00

Rome 49.00 43.33 6.04*

Red Delicious 42.73 45.53 1.30

Recent Empire (Late) 48.67 51.90 2.73

varieties Empire (Middle) 48.40 44.13 3.60

Empire (Early) 35.03 51.43 12.08**

New Gala 58.20 52.47 8.26*

varieties Jonagold 53.60 46.77 36.82****

Honeycrisp 49.10 44.57 2.36

Lsno,054 6.26 6.56
 

1. n=3, t-test, * = significant at t calculated value 2 4.303 (to,05

tabulated value), ** = significant at t calculated value 2 9.93

significant at t calculated.value 2(to,01tabulated value),

14.09 (to,005 tabulated value),

value 2 31.60 (t0.001 tabulated value)

2. Frozen apple slices processed after fresh harvest

13. Frozen apple slices processed after 2 month storage

***

**** significant at t calculated

44. n=3, Least significant difference (LSDo,05) mean separation; means

are significantly different at p S 0.05 between varieties
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significantly lower lightness values, while Empire (Early)

(F’ S 0.01) showed significantly’ higher lightness values

after storage.

Table 16 shows greenness mean values (-aL) of frozen

slices. Processed after fresh harvest, Northern Spy frozen

slices showed the highest greenness value (-8.03), while

Rome frozen slices showed the lowest greenness value (5.70)

among frozen slices from all apple selections. After

storage, Honeycrisp and Cortland frozen slices showed the

highest greenness value (-7.03), while Rome frozen slices

also showed the lowest greenness value (7.10) among frozen

slices from all apple selections. Among Empires, after

fresh harvest frozen slices processed from late season

apples showed the highest greenness value, followed by those

from middle and early season apples, respectively. However,

after storage, frozen slices. processed from late season

apples showed the highest greenness value, followed by those

from early and late season apples, respectively. Evaluation

of the greenness values using a paired t-test for Empire

(Early) (P S 0.001), Red Delicious (P S 0.05), and

Honeycrisp (P S 0.05) showed significantly higher, while

Northern Spy (P S 0.005), Rome (P S 0.05), and Idared (P S

0.05) showed significantly’ lower' greenness 'values ‘values

after storage. Again, it should be obvious that the higher

the greenness values, the lower the redness values.
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Table 16. Comparison of greenness (-aL) mean valueslof

frozen apple slices from traditional , rec3ent ,

and new varieties (control , 2 month storage )

Category Selection Control 2 month storage Calculated t

Traditional Northern Spy -8.03 -5.30 14.73***

varieties Cortland -6.93 -7.03 0.48

Idared -5.77 -4.00 5.30*

Jonathan -4.97 -5.00 0.04

McIntosh -4.87 -3.73 1.06

Golden Delicious -4.70 -5.03 1.00

Red Delicious 2.63 -0.30 4.97*

Rome 5.70 7.10 8.08*

Recent Empire (Late) —6.97 -6.50 1.21

varieties Empire (Middle) -4.33 -5.47 3.82

Empire (Early) -1.90 -5.97 46.11****

New Honeycrisp -5.57 -7.03 4.40*

varieties Jonagold -5.37 -5.27 0.07

Gala -5.13 -S.07 0.18

Lsoo,054 5.93 2.97

 

1. n=3, t-test, * = significant at t calculated value 2 4.303 (to,05

tabulated value), ** 2 significant at t calculated value 2 9.93

significant at t calculated'value 2(to,01tabulated value),

14.09 (t0.005 tabulated value),

value 2 31.60 (to,001 tabulated value)

2. Frozen apple slices processed after fresh harvest

13. Frozen apple slices processed after 2 month storage

***

****
significant at t calculated

‘4. n=3, Least significant difference (LSD0,05) mean separation; means

are significantly different at p S 0.05 between varieties
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Table 17 shows yellowness mean values (bL) of frozen

apple slices. After fresh harvest, Jonagold frozen slices

showed the highest (25.97), while Cortland frozen slices

showed the lowest yellowness value among frozen slices from

all apple selections. After storage, Empire (Late) frozen

slices showed the highest (23.77), while Cortland frozen

slices showed. the lowest. yellowness value (16.30) among

frozen slices from all apple selections. Among Empires,

frozen slices processed from fresh harvested _apples

harvested at late season showed the highest shear press

value, followed by those from middle and early season

apples, respectively. However, after storage, frozen slices

from late season apples showed the highest yellowness value,

followed by those from early and middle apples,

respectively. From evaluation of the yellowness values

using a paired t-test for Empire (Early) (P S 0.01),

Honeycrisp (P S 0.05), and Cortland (P S 0.05) showed

significantly higher, while Jonagold showed significantly

lower yellowness values after storage.

Table 18 and Table 19 show the rank order of 14 apple

selections as processed into frozen apple slices from fresh

harvested and stored apples based on chemical-physical

processing qualities. Important characteristics for apple

slices are firm, maintain integrity of the flesh when diced,

and have good color. Sweetness is less important in making

slices than in sauce (Root 1996).
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Table 17. Comparison of yellowness1 (bL) mean values2 of

frozen apple slices from traditional, recent,

and new varieties (controla, 2 month storage )

Category Selection Control 2 month storage Calculated

Traditional Golden Delicious 23.53 22.47 0.88

varieties Northern Spy 23.00 19.90 4.15

Red Delicious 19.63 20.67 1.00

Jonathan 18.83 20.70 2.94

McIntosh 18.40 17.33 0.91

Idared 16.73 19.40 2.98

Rome 14.90 15.17 0.63

Cortland 14.27 16.30 7.81*

Recent Empire (Late) 22.57 23.77 1.35

varieties Empire (Middle) 19.73 19.43 0.22

Empire (Early) 16.17 22.50 10.95**

New Jonagold 25.97 20.67 20.03***

varieties Honeycrisp 15.97 18.23 6.11*

Gala 15.83 19.83 3.47

1.500.054 4.00 3.72

 

l 0 D83! t-teat, * a significant at t calculated value 2 4.303 (to,os

tabulated value), ** = significant at t calculated value 2 9.93

significant at t calculated value 2(to.01tabulated value),

14.09 (to,005 tabulated value),

value 2 31.60 (t0.001 tabulated value)

2. Frozen apple slices processed after fresh harvest

***

****
significant at t calculated

:3. Frozen apple slices processed after 2 month storage

(4. n=3, Least significant difference (LSDo,os) mean separation; means

are significantly different at p S 0.05 between varieties
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Table 20 shows the analysis of variance for chemical-

physical processing qualities of frozen apple slices from 14

apple selections. Significant differences (P S 0.01) of

sugar/acid ratios, shear resistance values, lightness

values, yellowness values, and drained weights were detected

for both apple selection (14 apple selections included: Red

Delicious, Golden Delicious, McIntosh, JOnathan, Jonagold,

Gala, Empire at early season, Empire at middle season,

Empire at late season, Honeycrisp, Cortland, Rome, Idared

and Northern Spy) and storage (fresh harvest and 2 month

storage). For greenness values, significant differences

were detected for selection only. There were significant

interactions (P S 0.01) between apple selection and storage

for all attributes.

Subjective Measurements

Based upon USDA grading specification, subjective

scores for required processing qualities of adult applesauce

and frozen apple slices processed after freSh harvest and

after 2 month storage were presented in Table 21 to Table 22

and Table 23 to Table 24, respectively. The traditional

varieties were Red Delicious, Golden Delicious, McIntosh,

Jonathan, Cortland, Northern Spy, Idared, and Rome. The

recent varieties were Empire (with 3 stages of maturity:

early harvest, middle harvest, and late harvest), and Mutsu.

The new varieties were Honeycrisp, Jonagold, and Gala.
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Adult applesauces

USDA grade A applesauces were derived from both after

fresh harvest and after 2 month storage of Golden Delicious,

Jonathan, Gala, Jonagold, Empire (Late), Empire (Middle),

Idared, Honeycrisp, and Mutsu. According to Root (1996) ,

Golden Delicious has been at the top in term of quality

because of its high soluble solids and resistance to

oxidative browning. Jonathan has been a common cultivar for

applesauce processing in Michigan. Northern Spy produced

USDA grade A applesauce if it was processed after storage,

nonetheless it produced USDA substandard applesauce if it

was processed after fresh harvest. According to Wiley and

Thompson (1959), Northern Spy is excellent for processing

because it has bright yellow flesh, which makes a glossy,

bright sauce, excellent flavor, and moderately high in

soluble solids. Cortland produced USDA grade B applesauce

with apple processed after fresh harvest, but it produced

USDA grade A applesauce if allowed 2 month of storage time.

It has been reported that with white flesh, Cortland

produces a poorly color for sauce (Manhart, 1995) . Rome

processed after fresh harvest produced USDA grade A;

however, processing after 2-month storage produced USDA

substandard applesauce. Rome is less desirable than most

cultivars because of poor flesh color (Way and McLellan

1989). Sauce made with a high percentage of Rome apples

will have an off-flavor and weak, running texture (Root

1996). USDA Grade B applesauce were derived from both after
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fresh harvest and 2 month storage of McIntosh, Red

Delicious, and Empire (Early). It has been reported that

McIntosh produces watery texture, and dull color for sauce,

but it has a high aromatic flavor. Therefore, it is usually

blended with other cultivars (Thomas and Ritter, 1958).

Frozen apple slices

USDA grade A frozen apple slices were derived from both

after fresh harvest and 2 month storage of Golden Delicious,

Jonathan, Gala, Honeycrisp, and Rome. Desrosier and

Tressler (1977) have agreed that Jonathan, Rome and Golden

Delicious have been the topping list as to frozen quality.

Jonagold, Cortland, and Idared produced USDA grade A frozen

apple slices if they were processed immediately after fresh

harvest, while they produced USDA grade C frozen slices

after 2 month storage. However, Empire (Early) produced

USDA grade C frozen slices if processed after 2 month

storage; additionally, it produced USDA substandard frozen

slices if processed after fresh harvest. USDA Grade C

frozen apple slices were derived from both after fresh

harvest and. 2 :month storage of Empire (Middle), Empire

(Late), McIntosh, and Northern Spy. It has been reported

that McIntosh and Cortland tended to disintegrate even when

packed soon after harvest (Desrosier and Tressler 1977). In

contrast, laboratory tests rated Northern Spy as excellent

for all forms of slices and sauce (Way and McLellan, 1989).

Red Delicious produced USDA substandard frozen slices.
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Table 25 shows descending rank order for quality score

of applesauces and frozen apple slices processed from 15

apple selections after fresh. harvest and after' 2 month

storage. Mutsu produced the best applesauces both processed

after fresh and 2 month storage. The top five applesauces

processed after fresh harvest were mutsu, Red Delicious,

Gala, Jonagold, and Empire (Late); while top five

applesauces processed after 2 month storage were Mutsu,

Jonagold, Empire (Late), Empire (Early), and McIntosh,

respectively. Golden Delicious as industrial standard was

ranked the eighth when processed after fresh harvest and the

ninth when processed after 2 month storage. The top five

frozen apple slices processed after fresh harvest were

Jonathan, Cortland, Idared, Northern Spy, and Golden

Delicious; while top five applesauces processed after 2

month storage were Gala, Jonathan, Red Delicious, Northern

Spy, and Cortland, respectively.

Figure. 11 shows color’ quality for applesauces when

processed after fresh harvest. As described previously,

good quality applesauce presents bright (high lightness

value) and golden color (high hue angle). Most applesauces

showed high color quality except for Rome, Honeycrisp, and

Gala. After 2-month storage, most applesauces showed high

color quality except for Honeycrisp, Gala and Idared showed

medium color quality and Rome showed low color quality.

Idared showed medium color quality with decreased hue angle.
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Table 25. Descending rank order for quality score of

applesauces and frozen apple slices procefsed

from 15 apple selections (control , 2 months )

Applesauces Frozen apple slices

Control 2 months Control 2 months

Mutsu (16.0) Mutsu (16.0) Jonathan (18.3) Gala (15.2)

Red D. (15.7) Jonagold (15.9) Cortland (17.8) Jenathan (13.6)

Gala (14.9) Red D. (15.7) Idared (16.3) Red D. (12.5)

Empire (L)(14.9) Enpure (L) (15.6) N. Spy (15.1) N. Spy (12.2)

Jaugnd(1m1)

McIntosh (13.3)

Idmed(132)

Golden D. (13.1)

Eme(126)

Empue(M)(Lmz)

Hmmamrn¥>(u18)

Jemmjan CKL?)

lMpUe(E)(HL5)

N.Sm{(ML4)

antkmd(1QJ)

lmpne an(150)

McIntosh (14.2)

:mpne(uulie)

autumd(124)

GfldmiD.(122)

Gfla(1L9)

Idned(1L8)

N.£$y CHLB)

.Rmmmman (KL?)

mewcrhqp(8.9)

Rama(8.5)

endein.(150)

Rme(l4fl)

Gaha(13.9)

IbdD.(113)

Impue(M)(LLl)

Jamgfld(1lO)

:mpue(a)(niz)

EwfinfiL)(%3)

unmme1(L5)

Hxnwxh¥>flh4)

litmus

cmxnmd(le)

Idned(lL6)

endeuo.(lL5)

.kma;nd(109)

mne(85)

mire (E) (8.2)

Emin200(&2)

1m9119(LH8-2)

filewxflfilfii9)

lcnunau(54)

MMum§

1. Multiple regression equation:

quality score = 0.16(Sugar/acid ratio)-

3.25(Consistency)+0.ll(Lightness)-0.04(Hue angle)+16.30

2. Multiple regression equation:

quality score = 0.12(Sugar/acid ratio)+0.004(Shear

resistance)+0.17(Drained weight)+0.17(Lightness)-17.71

3. Applesauces processed after fresh harvest

4. Applesauces processed after 2 month storage

5. Unavailable selection
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Figure 11. Color quality of applesauces processed from fresh

harvest apples [(1) = low color quality, (II) =

medium color quality, (III) = high color

quality]

Note: Preferred color quality for applesauce

is high lightness value (L) and high hue angle

(Ha)-
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Figure 12. Color quality of applesauces processed from 2-

month stored apples [(1) =

(II) = medium color quality,

quality]

Note: Preferred color quality for applesauce

is high lightness value (L) and high hue angle

(Ha)-

low color quality ,

(III) = high color
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Figure 12 shows color quality for applesauces when processed

after 2-month storage.

Sensory Evaluations of Applesauces

Triangle test

Correct (identifications of applesauces processed from

15 apple selections were presented in Table 26. Panelists

were able to detect the differences between applesauces

processed after fresh harvest and after 2 month storage from

all apple selections except for Red Delicious and Golden

Delicious.

Scaling tests

Table 27 shows color perception mean values of apple sauces.

Evaluation of the color perceptions used a paired t-test

where panelists attempted to detect the color differences

between. applesauces processed. after fresh. harvest and 2

month storage in Empire (Early) (P S 0.01), Empire (Middle)

(P < 0.05), Golden Delicious (P S 0.05), Northern Spy (P S

0.05), and Gala (P S 0.05). Color perceptions of Empire

(Early), Empire (Middle), and Northern Spy scored higher

after 2 month cold storage, while those of Golden Delicious

and Gala scored lower.

Table 28 shows flavor perception mean values of apple

sauces. Evaluation of the flavor perceptions also used a

paired t-test. Panelists were able to detect the flavor

differences between applesauces processed after fresh
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Table 26. Comparison of detectable difference of applesauces

between control and two month storage . from

traditional, recent, and new varieties in triangle

 

 

 

 

test

Category Selection Correct identifications

Traditional Red Delicious 7 from 12 panelistsNS

varieties Golden Delicious 7 from 12 panelistsNS

Jonathan 10 from 12 panelists***

Cortland 8 from 12 panelists*

Idared 11 from 12 panelists***

Rome 8 from 12 panelists*

Northern Spy 7 from 11 panelists*

McIntosh 11 from 11 panelists***

Recent Empire (Late) 7 from 10 panelists*

varieties Empire (Middle) 9 from 10 panelists***

Empire (Early) 10 from 10 panelists***

Mutsu 7 from 11 panelists*

New Jonagold 8 from 12 panelists*

varieties Honeycrisp 8 from 12 panelists*

Gala 8 from 12 panelists*

 

Control sample was applesauce processed after fresh

harvest

2 month storage sample was applesauce processed after 2

month storage

NS (non-significant difference): The panelists were not

likely to be able to detect the difference between apple

sauce processed after harvest and apple sauce processed

after 2 months storage. ‘

* The panelists were likely to detect the difference

between apple sauce processed after harvest and apple

sauce processed after 2 month storage at the critical

value of P=0.05.

** The panelists were likely to detect the difference

between apple sauce processed after harvest and apple

sauce processed after 2 month storage at the critical

value of P=0.01.
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Table 27. Comparison of color perception mean values1 for

applesauce sensory evaluation from traditional ,

recent, and new varieties (control , 2 month

storage3) in scaling tests

 

 

 

 

 

Category Selection Control 2 month storage Calculated t

Traditional Golden Delicious 7.17 3.67 5.20**

varieties Red Delicious 6.00 3.17 2.37

Northern Spy 6.00 7.16 3.80*

Idared 5.00 6.00 1.12

Jonathan 3.50 2.83 1.35

Cortland 2.50 3.33 1.54

McIntosh 2.50 2.33 0.24

Rome 2.33 1.83 1.46

Recent Mutsu 7.50 5.83 1.68

varieties Empire (Late) 6.00 6.17 0.24

Empire (Middle) 5.67 6.50 2.71*

Empire (Early) 3.50 5.67 4.54**

New Honeycrisp 5.83 6.17 0.47

varieties Gala 5.33 3.67 2.99*

Jonagold 4.33 3.33 2.24

Lsuo,055 3.94 3.72
 

1. n=6, t-test, * = significant at t calculated value 2 2.57

“10.05 tabulated value), ** = significant at t calculated

value 2 4.03 (tantabulated value)

2. Applesauce processed after fresh harvest

3. Applesauces processed after 2 month storage

4. The score ranged from 1 to 9 (1 = not bright, 9 =

extremely bright) .

5. n=6, Least significant difference (LSDQJB) mean

separation; means are significantly different at p S 0.05

between varieties
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harvest and 2 month storage only in Cortland. Cortland with

2-month storage produced applesauce scoring significantly

Table 29 shows texture perception mean values of apple

sauces. Evaluation of the texture perceptions also used the

paired t-test. Panelists were able to detect the texture

differences between applesauces processed after fresh

harvest and 2 month storage only in Mutsu. Mutsu with 2-

month storage produced applesauce scoring significantly

lower than applesauce produced from fresh harvest Mutsu (P S

0.05).

The analysis of variance for three sensory attributes

in scaling tests is presented in Table 30. Significant

differences due to selection were found in color and flavor,

while due to storage were found in texture. It could be

interpreted that longer storage time yield smaller particle

size, therefore affecting applesauce consistency (Lanza and

Kramer 1967). This results of experiment agreed with Wiley

and Toldby (1960); who studied factors affecting the quality

of canned applesauce including storage time. They found

that flavor was not affected by storage, but color and

texture improved up to at least 50% of the storage life of

the cultivars. IMcLellan and. Massey (1984) who studied

effect of post harvest storage and ripening of apple on

sensory quality of processed applesauce supported that

flavor was not affected by storage, ripening, or cultivar,

but color was significantly influenced by those three

factors. Texture was not altered significantly due to
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Table 28. Comparison of flavor perception mean values1 for

applesauce sensory evaluation from graditional ,

recent, and new varieties (control , 2, month

storage ) in scaling tests

 

 

 

 

 

Category 'Selection Control 2 month storage Calculated t

Traditional McIntosh 6.50 6.50 0.00

varieties Golden Delicious 6.00 5.33 0.93

Red Delicious 5.67 4.67 2.24

Jonathan 5.67 4.67 0.76

Northern Spy 5.33 6.00 0.79

Idared 4.50 5.17 1.20

Cortland 4.50 5.17 3.16*

Rome 4.33 4.17 0.17

Recent Mutsu 5.33 6.33 0.70

varieties Empire (Late) 6.50 5.00 1.77

Empire (Middle) 5.50 5.33 0.25

Empire (Early) 4.17 4.83 0.67

New Gala 5.50 4.83 0.79

varieties Honeycrisp 4.67 4.33 0.32

Jonagold 4.33 3.33 2.24

Lsno,055 3.02 4.03
 

1. n=6,t-test, * = significant at t calculated value 2 2.57

(toxm tabulated value)

2. Applesauce processed after fresh harvest

3. Applesauces processed after 2 month storage

4. The score ranged from 1 to 9 (1 = extremely undesirable,

9 = extremely desirable). ‘

5. n=6, Least significant difference (LSDOJB)' mean

separation; means are significantly different at p S 0.05

between varieties
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Table 29. Comparison of texture perception mean valueslfor

applesauce sensory evaluations from traditional,

recent, and new varieties (control, 2 month

storage ) in scaling tests

 

 

 

 

 

Category Selection Control 2 month storage Calculated t

Traditional Golden Delicious 6.50 4.33 2.38

varieties McIntosh 5.33 4.17 1.19

Jonathan 5.50 4.83 0.83

Northern Spy 5.33 5.67 1.00

Rome 5.17 4.83 0.40

Red Delicious 5.17 4.83 0.54

Cortland 4.33 4.83 0.70

Idared 4.00 4.83 1.11

Recent Mutsu 7.17 5.17 2.92*

varieties Empire (Late) 5.67 5.17 0.81

Empire (Early) 5.00 5.00 0.00

Empire (Middle) 4.83 4.50 1.00

New Gala 5.33 4.00 2.17

varieties Jonagold 5.17 4.67 2.24

Honeycrisp 4.50 5.00 1.46

1500.055 2.62 3.56

 

1. n=6,t-test, * = significant at t calculated value 2 2.57

(toxn tabulated value

2. Applesauce processed after fresh harvest

3. Applesauces processed after 2 month storage

4. The score ranged from 1 to 9 (1 = not thick, 9 =

extremely thick)

5. n=6, Least significant difference (LSDOCB) mean

separation; means are significantly different at p S 0.05

between varieties
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storage, but cultivar and ripening.

Acceptance tests

Acceptance score mean values for each sensory attribute

are presented in Table 31 to Table 34 with least significant

difference (LSD) mean separations reported. The analysis of

variance for four sensory attributes: color, texture,

sweetness, and general acceptance; is presented in Table 35.

Significant differences among selections were found for

color (P S 0.05), sweetness (P S 0.05), and general

acceptance (P S 0.05). The results of acceptance test

agreed with that of scaling test on color perception, but

disagreed on texture perception. The results of sweetness

acceptance contradicted with results of McLellan and Massey

(1984) in which perceived sweetness of applesauce was not

significantly affected by cultivar.

Figure 13 to Figure 16 show sensory acceptance for each

attribute of applesauce from 15 apple selections. Golden

Delicious applesauce obtained the highest acceptance score

for all attributes except for sweetness. Empire applesauce

harvested at late season obtained the highest score for

sweetness. However, there were no significant differences

in sweetness score among the highest four apple selections:

Empire (Late), Mutsu, Golden Delicious, and Empire (Middle).

There were no significant differences detected for texture

among all applesauces from 15 selections. Mutsu received

the second highest color and general acceptance score.
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. 1
Table 31. Compar1son of color preference mean values for

applesauce sensory evaluation from traditional,

recent, and new varieties in acceptance tests

 

 

 

 

 

Category Selection Mean value STD4

Traditional Golden Delicious 7.03 1.50

varieties Jonathan 5.67 1.42

Red Delicious 5.00 1.64

Northern Spy 5.00 1.34

Cortland 4.30 1.90

Idared 4.30 1.76

Rome 3.70 1.95

McIntosh 3.17 1.44

Recent Mutsu 6.40 1.89

varieties Empire (Middle) 5.60 1.45

Empire (Late) 5.50 1.43

Empire (Early) 4.43 1.68

New Honeycrisp 5.97 1.75

varieties Gala 5.13 1.81

Jonagold 3.37 1.67

LSD0_05 1.39

 

1. n=30, Least significant difference (LSD0.05) mean

separation; means are significantly different at p S 0.05

between varieties

2. Applesauces processed after fresh harvest only

3. The score ranged from 1 to 9 (1 = least desirable, 9 =

most desirable).

4. Standard deviation
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Table 32. Comparison of texture preference mean values1 for

applesauce sensory evaluation from traditional,

recent, and new varieties in acceptance tests

 

 

 

 

 

Category Selection Mean value STD4

Traditional Golden Delicious 5.60 1.57

varieties Idared 5.27 1.51

Rome 5.17 1.74

Red Delicious 5.07 2.32

Northern Spy 4.97 1.45

McIntosh 4.90 2.04

Jonathan 4.50 1.70

Cortland 4.63 2.03

Recent Empire (Late) 5.47 1.20

varieties Mutsu 5.43 1.91

Empire (Middle) 5.33 1.56

Empire (Early) 5.20 1.58

New Jonagold 5.50 1.66

varieties Honeycrisp 5.43 1.76

Gala 5.17 2.53

L500,05 1.47

 

1. n=30, Least significant. difference (LSDOJB) mean

separation; means are significantly different at p S 0.05

between varieties .

2. Applesauces processed after fresh harvest only

3. The score ranged from 1 to 9 (1 = least desirable, 9 =

most desirable).

4. Standard deviation
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Table 33. Comparison of sweetness preference mean values1

for applesauce2 sensory evaluation from

traditional, rgcent, and new ‘varletles 1n

acceptance tests .

 

 

 

 

 

Category Selection Mean value STD4

Traditional Golden Delicious 5.37 1.71

varieties Rome 4.63 1.77

Red Delicious 4.00 1.86

Idared 3.90 1.45

Northern Spy 3.53 1.41

Cortland 3.27 1.86

Jonathan 3.23 1.48

McIntosh 3.13 1.68

Recent Empire (Late) 5.53 1.59

varieties Mutsu 5.40 1.83

Empire (Middle) 5.07 1.57

Empire (Early) 4.67 1.21

New Jonagold 4.47 1.85

varieties Gala 4.07 2.20

Honeycrisp 4.00 1.31

LSD0.05 1.41
 

1. n=30, Least significant difference (LSD0.05) mean

separation; means are significantly different at p S 0.05

between varieties

2. Applesauces processed after fresh harvest only

3. The score ranged from 1 to 9 (1 = least desirable, 9 =

most desirable).

4. Standard deviation
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Table 34. Comparison of general acceptance mean values1 for

applesauce sensory evaluation from traditional,

recent, and new varieties in acceptance tests .

 

 

 

 

 

Category Selection Mean value STD4

Traditional Golden Delicious 6.20 1.65

varieties Red Delicious 4.83 1.90

Idared 4.70 1.42

Rome 4.47 1.96

Northern Spy 4 . 3 0 1 .‘ 4 2

Jonathan 4.17 1.44

Cortland '3.90 1.65

McIntosh 3.70 1.73

Recent Mutsu 5.70 1.73

varieties Empire (Late) 5.63 1.10

Empire (Middle) 5.60 1.45

Empire (Early) 5.03 1.19

New Honeycrisp 5.10 1.49

varieties Gala 4.73 1.55

Jonagold 4.10 1.67

L500 , 05 1 . 3 2 ‘
 

l. n=30, Least significant. difference (LSDOJB) mean

separation; means are significantly different at p S 0.05

between varieties

2. Applesauces processed after fresh harvest only

3. The score ranged from 1 to 9 (1 = least desirable, 9 =

most desirable).

4. Standard deviation
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sweetness. HOwever, there were no significant differences

in sweetness score among the highest four apple selections:

Empire (Late), Mutsu, Golden Delicious, and Empire (Middle).

There were no significant differences detected for texture

among all applesauces from 15 selections. Mutsu received

the second highest color and general acceptance score.



SUMMARY AND CONCLUSIONS

Chemical and physical analyses of applesauces from

traditional, recent, and new varieties showed significant

differences in chemical and physical characteristics

including sugar/acid ratios, consistencies, lightness

values, greenness values, and yellowness values. The

applesauces jprocessed. after fresh.jharvest, were compared.

Red Delicious showed the highest sugar/acid ratio. Mutsu

showed the highest consistency. Gala showed the highest

lightness value. Honeycrisp showed the highest greenness

value. Mutsu showed the highest yellowness value.

Storage of apples (2 months in 1.1. °C/34 °F) had

significant effect on all characteristics including

sugar/acid ratio, consistency, lightness value, greenness

value, and yellowness value. Most selections showed higher

sugar/acid ratios except for Red Delicious which showed

significantly lower sugar/acid ratio. Significantly lower

consistencies were shown in applesauces produced from Red

Delicious, Idared, Honeycrisp and Gala apples, while

significantly higher consistencies were shown in applesauces

produced from Cortland, Rome, Empire (Early), Empire

(Middle) and Jonagold. Significantly higher lightness
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values were shown in applesauces produced from Idared,

Empire (Middle), Empire (Early) apples, while significantly

lower lightness values were shown in applesauces made from

Rome, Gala, Jonagold, and Honeycrisp. Most applesauce

selections showed lower greenness values except for

applesauces made from Idared, Empire (Late), Empire

(Middle), Empire (Early) apples which showed significantly

higher greenness values. Most selections produced lower

yellowness values except for applesauces made from Empire

(Early) and Empire (Middle) apples which showed significant

higher yellowness values.

Sensory evaluations of applesauces included triangle

test, scaling tests, and acceptance tests. Triangle test

showed that panelists were able to detect the differences

between applesauces processed after fresh harvest and those

which were processed after two-month storage for all

selections except Red Delicious and Golden Delicious. The

scaling tests showed that panelists were able to detect the

differences of color and flavor among the 15 selections.

The scaling tests also showed that the panelists were able

to detect differences of texture after two-month storage.

From the scaling test, Mutsu scored brightest in color and

thickest in texture; McIntosh and Empire (Late) scored most

desirable in flavor. The acceptance tests showed that

panelists were able to detect the differences in color,

sweetness, and general acceptance among the 15 selctions.

From the acceptance test, Golden Delicious scored most
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desirable in color, texture and general acceptance; Empire

(Late) scored most desirable in sweetness.

Chemical and physical analyses of frozen apple slices

from ‘traditional, recent, and. new 'varieties showed

significant differences in chemical and physical

characteristics including sugar/acid ratios, shear

resistances, drained weights, lightness values, greenness

values, and yellowness values. The frozen apple slices

processed after fresh harvest were compared. Red Delicious

showed the highest sugar/acid ratio. Cortland showed the

highest shear resistance. Jonathan showed the highest

drained. weight and lightness. INorthern Spy showed the

highest greenness value. Jonagold showed the highest

yellowness value.

Storage time (2 months in 1.1 °C/34 °F) had significant

effects on most characteristics including sugar/acid ratio,

shear resistance, lightness value, and yellowness value

except for greenness value. Most selections showed higher

sugar/acid ratios except for Empire (Early). All selections

showed lower shear resistance. Only Idared, Rome, McIntosh

and Empire (early) showed significantly lower drained

weights. Only Empire (Early) showed significant increase in

lightness value when compared to the fresh harvest products.

Red Delicious, Empire (Early), and HOneycrisp showed

significantly higher greenness values. Most selections

showed higher yellowness values except for Jonagold.
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Using Multiple regression equations to present rank

order of quality score for applesauces and frozen apple

slices, Mutsu produced the best quality applesauce when both

processed after fresh and after 2 month storage. Jonathan

produced the best quality frozen apple slices when processed

after fresh harvest, while Gala produced the best quality

frozen apple slices when process after 2 month storage.



STUDY II: ASSESSING THE INFLUENCE OF AMINOETHOXYVINYL-

GLYCINE (AVG) ON PROCESSING QUALITY OF ADULT

APPLESAUCE FROM CONTROLLED ATMOSPHERE STORAGE



Introduction

Apples for processing are rarely utilized immediately

after removal from the trees for many reasons: the intention

to permit further ripening of the fruit to make them more

suitable for manufacturing of a particular finished product,

the necessity of using up previously harvested fruit to

avoid excessive spoilage, or simply the need to lengthen the

processing season.

Controlled atmosphere (CA) storage has been a

successful invention for delaying the senesence of apples.

Ripening of many apples cultivars is almost stopped for

months in CA storage (Manhart, 1995) . There have been

numerous studies regarding CA storage of apples (Blanpied

and Smock 1983; Meheriuk 1985; Patchen 1971; Ryall and

Penzer 1981; Smock and Neubert 1950).

Aminoethoxyvinylglycine (AVG) is another agent used to

control the ripening processes of apple fruits. A number of

papers have shown that AVG inhibited ethylene biosynthesis,

resulting in delaying of ripening, respiration, and pre-

harvest drop in apples (Bufler et al. 1984; Child et al.

1984; Bramlage et al. 1980; Ness et al. 1980; Bangerth et

al. 1978; Liebermann et al.1974).
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The objectives of this study was to analyze and

evaluate the processing qualities of applesauces processed

from apples stored under controlled atmosphere and treated

with aminoethoxyvinylglycine (AVG).



MATERIALS AND METHODS

SOURCES OF MATERIALS AND SAMPLE PREPARATIONS

This experiment was conducted to assess the processing

quality of adult applesauces processed from Jonagold apples

with and without AVG treatment. The effect of maturity was

also studied.

Apples

Jonagold apples with nine representative harvest dates

were used. The nine harvest dates included 16 Sep, 19 Sep,

23 Sep, 26 Sep, 30 Sep, 3 Oct, 7 Oct, 10 Oct, and 14 Oct

representing early, middle, and late harvest season,

respectively.

Experimental conditions

. One-half of the apples for each. harvest date ‘were

sprayed with 200 ppm aminoethoxyvinylglycine(AVG) 100

gallons/acre, approximately one month before harvest (20

Aug, 1996). Apple sprayed with AVG represented AVG-treated

samples. The other half . without AVG spray represented

untreated controlled samples (UTC) . Then all samples were

stored in controlled atmosphere storage: 1.3-1.8% 02, 2-4%

C02, 0.1°C (32.18°F), and 99.8% relative humidity) until 6

months in the department of Horticulture, Plant and Soil

Sciences Building, Michigan State University. The apples
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were stored in the CA storage within 1-2 days from the day

they were picked. After CA storage all samples were

processed into adult applesauces.

Apple Processing

The apples were processed under the same conditions,

and process as that for applesauces in study I.

PRODUCT QUALITY EVALUATION

The applesauce quality evaluations were the chemical-

physical analyses (objective measurements), which were.

conducted the same manner as those for applesauces in part

I. The chemical-physical analyses (objective measurements)

included soluble solids, acidity/pH, color, and consistency.

STATISTICAL ANALYSIS

The effects of AVG treatment and maturity of apple on

chemical-physical processing qualities of applesauce were

analyzed. using' the analysis of 'variance (ANOVA) of the

statistical program, Stat View for window, version 4.5. The

chemical-physical processing qualities were analyzed as a

two-way interaction ANOVA, with AVG treatment and maturity

of apple. F values were reported. The significant level

were set at p S 0.05 (*) and p S 0.01 (**). Coefficient of

variation (%CV) expresses the standard deviation as a

percent of the calculated mean.

The differences between chemical-physical processing

qualities of each harvest date due to AVG treatment were
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determined using the t-test statistical program (paired two

sample for means), Microsoft excel for Window 95 (Ver.7).

The two sets of data were evaluated by comparing the

calculated t value with tabulated t value. When t

(calculated) value is higher than t (tabulated) value, it

indicated significant difference. The significant level

were set at p S 0.05 (*), p S 0.01 (**),p 5 0.005 (***), and

p g 0.001 (****).

The correlations between sugar content of apple and

sugar/acid ratios of applesauce due to AVG treatment,

between red percentage of surface color of apple and

greenness value of applesauce were determined using linear

regression equation from graph creating program, Microsoft

excel for Window 95 (Ver.7). The coefficient of

determination (r2) were reported.



RESULTS AND DISCUSSION

Table 36 shows sugar/acid ratio mean values of

applesauces processed from untreated control (UTC) and

Aminoethoxyvinylglycine treated (AVG) apples after 6 month

in control atmosphere (CA) storage. Increasing maturity,

due to sequential harvest dates, was related to increases in

sugar/acid ratios. From early to late harvest dates, the

sugar/acid ratios ranged from 26.73 to 33.84 °Brix/malic

acid % in UTC samples and from 25.43 to 29.07 °Brix/malic

acid %. Compared with AVG samples using paired t-test, UTC

samples showed significantly higher sugar/acid ratios on 19

Sep (P s 0.05), 26 Sep (P s 0.05), 30 Sep (P 5 0.005), 3 Oct

(P 5 0.005), 7 Oct (P g 0.005), 10 Oct (P 5 0.005), and 14

Oct (P S 0.001). The significant differences for sugar/acid

ratios between UTC and AVG samples were between middle and

late of harvest season. Figure 17 shows comparison for

sugar/acid ratios between UTC and AVG applesauces on

sequential harvest dates. UTC applesauces showed higher

sugar/acid ratio through all maturities. Increasing

maturity resulted in increase in different degree.

Figure 18 shows linear regression between sugar content

(°Brix) of fresh apples and sugar/acid ratio of applesauces
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Table 36. Comparison 3

applesauces
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f sugar/acid ratio1 mean values

from Jonago d apples on different

harvest dates (AVG‘, UTC )

2 for

 

 

 

 

Harvest date UTC AVG Calculated t

16.Sep.96 26.73 25.43 2.83

l9.Sep. 96 27.91 25.76 7.80*

23.Sep.96 29.58 26.26 3.94

26.Sep.96 30.43 27.38 8.79*

30.Sep.96 31.54 27.65 17.30***

3.0ct.96 31.43 27.39 21.66***

7.0ct.96 32.01 28.59 19.24***

10.0ct.96 31.97 28.31 20.50***

14.0ct.96 33.84 29.07 51.34****

$00,055 2.07 1.24

1. °Brix/malic acid(%)

2. n=3, t-test, * = significant at t calculated value 2

4.303 (130.05 tabulated value), ** = significant at t

calculated value 2 9.93 (to.01tabulated value), *** =

significant at t calculated value 2 14.09 “0.005

tabulated value), *** = significant at t calculated value

2 31.60 (110.001 tabulated value)

3. Applesauces processed from Aminoethoxyvinylglycine (AVG)

treated apples after 6 month in controlled atmosphere

storage

4. Applesauces processed from untreated controlled apples

after 6 month in controlled atmosphere storage

5. n=3, Least significant difference (LSDOJB) mean

separation; means are significantly different at p S 0.05

between varieties
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processed from UTC and AVG apple on sequential

harvest dates (UTC = Untreated controlled; AVG =
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processed from UTC apples and AVG apples after 6 month in CA

storage. Linear relationships were found for both UTC and

AVG samples. The coefficient of determination (r2) for UTC

samples was 0.9178, and that for AVG samples was 0.9338.

Therefore, we could use sugar content of fresh apples to

predict sugar/acid ratio of processed applesauces.

Figure 19 shows comparison for total acidity between

applesauces processed from UTC and AVG apples. Decreasing

acidity followed sequential harvest dates in both UTC and

AVG samples ‘were observed» Chen and. Mellenthin (1982)

reported that the energy and carbon sources in fruit for the

maintenance of living activities during long term storage

must be contributed by organic acids rather than sugars

after studying storage behavior of ‘d' ANJOU' pears in low

oxygen and air.

Table 37 shows consistency mean values of applesauces

processed from UTC and AVG apples after 6 month in CA

storage. Evaluation of the consistencies using a paired t—

test showed that there were no significant differences

between UTC and AVG samples on each sequential harvest date.

However, the processing procedures that were conducted were

included. improvement. of applesauce consistency' using

additions of their condensates to adjust final consistency.

Table 38 shows lightness mean values (L) of applesauces from

UTC and AVG apples after 6 month in CA storage. From

evaluation of the lightness values using a paired t-test,
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Table 37. Comparison of consistency1 mean values
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2
for

applesauces3 from Jonagold apples on different

harvest date (AVG4, UTC )

 

 

 

Harvest date UTC AVG Calculated t

16.Sep.96 4.17 3.85 3.80

19.Sep. 96 3.82 4.03 4.02

23.Sep.96 4.37 4.30 1.00

26.Sep.96 4.23 4.28 1.07

30.Sep.96 4.38 4.29 2.94

3.0ct.96 4.44 4.48 2.74

7.0ct.96 4.47 4.54 1.68

10.0ct.96 4.15 4.16 0.14

14.0ct.96 4.18 4.05 1.49

1800.055 0.31 0.29

 

1.

2.

USDA flow sheet (cm/minute); higher numbers indicate less

limited flow (lower consistency)

n=3, t-test, * = significant at t calculated value .>.

4.303 (130.05 tabulated value), ** = significant at t

calculated value 2 9.93 (to,01tabulated value), ***

significant at t calculated value 2 14.09 (110.005

tabulated value), *** = significant at t calculated value

2 31.60 (to,001 tabulated value)

Applesauces processed from Aminoethoxyvinylglycine (AVG)

treated apples after 6 month in controlled atmosphere

storage.

Applesauces processed from untreated controlled apples

after 6 month in controlled atmosphere storage.

n=3, Least significant difference (LSDQJE) mean

separation; means are significantly different at p S 0.05

between varieties



Table 38.
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Comparison of lightness (L) mean values1 for

applesauces from Jona old apples on different

harvest date (AVGZ, UTC )

 

 

 

Harvest date UTC AVG Calculated t

16.Sep.96 55.73 55.60 0.61

19.Sep. 96 55.83 55.18 3.22

23.Sep.96 55.23 54.50 2.82

26.Sep.96 55.07 54.40 3.29

30.Sep.96 54.90 54.93 0.11

3.0ct.96 55.20 55.30 0.48

7.0ct.96 55.00 54.67 2.5

10.0ct.96 55.00 55.80 2.49

14.0ct.96 56.07 55.40 1.60

1.500.054 0.13 0.97
 

1. n=3, t-test,

4.303 (to,05

calculated value

significant

tabulated value),

2 31.60 (toxml tabulated value)

at t

tabulated value),

2 9.93

calculated

*** =

** a

significant at t calculated value 2

significant at t

(to,01tabulated value), *** =

value

significant at t calculated value

2 14.09 (1.10.005

Applesauces processed from Aminoethoxyvinylglycine (AVG)

treated apples after 6 month in controlled atmosphere

storage.

Applesauces processed from untreated controlled apples

after 6 month in controlled atmosphere storage.

n=3, Least significant difference (LSD0.05) mean

separation; means are significantly different at p S 0.05

between varieties
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the significant differences between UTC and AVG samples were

not found on each sequential harvest date.

Table 39 shows greenness mean values (-a;) of

applesauces from UTC and AVG apples. Increasing maturity,

due to sequential harvest dates, was related to decrease in

greenness values. From early to late harvest dates, the

greenness values ranged from -3.60 to -4.26 in UTC samples

and from -4.03 to -4.53 in AVG samples. Evaluation of the

greenness value ‘using' paired. t-test, UTC samples showed

significantly lower greenness values on 16 Sep (P S 0.05),

19 Sep (P S 0.05), 3 Oct (P S 0.05), 7 Oct (P S 0.01), and

10 Oct (P S 0.05) than AVG samples. The significant

differences for greenness value were found between apples in

the early and the late harvest season.

Figure 20 shows linear regression between %red on

surface color of apples and greenness value of applesauces

processed from UTC and AVG apples after 6 month in CA

storage. The linear relationship were found for both UTC

and AVG samples. The coefficient of determination (r2) for

UTC samples was 0.9443, and that for AVG samples was 0.7506.

Therefore, we could use %red on surface color of apples to

predict greenness value of processed applesauces. Figure 21

shows comparison for greenness values of UTC and AVG

applesauces on sequential harvest dates. UTC applesauces

showed lower greenness values through all maturities.

However, increasing maturity resulted in decrease in



Table 39. Comparison of greenness

applesauces from Jona

harvest date (AVG
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('aL) mean values1 for

gold apples on different

)

 

 

 

 

Harvest date UTC AVG Calculated t

16.Sep.96 -4.26 -4.53 8.00*

19.Sep. 96 -4.17 -4.40 7.00*

23.Sep.96 -4.00 -4.26 3.02

26.Sep.96 -3.90 -4.03 0.92

30.8ep.96 -3.80 -4.23 2.98

3.0ct.96 -3.67 -4.17 5.00*

7.0ct.96 -3.67 -4.03 ll.00**

10.0ct.96 -3.63 -3.93 5.20*

14.0ct.96 -3.60 -4.03 2.60

$00.05" 0.32 0.45

1. n=3, t-test, * = significant at t calculated value 2

4.303 (to,05 tabulated value), ** = significant at t

calculated value 2 9.93 (to_01t_abulated value), *** ==

significant at t calculated value 2 14.09 (110.005

tabulated value), *** = significant at t calculated value

2 31.60 (110.001 tabulated value)

2. Applesauces processed from Aminoethoxyvinylglycine (AVG)

treated apples after 6 month in controlled atmosphere

storage.

3. Applesauces processed from untreated controlled apples

after 6 month in controlled atmosphere storage.

4. n=3, Least significant difference (LSD0.05) mean

separation; means are significantly different at p S 0.05

between varieties
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3 Red of UTC apples
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relationship between %red of surface color

of apples and greenness value (-aL) of

applesauces processed from UTC and AVG apples

(UTC = Untreated controlled; AVG = AVG-treated)
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Harvest date
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greenness values of both UTC and AVG samples in the same

direction.

Table 40 shows yellowness mean values (bL) of

applesauces from UTC and AVG apples. Increasing maturity,

due to sequential harvest dates, was related to increase in

yellowness values. From early to late harvest dates, the

yellowness values ranged from 20.56 to 21.77 in UTC samples

and from 21.03 to 22.57 in AVG samples. Evaluation of the

yellowness value using paired t-test, UTC samples showed

significantly lower yellowness values on 26 Sep (P S 0.05),

30 Sep (P s 0.01), 3 Oct (P s 0.05), 7 Oct (P s 0.01), 10

Oct (P S 0.01), and 14 Oct (P S 0.01) than AVG samples. The

significant differences for yellowness values were found

between apples from middle and the late harvest season.

Figure 22 shows comparison for yellowness values of UTC and

AVG applesauces on sequential harvest dates. UTC

applesauces showed lower yellowness values through all

maturities. However, increasing maturity resulted in

decrease in yellowness values during the early and middle

harvest season. and. then slightly increase in. yellowness

values at the late harvest season of both UTC and AVG

samples in the same direction.

The analysis of variance for chemical-physical

processing qualities of applesauces is presented in Table

41. The effects of treatment (UTC and AVG) and harvest
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Table 40. Comparison Of yellowness (bL) mean values1 for

applesauces from onago}d apples on different

harvest date (AVG , UTC )

 

 

 

 

Harvest date UTC AVG Calculated t

16.Sep.96 20.56 21.03 0.96

19.Sep. 96 20.27 20.90 1.73

23.Sep.96 19.27 20.53 3.64 ‘

26.Sep.96 19.70 20.92 8.92* i

30.Sep.96 19.82 21.10 13.83**

3.0ct.96 20.90 21.43 6.05*

7.0ct.96 20.83 21.27 l3.00**

10.0ct.96 20.92 21.17 6.60*

14.0ct.96 20.85 21.2 4.04

1.300.054 1.39 2.24

1. n=3, t-test, * = significant at t calculated value 2

4.303 (110.05 tabulated value), ** = significant at t

calculated value 2 9.93 (to,01tabulated value), *1” =

significant at t calculated value 2 14.09 (130.005

tabulated value), *** = significant at t calculated value

2 31.60 (110.001 tabulated value)

2. Applesauces processed from Aminoethoxyvinylglycine (AVG)

treated apples after 6 month in controlled atmosphere

storage.

3. Applesauces processed from untreated controlled apples

after 6 month in controlled atmosphere storage.

4. n=3, Least significant difference (LSDOJE) mean

separation; means are significantly different at p S 0.05

between varieties
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--e~-UTC applesauces

-—I—-AVG applesauces
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date (9 harvest dates) were found on sugar/acid ratios (P S

0.01), lightness values (P S 0.01), greenness values (P S

0.01), and yellowness values (P S 0.01). However,

consistency was affected by only harvest date. There were

significant interactions of harvest date and treatment on

sugar/acid ratio (P S 0.05), consistency (P S 0.01), and

lightness value (P S 0.01).

It could be interpreted that aminoethoxyvinylglycine

(AVG) inhibits ethylene: synthesis) and, consequently,

ripening processes in apples (Bangerth, 1978). The ethylene

productions of both UTC and AVG samples through sequential

harvest dates are presented in appendix I. After 6 month in

CA storage, the most obvious result describing the

influences of AVG on the ripening processes of apples, and

ultimately the applesauces, is the retardation of the

expected increase: of sugar/acid. ratio and acidity loss.

Therefore using AVG may enhance the apple flavor of

applesauce or other apple processed products, because

organic acids in apples have been shown to be contributors

to their own fruit flavor (Dimick and Hoskin, 1983). Many

studies have shown that AVG also improves fruit firmness

(Child et al., 1984 and Hess and Romani, 1979), which is

consistent with the firmness test for fresh apples presented

in appendix I. However, no significant difference in

applesauce consistency due to AVG treatment found in this

study could be accounted for as a result of the consistency
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adjustment during processing steps and the limitation of

storage time. Mohr (1989) who studied the influence of

cultivar, fruit maturity and fruit anatomy on applesauce

particle size and texture reported that the particle size

distribution in sauce made from Idared showed little change

until the apples had been stored for 8 months, when an

increase in the proportion of large (> 0.1 mm) particles

occurred. Spartan, McIntosh, Red Delicious, and Northern

Spy also showed little change until late storage (8 months).

The lower greenness values in AVG applesauces could

also be due to the effects of AVG delaying loss of

chlorophyll pigment. However, the yellowness values in AVG

applesauces were higher than those in UTC applesauces

through all maturities (all harvest date). Jonagold, the

cultivar used in this study, may need required time for the

initiation of alteration of yellow pigments. Another

explanation for the difference in yellowness values could be

attributed to the effect of temperature on the efficiency of

AVG. Matso et al. (1977) described that AVG is less

effective in controlling ethylene production at low

temperature and the present results of yellowness value

measurements with cold stored apples (0.1°C) may confirm

this.



SUMMARY AND CONCLUSIONS

Aminoethoxyvinylglycine (AVG) significantly affected

the over all chemical and physical characteristics of

applesauces including sugar/acid ratio, consistency,

lightness value, greenness value, and yellowness value. AVG

applesauces had lower sugar/acid ratios than UTC applesauces

after 6 month in CA storage (1.3-1.8% 02, 2-4% C02, o.r%n.

However, AVG applesauces also had higher total acidities,

greenness values and yellowness values. The significant

differences of consistencies and lightness were not found

on each sequential harvest date.

Apple maturity significantly affected the chemical and

physical characteristics of applesauces including sugar/acid

ratio, lightness, greenness, and yellowness values.

Increasing sugar/acid ratio, greenness and yellowness values

of UTC and AVG applesauces were related to increasing

maturity. Lightness values were decreasing during the early

harvest season and then increasing during the late harvest

season.

From linear regression, sugar content (°Brix) of fresh

apple could be used to predict the sugar/acid ratio of both

UTC and AVG applesauces; and red percentage of surface color

147
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of fresh apples could also be used to predict the greenness

values of both UTC and AVG applesauces.

  



APPENDIX I
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Apple production by cultivar in the United States

(1986-1987)

 

Cultivar Primary Region Production (tons)

 

 

Delicious (all)

Golden Delicious

McIntosh

Rome Beauty

Grainy Smith

Jonathan

York

Stayman

Cortland

Newtown

Winesap

Northern Spy

Rhode Island

Green n

Gravens éfin  

West

West

East

EAST

West

Central

East

East

East

West

West

East

East

West  

1,917,500

650,500

380,750

265,000

198,250

179,250

141,250

116,000

79,500

79,500

77,750

62,750

62,000

44,250
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Commercial U.S. production1 by cultivars (Manhart, 1995)

 

 

 

Cultivar 1987 1988 1989

Red Delicious 114,940,000 88,570,000 97,180,000

Golden Delicious 41,370,000 36,560,000 36,370,000

McIntosh 16,500,000 15,380,000 15,980,000

Granny Smith 10,550,000 12,010,000 14,250,000

Home 15,140,000 13,900,000 13,510,000

Jonathan 9,570,000 8,320,000 8,790,000

York 6,800,000 7,000,000 5,750,000

Stayman 5,220,000 4,710,000 4,410,000

Newtown 4,250,000 3,930,000 4,150,000

Cortland 3,120,000 2,550,000 2,790,000

R.I. Greening 2,730,000 2,250,000 3,420,000

Winesap 4,070,000 3,520,000 3,630,000

Idared 3,440,000 3,350,000 4,160,000

Northern Spy 3,080,000 2,400,000 2,730,000

Gravenstein 2,550,000 1,850,000 2,140,000

All others 12,588,000 11,736,000 12,442,000

Grand total 255,918,000 218,036,000 231,702,000

 

1. USDA statistics (42-pound boxes)
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Production figures for 1992-1993 from USDA figures and

estimates1 (Manhart, 1995)

 

 

Cultivar 1992 1993

Red Delicious 108,690,000 108,070,000

Golden Delicious 39,060,000 37,450,000

Granny Smith 16,830,000 16,370,000

Home 15,230,000 16,230,000

McIntosh 16,810,000 14,730,000

Jonathan 9,160,000 8,120,000

York 6,720,000 6,720,000

Idared 5,060,000 5,060,000

Fuji (estimated) N/A 4,580,000

Gala (estimated) N/A 4,170,000

 

1. In millions of 42-pound boxes



Top 10 states by apple production
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1 (Manhart, 1995)

 

 

State 1992 1993

Washington 114,286,000 114,286,000

Michigan 25,714,000 26,190,000

New York 27,857,000 24,286,000

Califirnia 20,000,000 20,238,000

Pennsylvania 11,905,000 13,095,000

Virginia 8,810,000 9,048,000

North Carolina 5,714,000 7,619,000

West Virginia 5,357,000 5,119,000

Oregon 4,167,000 3,690,000

Idaho 1,786,000 3,571,000

 

1. USDA records (estimated for 1993)
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Comparison of yeild} of applesauce processed fr m

traditipnal, recent, and new varieties (control , 2 month

)storage

 

 

 

 

Category Selection Control 2 month storage

Traditional McIntosh 75.65 62.00

varieties Cortland 68.20 38.80

Jonathan 67.80 48.60

Red Delicious 66.90 55.70

Northern Spy 65.60 65.20

Golden 65.02 50.80

Rome 59.50 66.80

Idared 55.84 72.80

Recent Mutsu 76.00 68.70

varieties Empire (Early) 73.00 48.00

Empire (Late) 68.60 52.00

Empire (Middle) 64.05 57.00

New Honeycrisp 69.30 62.50

varieties Jonagold 63.46 60.80

Gala 58.30 61.10

 

l.as % of initial weight (lb) of selected apples

2. Applesauces processed after fresh harvest

3. Applesauces processed after 2 month harvest
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Comparison of yeild310f frozen apple slices processed

and new varietiesfrom traditional, recent,

month storage )

(control
2

I

 

 

 

 

Category Selection Control 2 month storage

Traditional McIntosh 80.16 79.73

varieties Rome 76.69 71.74

Golden 72.35 67.26

Red Delicious 71.96 60.30

Idared 68.44 82.90

Jonathan 68.44 75.38

Cortland 68.32 74.99

Northern Spy 62.56 71.78

Recent Empire (Late) 67.30 63.98

varieties Empire (Middle) 65.09 60.42

Empire (Early) 59.69 63.80

New Honeycrisp 69.18 73.02

varieties Jonagold 67.10 75.70

Gala 57.30 57.04

 

l.as % of initial weight (lb) Of selected apples

2. Frozen apple slices processed after fresh harvest

3. Frozen apple slices processed after 2 month harvest

2

‘
7

 

fi
r
.
.
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Comparison of yeild1 of apple puree processed from

traditignal, recent, and new varieties (control , 2 month

storage )

 

 

 

 

Category Selection Control 2 month storage

Traditional Cortland 79.70 55.83

varieties Red Delicious 75.90 68.30

Golden 75.40 73.00

Northern Spy 71.96 72.80

Jonathan 71.90 65.40

McIntosh 68.44 44.00

Idared 62.82 78.40

Rome 56.60 80.40

Recent Mutsu 78.80 63.90

varieties Empire (Late) 78.69 42.00

Empire (Middle) 76.32 46.00

Empire (Early) 70.05 45.00

New Honeycrisp 82.10 75.76

varieties Gala 76.80 75.23

Jonagold 75.20 70.00

 

l.as % of initial weight (1b) of selected apples

2. Apple puree processed after fresh harvest

3. Apple puree processed after 2 month harvest



160

Wash

 

Slice

 

Steam 10 minutes at 100°C (212°F)

I 1!.-

Finish (0.060") I

 Finish (0.033")

 
Heat to 93.3°C (200°F) for immediate filling

Adjust consistency

Fill in 205 x 210 (4oz.) jars

 
Sterilization

102.8°C (217°F), 15 minutes

Cooling to 37.8°C (100°F)

 
Storage at room condition

Flow diagram for baby apple puree process
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