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ABSTRACT

A two year study was undertaken to assess the chemical and
organoleptic qualities of one crabapple and nine apple cultivars
grown on the Canadian Prairies for commercial production of apple
juice. Considerable variation was observed among the cultivars
for moisture (82.24% - 88.19%), acids (0.49% - 1.09%), sug-
ars (9.00% - 13.84%) and phenolics (0.31% - 0.53%). A pilot
plant scale filtration assembly was utilized in this study. Pec-
tinase concentration of 0.15%(w/v) was most efficient in clarifi-
cation of raw apple juice. The enzyme clarified apple juice was
pumped through a cartridge membrane filtration system ranging
from 106 to 0.22u for clarification, polishing and sterilization.
The cartridge membrane filters reduced the turbidity of the juice
from 106 to 0.3 JTU (Jackson Turbidity Unit). Yeast and mold
counts were nil on the £final product. Organoleptic studies
revealed that perceived sweetness increased as the sugar-acid
ratio increased, while sourness increased with a decrease in sug-
ar-acid ratio. Breakey and Collet cultivars had the acéeptable
sugar-acid ratio required to make single cultivar juice. The
other cultivars were less suitable due to wider range of composi-
tional differences. The blended juices prepared from the sample

juices compared very well with commercial apple juice.
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INTRODUCTION

Apple production on the Canadian Prairies has received strong
support from the various segments of the Horticulture Industry
since the 1930's. Unfortunately the rigorous climatic conditions
have prevented the utilization of the major apple cultivars. The
Western Canadian Society for Horticulture initiated the Coopera-
tive Fruit Breeding Program in the 1940's to select and propogate
hardy fruits suitable in the Prairie region. There were three
phases in this program: 1) several crosses made at Morden, Mani-
toba were distributed to other Prairie testing sites (ie. Brooks,
Alberta and Melfort, Saskatchewan); 2) selections were made from
the crosses based on the hardiness, resistance to disease and
overall fruit quality; 3) these selections were then named and
released to the commercial trade. The ultimate objective of the
program was to have tree fruits 1in every farmstead. At no time
was the program 1identified with the establishment of commercial
orchards on the Prairies.

The per capita consumption of apple juice has increased dra-
matically in the last decade from 4.18 kg in 1970 to 8.50 kg in
1981. Changes in the life style and improvements in juice quality
through developments in juice processing technology are two pos-
sible reasons for the increased popularity of apple juice. The
apples developed by the Cooperative Fruit Breeding program have
become popular in the rural communities on the Prairies for juice
because of their unique strong apple flavors. Their potential for
this industry is unknown at this time.

The Food Science Department and the Agriculture Canada




Research Station at Morden, Manitoba initiated a program of stud-
ies designed to assess the food quality characteristics of some
of the apple cultivars selected by the Cooperative Fruit Breeding
Program. It has generally been stated that these cultivars will
not produce fruit acceptable for the fresh trade because they are
smaller in size than normal commercial apples. Prior to this
study these cultivars have never been evaluated for the produc-
tion of processed products. Hence this two year study (1983 and
1984) was the completion of a three year program to characterize
the overall quality of one crabapple and nine apple cultivars.
The specific objectives of this study were:

1. to analyze the fruit for moisture, pH, acidity, soluble sol-
ids, and phenolic content.

2. to process the fruit into juice utilizing a cartridge membrane
filtration system and to evaluate the efficiency of this sys-
tem for a small juice processing plant.

3. to analyze the juice for pH, acidity, sugars and phenolic
content. ,

4. to assess the sensory qualities of the juices from ten culti-
vars.

5. to evaluate the potential of the juice from the cultivars used
in this study for commercial apple Jjuice.



2. LITERATURE REVIEW

2.1. General:

Commercial production of canned and bottled apple juice
started in North America about 1937 ( Moyer and Aitken, 1980). It
has gradually increased in importance since that time. A strong
cottage industry for the production of apple cider had developed
in the major apple producing regions of North America prior to
the 1950's. Today, apples are processed 1into a wide variety of
products which are classified as liquid, solid, or pureed prod-
ucts (Table 1). According to La Belle (1981), apples may differ
in size, shape, specific gravity, color, firmness, soluble sol-
ids, acidity, and pH because of variety, maturity, or postharvest
.conditions. The importance of various quality characteristics
for the processing of apple juice is presented in the following

section.

2.2. Processing Parameters for Apples

Alston (1979) classified the fruit into four categories: eat-
ing quality, appearance, storage quality and processing quality.
The fruit used for juice is normally second grade (Smock and Neu-
bert, 1950). According to Moyer and Aitken (1980), Jjuice manu-
facturers use varieties which are available in surplus or
rejected from the fresh fruit market mainly due to their physiéal

injury, size, shape, color and blemishes.

2.2.1. Soundness

In order to produce a good quality juice, the apples should



Table 1. Classification of products processed from apples

" Liguid Solid Pureed
Cider(fresh) Baked whole apple Apple sauce
(including baby food)
Juice(fresh or Slices or pieces
pasteurized)
Juice or concentrate Fresh Nectar
Hard (fermented cider) Frozen Apple butter
Wine Dehydrofrozen
Vinegar Rings (canned,
spiced)

Adapted from La Belle (1981).



not be wholly or partially decgyed because these can impart a
"moldy" flavor to the Jjuice. According to Moyer and Ait-
ken (1980), decayed fruits produce Patulin a mycotoxin.
Recently, Roland et al. (1984) reported that Patulin is highly
toxic and has been shown to be carcinogenic in 1laboratory ani-
mals., Patulin is produced by Penicillium expansum, P.__patulum
and Aspergillus lavatus (Moyer and Aitken, 1980; Scott and Bull-
erman, 1975), Other blemishes and defects seem to have little
effect on the quality of the juice. For example, Moyer and Ait-
ken (1980) reported that scab, scale spots and aphid injury do
not adversely affect the quality of juice. However, Smock and
Neubert (1950) reported that a physiological disease known as
"cork" seriously injures the quality of apples and results in

lower yield without contributing any off-flavor.

2,2.,2, Maturity

Maturity of apples is perhaps the most important factor in
the production of apple juice. The immature and overmature apples
seem to be unsuitable for the production of juice. According to
Moyer and Aitken (1980), immature apples tend to have high acid
and an astringent taste. They lack in sweetness, apple flavor and
impart a "starchy" or green apple taste due to a high percentage
of starch. Krishnaprakash et al. (1985) observed that the posi-
tion of the apple on the tree influenced the rate of maturation.
Fruits at the bottom of the tree matured earlier than those at
the middle and the top. They suggested that it is desirable to

harvest apples from the bottom half of the tree earlier than the



top with a gap of 7-10 days between harvests. Improvement in the
guality of the juice is due to the conversion of starch into sug-
ars (Moyer and Aitken, 1980). Sapers et al. (1977) reported that
with different harvest times (maturities) there was a decrease in
acidity, with an increase in soluble solids and volatile composi-
tion in MclIntosh apples. According to Bradley and Brown (1969),
fruit from the early and midpicking season was unsuitable for
juice processing. After a certain period of storage, however, it
develops satisfactory processing characteristics. These benefi-
cial storage changes are due to the breakdown of starch which
results in an increase in the sugar content of the fruit. Hence,
with storage and maturity the quality of the juice 1is improved
mainly due to an increase 1in sugar content (sweetness), a
decrease in acidity (sourness), and an increase in the volatile
composition (aroma) of the apples.

On the other hand, overmature apples are unsuitable for juice
production because they are difficult to press, filter, and clar-
ify, thus resulting in a low yield. The juice is of a poor qual-
ity lacking in flavor. LaBelle (1981) reported that overripe
apples have high levels of suspended solids in the juice. Even
though the suspended solids are removed during clarification, the
filtration efficiency and juice yield are affected by their high
level. Overmature fruit is more susceptible to mealiness, fungal
disease and breakdown due to senescence (Anonymous, 1974). There
is no easy way to make an exact assessment of maturity. Indices
of maturity include skin color, flesh color, seed color, starch

content, ease of, picking and the Magness Taylor pressure



test (Anonymous, 1974).

2.3. Juice Processing

2.3.1. Clarification

North American consumers prefer apple juice free from sus-
pended solids. However, fresh apple juice has a cloudy appearance
due to the presence of suspended solids. Suspended solids are
colloidal in nature because they consist of mucilaginous, hydro-
phillic gums and pectic substances (Mian and Bhatti, 1969; Smock
and Neubert, 1950). Clarification of apple juice is necessary in
order to prevent the rapid clogging of filters during the filtra-
tion process (Moyer and Aitken, 1980).

To accomplish clarification numerous methods have been proposed.
It is based on the ability to disrhpt the colloidal system which
can be achieved by chemical or mechanical means. Carpenter
et al. (1932) recommended that the juice be flash heated to 82°C
for twenty seconds and cooled immediately to coagulate the sus-
pended particles. Probably the best known and most widely used
methods are the gelatin-tannin and enzyme (pectinase) methods for
clarifying apple juice. Small amounts of pectic enzymes occur
naturally in fresh apple juice (Anonymous, 1982). According to
Smock and Neubert (1950), clarification must be fairly rapid to
prevent fermentation. Therefore, pectinase enzyme must be added
to reduce the time requirement for clarification so that fermen-

tation will not occur during treatment.

2.3.1.1. Enzyme Clarification



The filtration procedure 1is simplified if the Jjuice is
subjected to enzyme clarification which 1is capable of disrupting
the colloidal system. Pectin 1is a protective <colloid which
retards the settling of particles. Pectin is made up primarily of
(l—4)a~D-polygalacturonic acid in which two thirds of the carbox-
ylic groups are esterified (Eskin et al. 1971). Product charac-
teristics affected by pectin include viscosity, color stability,
clarity and possibly flavor (Kilara, 1982). Hence it is necessary
to depolymerize the pectin with pectinase during clarification.
The commercial term "pectinase” is given to an enzyme preparation
which is obtained from molds of the genus Aspergillus (Kilara,
1982). It is available in liquid and dry powder form. It consists
of a mixture of polygalacturonase and pectin esterase (Smock and
Neubert, 1950). The enzyme has the ability to hydrolyze pectin
and reduce the viscosity of the juice thus making it easier to
filter,

A number of enzyme preparations have been employed to clarify
apple juice. Early investigations include the use of protein and
starch splitting enzymes (Smock and Neubert, 1950). These enzymes
were not able to produce filterable juice due to the fact starch
and protein substances are only minor constituents of apple
juice. Recently, McLellan et al. (1985) suggested the use of
honey and enzyme separately and in combination for clarification
of apple juice. They also reported that the combined treatment of
enzyme and honey induced rapid floculation as compared to enzyme
alone at cold as well as warm temperatures. McLellan

t al. (1985) recommended the use of 1.0% honey for clarifica-




tion. The exact mechanism of clarification with honey or honey
plus enzyme is still not clear, but it is assumed to be a pro-
tein-tannin reaction which is similar to the commercial gelatin-
tannin method (Kime, 1983). Mian and Bhatti (1969) recommended
the use of pectinol enzyme (0.1%) and bentonite (0.5-0.6%). How-~
ever, Moyer and Aitken (1980) suggested that tests be carried out
to establish the proper enzyme concentration.

Parameters affecting clarification are pH, temperature, con-
tact time and enzyme concentration. The pH is influenced by vari-
ety and maturity. The pH of apple juice is between 3.2-4.0, fall-
ing within or slightly below the optimum range exhibited by most
commercial enzymes (Kilara, 1982). McLellan et al. (1985)
reported that as temperature increased the rate of clarification
increased. Denaturation of the enzyme was observed at higher
temperature (45-60°C) (Kilara, 1982). Commercially available
enzyme contains 0.005 to 0.01% gelatin. It seems that gelatin
helps in clarification by forming a gelatih—tannin complex. Gela-
tin is positively charged, whereas the colloidal material dis-
persed in apple juice is negatively charged, thus the oppositely
charged particles coalesce and precipitate. It is still not clear
if gelatin promotes floc formation or speeds up pectinase action
by removing inhibitors such as tannins (Hathaway and Seakins,
1958). According to Moyer and Aitken (1980), gelatin cuts the
clarification time in half whereas, Smock and Neubert (1950)
reported that gelatin stablilizes the enzyme in solution. In gen-
eral, the time required for clarification is inversely propor-

tional to the concentration of the enzyme used at constant temp-
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erature (5-50°C) and treatment time (2-16 hours).

2.3.1.2. Clarification Mechanism

The mechanism of clarification can be divided into three dis-
tinct stages:

1. Enzyme Hydrolysis

2. Flocculation

3. Sedimentation

Freshly pressed apple juice has a cloudy appearance due to
the presence of suspended particles. Pectin prevents the settling
of particles due to its colloidal properties. Baumann (1981)
observed that spontaneous clarification was not possible because
pectin prevented proteins from reacting with polyphenols. He
further stated that each stage of clarification is influenced by
viscosity.

In the first stage of clarification the colloidal properties
of pectin are disrupted by the addition of the enzyme due to
enzymic hydrolysis. Baumann (1981) reported that the second stage
of clarification will occur only when the viscosity is decreased.
This can be achieved when 5-10% of the glycosidic linkages are
split. The floc formed eventually settles down due to the

electrostatic interaction between unlike charges (Kilara, 1982),

2.3.1.3. Sedimentation _in Clarified Apple Juice

Clouding followed by sediment formation has been a problem
ever since apple juice was first manufactured. It occurs during
storage of clarified apple juice. Kilara (1982) termed this

defect as "After Haze", that occurs in juice processed at temper-
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atures higher than storage temperatures.

Formation of sediments in fermented pear Jjuice was first
recorded by Kelhofer in 1908 was reported by Johnson
et al. (1968). They concluded that the sediments contained pec-
tin, protein and oxidized tannins. However, Neubert and Veldhuis
(1944) reported that the sediment was probably a phlobaphene, a
polymeric phenolic material. Kilara (1982) suggested that leu-
coanthocyanidins and catechins were the precursors of the poly-
meric phenolic fraction of the sediment formed during the milling
and pressing operations. Although chlorogenic acid is one of the
principal polyphenols occurring in apples, it is doubtful that it
contributes towards sediment formation (Johnson et al., 1968).
According to Heatherbell (1976), sediments could arise from
incompletely degraded pectins and starch-tannin complexes. It is
reported that amylose and/or amylopectin fragments eventually
precipitate (retrogradation) and remain in the apple juice during
clarification and filtration. Apparently amylose/amylopectin
polymers can complex with small amounts of protein and phenolic
substances during retrogradation (Heatherbell, 1976). Retrogra-
dation is accelerated at low temperatures by the presence of tan-
nins and proteins (Whistler, 1953).

Sedimentation problems in clarified apple juice could be
overcome by the addition of nonacidulated, starch-free, 1liquid
pectin just prior to flash pasteurization (Sméck and Neubert,
1950). On the other hand, Hulme (1958) recommended the use of

only fully matured or stored apples which have a low starch con-

tent.
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2.3.1.4, Effect of Clarification on Juice Quality

Several investigators have studied the chemical changes
occurring in Jjuice as a result of clarification. According to
Smock and Neubert (1950) suspended solids contribute flavor to
freshly pressed apple juice, which is lost during clarification.
However, the removal of suspended solids is advantageous because
cloudy juice tends to develop a cooked flavor. Kilara (1982)
observed a reduction in viscosity due to the removal of pectin in
the enzyme treated juice whereas McLellan et al. (1985) observed
just the opposite in the honey treated juice.

Loss of astringent substances including tannins was observed
in enzyme treated juice (Smock and Neubert, 1950). This loss can-
not be explained on the basis of enzyme action and 1is probably
dué to coprecipitation with other suspended material. The gela-
tin-tannin treatment has been found to have a variable effect on
astringency and the tannin content of apple juice. According to
Moyer and Aitken (1980) gelatin-tannin clarification yields juice
much lighter in color as compared to enzyme treated juice. McLel-
lan et al. (1985) observed an increase in °Brix and total solids
due to an increase in the sugar content of the honey clarified
and honey-enzyme treated juice. In short, consumers prefer clear
apple juice, but they are very critical about the changes caused
in apple juice as a result of the <clarification process (Smock

and Neubert, 1950).

2.3.2. Membrane Filtration

Since the early 19th century, the traditional plate and frame
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filter press incorporated mainly with an asbestos sheet was used
for the clarification and sterilization of juices (Wale, 1982).
However, the plate and frame filter press had its own disadvan-
tages like leakage problems, plate gasket alignment, contamina-
tion of the exposed filter sheet, and the long cumbersome set up
procedures involved. Fiore and Babineau (1979) reported health
hazards like pulmonary fibrosis, bronchogenic carcinoma and gas-
trointestinal tract cancer with the asbestos material. Asbestos
fibers were also found in beer (Biles and Emerson, 1968). In 1976
the FDA restricted the use of filters containing asbestos. Since
then the use of membrane filters has greatly increased.

Membranes are made from a variety of synthetic materials
including cellulose acetate, cellulose nitrate, polypropylene and
polycarbonate. Membrane filters are basically screen-type fil-
ters (Rankine, 1983). They have the capacity to remove all par-
ticles larger than the pore size of the membrane (Reeves, 1983).

Filtration is defined as the process of separating a solid
from a ligquid by means of a porous substance through which only
the 1liquid passes. There is no one process which meets all
requirements. The first filtration operation is coarse filtration
either through a diatomaceous earth filter or a coarse grade of
sheet filter. Membrane filters are used prior to bottling in
order to ensure complete removal of microorganisms and improve
clarity. Filtration is a highly efficient and relatively inexpen-
sive process for product recovery, clarification, and stabiliza-
tion (Fiore and Babineau, 1979). Stabilization of juice by means

of filtration represents:
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a) Energy cost saving
b) Elimination of heat treatment

and
c) Assurance from microbial instabilities.

2.3.2.1. Sterilization of Apple Juice by Filtration

Sterilization of fruit juices has become increasingly impor-
tant as the fruit juice industry has developed. Schelorn (1953)
reported that apple juice could be spoiled by molds, surface
yeasts, and lactic and butyric acid bacteria. These microorgan-
isms can cause cloudiness, changes in the organic acid content
and production of alcohols. The most common methods used to pre-
serve apple juice are pasteurization, chemical'treatment, refrig-
eration and filtration.

Pasteurization is the most common method used commercially to
preserve apple juice. Carpenter et al. (1932) reported that pas-
teurization of juices resulted 1in precipitation which rendered
the product wunattractive to the consumer. They further stated
that pasteurization had a detrimental effect on flavor. Carpenter
et al. (1932) recommended that fruit juices be sterilized by fil-
tration.

Marshal and Walkley (1951) reported that multiple passage of
juice through filter plates reduced the number of microorganisms
to zero. Reeves (1983) reported that all the insoluble solids and
microorganisms that are larger than the pores are retained on the

surface of the membrane and as a result the emerging juice is

practically stable. Peleg and Brown (1976) observed a decrease in
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the flow rate due to gradual blockage of the membrane pores with
microorganisms. They also reported that the output through the
membrane was uneconomical due to compression of retained parti-
cles on the membrane surface. The retained particles provide a
resistance to the flow rate which would be compensated for by
increasing the pressure. Reeves (1983) observed that under high
differential pressures the membranes allowed the yeasts to pass
-through due to distortion of the microbial cells. He suggested
that fluctuations in the flow rate and pressure should be
avoided. Hence, Reeves (1983) recommended the use of membrane
filters of 0.45 um pore size, rather than 0.65 um pore size for
the complete removal of bacteria. The possible advantage offered
by the so called "cold sterilization" procedure includes low
enerqgy requirements and production of better flavored

juice (Smock and Neubert, 1950).

2.3.2.2. Turbidity and Filter Performance

Turbidity can be defined as the optical property of a sample
that causes light to be scattered and absorbed rather than trans-
mitted in a straight line through the sample (A.P.H.A., 1975).
It can be expressed by a composite relationship (Heimenz, 1977).

1/Io= exp (-(a+t)A1 3
where:
I= Intensity of transmitted light
Io= Intensity of incident light
a= absorbance
t= turbidity
1= light path

Turbidity is expressed as JTU (Jackson Turbidity Unit). It can
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also be expressed as FTU (Formazin Turbidity Unit), TU (Turbidity
Unit) and NTU (Nephelometer Turbidity Unit).

Turbidity is measured by a photoelectric instrument in terms
of intensity of light. The nephelometer measures the intensity of
scattered light at a 90° angle to the plane of propagation of the
incident light (Simms, 1976). Peleg and Brown (1976) used a tur-
bidimeter to monitor filter performance of wines. They observed
that pressure drop was building at a fairly constant flow rate
after 20 minutes, which indicated a low turbidity level. Longer
filtration cycles were economical from a guality and stability
point of view (Peleg and Brown, 1976). Turbidimeters are influ-
enced by the size, shape and refractive index of suspended parti-
cles (Black and Hannah, 1965). Hach (1976) suggested that the
sample céll should be clean and free from scratches or smudges
because glass could cause the light to refiect and scatter. Such
stray light gives a false turbidity measurement. Simms (1976)
reported that turbidimeters are influenced by bubbles. However, a
turbidimeter may tell us if the juice is turbid or not but it

will not warn of any microbial load (Peleg and Brown, 1976).

2.3.2.3. Economical and Regqulatory Aspects

Economical use of membrane filters is dependent on clarifica-
tion, pre-filtration procedures and the flow rate at which fil-
tration is conducted. Adequate pre-filtration and the use of
appropriate filters.can extend the life of the final or steriliz-
ing filter. Clogged filters can often be regenerated by rinsing

with water in the forward direction for 10-20 minutes (Neradt,
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1981). However, filter regeneration with warm water (55°C)
clogged the filters due to denaturation of proteinaceous subs-
tances (John, 1982). Both Neradt (1981) and John (1982) recom-
mended that regeneration should be followed by sterilization with
hot water at 85-90°C for 20 minutes. Reeves (1983) reported that
sterilization by steam could damage the membranes.

The removal of suspended particles is important from the regu-
latory point of view. According to the Department of National
Health and Welfare apple juice:

-"shall have a specific gravity of not less that 1.041 and
not more than 1.065 (20°C/20°C), and shall contain 1in
100 mL measured at a temperature of 20°C, not less than
0.24 g and not more than 0.60 g of ash of which not less
than 50% shall be potassium carbonate" (Anonymous, 1981).
Hence, it is important to monitor the changes in the ash content
and specific gravity to know whether or not filtration processing

could make apple juice unacceptable even without any adultera-

tion.

2.3.2.4. Effect of Filtration from the Sensory Point of View

During filtration, suspended particles and microorganisms are
removed thus producing a clear juice. Consumers have shown a
preference for clear apple juice (Smock and Neubert, 1950). From
the sensory point of view, it is necessary to know the changes in
the sugar and tannin content of the juice due to filtration.

However, information available regarding changes in apple
juice as a result of filtration 1is limited. Smock and Neu-
bert (1950) recognized tannins as the constituents of suspended

particles. Johnson et al. (1968) reported the changes in the tan-
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nin content upon the removal of suspended particles. Information
on changes in the sugar and acid contents due to filtration are
scarce. According to Charley (1932), filtration of apple juice
adversely affected the color and the "body" of apple juice. Neu-
bert (1943) suggested that changes in the viscosity caused the
change in the "body" of apple juice. Charley (1932) stated that
pectin gave body to apple juice. However, Grove (1930) associ-
ated "body" with tannin content rather than pectic substances.
Neubert (1943) reported that the "body" of apple juice varied
with maturity. This is 1in agreement with Clague and Fell-
ers (1936) who reported that cider became more viscous as the
fruit became more mature, due to the increase in soluble pectin

content during storage.

2.4. Correlation Between Analytical, Sensory_and Instrumental

Measurements in Apples and Apple Juice

The production of apple juice continues to increase because
it is consumed as a wholesome and nutritious beverage (McLellan
et al., 1984). The product attributes which determine consumer
acceptability include appearance, aroma and flavor. Several
attempts have been made to correlate analytical, sensory and
instrumental measurements by which quality of both apples and
their products can be assessed and compared. LaBelle
et al. (1960) studied brix,total acidity and brix/acid ratios
versus flavor. Poll (1981) evaluated 18 apple varieties both
organoleptically and chemically for their suitability for juice

production. Voho and Varo (1975) also looked at chemical and
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organoleptic qgualities of 10 Finnish apple varieties. Analytical
measurements such as sugar, acid and polyphenol contents have

been used for estimating the quality of apples (Lopez t al.,

1958; Poll, 1981; Voho and Varo, 1975). Sensory scores of attri-
butes such as aroma and flavor were correlated with analytical
measureﬁents to get an indication of the guality and acceptabil-
ity of apple juice (Poll, 1981).

Watada et al. (1985) studied sweetness, acidity, crispness,
hardness and juiciness of Golden Delicious apples using optical
measurements. Guadagni et al. (1966) and Dimick and Hos-
kin (1981) identified a number of volatile compounds responsible
for aroma using gas chromatography. Wilson gt al. (1984) investi-
gated flavor differences in the juice produced by ultrafiltration
and conventional processing techniques. Esselen (1945) investi-
gated the effect of different methods of clarification on the
flavor of apple juices. Carpenter (1933) first reported on the
public acceptability of carbonated versus non-carbonated apple
juice. Bright and Potter (1979) reported on the overall accept-

ability of carbonated versus non-carbonated apple juice. McLellan

l. (1984) investigated carbonated apple juice at various lev-

et
els of soluble solids and carbonations. In recent years, Moskow-
itz and von Sydow (1975), Williams (1975) and Durr (1979) have
developed the vocabulary to describe aroma in apple juices which
is easily understandable and accurately definable. Hence, the
combined use of sensory and analytical procedures would give an
indication of the relative importance of the characteristics for

acceptance and quality.
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2.4.1. Chemical Analysis of Apples

Several extensive studies have been made on the chemical com-
position of apple juice and apple varieties (Lopez et al. , 1958;
Kochan,1968; Bradley and Brown, 1969). The first chemical analy-
sis ever reported on the whole fruit was in 1887 (Lopez et al.,
1958). Smock and Neubert (1950) observed considerable variations
in the acid, sugar and tannin contents among varieties and within
varieties. These variations in the chemical composition are
mainly due to the unigue weather and growing conditions of the
area where the apples are grown. Lopez et al. (1958) 1looked at
the pH, total acidity, soluble solids, sugar, ash and tannin con-
tents in ten Virginia grown apples. Dryden and Hills (1957)
studied titratable acidity (TA), brix, and brix/acid ratios.

Each apple producing area has its own favorite juice. Apples
that are acceptable in one area may be considered to be poor in
another area. A classic example 1is the McIntosh wvariety whose
juice is considered to be of a mediocre quality in the eastern
part of North America, but seems to make a satisfactory juice in
the western part (Moyer and Aitken, 1980). Furthermore, Moyer and
Aitken (1980) reported that acidity tends to increase among apple
varieties grown from South to North. Acidity tends to be low
ranging from 0.25 to 0.45% in the south-eastern state in Vir-
ginia, in Pennsylvania ranging from 0.35 to 0.55%, while in
Nova Scotia acidity tends to be high ranging from 0.45 to 0.88%;
all calculated as malic acid on a fresh weight basis.

Data on chemical composition of apples is useful not only for

nutritionists but also for processors (Lopez t al., 1958).
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According to LaBelle (1981) the desirable characteristics of pro-
cessing apples include good flavor, firm texture, high tartness,

acceptable color and high yield.

2.4.2. High Performance Liguid Chromatogqraphic Determination of

Sugars and Acids in Apple Juice

Apple juice is known to contain approximately 85% water,
10-12% carbohydrates, 1% pectin, 0.5% organic acids, 0.5% of var-
ious components such as potassium, amino acids, phenolics and
small amounts of volatile flavoring compounds (Ryan, 1972).
Fructose, glucose and sucrose were reported as the main sugars in
apples (Moyer and Aitken, 1980). Presence of sorbitol (alcohol)
has also been reported in apples (Minsker, 1962). Malic acid has
been reported as the predominating acid with lesser amounts of
citric and quinic acids (Moyer and Aitken, 1980). In addition,
there have been reports of the presence of glycolic, succinic,
lactic and galacturonic acids (Moyer and Aitken, 1980).

For the determination of individual sugars, several time-con-
suming techniques have been used. These techniques include enzy-
matic , spectrophotometric and chromatographic procedures (Hurst
et al., 1979). The chromatographic procedures most commonly used
include paper, thin layer (TLC), and gas liquid (GLC). In gas
chromatography, sample preparation is very laborious, especially
the derivatization procedure of the sample (Wilson et al., 1981).
However, with the advent of high performance liquid chromatogra-
phy (HPLC), the analysis of foods and beverages has been simpli-

fied. The advantages include: rapid analysis, specificity of
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analysis, detection at low levels and simplified sample
preparation (Coppola, 1984). It performs at room temperature,
and unlike gas chromatography does not require high temperatures.
An HPLC system consists of a stationary phase, a mobile
phase (liquid), a pumping system and a detector. Detectors com-
monly used are the ultraviolet (UV) and refractive index (RI).
Reyes et al. (1982) compared the three analytical methods- HPLC,
GLC and enzymic methods for determining sugars and acids. They
observed that the %CV (coefficient of variance) was lower for
enzymic and HPLC analyses as compared to GLC. The three sug-
ars (fructose, glucose and sucrose) determined guantitatively by
HPLC and enzymic methods were in closer agreement than GLC. How-
ever, they found a large variation for the acids using the above
mentioned methods. |
HPLC has also been used to detect adulteration of apple
juice (Coppola, 1984; Zyren and Elkin, 1985). Smolensky and Van-
dercdck (1980) reported the presence of grape juice in apple
juice. Recently, Zyren and Elkin (1985) detected the presence of
high fructose <corn syrup and beet sugar in non-authentic apple
juice. Evans et al. (1983) and Zyren and Elkin (1985) detected
the presence of D-malic acid (synthetic malic acid) which is a
clear indication of adulteration because this isomer does not
occur naturally in apple juice. 2Zyren and Elkins (1985) detected
fumaric acid (3 mg/L) and concluded that fumaric acid might have
occurred as a by-product during the production of synthetic malic
acid. However, Evans et al. (1983) reported that fumaric acid

would be present as a result of extremes in process-
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ing (clarification and concentration processes).

2.4.3. Quantitative Descriptive Analysis

Sensory evaluation is concerned with measuring and evaluating
properties of foods using humans as instruments. The potential of
humans as an instrument is expandable through selection, motiva-
tion and training (Durr,1979). It is less costly to run tests
for differences using ttained panelists, rather than large con-
sumer type groups because trained panelists have superior dis-
crimination abilities (Baker and Amerine, 1953). Also, if trained
panelists cannot £find significant differences between products
under test, average consumers would notblikely be able to find
any either. Even though the field of sensory evaluation is rela-
tively new, it has gained much attention from researchers. Scien-
tists are 1looking for better methods which can provide maximum
information on sensory attributes with least limitations. In view
of these rapid changes, the concept of sensory evaluation grew
from a "single expert" situation to the "group expert"
approach (Stone et al., 1980). As an alternative to the avail-
able gqualitative procedures, a descriptive procedure that was
guantitative and which could be applied to food products was nec-
essary.

A descriptive sensory approach known as the Quantitative
Descriptive Analysis (QDA) was first introduced by Stone
et al., 1974). 1In this technique the trained panelists identify
and quantify in order of occurrence, the sensory properties of a

product or an ingredient. The data are is presented graphically
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so that by comparing the profiles of the current products versus
thé ideal, the product researcher can quickly ascertain how
closely two profiles coincide with each other. Literature on the
application of QDA methodology is rather limited. Mecredy
et al. (1974) used thelQDA method to recognize the subtle differ-
ences between various beers. The QDA method can be very useful in
product development, quality control and product improvement
because’ of 1its relative ease of implementation and analy-

sis (Stone et al., 1974).

2.4.4. Blending

The juice is of a better qQuality when two or more varieties
are blended, rather than juice from one variety (Moyer and Ait-
ken, 1980; Esselen, 1945). Arengo-Jones (1940) found that the
McIntosh apple grown in Ontario and Quebec is extremely useful
for blending, but when used alone 1its flavor was too strong and
imparted a perfumed flavor on aging. Blgnding is normally done at
the time of grinding because it is easier to blend the apples
rather than making juice from separate varieties and blending
them at a later date. The flavor and quality of apple juice is
dependent upon the sugar, acid and tannin contents of the apples.
The production of high quality juice 1is dependent upon the above
mentioned constituents. Apples vary from variety to variety,
from season to season and according to the section of the. country
where they are grown.

Moyer and Aitken (1980) classified apple varieties into 5

classes:
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I) Acid to Subacid
I1) Subacid to Mild
II11) Aromatic

IV) Astringent

V) Neutral.

Apples from Group I are not suitable for single variety juice
because of their high acid content. The acidity could be diluted
with the addition of 10-20% of the juice from Group II or III or
both. This mixture could be blended with some juice of Group IV.
According to Smock and Neubert (1950) varieties with higher por-
tions of acid could be utilized at the end of the pressing season
because fruit acidity decreases with advanced maturity.

Good quality apple juice is obtained from varieties listed in
Group II and III. However, with the addition of 5% of the vari-
eties listed in Group IV the quality of the juice can be further
improved. .Apples from Group III provide an acceptable flavor.
Apple varieties listed in Group IV contribute astringency whereas
those in Group V being neutral, could be best utilized to reduce
acidity especially those listed in Group I.

Clauge and Fellers (1936) emphasized that there is no rule
for blending that could prove infallible. According to these
workers, the factors to be considered for blending include total
acidity, °Brix, tannin content and the pH. Whereas Moyer and Ait-
ken (1980) reported that the flavor of apple juice 1is based on
two factors: (1) sugar-acid balance and (2) aroma. Sugar-acid
ratios have been helpful in evaluating apple quality (Lopez
et al., 1958). However, sugar-acid ratios are of a relative

nature only, that 1is, the quality cannot be determined by the

sugar-acid ratio. For example, McIntosh and Rome Beauty have the
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same sugar-acid ratios, but McIntosh is consumed the most (Lopez
et al., 1958). A sugar-acid ratio of 15-18 was judged to give the
optimal balance of sweetness and sourness (Poll, 1981). Voho and
Varo (1975) found that the sugar-acid ratio alone was not a reli-
able measure of the organoleptic quality in Finnish apples. The
sugar-acid balance contributes the sweetness and sourness, ast-

ringent taste is contributed by the tannin content and aroma by

volatile constituents of the apples (Poll, 1981).

2.4.,5, Effect of Time and Temperature on the Sensory Quality of

Apple Juice

The critical factors affecting aroma and taste are tempera-
ture and time. That is, from the time of production until con-
sumption the juice is likely to undergo a storage period. Litera-
ture regarding the influence of storage time and storage
temperature on the sensory qualities of the juice is limited.

Aldehydes and esters were responsible for apple aroma (Dimick
and Hoskin, 1981). According to Poll (1983a) apart from aldehydes
and esters, alcohols were also associated with apple aroma.
Changes in the aroma are due to the breakdown of esters, aldeh-
ydes and/or alcohols (Dimick and Hoskin, 1981). Poll (1983b) and
Nursten and Wolfe (1972) suggested that changes in aroma could be
due to Maillard reaction products formed after heating the juice
for a long period of time. According to Poll (1983a) the loss in
aroma and development of cooked aroma was observed after heating

the juice at a higher temperature for a short period of time.
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3. MATERIALS AND METHODS

3.1. Source of Material

This study was carried out for two years (1983 and 1984).

One <crabapple (Kerr) and nine apple cultivars and selections
(Breakey, Collet, Goodland, Heyer#l2, Norland, PF #36, PF #50,
PF #51 and Westland), here after identified as cultivars were
selected from the Prairie Tree Fruit Cultivar Cooperative Pro-
gram, located at the Agriculture Canada Research Station, Morden,
Manitoba. Approximately 60 kg lots of each cultivar were hand
picked at their proper maturity. Following picking, the apples
were transported to the Department of Food Science, University of
Manitoba, Winnipeg where they were stored at 85-90% relative
. humidity and 1-3°C. Three samples (ca 500g each) were selected
from each lot for the chemical analyses and the remainder pro-
cessed to juice as described in section 3.2.3 and 3.2.4. Chemical
analyses were performed within two days, except polyphenols which

were determined after two months of storage.

3.1.1. Sample Preparation

About 15-20 apples were quartered and blended with an Oster
blender. Immediately three 20-25g samples were weighed in alumi-
num dishes for moisture determinations.

One hundred and fifty grams of the apple slurry were weighed
into a 2L beaker to which 400 ml of distilled water was added and
boiled for 1lhr. This sample was transferred to a 1L volumetric
flask, cooled, diluted to volume and filtered through ordinary

cotton. Total acidity, pH and total soluble solids were performed
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on the filtrate.

3.1.2.Analytical Methods and Statistical Analysis

Total moisture was determined on 20 g samples by the vacuum
oven method as reported in A.0.A.C. (1975) 22.,018. Results were
expressed as percent moisture.

pH values were obtained using a digital type pH meter. Total
acidity was determined by titrating 50 ml of juice with 0.1N NaOH
to a pH end point of 8.1. Results were expressed as percent malic
acid.

Total soluble solids (TSS) were determined using an Abbe
table refractometer. The refractive index was corrected for temp-
erature and converted to percent sucrose from A.0.A.C. tables.

For total polyphenols analyses, the frozen samples (-36°C)
were finely grated by a Hobart mixer, equipped with grater plate
in a 9 inch vegetable slicer. Grating was performed at 4°C to
minimize browning of the samples.

Total polyphenolic analyses were carried out by standard
methods (A.0.A.C.,1975 9.098, 9.099 and 9.100). The determina-
tions were made on alcohol extract prepared by blending 10g of
gréted, frozen sample in 60 mL of 75% ethanol for five minutes.
Results were expressed as percent tannic acid.

A total of three replications were performed on each of the
three samples (section 3.1.1.). Therefore, for every analysis
the total number of observations were nine. The means and stan-

dard deviations for each chemical component were calculated.

3.2, Filtration Process
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3.2.1. Apparatus

The mobile filtration assembly was constructed on a metal
frame. Housings (AP100T) were assembled with PVC pipes (schedule
80). The filtration system consisted of filters with pore sizes
of 106 um, 60 um, 25 pgm, 5 pym, 1 pgm, 0.85 pum, 0.45 pm and 0.22 um
connected in series. The 106 pum, 60 pm, 25 pm, 5 pm and 0.22 um
filters were purchased from Culligan International Company, North
Brooks, 1Illinois, whereas the 0.85um and 0.45um were purchased
from Millipore Corporation, Bedford, Massachusetts,01730. The
1.0um filter (DCCPY nominal ratiﬁg, CUNO MICRO WYND) was pur-
chased from AMF CUNO Division, Meriden, Connecticut. A multispeed
Tri-Clover rotary pump supplied by CFPDC, Portage La Prairie was
used to circulate the juice through the filtration system. Tur-
bidipy of the juiée was measured with a nephelometer (DRT-100, HF
instruments, 105 Healey Rd, Bolton, Ontario). A stainless steel
pressure gauge was installed in the 1line to measure pressure,
Flow rate was measured with a flowmeter from Gilmont Instruments,
Inc. Great Neck, N.Y. 11021, Prior to filtration of the apple
juice the entire system was sanitized by recycling 300 ppm liquid

chlorine (Divex) solution for 30 minutes.

3.2.2, Filtration Assembly

Filtration studies were conducted on a pilot plant scale. A
flow diagram of the filtration system is illustrated in Figure 2.
The filtration assembly was divided into two units, a coarse fil-
tration unit and a fine filtration unit. The coarse filtration

unit consisted of filters with pore sizes ranging from 106 um to



Figure 1. Pilot plant cartridge membrane filtration system uti-

lized for filtration and sterilization of apple juice
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Figure 2. Flow diagram of filtration assembly
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1 um. The purpose of coarse filtration was to remove suspended
particles from the enzyme clarified apple juice and secondly, to
protect the fine filtration unit from becoming clogged. The clear
juice obtained after coarse filtration was further pumped through
the fine filtration unit. The fine filtration unit consisted of
filters with pore sizes ranging from 1 um to 0.22 um. The purpose
of the fine filtration unit was to produce a brilliantly clear
and sterile juice. The sterile juice was bottled aseptically in

an ultraviolet chamber but without turning on the UV light.

3.2.3. Clarification Test

A 106 ml sample of freshly pressed apple juice was placed in
a 200 ml graduated cylinder and pectinase enzyme (Clarex-P-150,
Laboratory Inc. Toronto, MW 1G6) at four concentrations, 0.05%,
0.1%,0.15% and 0.2%, was added at room temperature and stirred
gently. Separation volume was measured by noting the volume of
sediment on the cylinders graduated scale after 0, 3, 6, 9 and 24
hrs. This test was performed in duplicate for each concentration

of the enzyme.

3.2.4. Pectin Test (Alcohol Method)

Juice to be analyzed for pectin was mixed with 96% ethyl
alcohol in a 1:1 ratio in a graduated cylinder and stirred gen-
tly. A positive pectin test is indicated by the presence of gela-
tinous precipitate which is formed within two minutes after mix-
ing the juice and the ethyl alcohol. A negative pectin test is

indicated by the absence of gelatinous precipitate.
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3.2.5. Juice Preparation

Apples were thoroughly washed with cold water to remove all
adhering dirt. Apples were visually inspected to remove partially
and wholly decayed fruit and foreign debris. Before pressing,
apples were crushed into small pieces with a crusher supplied by
Agriculture Canada, Morden, Manitoba. Juice was extracted by a
hand operated (Italian Wine Press) fruit press. To exclude
debris and large particles from the extracted juice, the fruit
press was lined with a nylon net. Following extraction
0.15% (W/V) pectinase was added to the cloudy juice to facilitate
clarification. The enzyme treated juice was held overnight at
room temperature after which the clear juice was siphoned into

second container in preparation for juice filtration.

3.2.6. Filtration Process

Prior to filtration of the apple juice, the entire filtration
system was sanitized by pumping ligquid chlorine at a concentra-
tion of 300 ppm through the system for 30 minutes. Following
sanitization, the system was washed thoroughly with cold dis-
tilled water to remove the chlorine from the system. The enzyme
clarified apple juice was cycled through the coarse filtration
unit to remove most of the suspended particles and to protect the
final filters from becoming clogged. The total volume of juice
passing through the coarse filtration system once from 106 pum to
1 um filter constituted one cycle. After each cycle a 200 ml sam-
ple was taken and its turbidity was measured with a turbidimeter.

Coarse filtration was terminated after a constant turbidity
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reading was observed. Pressure was also measured after every
filter during coarse filtration except the 1.0 pum filter.

The clear juice obtained after coarse filtration was then
filtered through the fine filtration unit to obtain a sterile and
polished juice. Pressure readings were taken after every filter
except after the 0.22 um filters for every 3.5 liters of juice
collected and flow rate was measured after the 0.22 um filter.
The sterile apple juice was collected aseptically in a UV chamber
in sterilized glass bottles which were previously sterilized at
170°C for 2 hours. The sterile juice was stored at -36°C until

used for future analyses.

3.2.7. Samples,_Analytical Methods and Statistical Analysis

For process characterization approximately 500 mL samples
were collected after every filter 1in clear glass bottles. Sam-
ples were frozen at -36°C for analysis at a later convenient
time.

Total acidity, sugar and polyphenol content were determined
by the methods described in section 3.1.2. All determinations
were done in triplicate. The mean and standard deviation for each

chemical component analyzed were calculated.

3.2.8. Plate Counts for Yeasts and Molds in Apple Juice

During the filtration of the apple juice, samples were col-
lected after the 0.22 um filter in a whirl pack. Plate counts for
yeasts and molds were performed immediately after the samples
were collected. Plate counts were performed according to the

method reported in Compendium of Methods for the Microbiological
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Examination of Food, 1984 17.52. Plates were incubated at room
temperature (21°C) for five days. Results were reported as yeast

and mold count per mL of apple juice.

3.3. Sensory Evaluation

3.3.1. Sample Selection and Preparation

Sufficient quantities of Scotian Gold apple juice with the
same lot number sold in Tetrapack containers were purchased from
a local supermarket and were stored at room temperature for a
period of one month. The processed juice was stored at -36°C in
sterilized glass containers.

Prior to the sensory evaluation, the frozen apple juice sam-
ples were thawed overnight at room temperature. The thawed juice
and the Scotian Gold control samples were refrigerated at 3-5°C
until about one hour prior to the e;aluation. Ten different
blends of the processed apple juice were also tested. Blending
was done using the Pearson square method (Appendix 1) which was

based on a sugar-acid ratio of 17 (Appendix 2).

3.3.2. Panel Selection

Initially a sixteen member panel consisting of nine male and
seven female graduate students and staff members of the Depart-
ment of Food Science, aged 22-35, were selected for this study.
Criteria for selection included availability,willingness and .
interest. The panelists had varying degrees of experience in sen-
sory evaluation. Panelists were asked to rank samples of differ-

ent concentrations of fructose, malic acid and tannic acid in
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descending order for sweetness, sourness and bitterness
respectively (Appendices 3 & 4). No statistical analysis of pane-
list performance was conducted. Nine panelists,five male and four
female,were selected on the basis of consistent performance in

the ranking of these solutions in the correct order.

3.3.3. Selection of Vocabulary

The purpose of this phase of sensory evaluation was to estab-

lish aroma and flavor (by mouth) descriptors for apple juice.
Twelve apple juice samples, one from each of the ten cultivars
under study and two commercial samples were tested. Panelists
were provided with three samples per session and were asked to
list terms which best described aroma and flavor. The evaluation
sheet used is shown in Appendix 5. A total of three odor and four
flavor characteristics were selected from the panelists responses
as the attributes that best described the sensory characteristics

present in the apple juice (Appendix 6).

3.3.4. Panel Training
The nine member panel met for ten one hour sessions over a
period of three weeks to become familiar with the method of Quan-

titative Descriptive Analysis (QDA) (Stone t al., 1974). The

scaling procedure described by Larmond (1977) was used. The
scale was a 15 c¢m long horizontal 1line without anchor points.
The end points were labelled as weak to strong. Each panelist
recorded his or her evaluation by making a vertical line across

the horizontal 1line that best reflected the magnitude of that

parameter in the sample. Panelists were first trained for aroma
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and then for flavor. During each session panelists were provided
with three samples of apple juice for aroma and flavor evalua-
tion. To assist panelists in the evaluation of apple juice appro-
priate references were also provided (Appendix 7). After each
session the results were discussed. All panel members were
encouraged to participate in the discussion with the group leader
providing guidance. The process of evaluation of the apple juice
and discussion was repeated until the 1language for flavor
description of aroma and flavor was fully agreed upon by the
panelists. Six descriptors two for aroma and four for flavor were
agreed upon amongst the panelists (Appendix 7). Training contin-
ued until all panelists were consistent in evaluating the apple

juice for each sensory characteristic.

3.3.5. Sample Presentation

The sessions were held in a sensory panel room with individ-
ual booths., Red 1lights were used to mask any color differences
that might influence a panelists judgement. Sensory analyses were
first conducted for aroma (1 week) and then for flavor (2 weeks).
Two replications for each cultivar juice sample were carried
out. One replicate was presented in the morning and the second
during the afternoon of the same day. The order of sample pres-
entation is shown in Appendices 8&9. All samples were coded with
three digit random numbers and the order of serving for each
judge was randomized to prevent the panelists from being biased.
Crackers and water were available in each booth. The ballots used

are shown in Figures 3 and 4.
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Figure 3. Ballot used for the evaluation of aroma in apple juice

Name Date

You have been given Reference(R) samples and Apple Juice samples

for odor evaluation. Take three short sniffs from the reference

sample for fermented odor and replace the lid. Take three short

sniffs from the apple juice samples in the order listed and mark

the intensity of fermented odor of the juices in relation to the T
reference. Proceed with apple odor in the same way. Please com- A
ment if additional odors are detected.

Code

Fermented

S

eak strong
Apple

Comments:
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Figure 4. Ballot used for the evaluation of flavor in apple juice

Name Date

You have been given apple juice samples for flavor evaluation.
Please evaluate for Apple Flavor, Sweetness, sourness and Astrin-
gency. Mark vertical lines on the horizontal line and label each
vertical line with the code numbers of the sample it represents.
Rinse your mouth with water between each sample. Please taste
the samples in the following order. Please comment if additional
flavors are detected.

Code
Apple l
- weak strong
Sweetness
Sourness
Astringency

Comments:
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3.3.6. Statistical Evaluation of Sensory Data

A grid divided into 60 units was superimposed over the scal-
ing (section 3.3.4.) line to obtain values from the QDA scale. A
number between 0 and 60 could be assigned to each rating. Once
the values were obtained, the data were analyzed using factorial
analysis of variance. Duncan's Multiple Range test was applied to

determine significant differences amongst means.

3.4, Chromatographic Analysis of Sugars and Acids in Apple Juice

3.4.1. Sample Preparation
About 15-20 mL of apple juice samples, blended juices and the

reference used in sensory analysis were frozen at -36°C in clear
glass bottles. These samples were later used for the determina-
tion of sugars and acids by High Performance Liquid Chromatogra-
phy (HPLC). Final sample preparation was done after thawing out
the frozen samples.

The thawed samples were filtered through a 0.45 um nylon fil-
ter (Micron Separations Inc. Honeoye Falls, NY) to ensure removal
of any particulate impurities that might be present. Since pig-
ments in the juice can severely hinder the life of the analytical
column, Sep-Pack Cl8 cartridges (Waters Associate Inc.) were used
to retain these colored pigments. The Sep - Pack was placed at
the end of a 10 mL graduated syringe. The C18 cartridge was
first prewet with 2 mL of methanol and then flushed with 5 mL of
distilled water. After this, a 3 mL sample was poured into the
graduated syringe, then the first 2 mL of the sample was dis-

carded, and the next 1 mL was collected and used for HPLC analy-
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sis.

3.4.2. Apparatus

The organic acid column (Aminex Ion Exclusion HPX - 87H) and
the carbohydrate column (Aminex HPX- 87P Heavy Metal),were pur-
chased from Bio-Rad Laboratories, 32nd Griffin Ave., Richmond,
Calif. 90804. Columns were placed in a temperature controled oven
and attached to a Water Associates (Water Associates Inc., Maple
St., Milford, Ma 01757) HPLC assembly. The HPLC assembly con-
sisted of a solvent delivery system (model 6000A), sample injec-
tor (model U 6K), an Ultraviolet absorbance detector (model 440)
with extended wavelength (214 nm) module and a differential

refractometer (model R401).

3.4.3. Eluent Preparation

Water and 0.0l1N H,SO, with 10% acetonitrile were used as
eluents for sugar and acid analysis. The mobile phase was fil-
tered through a 0.45 um filter and degassed under vacuum prior to
use. The mobile phase was held in a reservoir for sugar and acid
analysis and was kept warm by placing the reservoir on a hot

plate.

3.4.4. Operating Conditions

Sugar analyses were performed at a flow rate of 0.60 mL/min
at 85°C while acid analyses were performed at a flow rate of 0.50
mL/min at 70°C. Recording and analysis of detector responses were
conducted on a Vista 401 (Varian Instrument Group, Walnut Creek

Division, 2700 Mitchell Dr., Walnut Creek, Ca. 94598).
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3.4.5. Expression of Results and Statistical Analysis

The concentrations of sugars/acids in the samples were
obtained by comparison of peak areas of samples to those of stan-
dard sugar/acid solutions of known concentration (4mg/mL).
Results were expressed as % total sugar. Acid concentrations were
expressed as % malic acid. All determinations were performed in
triplicate. The mean and standard deviation for each determina-

tion were calculated.
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4, RESULTS AND DISCUSSION

4.1. Moisture Content (Fruit)

The mean moisture content of the fruit for all cultivars for
1983 and 1984 are shown in Table 2. The mean moisture content
ranged from 82.24%*+3.17 £for PF #51 to 88.19%t0.43 for Westland.
PF #50 (SD 2.08) and PF #51 (SD 3.17) demonstrated the greatest
year to year fluctuation in moisture content. These values were
similar to those reported by Sharma (1984) as well as those
reported in the literature from other proauction areas (Joslyn,

1970).

4,1.2. Total Acidity (Fruit)

Total titratable acidity expressed as percent malic acid
showed considerable variation between cultivars as well as within
cultivars from year to year (Table 3). Hever #12 and Westland
had the highest acidity, 1.18%, in 1984. The mean acid content
varied from 0.49% to 1.09% malic acid among cultivars. The mean
acid content for all cultivars was 0.73% in 1983 and 0.90% in
1984. Most cultivars had a lower acid content in 1983 as compared
to 1984. All cultivars could be classified as having a high acid
content ( Moyer and Aitken, 1980) except PF $#36 and PF #51 which
had a medium acid content. These results compare well with those

reported by Lopez et al.,1958 and Voho and Varo 1975.

4,1,3,. Total Soluble Solids (Fruit)

The total soluble solids expressed as % sucrose of the 10

apple cultivars presented in Table 4. The mean soluble solids



Table 2. Moisture content

Cultivar

Kerr
Breakey
Collet
Goodland
Heyer #12
Norland
PF #36

PF $50

PF $51

Westland

cultivars

1983

[
°

Moisture
85.38
85.58
86.33
84.81
87.33
85.96
85.37
87.59
80.00
88.50

of Manitoba grown apple

Std.
Dev.
0.09
0.14
0.10
0.75
0.03
0.04
0.07
0.14
0.71
0.05

1984

(o)

%
Moisture
84.22
84.62
85.52
84.62
86.69
85.28
85.02
84.64
84.49
87.89

std.
Dev.
0.17
0.15
0.07
0.08
0.61
0.07
0.09
0.10
0.13
0.21

Mean

84.80
85.10
85.92
84.71
87.01
85.62
85.19
86.11
82.24
88.19

46

and crabapple

Std.
Dev.
0.82
0.68
0.57
0.13
0.45

. 0.34

0.24
2.08
3.17
0.43



Table 3. Acid content (% Malic Acid) of Manitoba grown apple and crabapple cultivars

1983 - 1984
% %
Cultivar Malic sStd. Malic std. Mean Std. Classification
Acid Dev. Acid Dev. Dev.
Kerr 1.04 0.02 1.14 0.01 1.09 0.07 High Acid
Westland 0.89 0.01 1.18 0.01 1.04 0.01 " "

Heyer #12 0.87 0.02 1.18 0.01 1.02 0.21 " "
PF #50 0.86 0.03 0.93 0.00 0.89 0.05 " "
Breakey 0.74 0.01 0.92 0.01 0.83 0.13 " "
Goodland 0.78 0.03 0.89 0.00 0.83 0.06 " "

Collet 0.66 0.01 0.86 0.00 0.76 0.14 " "
Norland 0.62 0.01 0.71 0.00 0.63 0.08 " "
PF #36 0.49 0.07 0.54 0.01 0.51 0.03 Medium Acid
PF #51 0.36 0.01 0.63 0.00 0.49 0.19 " "

LY



Table 4.

Cultivars

PF #51
Breakey
PF #36
Norland
Goodland
Kerr
Collet

PF #50
Heyer #12

Westland

1983

%
Sucrose

14.00
13.37
12.86
12.10
11.18
10.36
10.15

9.28

8.82

8.73

Std.
Dev.
0.32
0.38
0.32
0.42
0.39
0.30
0.20
0.35
0.35
0.39

%
Sucrose

13.68
12.91
12.52
12.71
12.20
11.48
11.64
12.40

9.70

9.28

1984

std.
Dev.
0.24
0.30
0.36
0.39
0.38
0.32
0.32
0.39
0.38
0.35

Mean

13.84
13.14
12.69
12.40
11.69
10.92
10.89
10.84

9.26

9.00

std.
Dev.
0.22
0.32
0.24
0.43
0.72
0.79
1.05
2.20
0.62
0.06

Sugar content (% Sucrose) of Manitoba grown apple and crabapple cultivars

Classification

Average Sugar

Below Average Sugar

" " "

8%



49

contents for all cultivars for two years ranged from 9.00% to
13.84%, with an overall mean of 11.47%. The mean for 1983 was
11.1% and that for 1984 was 11.8%. An established mean value for
the sugar content of apple is not available. However, these
results are in agreement with those reported by Lopez
et al.,1958, and Voho and Varo 1975. Moyer and Aitken (1980)
reported the total soluble solids of varieties from various grow-
ing areas. Hence these cultivars could be classified as average

sugar and below average sugar when using their classification

system,

4,1.4. Total Polyphenolic Content (Fruit)

The mean phenolic content of the 10 cultivars ranged from

0.31% to 0.53% tannic acid (Table 5). Considerable variation was
observed within and between cultivars from year to year. The
overall mean phenolic content for 1983 was 0.38% and that for
1984 was 0.39% tannic acid. These cultivars had higher values as
compared to the literature reports (Lopez et al., 1958) However,
these values are in agreement with those reported by
Sharma (1984).

All crabapple varieties are considered to be astrin-
gent (Moyer and Aitken, 1980). Hence Kerr (crabapple) was
selected as a reference point for this classification. Cultivars
with polyphenol content equal to or greater than Kerr were
described as being high in phenolics. Accordingly, all the cul-
tivars except Goodland, Collet and Westland were classified as

having a high phenolic content (Table 5).



Table 5. Phenolic content (% Tannic Acid) of Manitoba grown apple and crabapple cultivars

1983 1984
% %
Cultivar Tannic Std. Tannic Std. Mean Std. Classification
Dev. Dev.
Heyer #12 0.49 0.93 0.57 0.0t 0.53 0.05 High Phenolic
PF #51 0.33 0.02 0.41 0.41 0.45 0.17 v "
PF #50 0.46 0.01 0.41 0.07 0.43 0.03 " b
Norland 0.43 0.02 0.34 0.0t 0.38 0.06 " "
PF #36 0.30 0.01 0.47 0.05 0.38 o0.12 " "
Breakey 0.40 0.30 0.33 0.02 0.36 0.05 " "
Kerr 0.38 0.02 0.35 0.01 0.36 0.02 " "
Collet 0.37 0.03 0.30 0.01 0.33 0.05 Medium Phenoclic
Goodland 0.35 0.03 0.30 0.01 0.32 0.03 " "
Westland 0.32 0.01 0.30 0.30 0.31 0.01 " "

0S
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4,2, Filtration Process of Apple Juice

4.2.1. Apple Juice Clarification With Pectinase
Moyer and Aitken (1980) suggested that tests be carried out

to establish proper enzyme concentration needed to clarify apple
juice, because of variables such as pH, temperature, enzyme con-
centration and length of time which are involved in enzyme clar-
ification. Hence,during preliminary studies four different
enzyme concentrations were tested at room temperature (Table 6).
Maximum separation volume was achieved with 0.15% enzyme treated
juice as compared to 0.05% and 0.1%. The 0.2% enzyme treated
juice had a similar separation volume to 0.15%, which indicated
that the enzyme was in excess. The optimum enzyme concentration
therefore was determined to be 0.15%. The time required for
almost complete depectination was observed after 9 hours for the
0.15% and 0.2% enzyme treated juice. This was confirmed by a neg-
ative alcohol test, indicated by the absence of a gelatinous pre-
cipitate after 60 minutes (Figure 5). This test is based on the
fact that pectin residues containing 8 to 10 galacturonic acid
units are insoluble in ethyl alcohol and combine with water to
precipitate as a gel (Baumann, 1981). The actual quantity of pec-
tinase required for depectination cannot be compared with
reported values since the pectin content varies with varieties,
growing area, time of harvest and length of storage. However,
these results are in agreement with using 0.1% pectinase and 0.5%

to 0.6% bentonite as recommended by Mian and Bhatti (1969).

4,2.2. Filtration Efficiency of Apple Juice
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Table 6. Effect of enzyme concentration on the rate of depectina-

tion of apple juice at room temperature

Time (Hrs)
0
3
6
9
24

Concentration of Enzyme (w/v)

0.05%
00.00
94.60
95.20
96.60
95.80

0.1%

00.00
95.14
95.70
96.10
96.10

0.15%
00.00
95.80
96.40
97.00
97.20

0.20%
00.00
95.80
96.40
97.00
97.20



Figure 5
. Alcohol
test for detection of pectin in clarif
arified apple

juice
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1. Fresh apple juice (no pectinase).

2. Apple juice clarified with 0.15% pectinase +

95% ethyl alcohol.

3. Fresh apple juice + 95% ethyl alcohol.
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The filtration efficiency of apple juice was conducted on

juice processed from the cultivar PF $#51. This test determines
the readiness of a juice for fine membrane filtration or if it
requires further refiltration through the coarse membrane system,
Enzyme clarification was found to be an important factor in
improving the efficiency of the coarse filtration system. It was
observed that the 0.15% enzyme treated juice required half the
number of recycles (6 recycles) to obtain a constant turbidity

reading as compared to 0.1% enzyme treated juice (Figure 6).

4.2.3. Recycling of Apple Juice

The decrease in turbidity readings (Figure 7). were used to
monitor the decrease in suspended particles in apple juice
throughout the coarse filtration .procedure. Steady turbidity
value was observed after the 3rd recycle and recycling was termi-
nated after the 4th recycle. This indicated that the filters uti-
lized for coarse filtration were unable to remove the remaining
suspended particles due to their size. Recycling was necessary to
reduce the potential accumulation of suspended particles on the
fine 0.22 um membrane filtration system and thereby prolong its

use,

4,2.4, Filter Performance During Filtration

The purpose of the cartridge membrane filtration system was
to remove as much of the suspended particulate material and
microorganisms as possible. The membranes used in this system
were selected with a narrow range of pore size differential. This

would allow a more even distribution of suspended solids through-



Figure 6. Filtration efficiency of apple juice
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out all the membranes and eliminate over loading of one membrane.
Hopefully this design would permit a more continuous filtration
process. Sharma (1984) recommended that turbidity measurements
would be useful to monitor the quantity’ ' of suspended solids
removed by each membrane. This procedure would also permit an
operator to assess when the membrane became overloaded and should
be replaced in the system.

In this study juice was collected after each membrane and the
turbidity measured. The data (Figure 8) suggested that the system
achieved its intended purposes. The maximum load of suspended
solids was removed by the 106 um filter. This filter was designed
to protect the finer filters ranging from 60 um to 1 um and the
data illustrates that protection was achieved. The quantity of
suspended solids removed by each of the membranes from the 60 um
to the 1 um membrane indicates that the load was evenly distrib-
uted among them. The differential between the 25 gm and 5 um mem-
branes was slight indicating that perhaps the 25 umkcartridge is
not necessary.

The coarse membrane system (one cycle) did not remove as much
of the suspended solids (less than 1 um) as needed and the juice
was not allowed to pass directly to the fine filtration sys-
tem (0.85 um to 0.22 um). This juice was recycled through the
coarse filtration system several times in order to remove more of
the small diameter particles (less than 1 pgm) with the larger
pore membranes. The success of this method can be seen in the

reduction of turbidity between the 1 um and the 0.85 um mem-



Figure 7. Degree of turbidity on recycling
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Figure 8. Filter performance during filtration
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1 = Before 106 um
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brane (Figure 8). If this had not been carried out the 0.85 um
membrane would be greatly ovérloaded with solids and filtration
efficiency would have decreased.

The comparison of turbidity (Table 7) showed that the com-
mercial apple juice had higher turbidity values compared to
those of the test juice. This was due to the fact that commercial
apple juice was filtered up to the 1.0 um limit and then heat
treated (pasteurized), whereas the test juice had a lower turbid-
ity value because it was filtered down to a 0.22 pm limit.

Microbiological assays were carried out on the final product
after the juice passed through the 0.22 um filters for all ten
cultivars in 1984. Plate counts for yeast and molds are presented
in Table 8. A very small number of organisms (3 to 18 per ml of
juice) were détected in the first six juice samples. This prob-
lem was attributed to the plumbing system between the last 0.22
pm filter and the collection port in the UV chamber. Repeated
attempts to sterilize the entire cartridge filtration assembly
with 300 ppm chlorine failed to achieve complete sterilization.
Following the filtration of the juice from the PF #50 cultivar
the previously mentioned plumbing system was redesigned to a sin-
gle straight flow plastic hose. This assembly allowed for com-
plete sterilization and the remaining juice samples (Table 8) had

no detectable yeasts and molds.

Reeves (1983) observed that cartridge membranes permit pas-
sage of microorganisms under high flow rates and pressures and

that this could be caused by distortion of the membrane pores and



Table 7. Mean turbidity value for apple juice

Apple Juice
Brand A |
Brand B
Brand C

Test Juice

Turbidity (JTU)
3.00
1.30
6.20
0.30
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Cultivar

PF #51
Norland
PF #50
Goqdland
Westland
Heyer #12
PF #36
Collet
Kerr

Breakey

Table 8. Plate count for yeast and mold in apple juice.

Yeast and Mold
per mL of Juice

18
12
10
06
05
03
00
00
00
00
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the microorganisms. However his observations were based on the
use of a 0.65 um membranes. Two 0.22 um membranes were utilized
in this system therefore it is wunlikely that the above proBlem
was caused by membrane failure. PVC piping was utilized in the
first delivery system and it was probable that microorganisms may
have become trapped in the internal threading of this system.
The results obtained after this system was replaced support this

position.

4,2.5., Flow Rate and Pressure

The flow rate and pressure values during fine filtration are
presented in Table 9. During the start of each run,.  pressure
was observed to increase after each of the filters. This was
probably caused by fluctuations in flow. After egquilibrium was
achieved, pressure and flow rate declined progressively until
11.25 liters of juice had been <collected. At this time pressure
increased in each of the filters while flow rate continued to
decrease. The volume of juice obtained from each cultivar was not
sufficient to collect further data. The direct relationship
between pfessure and flow rate at the beginning could be
explained as follows: Pressure data was not collected before the
filter because of the way the filtration system was built. Pres-
sure was probably increasing on the 1 um filter but this was
undetected and caused the flow to decrease within the system.
Particle build wup within the 0.8 um and 0.45 um filters became
sufficient after 11.25 liters was collected to cause an increase

in pressure after 15 liters.
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Table 9. Flow rate and pressure during fine filtration of apple

juice

Filter Size (um)

vVolume of 1.0 0.85 0.45 Flow rate

apple juice

(ml) kPa ml/min 1/hr

3750 296.00 287.60 105.30 350 21.0

7500 290.50 282.70 102.90 320 19.20
11250 264.50 261.00 89.60 280 16.80
15000 282.70 274.40 91.00 254 15.24

‘Pressure Expressed as kPa

Flow rate expressed as ml/min
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The performance of the filters is dependent wupon the
effectiveness of <clarification and pre-filtration procedures.
Commercial flow rates measured after the 0.65 um filter sheet are
140-250 L/h per 600 mm sheet or 60-100 L/h per 400 mm
sheet (Reeves, 1983). These values are not in agreement with the
experimental flow rate values because flow rate (Table 9) was

measured after the 0.22 um filter.

4,2.6. Effect of Filtration on the Chemical Composition of Apple

Juice

This study was undertaken to determine the chemical changes
which occur during the processing operation because processed
apple juice is considered inferior to the freshly pressed juice
or apple cider. Information available on apple juice as a result
of filtration is limited. With this filtration system a small
decrease in the acid, sugar and phenolic contents were observed
as the filter pore size decreased (Table 10). The reduction in
total acidity could be explained by the ionic interaction between
the acids and the suspended particles which were removed during
filtration. This is mainly due to the pH of apple juice which is
low enough to maintain the ionic nature of the acids in apple
juice.

The method to determine sugar content was based on refractive
index. Hence the observed decrease in the sugar content of apple
juice could not be attributed to filtration because the soluble
components are not removed during filtration. It is possible that

suspended particles did interfere with the refractive index read-
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Table 10. Chemical changes observed in apple juice (Collet) dur-

ing the filtration process

Filter Pore Size Acid Sugar Phenolics
pm (% Malic Acid) (% Sucrose) (% Tannic Acid)
Mean std. Mean std. Mean Std.
Dev,. Dev. Dev.
Before 106 0.76 0.32 11.40 0.06 0.08 2.60
After 106 0.74 0.06 11.13 0.04 0.07 0.98
After 60 0.74  0.15 11.13  0.04 0.07 0.98
After 25 0.74 0.11 11.11 0.03 . 0.07 0.96
After 5 0.73 0.05 11.13 0.03 0.07 0.93
After 1 0.73 0.10 11.15 0.13 0.08 0.97
After 0.8 0.73 0.05 11.15 0.11 0.06 1.97
After 0.45 0.72 0.06 11.13 0.03 0.06 2,61

After 0.22 0.71 0.15 10.27 0.04 0.06 0.97
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ings and this interference was reduced as the particles were
removed by filtration. The decrease in the phenolic content upon
removal of suspended particles was expected. Neubert (1942)
reported that phenolic compounds were among the constituents of

suspended particles present in apple juice.

4,3.1, Total Acid and pH in Apple Juice
The total acid content in the filtered apple juice (1983 and

1984) 1is presented in Table 11. The total acid ranged from
0.34% (Norland) to 0.87% (Heyer #12). Seasonal effects on total
acid content within cultivars ranged from 0.01% (Breakey) to
0.40% (Goodland). In general climatic conditions in 1984 produced
considerably more acidic juices averaging 0.72 in 1984 and only

0.43 in 1983,

The pH values of the juice from the different cultivars
ranged from 3.43 for Kerr to 4.15 for PF #51 (Table 12). This
variability, approximately 0.7 pH units, was greater than that
caused by seasonal differences (0.09 pH units for Kerr to 0.48
for Norland). Apple juice pH values are very important during
thermal sterilization processes. Pederson and Beattie (1943) sug-
gested that apple juice containing a high hydrogen ion concentra-
tion may be pasteurized at lower temperatures because pasteuriza-
tion is based on time, temperature and pH. In general as pH
increased, acidity decreased because féllowing harvest there was
a decline in total acidity. For example, the pH values for PF 51
and Norland were 4.15 and 4.06, which had corresponding total

acidities of 0.37% and 0.34% respectively. It ia presumed that
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Table 11. Acid content (%Malic Acid) of apple and crabapple juice

Cultivar 1983 1984
% Malic Std. $ Malic Std. Mean Std.
Acid Dev. Acid Dev. Dev.
Kerr 0.64 0.06 1.01 0.00 0.82 0.26
Breakey 0.45 0.00 0.44 0.00 0.45 0.01
Collet 0.30 0.00 0.70 0.03 0.50 0.28
Goodland 0.32 0.00 0.88 0.03 0.60 0.40
Heyer #12 0.83 0.03 0.91 0.06 0.87 0.06
Norland 0.18 0.00 0.50 0.06 0.34 0.23
PF $36 0.20 0.00 0.39 0.03 0.30 0.13
PF $50 0.49 0.02 0.81 0.00 0.65 0.23
PF $51 0.27 0.01 | 0.47 0.00 0.37 0.32

Westland 0.60 0.00 1.05 0.06 0.83 0.32



Table 12. pH of apple and crabapple juice

Cultivar

Kerr
Breakey
Collet
Goodland
Heyer #12
Norland
PF #36

PF 450

PF #51

Westland

pPH

3.37
3.77
3.72
3.86
3.53
4.40
4.30
3.71

4,43

3.72

1983

Std.
Dev.

0.05
0.06
0.03
0.06
0.02
0.00
0.05
0.03
0.02
0.03

pH

3.50
3.62
3.45
3.40
3.36
0.02
3.78
3.43
3.87
3.30

1984

Std.
Dev.

0.00
0.03
0.05
0.00
0.03
3.72
0.03
0.03
0.00
0.00

Mean

3.43
3.70
3.60
3.63
3.45
4.06
4.04
3.57
4.15
3.51

72

std.
Dev.

0.09
0.11
0.19
0.32
0.12
0.48
0.37
0.20
0.34
0.30
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acids along with sugars serve as substrates for respiration.

The pH and total acid content of the juices are in general accord
with those reported by Lopez et al. (1958) and Voho and
Varo (1975). The total acid content of the Jjuice is important
especially in terms of blending. Apples which have a high acid
content are useful for blending with apples which have a low acid
contents, especially those prepared from long term stored apples.

During storage acid content decreases because it serves as a

substrate for respiration (Smock and Neubert, 1950).

4.3.2. Total Sugar and Total Phenolic Contents in Apple Juice

The mean sugar content for the cultivar juices ranged from
8.57% to 11.93% sucrose (Table 13). Considerable variation was
observed between cultivars as well as between seasons (within
juices). Seasonal differences were especially evident for Brea-
key (2.65 S.D) and Goodlénd (2.42 S.D). Juice from Manitoba grown
apples had lower sugar content as compared to juice made from
Swiss, Finnish and Virginia apples (Poll 1981, Voho and Varo
1975, and Lopez et al. (1958).

The phenolic contents of juice samples from the different
apple cultivars are shown in Table 14. The mean phenolic content
varied from 0.05% (Norland) to 0.17% (PF #36) tannic acid. There
was a th;ee fold decrease in the phenolic content of juice as
compared to that of the apple fruit. This decrease was expected
and was due to the removal of phenolic compounds along with sus-
pended particles during filtration. Phenolic compounds of apple

juice have been established as one of the constituents of the
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Table 13. Sugar content (% Sucrose) of apple and crabapple juice

Cultivar

Rerr
Breakey
Collet
Goodland
Heyer #12
Norland
PF #36

PF $50

PF #51

Westland

Sugar

11.31
10.82
9.44
8.98
11.27
8.44
11.62
10.77
9.62
8.83

1983

Std.

Dev.
0.07
0.04
0.04
0.08

1984

%

Sugar
12.55

7.07
11.06
12,40

8.50
10.50
10.94
11.44
11.30

8.31

Std.
Dev.
0.04
0.10
0.06
0.04
0.08
0.06
0.10
0.07
0.04
0.04

Mean

11.93
8.95
10.25
10.70
9.90
9.47
11.28
11.11
10.46
8.57

std.
Dev.
0.88
2.65
1.15
2.42
1.96
1.46
0.48
0.47
1.19
1.19



75

Table 14. Phenolic content (% Tannic Acid) of apple and crabapple

juice
1983 1984 Mean

% % %
Cultivar Tannic Std. Tannic std. Tannic Std.

Acid Dev. Acid Dev. Acid Dev.
Kerr 0.06 0.00 0.09 0.05 0.08 0.02
Breakey 0.18 0.00 0.07 0.01 0.13 0.07
Collet 0.04 0.00 0.08 0.00 0.06 0.02
Goodland 0.06 0.02 0.11 0.00 0.09 0.04

Heyer #12 0.23 0.01 0.09 0.01 0.16 0.10

Norland 0.05 0.00 0.05 0.00 0.05 0.00
.PF #36 0.17 0.01 0.18 0.01 0.17 0.00
PF 450 0.10 0.04 0.10 0.00 0.10 0.00
PF #51 0.06 0.00 0.06 0.01 0.11 0.02

Westland 0.16 0.00 0.06 0.01 0.11 0.07
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suspended particles of juice (Neubert, 1942).

4.3.3., Sugar-Acid Ratio of Apple Juice from Manitoba grown Apple

and Crabapple Cultivars

The sugar-acid ratios of Jjuice samples from the different
cultivars are shown in Table 15. Large variations in sugar-acid
ratios were observed within and between the juices in 1983 and
1984. The sugar-acid ratios of the different juices were higher
in 1983 than in 1984. This variation reflected the wunique
weather and growing conditions on the Prairies. Sugar-acid ratio
is important in evaluating apple quality, especially in a
juice (Poll,1981). Poll (1981) reported that a ratio of 15-18
provides an ideal balance, with 12-15 being too sour and 18-23 as
being too sweet. Accordingly juice from Kerr, Westland and Heyer
$12 could be considered as being too sour, while that from PF
#51, PF #36, Collet, Norland and Goodland could be considered as
being too sweet. Only Breakey and PF #50 seemed to have the
acceptable sugar-acid ratio. It should be noted that all commer-
cial apple juices are blended (Moyer and Aitken, 1980). Hence a
proper blending procedure could permit the wutilization of the
juice from all the cultivars tested for the production of accep-

table apple juice.

4,3.4., Analysis of Sugars in Apple Juice by HPLC

A study was conducted to separate and identify the sugars in
apple juice. Results of sugar analyses for 1983 and 1984 by HPLC
are summarized in Table 16., and a typical chromatogram is shown

in Figure 9. Raw data for 1983 and 1984 are presented in Append-



Table 15. Sugar-Acid

apple and crabapple cultivars

1983
Cultivar S/I.\1
Ratio
Kerr 17.80
Breakey 23.52
Collet 31.56
Goodland 28.77
Heyer #12 13.57
PF #36 58.10
PF 450 21.98
PF #51 35.63
Westland 14,72
1§/A = Sugar-Acid Ratio

ratio of

1984

S/A!
Ratio

12.40
16.07
15.80
14.17

9.35
28.05
14.12
24.05

7.91

apple juice

Mean

S/A.

Ratio
15.10
19.80
23.68
21.47
11.46
43.07
18.05
29.84
11.31

std.
Dev.

3.82
5.23
11.14
10.32
3.00
21.24
5.60
8.20
4.81

from Manitoba

77

grown



Table 16.

Cultivar

Kerr
Breakey
Collet
Goodland
Heyer #12
Norland
PF #36

PF #50

PF #51

Westland

Sugars in apple juice (1983 & 1984) as determined by HPLC

%

Sucrose

Mean

1.01
1.08
0.50
0.88
0.36
17.03
0.69

0.53

1.08
0.21

Std.
Dev.
0.34
0.18
0.13
0.77
0.38
0.06
0.02
0.43
0.74
0.01

%

Glucose
Mean std.
Dev.
2.84 0.03
1.57 0.03
1.44 0.17
1.60 0.14
1.63 0.33
1.28 0.00
1.79 0.43
1.40 0.13
2.08 0.042
1.40 0.27

%

Fructose

Mean

5.14
6.67
6.32
5.80
5.39
5.07
5.02
5.16
4.30

4.56

Std.
Dev.
0.62
0.27
1.52
1.45
0.37
1.00
0.63
1.60
1.10
0.38

%

Sorbitol
Mean stda.
Dev.
0.40 0.00
0.51 0.00
0.35 0.05
0.35 0.05
0.30 ©0.00
0.37 0.05
0.33 0.02
0.25 0.00
0.32 0.04
0.24 0.14

%
Xylose
Mean

0.01
0.09
0.12
0.06
0.07
0.09
0.09
0.03
0.02
0.02

Std.
Dev.
0.00
0.03
0.01
0.01
0.03
0.00
0.03
0.00
0.00
0.00

%
Total
Sugar

9.40
9.92
8.73
8.69
7.75
7.84
7.92
7.12
7.80
6.43

8L



Figure 9. Typical HPLC chromatogram of sugars in apple
juice (Collet, 1984)
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ices 10 and 11.

Fructose was the major sugar component in the juice samples with
smaller amounts of glucose, sucrose, sorbitol and xylose also
being identified. The concentration of fructose ranged from
4.30% (PF #51) to 6.67% (Breakey). Fructose values may be an
inflated estimate due to the shoulder on the fructose
peak (Figure 9). With the isolation procedures used arabinose was
difficult to separate as it had a retention time similar that of
to fructose. Qualitative identification of arabinose by thin
layer or paper chromatography was not carried out. The high con-
centration of fructose masked the presence of arabinose but the
shoulder may be an indication that this sugar was actually pres-
ent. Whiting (1970) and Sharma (1984) detected trace amounts of
arabinose in apples. However, the fructose range is cdmparable to
that reported by Ryan (1972) (4.29% to 6.45%) and Shaw and Wil-
son (1982) (6.7%).

Glucose values ranged from 1.40% to 2.84%. Shaw and Wilson
(1982) and Ryan (1972) reported that glucose ranged from 1.72% to
3.93% in commercial apple Jjuices. Sucrose concentrations ranged
from 0.21% to 1.08%. This range is low as compared to 0.65% to
2.40% reported by Ryan (1972) and 1.4% reported by Shaw and Wil-
son (1982). The reason for these low sucrose concentrations could
be due to cultivar and regional differences. These differences
could also be due to hydrolysis of sucrose which could increase
the concentration of glucose and fructose. Ryan (1972) observed
lower sucrose concentration in Canadian apple juice and concluded

that this may be due to processing conditions.
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Sugar alcohols such as sorbitol occur naturally in many
fruits of the family Rosaceae. Some fruits in this family include
apples, pears, and plums. Richmond et al. (198l) reported that
sorbitol plays a major role 1in translocation of carbohydrates to
the developing fruit, and during low temperature storage it is
believed that fructose is reduced to sorbitol. Shaw and Wil-
son (1982) reported that sorbitol contributes to the flavor of
the fruit. The average sorbitol content ranged from 0.24% to
0.51%. These results are in agreement with Shaw and Wilson (1982)
who found 0.25% sorbitol in commercial apple juice. Ryan (1972)
on the other hand, reported values of 0.57% to 1.67% in Canadian
apple juice. Xylose was present in trace amounts ranging from
0.1% to 0.12% . Whiting (1970) detected 0.05% xylose in apple
juice. However, the relative proportion of sugar concentrations
in apple juice from Prairie grown cultivars are similar to those

reported in commercial apple juice.

4.3.5. Organic Acid Determination in Apple Juice by HPLC

Identification of each organic acid was based on retention
times as compared to standards. Malic and quinic acids were the
most abundant organic acids present in the juice sample from dif-
ferent cultivars. Galacturonic and citric acids were also pres-
ent in smaller amounts. Concentrations of the individual organic
acids are listed in Table 17. A typical chromatogram of the sep-
aration of organic acids in apple juice sample is shown in Figure
10. Raw data for 1983 and 1984 are presented in Appendices 12
and 13.



Table 17. Organic acids in apple juice (1983 & 1984) as determined by HPLC

% % % % %
Cultivar Citric Galacturonic Malic Quinic!? Total
Mean Std. Mean Std. Mean Std. Mean Std. Acid

Dev. Dev. Dev. Dev.
Kerr 0.02 0.00 0.11 0.02 0.90 0.31 0.47 0.01 1.50
Breakey 0.03 0.01 0g.08 0.00 0.91 0.21 0.51 0.07 1.53
Collet 0.02 0.01 0.12 0.02 0.80 0.06 0.65 0.02 1.59
Goodland 0.01 0.00 0o.11 0.04 0.77 0.05 0.55 0.00 1.44
Heyer #12 0.05 0.01 0.09 0.00 1.00 0.05 0.46 0.03 1.60
Norland 0.02 0.00 0.09 0.00 0.56 0.03 0.50 0.02 1.17
PF #36 0.04 0.02 0.09 0.01 0.67 0.43 0.39 0.01 1.19
PF #50 0.03 0.02 0.04 0.02 0.95 0.12 0.58 0.01 1.60
PF #51 0.01 0.00 0.03 0.02 0.52 0.13 0.45 0.02 1.01
Westland 0.02 0.00 0.05 0.01 0.74 0.50 0.38 0.02 1.19

TNot present in 1983 Apple Juice

€8



Figure 10. Typical HPLC chromatogram of organic acids in apple

juice (Collet, 1984)
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Variation in the individual organic acid concentrations was
observed between cultivars and between seasons (Table 17 and
Appendices 12 and 13). Malic acid content ranged from 0.52% to
1.0% and the quinic acid content varied from 0.38% to 0.65%. Val-
ues for malic and quinic acid were in fair agreement with those
reported by Ryan (1972). However, quinic acid was not detectéd in
the juice produced in 1983. The reason for quinic not being found
in the 1983 juice samples is not known, but could be due to the
growing season or to conditions of storage, however the latter
did not change from 1984. Galacturonic acid was present in very
small concentrations ranging from 0.03% to 0.11% and only trace

guantities of citric acid were detected.

4,3.6., Comparison of Official and HPLC Methods for the Determina-

tion of Total Sugar and Acid Content in Apple Juice

Results of total sugar contents by the Official and HPLC
methods are presented in Tables 13 and 16 respectively. Both
methods used refractive index measurements to estimate sugar con-
centration. The mean total sugar content of 10.26% determined by
the official method was higher than the mean total sugar content
of 8.16% determined by the HPLC method . The lower values deter-
mined by the HPLC method are believed to result from elimination
of interfering substances after extensive clarification of the
samples. It could also be due to the difference in sensitivity of
the refractive index measurement. This indicated that the sensi-
tivity of the refractive index detector used in chromatographic

analysis was greater compared to the sensitivity of the human
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eye used in the official methods. These results agree with those
reported by Damon and Pettitt (1980). They observed a similar
trend, that 1is lower values for sugars by HPLC as compared to
official methods for molasses. Since the HPLC method 1is a spe-
cific method measuring each of the different sugars, the total
sugar content determined by the HPLC probably reflects more accu-
rately the true composition of sugars present in apple juice.
Linear regression analysis showed a significant (p=.0l1) positive
correlation (r=.835) between the two methods (Figure 11).

The acid content determined by the official and HPLC methods
are shown in Tables 11 and 17. The total acid content determined
by the HPLC method (0.78% malic acid) was higher than the offi-
cial method (0.57% malic acid). This was mainly due to two dif-
ferent procedures involved in sample preparation and calculation
of the concentration. In section 3.1.2. acidity was determined
by titration and the results were expressed as percent malic
acid. However, in the case of HPLC analysis acidity was measured
by ultraviolet absorption at 2l14nm and concentration measured as
percent malic acid based on the response factor and total peak
area. Linear regression analysis of total acid content showed a
significant (p= .01) correlation (r= ,742) between the two

methods (Figure 12).

4.4, Sensory Evaluation of Apple Juice

4.4.1., Aroma Evaluation of Apple Juice

Aroma and taste are the most important quality factors of



Figure 11. Comparison of sugar analysis in apple juice by Offi-

cial and HPLC methods
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Figure 12. Comparison of total acidity analysis in apple juice by

Official and HPLC methods
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apple juice (Poll, 1983a). The intensity and quality of the aroma
in apple juice is very important in determining the overall qual-
ity of the product. In the first phase of sensory evaluation the
panelists identified two descriptors for aroma (section 3.3.4),
apple and fermented. The second phase determined aroma intensity
using Quantitative Descriptive Analysis.

A summary of the analysis of variance for fermented aroma as
described by panelists is presented in Appendix 14. The F values
indicated that there were significant differences between pane-
lists, cultivars and replications at the 5% level. There were no
significant interactions (Appendix 14). This indicated that the
panelists were scoring the juice samples similarly. The signifi-
cant difference between panelists indicated that the panelists
were not using the same portion of the QDA line. It may also be
due to inadequate training. However, this is not surprising as
aroma training usually takes from six months to one year (Durr,
1979). The replications were significant which indicated that
the panelists as a group were scoring higher for Rep 1 (mean
=16.18) compared to Rep 2 (12.62) (Appendix 15). Cultivar mean
scores for fermented aroma are shown in Table 18, PF #51 was
significantly different from the other cultivars indicating that
it had the highest fermented aroma. In contrast, Collet had the
least fermented aroma. The cultivars in the middle group ie.
Kerr, Norland, Heyer #12, PF #50 and Goodland were not signifi-
cantly different from each other but were significantly different
from Westland, Breakey, Collet and PF #51.

The analysis of variance data for apple aroma are presented
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Table 18. Cultivar mean score for fermented aroma in apple juice

Cultivar Meanl

PF #51 25.83 a
PF #36 17.83 b
Kerr 16.11 bc
Norland 15.50 becd
Heyer #12 14.78 bcd
PF #50 12.50 bcd
Goodland 11.61 bcd
Westland 10.44 cd
Breakey 10.05 cad
Collet 9.39 4

'scores with the same letter are not
significantly different (p = .05)



94

in Appendix 16. Again, significant differences were observed for
panelists, cultivars and pan*cul interaction. There were no sig-
nificant differences for replicates and pan*rep interaction. Cul-
tivar mean scores for apple aroma are shown in Table 19. Collet
was significantly different from Breakey , Goodland, Norland,
Kerr, PF #36, and PF #$51. In general those cultivars with low
fermented aroma were scored high for apple aroma. For example,
Collet had a low score for fermented aroma but a high score for
apple aroma.

The characteristic apple like aroma 1is contributed by a com-
plex mixture of esters, alcohols and aldehydes (Abbot et al. 1977
Poll 1983a). Panasuik et al. (1980), Flath et al. (1967);
Guadgani et al. (1966) correlated aroma with volatile composi-
tion in McIntosh and Golden Delicious apples ﬁsing gas chromatég—
raphy. These GLC-Odor description investigations have reported
particular components like ethyl 2-methyl butyrate, hexenal,
trans-2-hexenal and unsaturated C-6 alcohols to be directly asso-
ciated with apple-like-aroma. Panasuik et al. (1980) reported
that esters correlated highly with the "Cheesy aroma", which sug-

gests that the fermented aroma might be due to the esters.

4,4,2, Flavor (by mouth) Evaluation Of Apple Juice

Flavor is a complex sensation in which all factors interact
where volatile components contribute to aroma, the non-volatiles
primarily give rise to taste sensation, hence the effect of one
on the other must not be overlooked. As far as flavor by mouth is

concerned, differences in juices are largely due to acids, sug-




Table 19. Cultivar mean score for apple aroma in apple juice

Cultivar

Collet

PF #50
Heyer #12
Westland
Breakey
Goodland
Norland
Kerr

PF #36

PF #51

Mean!

21.67
19.89
17.83
16.89
15.78
15.33
12.89
11.83
11.67

8.55

a
ab
abc
abcd
bcd
bcd
cde
de
de

e

'gscores with the same letter are not
significantly different (p = .05)

95
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ars, phenolics and fruity characteristics. It is known that acids
contribute to acidity, sugars to sweetness, the phenolics to bit-
terness and astringency, but little is known about the effect of

interaction of individual acids, phenolics or aroma components.

4.4.2.1. Apple Flavor
The F values (Appendix 17) indicated that cultivars and pane-

lists were significantly different at the 5% level. However, the
interactions were not significantly different. Replicates were
not significantly different which demonstrates that the panelists
were consistent from one session to the next. Panelists rated the
apple flavor for Kerr, PF #51, Goodland, Collet, Norland,and PF
#36 to have similar quality (Table 20), while the culé&vars Good-
land, Collet, Norland, PF #36, PF #50, Heyer #12 and Breakey had
similar apple flavor quality. Westland was judged to have a dis-
tinctly different apple flavor. |

One might expect both the apple flavor (by mouth) and apple
aroma (nasal) to have similar scores. However, this was not the
case as cultivar scores were higher for apple flavor (Table 20)
than apple aroma (Table 19). This indicated that the flavor (by
mouth) was identified from aroma (nasal) as totally different
attributes. The lower scores for apple aroma (nasal) could also
be due to the fermented aroma which might have masked the apple

aroma.

4,4,2,2, Sveetness
The apple cultivars were distinctly different for sweetness

quality (Table 21 and Appendix 18). Panelists rated sweetness



Table 20. Cultivar mean score for apple flavor in apple juice

Cultivar Mean'!
Kerr 31.94 a
PF #51 31.05 a
Goodland 29.11 ab
Collet 27.78 ab
Norland 26.83 ab
PF #36 25.72 ab
PF #50 24,00 b
Heyer #12 23.00 b
Breakey 22.56 b
Westland 10.56 ¢

‘scores with same letter are not
significantly different (p = .05)



Table 21. Cultivar mean score for sweetness in apple juice

Cultivar Mean!

PF #51 39.83 a

Norland 30.33 b

PF #36 27.72 b

Collet 19.33 ¢

Breakey 16.94 cad
Goodland 13.39 de
Kerr 12.89 de
PF #50 12,00 de
Heyer #12 8.78 e

Westland 4.94 e

!scores with the same letter are not
significantly different (p = .05)
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differently and their ratings changed from replicate to repli-
cate. However there were no significant interactions. Of all the
juice samples PF #51 was judged to produce the sweetest juice
while juice from Westland was considered to be the least sweet.
Juices produced from the Norland and PF #36 cultivars (next to PF
#51) were given higher ratings than the next three groups of
juice. These groupings were as follows: Collet and Breakey;
Breakey, Goodland, Kerr and PF #50; Goodland, Kerr, PF #50 Heyer
#12 and Westland.

Correlations were anticipated between perceived sweetness and
sugar content determined by official methods (Figure 13) and HPLC
analysis (Figure 14). The lack of correlation probably was due
to the acidity level affecting the sensory response to sweetness.
" This was supported by a nonsignificant correlation between per-
ceived sweetness and sugar content. Panelists were able to per-
ceive the changes in sugar content. However the change in scores
for sweetness did not directly correspond with an increase in
sugar content (Appendix 19). This indicated that the sugar con-
tent by itself did not have an influence on the panelists percep-
tion of sweetness, 1ie. the cul*pan interaction was not signifi-

cant (Appendix 18).

4.4.2.3. Sourness

Cultivar mean scores for sourness are presented in Table 22.
Westland was rated as the cultivar producing the most sour juice
while PF #51 produced the least sour juice. This rating was the

reverse of that given for sweetness (section 4.4.2.2.). Juices



Figure 13. Correlation between perceived sweetness by sensory

panel with sugar content by the Official method
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Figure 14. Correlation between perceived sweetness by sensory

panel with sugar content by HPLC
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Table 22. Cultivar mean score for sourness in apple juice

Cultivar Mean!
Westland 53.89 a
Kerr 46.3% b
Heyer #12 44.39 b
Goodland 44,22 b
PF #50 42,50 bc
Collet 38.83 ¢
" Breakey ' 28.72 4
Norland 19.00 e
PF #36 16.39 e
PF #51 11.89 f£

lgcores with the same letter are not
significantly different (p = .05)
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from Kerr, Heyer #12, Goodland and PF #50 were grouped together
for sourness. These were more sour than the other cultivars but
not as much as Westland juice. Other groupings in decreasing
order of sourness were: PF # 50 and Collet; Breakey; Norland and
PF #36. The ANOVA data (Appendix 20) indicated significant inter-
actions between cultivar Jjuices and panelists, and cultivar
juices and replicates . Scores for sourness increased as the acid
content increased (Appendix 21). A significant (p=.01) correla-
tion was noticed between perceived sourness and acid content
determined by official methods (r=0.935) (Figure 15) and
HPLC (r=.817) (Figure 16). This indicated that the acid content

had an influence on the taste (perceived sourness).

4,4.2.4. Astringency

The panelists were able to classify the ten cultivars into
separate groups for astringency (Table 23 and Appendix 22). How-
ever they differed 1in their assessment of the degree of astrin-
gency (Appendix 22) and this produced a significant pane-
list*cultivar interaction. The juice from PF #51 was considered
to be the least astringent followed by PF #36, Norland and Brea-
key. The juices from the rest of the cultivars were rated simi-
larly by the panelists. A positive correlation (r=.630, signifi-
cant at p=.05) was observed between perceived astringency and
tannic acid determined by official methods (Figure 17). This
indicated that the polyphenocl content had an influence on the

taste.

4.4.3. Descriptive Flavor Profile Of Apple Juice




Figure 15. Correlation between perceived sourness by sensory

panel with acid content by Official method
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Figure 16. Correlation between perceived sourness by sensory

panel with acid content by HPLC
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Table 23. Cultivar mean score for astringency of apple juice

Cultivar Mean'
Goodland 42.83 a
Kerr 41.61 a
Heyer #12 41,50 a
Westland 41,33 a
PF #50 39.00 a
Collet 38.50a
Breakey 32.94 b
Norland 23.39 ¢
PF #36 22.44 c
PF #51 : 16.33 4

lgcores with the same letter are not
significantly different (p = .05)



Figure 17. Correlation between perceived astringency by sensory

panel with tannin content by the Official method
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A descriptive flavor profile of apple juice is illustrated in
Figure 18. The center of the figure represents low intensity,
with intensity of each attribute incréasing with distance from
the center. The mean values of each attribute are connected to
yield a descriptive profile. In Figure 18 blends #1 and
#4 (Appendix 2) are compared with a commercial apple
juice (reference). The reference had the highest intensity for
apple flavor and sweetness as compared to blend #1 and #4. How-
ever, with respect to apple flavor and sweetness blend #1 was not
very different from blend #4 and the reference. Blend #4 had the
highest intensity for sourness and astringency whereas the refer-
ence had the lowest intensity, with blend #1 intermediate to
these. Blend #4 had the highest intensity for sourness and
astringency because it consisted of a certain proportion of apple
juice made from Kerr a crabapple. According to Moyer and Ait-
ken (1980) crabapples (Kerr) are very astringent in taste. It was
also observed that the reference had the highest intensity for
sweetness, the reason being it had a sugar-acid ratio of 25.6
where as the two blends #1 and #4 had a sugar-acid ratio of
17.0 (Table 24). According to Poll (1981) a sugar-acid ratio of
15 - 18 appears to give an ideal balance, with 18 - 23 being too
sweet. Hence these results aré in agreement with those reported

by Poll (1981).

4.4.4. Effect of Sugar-Acid Ratio on Perceived Sweetness and

Sourness

The sugar-acid ratios were determined from the measured sugar



Figure 18. Descriptive flavor profile of apple juice
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Table 24. Chemical and sensory

Blend #1
Blend #4

Reference

apple juice

Sugar
Mean

10.67
10.37
11.51

Perceived
Sweetness

27.70
26.57
37.62

116

analyses of blended and commercial

Acid
Mean

0.60
0.61
0.45

Perceived
~ Sourness

23.00
29.30
14.25

Sugar-Acid
Ratio

17.78
17.01
25.58
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and acid contents (Section 3.1.2.). The sugar-acid ratios and the
perceived sweetness and sourness scores are presented in Appendix
24, Panelists responded to the changes in the sugar-acid ratio.
Thus sweetness scores increased as the sugar-acid ratio increased
and the sourness scores increased as the sugar-acid ratio
decreased, that is as the acidity of the juice increased. Per-
ceived sweetness correlated positively (r=.89) with sugar-acid
ratio (Figure 19). while sourness correlated negatively (r=-.93)
with the sugar-acid ratio (Figure 20). It is evident that culti-
vars with high sugar-acid ratios were evaluated as sweet while
cultivars with low values were 3judged as sour. Accordingly the
juice from cultivar Kerr, Heyer #12 , Goodland, PF #50 and West-
land could be classified as being very sour, whereas juice from
Norland, PF #36 and PF #51 as being very sweet and that from
Breakey and Collet as having an ideal balance. These results are

in agreement with those reported by Poll (1983).



Figure 19. Relationship of perceived sweetness against sugar-acid

ratio
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Figure 20. Relationship of perceived sourness against sugar-acid

ratio
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5. CONCLUSION

The present stuay was conducted on one crabapple and nine
apple cultivars grown on the Canadian Prairies, to test their
suitability for Jjuice production. The <criteria used to assess
fruit qualities were:

1. Moisture content

2, Acid content

3. Sugar content

4, Polyphenol content
A pilot plant scale filtration unit was assembled and utilized
for clarification, polishing and sterilization of the juice. The
juice was analyzed chemically for ©pH, acid sugar and polyphenol
content. Sugar and acid profiles on the juices was obtained by
chromatographic (HPLC) analysis. The juice from each individual
cultivar as well as a ten blends were evaluated organoleptically
for aroma and flavor. Correlation of sensory with chemical and
physical measurements were carried out for sugars and acids in
the apple juice.

The two year data for moisture, acid, sugar and polyphenol
content indicated considerable variation between and within cul-
tivars from year to year. These cultivars could be classified as
having average moisture content, medium to high acid content,
average to below average sugar content and medium to high phe-
nolic content.

The filtration studies indicated that the optimum
enzyme (pectinase) concentration for clarification of apple juice

was 0.15% (w/v). A constant turbidity value was obtained after

the 4th filtration cycle. The test juice had a lower turbidity
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value as compared to that of commercial apple juice. The yeast
and mold count was nil on the final product. During filtration
the polyphenol content decreased considerably due to removal of
tannins along with suspended particles. Chromatographic analysis
for sugars showed that fructose was the predominating sugar, with
smaller amounts of glucose, sucrose, sorbitol and xylose. The
major organic acids were malic and quinic, along with trace
amounts of galacturonic and citric acid. However, quinic acid
was not detected in the 1983 apple juice.

Organoleptic studies revealed that PF #51 and Collet had the
highest scores for fermented and apple like aroma respectively.
Sugar content by itself did not have an influence on the pane-
lists perception of sweetness. Perceived sweetness increased with
an increase in the sugar—acid‘ratio, on the other hand, perceived
sourness increased with a decrease in the sugar-acid ratio. Only
Breakey and Collet had the acceptable sugar-acid ratio required
to make single cultivar Jjuice. The other cultivars were less
suitable due to a wider range of compositional differences. A
proper blending procedure would permit the wutilization of all
cultivars for juice production. However, it should be remembered
that all commercial apple juices are blended. The blended juices

compared very well with the commercial apple juice.
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6. RECOMMENDATIONS

In this study the following recommendations are made for
future study:

To overcome the yeast and mold problem, the entire system
needs to be redesigned. This could be achieved by replacing the
PVC piping with stainless pipes. The shelf 1life of the apple
juice could be futher improved by eliminating all the filters and
inserting an ultrafiltration membrane.

Commercially apple juice is blended by mixing juice from two
or more cultivars. Since juice from Manitoba grown apples have
never been evaluated, a proper blending procedure would permit
the utilizatuion of all these cultivars. This can be achieved by
increasing the sugar-acid ratio £from 17 to 25, These blends
could then be compared with a commercial apple juice. Each
apple producing area has its own favourite apple juice. Hence a
preference test could be carried out to the consumer group to
evaluate the acceptability of apple juice as well as carbonated

apple juice from Manitoba grown apples.
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Appendix 1.

Procedure utilized for blending of apple juice

Sugar-Acid %
Ratio
Norland 21 //;7142 23,00
17
Collet 15.8 \\\S 4.0 77.00
5.2 100.00

Blending was based on a sugar-acid ratio of 17. Hence
in the above example 1.2 parts of Norland (S/A = 21)
is mixed with 4 parts of Collet (S/A = 15.8).

100 X 1.2 = 23%

5.2

100 X 4.0

5.2

77%
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Prepared blends of apple juice

Blend

1

Appendix 2.

Cultivar

Collet
Norland

Kerr
PF #51

Collet
Kerr

Goodland
Norland

Breakey
Kerr

PF #36
RKerr

PF #36
PF #50

PF #36
Heyer #12

PF #50
PF #51

Collet
Goodland

Norland
Westland

Propor

23.00
77.00

60.00
40.00

30.00
70.00

59.00
41.00

83.00
17.00

30.00
70.00

79.00
21.00
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Appendix 3.
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Concentration of taste stimuli used in orientation panels

Fructose

[)
S

Malic acid

0.02
0.04
0.06
0.08
0.10

[
°

Tannic acid Preparation of Reference

0.002
0.004
0.006
0.008
0.010

w/v
w/v
w/v

w/v

in tap distilled water

in
in
in

in

tap distilled
tap distilled
tap distilled
tap distilled

water ..

water

water

water
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Appendix 4.
'Questionnaire For ranking

Name Date

Rank these samples for sweetness. The sweetest sample is ranked
first, the second most sweetest sample is ranked second, the

least is ranked last. Place the code numbers on appropriate
lines.

Taste the samples in the following order. Rinse with water between
each sample.

Code

Comments:

!similiar qQuestionnaire was used for ranking
sourness and astringency
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Appendix 5.
Description Of apple juice

Name Date

Taste each apple juice sample in the given order, and describe
aroma and flavor.

Code

Aroma

Flavor (by mouth)

Comments:
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Appendix 6.

Sensory attributes selected by panel for evaluation Of apple juice

Characteristic Attributes

Aroma Apple
Fermented
Alcoholic

Flavor Apple

(by mouth) Sweetness
Sourness

Astringency



Appendix 7.

Reference samples used during aroma and

Characteristic Attribute

Aroma Apple
Fermented

Flavor Apple
Sweetness
Sourness
Astringent

'Scotian Gold apple juice
21984 juice from PF 51

Reference

Scotian
PF #51

Scotian
Scotian
Scotian
Scotian

Gold

Gold
Golad
Gold
Gold

139

flavor evaluation

apple

apple
apple
apple

apple

juice

juice
juice
juice
juice
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Appendix 8.

The sequence Of Sample presentation for aroma evaluation
in apple juice

Date Cultivar

26- 03-85 PF #36
Heyer #12
Goodland

28-03-85 PF #51
Collet
Kerr

01-04-85 Westland
Norland
PF #50

03-04-85 Breakey
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Appendix 9.

The sequence of sample presentation for flavor evaluation (by mouth)
in apple juice

Date Cultivar
29-04-85 PF #50
Heyer #12
30-04-85 PF #36
Goodland
01-05-85 Kerr A
Breakey S
02-05-85 PF #51
Westland
03-05-85 Collet

Norland



Sugars in apple juice

Cultivar

%
Kerr 0.77
Breakey 0.95
Collet 0.41
Goodland 0.34
Heyer12 0.63
Norland
PF #36 0.68
PF #50 0.23
PF #51 0.56

Westland ND

Trace

Sucrose

std.
Dev.

0.03
0.05
0.03
0.01
0.03

0.00
0.06
0.02

ND

TND Not Detected

Appendix 10

(1983)

Glucose

%

Std.
Dev.

0.06
0.04
0.06
0.07
0.08
0.12
0.08
0.01
0.08
0.08

as determined by HPLC

Fructose

%

4.790
6.86
5.25
4.77
‘5.13
4.36
5.47
4.03
3.52

4.29

Std.
Dev.

0.14
0.22
0.21
0.14
0.09
0.36
0.21
0.05
0.13
0.13

Sorbitol
% std.
Dev.
0.40 0.02
0.51 0.01
0.31 0.01
0.31 0.01
0.30 0.00
0.34 0.03
0.32 0.0t1
0.25 0.00
0.29 0.08
0.29 0.08

Xylose
%
'ND
0.12
0.13
0.06
0.05
0.09
o.11
0o.11
ND

ND

std.
Dev.

ND

0.01
0.00
0.01
0.00
0.05
0.00C
0.00

ND

ND

Total
Sugar
%

8.69
9.99
7.67
7.19
7.98
6.07
8.68
5.93
6.42

5.87

AN



Appendix 11

Sugars in apple juice(1984) as determined by HPLC

Cultivar Sucrose Glucose Fructose Sorbitol Xylose Total
4 Std. % std % std. % Std % Std. Sugar

Dev. Dev. Dev. Dev. Dev. %
Kerr 1.26 0.09 2.86 0.17 5.58 0.26 0.40 0.04 0.01 0.00 10.11

Breakey 1.21 0.01 1.60 0.0t 6.48 0.30 0.52 .00 0.07 0.01 9.88
Collet 0.60 0.00 1.32 0.01 7.40 0.07 0.39 0.00 0.11 0.01 9.82
Goodland 1.43 0.06 1.50 0.02 6.83 0.14 0.39 0.01 ND?2 ND 10.15
Heyer 12 0.09 0.00 1.39 0.07 5.66 0.30 0.30 0.02 0.09 0.00 7.53
Norland 1.03 0.60 1.28 0.06 5.78 0.28 0.41 0.01 0.01 0.00 8.60
PF #36 0.71 0.01 1.49 0.0t 4.57 0.05 0.35 0.00 0.07 0.00 7.19
PF #50 0.84 0.02 1.50 0.00 6.30 0.03 0.26 0.00 0.03 0.00 8.93
PF #51 1.61 0.02 2.11 0.06 5.08 0.05 0.35 0.00 0.02 0.00 9.17
Westland 0.21 0.01 1.60 0.09 4.83 0.05 0.14 0.00 0.02 0.00 6.80
s~-Gold' 0.67 0.00 1.96 0.00 6.94 0.01 0.36 0.00 0.03 0.00 9.95
Blend#1 0.99 0.02 1.33 0.02 6.29 0.12 0.41 0.01 0.10 0.00 9.12
Blend#4 1.10 ©0.01 1.50 0.01 5.90 0.06 0.38 0.00 0.03 0.00 8.91

'Scotian Gold

2ND Not Detected

ey



Organic acids in apple juice(1983) as determined

Cultivar

Kerr
Breakey
Collet
Goodland
Heyer #12
Norland
PF #36

PF #50

PF #51

Westland

Citric

% std.

Dev.
0.02 0.00
0.03 0.01
0.01 0.00
0.01 0.00
0.06 0.00
0g.03 0.01
0.06 0.00
0.05 0.00
0.01 0.00
0.02 0.00

Appendix 12

Galac
%

0.13
0.08
0.14
0.14
0.10
0.09
0.10
0.06
0.05
0.04

by HPLC
turonic
Std.
Dev.
0.00
0.03
0.02
0.00
0.00
0.03
0.00
0.00
0.00

0.00

Malic
%

std.
Dev.
0.06
0.11
0.03
0.04
0.05
0.02
0.00
0.03
0.02

0.00

Total
Acid
%
1.28
1.17
0.91
0.89
1.12
0.72
1.14
1.15
0.49

0.44

Vvl



Organic acids present

Cultivar

Rerr
Breakey
Collet
Goodland
Hevyer#12
Norland
PF #36
PF #50
PF #51
Westland
S-Gold
Blend #1

Blend #4

Citric
% std.
Dev.
0.03 0.00
0.04 0.00
0.03 0.00
.02 0.00
0.04 0.00
0.02 0.00
0.02 0.00
0.02 0.00
0.02 0.00
0.03 0.00
0.08 0.00
0.03 0.00
c.02 0.00

%

0.10
0.08
0.10
0.08
0.09
0.10
0.08
0.03
0.02
0.06

TND

0.10

Appendix 13

by HPLC
Galacturonic Malic

std. % std
Dev. Dev.
0.00 0.68 0.00
0.01 0.76 0.11
0.01 0.85 0.04
0.00 0.81 0.00
0.01 1.04 0.05
0.01 0.54 0.03
0.00 0.36 0.02
.00 0.86 0.01
0.00 0.62 0.03
0.00 1.10 0.00

ND 0.45 0.00
0.00 0.61 0.01
0.00 0.70 0.14

0.09

'ND indicates not detected

Quinic
%

0.47
0.51
0.65
0.55
0.46
0.50
0.39
0.55
0.45
0.38
0.68
0.52
0.52

std.
Dev.
0.01
0.07
0.02
0.00
0.03
0.02
0.01
0.01
0.02
0.02
0.04
0.01
0.00

in apple juice (1984) as determined

Total
Acid
%

1.28
1.39
1.64
1.46
1.63
1.16
0.85
1.46
1.11
1.57
1.19
1.26

1.33

SPT
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Appendix 14.

Analysis of variance for fermented aroma in apple juice

Source DF Sum of Squares F Value
Pan 8 2411.14 4,20 **
Cul 9 3920.56 6.07 **
Rep 1 572.45 7.98 %%
Pan*Cul 72 7088.20 1.37
Pan*Rep 8 517.30 0.90
Cul*Rep 9 470.16 0.73

** indicates F values are significant at p =0.05
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Appendix 15

Mean scores of replicates for fermented
aroma in apple juice

Rep N Mean!
1 90 16.20 a
2 90 12.62 b

lgcores with the same letter are not
significantly different (p=.05)
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Appendix 16.

Analysis of variance for apple aroma in apple juice

Source DF Sum of Squares F value
Pan 8 5089.20 12.01 =**
Cul 9 2650.31 5.56 **
Rep 1 27.22 0.51

Pan*Cul 72 6353.70 1.67 *x*
Pan*Rep 8 474.0 1.12

Cul*Rep 9 1099.11 2,31 **

** indicates F values are significant at p =0.05
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Appendix 17.

Analysis of variance for apple flavor in apple juice

Source DF Sum of Sguares F values
Cul 9 5982.50 8.23 *%
Pan 8 14486.64 22.42 *%
Rep 1 3.20 0.04
Cul*Pan 72 6083.13 1.05
Cul*Rep 9 598.80 0.82
Pan*Rep 8 737.40 1.14

** indicates F values are significant at p =0.05
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~Appendix 18.

Analysis of variance for sweetness in apple juice

Source DF Sum of Squares F values

Cul 9 18765.38 44,32 **

Pan 8 1074.80 2.86 **

Rep 1 301.60 6.41 **

" Cul*Pan 72 4248.60 1.25

Cul*Rep 9 730.67 1.73 SR
Pan*Rep 8 166.04 0.44 ERE

** indicates F values are significant at p =0.05
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Appendix 19.

Mean cultivar scores for sweetness versus total sugar content
determined by Official methods and HPLC analyis

Cultivar Sensory A.0.A.C. HPLC
Score (% Sucrose) Total

Sugar

(% Sucrose)

Kerr 12.88 12.55 10.11
Breakey 16.94 7.07 9.88
Collet 19.33 11.06 9.82
Goodland 13.38 12.40 10.15
Heyer #12 8.77 8.50 7.53
Norland 30.32 10.50 8.60
PF #36 27.72 | 10.94 7.19
PF #50 11.99 11.44 8.93
PF #51 39.83 11.30 9.17

Westland 4.94 8.31 6.80
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Appendix 20.

Analysis of variance for sourness in apple juice

Source DF Sum of Squares F value
Cul S 34292.20 118.70 **
Pan 8 1779.21 6.93 **
Rep 1 13.90 0.43
Cul*Pan 72 5250.90 2,27 **
Cul*Rep 9 1250.44 4,33 *x%
Pan*Rep 8 312.41 1.22

** indicates F values are significant at p =0.05
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Appendix 21.

Mean cultivar scores for sourness versus total acidity
determined by Official methods and HPLC analysis

Cultivar Sensory A.0.A.C. HPLC
Score (% Malic Acid) (% Malic Acid)
Kerr 46.39 1.01 0.68
Breakey 28.72 0.44 0.76
Collet 38.83 0.70 0.85
Goodland 44,21 0.88 0.81
Heyer #12 44,38 0.91 1.04
Norland 19.00 0.50 0.54
PF #36 16.38 0.39 0.36
PF #50 42,50 0.81 0.86
PF #51 11.88 0.47 0.62

Westland 53.88 1.05 1.10
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Appendix 22

Analysis of variance for astringency in apple juice

Source DF Sum of Sqguares F value
Cul 9 15310.53 35.74 **
Pan 8 3456.30 9.08 **
Rep 1 21.36 0.45
Cul*Pan 72 6999.20 2.04 **
Cul*Rep 9 666.53 1.56
Pan*Rep 8 300.74 0.79

** indicates F values are significant at p =0.05
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Appendix 23,

Mean cultivar scores for astringency versus total phenolics
determined by Official methods

Cultivar Sensory A.0.A.C.
Score (% Tannic Acid)

Kerr 41.61 0.09

Breakey 32.94 0.07

Collet 38.49 0.08 At
Goodland 42.83 0.11 o
Heyer #12 41.50 0.09

Norland 23.38 0.05

PF #36 22,44 0.18

PF $50 39.00 0.10

PF $#51 16.33 0.08

Westland 41.32 0.06
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Mean cultivar scores for sweetness and sourness versus

Cultivar

Kerr
Breakey
Collet
Goodland
Heyer #12
Norland
PF #36

PF #50

PF #51

Westland

Sweetness

12.88
16.94
19.33
13.38

9.77
30.32
27.72
11.99
39.83

4.94

sugar - acid ratio (A.0.A.C)

Sensory

Sourness

46.39
28.72
38.83
44.21
44,38
19.00
16.38
42.50
11.88
53.88

SugarjAcid
ratio
12.40
16.07
15.80
14.17
9.35
21.00
28.05
14.12
24,05
7.91



