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SUMMARY:

The Red Delicious has for many years represented the ideal applesareEhaa symbol of
consistent crispness and delicious flavor. However, changes in theeddydRcious varieties are bred,
distributed, and sold threaten to displace the Red Delicious apple froentitalgole in the industry.
One important component in this shift is the trend in the last decadeesdirigdred Delicious varieties
for appearance rather than texture, flavor, or shelf life. Another compieriertWashington State
practice of selling last year’s crop before selling the new crop, whlakigdselling of the new harvest
until February. This requires that the majority of the apples sol@iaaty part of the season come from
CA storage. Our research shows that these apples, often sold as “newamdpe”overripe and show
other signs of poor management. Finally, poor stock rotation in the grocerysther erodes the
likelihood that Red Delicious apples of consistently high quality wathethe consumer. Millions of
dollars spent on industry advertisements touting the consistent qualitgsdfington Red Delicious
apples, but without substantive change geared at making those clainity ahaa only served to
further tarnish the reputation of the Red Delicious apple. As result, masymers now consider the
Red Delicious to be an apple that may not be worth buying and have lost confidappkefin general
as a fruit to bring home for the family to eat and enjoy.

The picture may not be as bleak as it seems, however. The resultadyf watreport in this
article strongly suggest that although there may be some relatively atdesiarieties of Red Delicious,
Red Delicious fruit now represented in the retail sector could besdetivo the consumer with
consistently high quality if monitored, packed, and handled correctly.

Three different types of apples, Red Delicious, Braeburn and Gala ampetested from
grocery stores in California, Oregon, and Washington from November 2001 to July B002shington,
market samples were made in Seattle, Spokane and the Tri-Citimse{iek, Richland, and Pasco).
Samples were purchased from five major store chains in each magkat #8ashington on a regular
basis and tested with the MDT Computerized Agricultural PenetrometsultfRef this study show that
well-managed Red Delicious apples even near the end of the market saade maintained at a higher
Quiality Factor index than the imported Gala or Braeburn apples thataesl mn the market near the end
of the year. This and other results highlight the potential thafutateck assessment and management
could play in improving consumer confidence in Red Delicious varietiesarehsing sales.

We also report data suggesting that isolated Magness-Taylor typefis measurements grossly
underestimate changes in fruit maturity, and are often unable to diffeeeapples on the basis of
quality. On the basis of these data, we propose the adoption of the MDThdasdry standard test
device capable of differentiating apples on the basis of internalygualit



INTRODUCTION:

The Red Delicious has for many years represented the ideal apale;bheen a symbol of
consistent crispness and delicious flavor. However, changes in theaddydRcious varieties are bred,
distributed, and sold have led to inconsistent retail quality and threatiisptace the Red Delicious
apple from its central role in the industry. One important component in thisssthié trend in the last
decade of developing Red Delicious varieties for appearance tiadinetexture, flavor, or shelf life.
Another component is the practice in Washington state of selling la& geaw before selling the new
crop, which delays selling of the new harvest until February. This reghaethe majority of the apples
sold in the early part of the season come from CA storage. Our researdhtisaibivese held-over
apples, often sold as “new crop,” can be overripe and of unacceptable.qbaléity, poor stock rotation
in the grocery store further erodes the likelihood that Red Delicious apmessistently high quality
will reach the consumer.

Millions of dollars spent on industry advertisements touting the consigtlity of Washington
Red Delicious apples, but without substantive change geared at makinglémseaaeality, have only
served to further tarnish the reputation of the Red Delicious apple.sél§ raany consumers now
consider the Red Delicious to be an apple that may not be worth buying.

The picture may not be as bleak as it seems, however. Here we hegedults of a study which
strongly suggests that although there may be some relatively undesaabties of Red Delicious, Red
Delicious fruit now represented in the retail sector could be deliverén ttconsumer with consistently
high quality if assessed, packed, and handled correctly.

Three different types of apples, Red Delicious, Braeburn and Gala agpetested from
grocery stores in California, Oregon, and Washington over the period of Hewe2001 to July, 2002.
In Washington State, market samples were made in Seattle, Spokane amnCitiesTKennewick,
Richland, and Pasco). Samples were purchased from five major store clegicls market area in
Washington on a regular basis and tested with the MDT fruit teResults of this study show that well-
managed Red Delicious apples even near the end of the market sedsemeamtained at a higher
Quality Factor index than the imported Gala or Braeburn apples thataesl mn the market near the end
of the year. This and other results highlight the potential thafutateck assessment and management
could play in improving consumer confidence in Red Delicious varietiesarehsing sales.

In this article, we summarize the study and report data suggesting thBeReous varieties,
when managed in a consistent fashion, have the potential to reach the comghmensistently high
quality. The results of the study show that Braeburns, Galas and Remidetre all susceptible to poor
handling practices and poor quality fruit of all varieties can be found on most gstaershelves. We
also present evidence that measurement of internal fruityguétit a device such as the MDT-1 can play
an important role in accurate apple maturity assessment.

The MDT-1 Computerized Agricultural Penetrometer:

The instrument used in this study differs from industry standard fssesters in several
regards. The MDT-1 measures the firmness from the surface of ant@jipleore during a constant rate
test. Measurement of internal fruit pressure is important becawseaaXtuit pressure measured by
standard firmness testers often has poor correlation to internakfugiiuse. Constant rate testing allows
tests to be precise and repeatable. Each test also includes aemnoéésaihigh-frequency tearing
characteristics (or crispness) of the fruit material and #epcdeformation of the fruit under constant
pressure. The MDT-1 determines each of these important characdristicapproximately 5,000
firmness and displacement measurements. The purpose of eaclotpsbisde a quantitative measure
of those characteristics consumer experiences when he or she bitesapmiea



Figure 1 shows the cross section of an apple and the R1, R2 and R3 regions. R1 extehds inwar
from the outer surface to a depth of 0.32 inches. This is the standardsstgytor firmness
measurement depth that is used by most mechanical and electronicSimessirement tools that are
currently available.

Region 2 (R2) runs from the boundary of R1 to a dept
proportional to the radius of the fruit (0.6 for apples). The ML
computes the R2 boundary once it identifies the surface of th
fruit and is able to computes the diameter. R3 is the core-re¢
and runs from R2 to the center of the fruit.

Texture and quality information gathered by the MDT-
is best represented quantitatively by the Quality Factor (QF),
weighted sum of the results of the rigorous materials test
routines discussed above. The QF is scaled between 0,
representing Washington State Apple Commission minimum
shipping requirements, and 100, representing the Apple Matt
Program’s optimum picking guidelines. Currently, these valu
are based on Red Delicious varieties. In terms of consumer Figurel The MDT model of an
acceptability, QF values above 50 represent good apples. apple showing R1, R2, and R3.
Consumer acceptability diminishes rapidly below QF values o
20. QF values below 0 represent very poor quality apples that in generalnobbklacceptable to most
consumers. The QF is discussed in detail below.

Basic Concepts of The Quality Factor (QF):

The basic concept underlying the development of the QF is that the mafahiyedible portion
of the fruit should be included in any assessment of fruit maturity. Furtheak® thhe measurement
reliable and consistently accurate, the results of several indiepeypes of tests should be combined.
By comparison, the industry-standard Magness-Taylor style penetramesisures only the maximum
force in the outer 0.32 inches of a fruit. The Mohr Digi-Test unit corsitie following items as part of
the QF determination:

M1 =Maximum forcein region R1, defined by the region of the apple from the surface to 0.32 inches
depth. This test is done at a computer-controlled constant velocity.

CO0 = Creep deformation is obtained through application of a constant force and movement of the
plunger to keep the force constant as the apple material relaxes. Thasi@enent is made when the
plunger first reaches a depth of R1. At this depth, the computer contrcthesvitom constant velocity
testing to a constant load mode of operation, targets a constant plungeptxified in software, and
maintains that load for the period of time specified in softwatds i usually 0.5 seconds to a maximum
of 2.5 seconds with a force of 10 pounds for apples. As the apple starts to ageakridbwn due to the
maturation process the CO deformation will increase significantly.

A2 = Average Firmnessin Region 2. After the creep test period is completed, the test is resunted wit
the same constant velocity trajectory used for the initial part oé#te The force readings obtained from
moving the plunger from R1 to R2 are averaged and the average firmnagsin2és used as one of the

parameters to characterize the fruit quality. In a fresh apple A2 vskveral pounds higher than M1.

E2 = Average of the Last 20 Firmness Readingsin Region 2. The value of E2 in a crisp apple will be
greater than both M1 and A2. As the maturation process of the fruit continuesluthe of A2 and E2
drop significantly. The E2 measurement is made over the last 0.01907 inchesgef pfavel, starting
with 200 raw samples taken at 5000 Hz over 0.040 sec then downsampled to 20 r&duérganger
velocity is currently 0.4768 inches/sec.



CN = Crispness M easurement. The crispness measurement is made in the mid-region of the fruit during
the constant velocity portion of the test as the plunger moves betweern R2a It is based on the 5000

Hz sampled force data that is treated to allow the Fourier Transfoima déviation from a least-squares
cubic spline calculated as the best fit of the force data. Thisvedy high frequency change in force
transmitted to the load cell by the plunger as it passes through thregiad-of the fruit is a good

measure of the fruit crispness, or tearing characteristics. Thisiragant is in essence a quantification

of the crunch that would be obtained when biting the fruit.

QF = Quality Factor. The five individual terms listed above are combined into a singtedalted the
QF or quality factor. Relationships have been developed for each term basddiatatéem fresh fruit
at the time of picking as defined by the Apple Maturity Program Handbook piglkidglines for starch,
dissolved solids, and firmness in R1. The method for developing the Qfoibas. The apples from
the database used for development that fit the criteria are sorteelwith the highest readings are given
a scale value of 100 for each of the measurement categories. The vaueisfdetermined by
recording the lowest values for each of the five terms that are fourplasahat are nearing
unacceptable maturity levels and which have poor texture. Linear camslative been developed for
each of the five terms that allow the measurements from the apple tstedttebe converted into
individual QF (Scale) terms of 0 to 100. The QF (Scale) terms are shfantbe five values and
averaged to give the overall Quality Factor (QF).

Typical Force and Displacement Plots For Red Delicious Apples:

Figure 2 shows a typical force versus displacement plot obtained by tlierunflunger
trajectory going from the surface to the center of the fruit. Thisd shows constant velocity testing in
R1, a creep test at the R1-R2 boundary, thew 03 05 08 10 13 15 18 20 23 T9

resumption of constant velocity testing in E- Q75 L cin
R2, an additional creep test at the R2-R3 B4 ™ =it 0.01
boundary, and finally the constant velocity s 002
test of R3 to the core of the fruit. Thered | = _ e oo

line at the top of the plot represents the —
plunger movement during the creep test. **° e i 004

In this case the creep (C0) is about 13' 0.05

0.008 inches for 2.5 seconds atthe R1 104 ‘ 0.06
boundary. The test time is shown onthe 75 ‘ 0.07
top axis for time and the right hand axis for
creep plunger movement. As the plunger
continued testing to the center of the fruit,
it encountered a soft seed pocket and the
plunger force dropped to 10.5 Ibs. The red
dot shows the maximum force M1 in R1.

The horizontal line is the average force in Figure2. Graphic display of an applewith Quality
R2. There is a red dot in region 2 showir Factor of 87.5 showmgthg ForcePin (Ibs) asafunctlon

. . . of plunger depth D. The different colorsarefor forcesin
the maximum force in R2 and then the fin region R1, R2 and R3. The creep deflection COisalso
red dot in R3 showing the maximum force shown in red at the top of the figurefor a 2.5 sec. creep
in that region. The horizontal line in R3  test between R1 and R2.

shows the average firmness in that regior..
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There is a second creep test shown in Figure 2. The plunger movement duretwptitecseep
test (C1) is zero and as such does not show on the plot. Encountering a zero orestidaefwas found
to be the typical case and as a result the second creep tests wadlgtakémaout of the test protocol.
The problems of hitting a seed pocket in the R3 region is shown by large didancthe The test
trajectory that is currently used stops at the R2 boundary and does niat te icenter of the fruit.
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Figure3. Red Delicioustest results showing an apple with low firmness on theinside and low
crispness. Thedata display on theright showsthetest resultsfrom the MDT-1 software. Thereare
four number 5 testsindicating that four testswere made on each side of the same apple. Theresults
arefrom thefirst test on one side of apple No. 5.

Figures 3 and 4 shows the comparison of tests from two apples both having aud/df va
approximately 13.3 pounds. ML is equivalent to the industry-standard Magness{endtrometer
firmness measurement. The textures of the two fruits are comnypdiefferent, which becomes apparent
when the interior of the fruit is examined and the measured values goareain The QF of 80.9 for the
good apple and 2.6 for the poor apple provide a very good indication of how the two apple$hast
apple with QF of 80.9 was found to be a crisp, firm apple. The apple with a QF of Zdimaso be an
undesirably ripe apple with poor texture, although would still probably be bacsptable to most
consumers. It is apparent that a Magness-Taylor firmness test woulldthme power to distinguish
between these two apples.

Comparison of Red Delicious Apple Condition Over Time:

The following figures document the general change in parameters as lhe@gpues to mature as a
result of the aging process that is usually referenced to the tipiekafg. If picking is delayed or sun
exposure is greater on one side, differences in maturity can greatlytaté quality of the apple that
finally reaches the consumer. The examples found in this article @leotesl from apples obtained
either from grocery stores or from packinghouses as part of an aplite stualy. Samples were taken at
the time of picking, at multiple stages of CA storage, and finally followifignonths or more of CA
storage and retail distribution.
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Figure4. Test resultsfor agood Red Delicious apple with good internal firmnessand a very high
crispnessindex. The data display on theright showsthetest resultsfrom the MDT-1 software. The
test number showsthat three(3) all appear with the same number 1indicating that threetestswere
made around the same apple. Theresultsshown in thisfigure arefrom atest on one side of apple
no.l. Creep deformation (CO) wasin the medium range of 0.019 inches. The crispness number
CN wasvery high and M 1, used by theindustry asthe standard, is 13.375 pounds. Thetest date
was 03/04/2002.

Figure 5 shows a typical force profile from a fresh picked Red Deli@ppk. It can be seen that
R3 was included in the test sequence, similar to Figure 2 . (Latedtesbt include R3 data.). The QF
number is computed in the same way for all of the test samples thhbanme segardless of the inclusion
of R3.

The apple shown in Figure 5 has a QF of 122. This is an excellent apple. Tdrespaess
index (CN) is 333.46 and the QF scale factor for crispness is 146. Hpevedee is 0.000 inches and the
M1 value is 18.414 Ibs. All of these numbers indicate that this is a very gpted dt was tested on
October 1, 1998, and had been picked and packed perhaps a week earlier. Figureb @ 1tsbagy the
results of other tests not inclusive of R3. The data that are showhaaeeteristic of the firmness,
crispness, and general texture found in the general population of applesrihéésted. There is of
course tremendous variability with individual tests. The variatioarat the apple from one side to the
other as indicated by the test results from the four quadrants camifieang. We have performed a
study of our test results as a function of circumferential variati@pH, the results of which will be
discussed in a later paragraph.

One important thing to notice is that the various components of the QF chaiifferant times
in the maturation process. Figures 6 through 11 summarize the change in parasseteiated with
going from apples of QF 118 to a QF of -55.8. In terms of taste, the apple with al@Q&isfcrisp with
a pleasing texture. In contrast, an apple with a QF of -55 is overripe with norai®asrispness, and
has undesirable texture.
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Figure5. A typical firmnesstest profilefor acrisp Red Delicious apple tested within a few
days of picking time. ( October 1, 1998) Notethetest protocol for testing to the center of
the applewas being used for thistest. The Crispnessindex wasvery high, the creep was
0.000 and the force versus position curve showed a steady increase going to the center of the
apple. Thisisan ideal apple firmness profile
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Figure 6. Plotsand data for one of the best Red Deliciousthat has been tested taken from CA
storage. Thecrispnessindex ishigh, the creep deformation islow and the firmnessnumbersare
all very good. Thisisan example of a very good applethat would fall in the top 1 percentile of the
applestested. It wastested on 1/25/02 showing that wonderful tasting apples wer e available for
market at that time.
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Figure7. Red Delicious appletested on 1/25/02 taken from CA storage as part of the 2001 crop. This
range of quality istypical of many fresh picked apples.
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Figure 8. Red Delicious appletested on 2/25/02 taken from CA storage as part of the 2001 crop
year. Thisappleisstarting to show signs of breaking down, the firmness readings ar e coming
down and the creep defor mation CO isincreasing accompanied by a significant drop in CN.



P(b) 03 05 08 10 13 15 18 20 23 T@Q K i Mohr Digi-Test O[]

File Edit “iew Data Toolz Hel
- 0 ) - -
.
257\ P T\ 0.01 I
\ - rich ;I File: [-Mtestapples2ia
N bl sea Field:  CSCO12202
Date:  02/25/2002
200 N 002 QFCLY Time:  11:54:22
: QFC3STH Test  Long
0.03 B J® CSCo12202 Probe:  0.4401n
. @ 0211420 e
75 0218720 BE”‘- il
0.04 =68 02/25/20 | [Gh: 15078 b
- 08 11.363 b
W1 12182 b
a1 2950 b
\ 0.05 M2 15.078 b
A2 12917 Ib
N EZ 14745k
0.06 o 0.067 in
\ Cniraw): 176.622
Chizcale]: 10.10€
0.07 o
»
0.08
— Dbject Statistics
Object | Numl
009 oF | D
M oo |
) a2
013 025 038 050 063 075 08 100 113 D(in) J Cn |
E2 |—

Figure9. Red Deliciousappletested 2/25/02 which shows a significant reduction in texture properties.
Thereisasignificant reduction in crispness and a very significant increase in creep defor mation (CO).
The QF reading of 9.3 putsthisapple very closeto the limit of acceptable taste and texture.
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Figure 10. Red Delicious appletested 1/25/02 showing very poor quality. Thisappleismost certainly
a hold over from the 2000 crop that hasbeen in CA storage. Creep number (CO) has hit the
maximum and was ter minated by softwar e limits. The crispnessterm isvery low and the firmness
numbersarevery low. It would be a very soft and mushy apple and not good to eat.
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Figure 11. Red Deliciousappletested 12/31/01. Thisappleisfrom the 2000 crop year. It has
no crispness, a very soft internal firmness and the creep defor mation waslimited by software
at 0.1 inch of deformation. Thisapplewould be very soft and mushy and bad tasting.

Table 1 summarizes the test data that is identified in the Fighreuigh Figurell. It is very interesting
to compare the change in QF with the change in CO the creep index term ando@bptiess index

term.
TABLE 1
Relationship of Individual QF Terms During Maturation Process
QF M1 (Ibs) A2 (Ibs) E2 (Ibs) CO(in) Creep CN
(Crispness)
122 18.4 19.68 22.31 0.000 333.46
118 16.73 20.40 23.05 0.004 326.7
80.6 15.71 17.24 19.4 0.003 251.69
50 14.42 15.28 185 0.033 204.13
9.3 12.18 12.91 14.74 0.067 176.62
-19.5 11.6 115 12.28 0.100 + ( limit) 161.8
-55.8* 10.00 8.736 9.56 0.100 + (limit) 131.8
* Fruit from 2000 crop year held in CA storage
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STUDY OBJECTIVES:

This study had several objectives, the first of which was to carefdlgnine the quality of Red
Delicious apples available to the consumer over time. We were pentiidaterested in the consistency
of retail quality, both overall and between store chains. Further, we decidelg@uonaxaminations on
the basis of percentile, so that it would be apparent what the genergt dissibution was. Here we
present evidence that Red Delicious consumer quality shows significansistency, with discrete
periods during which the majority of fruit is of poor quality. Percentilgibigions, however, suggest
that the highest quality Red Delicious apples are maintained atiateatig high level of quality
throughout most of the year.

Comparison of newer varieties of apples such as Gala and Braeburn witlelRéalB in terms
of consumer fruit quality was a second study objective. This was an impalsjactive, because data
showing inconsistent retail quality in more robust varieties such as GalaagiolB) would strengthen
the claim that a significant degree of blame rests with post-harvediffgamethods rather than variety
alone. If such were the case, more stringent post-harvest and retail handlglongs could protect the
large grower investment in Red Delicious varieties. We presenfrdaidhis study showing that Gala
and Braeburn apples do, in fact, suffer from inconsistent retail qualiiyasimfashion to Red Delicious
apples.

A third study objective was to gather information on how well individual stibaens are able to
maintain fruit quality. It has been hypothesized that different retaih€lcansistently place differing
amounts emphasis on preserving fruit quality prior to sale. We reportaatang that this widely held
view is in fact true, suggesting that part of the industry problem could beddmjvadoption of more
robust industry standard fruit handling guidelines, particularly if such guidetinkided retail fruit
handling practices.

A final objective of this study was to provide a comparison between sixtelaal fruit pressure
measurement (represented by the MDT-1 M1 value), such as that gatheretehby firmness testing
devices, and the rigorous materials test carried out by the MDT-1.io&segsting by Mohr and
Associates has provided strong evidence that external fruit pressieecah be a poor predictor of
internal fruit quality, and that multiple measures of internal ftuitcsure are necessary for accurate and
reliable maturity assessment. This study provides further evideggesing that industry adoption of
the MDT-1 as a standard fruit maturity tool could help improve consumer apfity,Gogrove
consumer confidence, and improve sales.

MATERIALSAND METHODS:

Tests were performed during the period from 11/29/01 to 6/24/02. Each apple wdsapicke
random from the display stand at its respective store; most wezéd veigiiin 0-3 hours of purchase. All
tests were performed in four positions on each apple with skin removed. Readusel&ala and
Braeburn varieties were tested whenever possible. Starting in mi@®&y Gala and Braeburn imports
from New Zealand and Chile were included in the test program in thosetbitretocked them.

All tests performed by the MDT-1 were full tests, with measurement ofarttAsmte internal and
external fruit pressure, creep measurement, and high-frequency crispasssements. Data was
analyzed and stored on the MDT-1 and later transferred to a desktop coimpgtaephic visualization
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and further analysis. The results of the several thousand testhemisorted and results plotted and are
shown in the following figures.

RESULTS:

Figures 12 to 23 summarize testing in California, Oregon and Washington.rsttiata points
shown are from California and Oregon on day 0 (November 29, 2001); day 30 is thetfitataashich
includes Washington apples. The Oregon and California test data represemtdples from the current
crop year. The Washington test results were from held-over 2000 cropppéss. aOn the 59 and 60-
day point (approximately 2/01/02) the 2001 crop was introduced into the Washingrket for Red
Delicious. Figure 12 shows a significant increase in QF at the 60-day poirddddlicious compared
with the test samples taken at the 27 and 30-day point from the Washington market

The test data that are shown in Figures 12 to 17 show the parameters thepashieeMDT for
the top 3% percentile for Red Delicious, Gala and Braeburn apples from thet&irstaket. It can be
seen that Red Delicious apples with QF greater than 50 can still tepedcat the end of the study —
more than 200 days after testing began. A QF of 50 for Red Delicious repeegents apple with
reasonably good crispness. The dips in the QF curves are the resutichfdtion of fruit damaged by
poor handling practices, poor retail management, or both.

Consistently high-quality Braeburn apples were found in the tri-stateetsaririspness scores
for Braeburn apples were much higher than for either Gala or Red Delicioughbut the season as is
shown in Figure 15.

Figures 18 and 19 show QF and CN test results for Red Delicious applesogt $he33¢, 67"
and 9%' percentiles as a function of time. The test program was started eatéadbelow. The data
points follow in sequence starting with the first five points in sequentaiaws:

1) California and Oregon on November 29, 2001
2) Richland, Washington on December 29, 2001
3) Seattle, Washington

4) Richland, Washington

5) Spokane, Washington

By the fifth sample period the apples that were being sold in Washingtonraréhe new crop
(2001) as opposed to holdovers out of CA storage from the 2000 crop. Holdover 2000 Red Delicious
apples remained in Washington stores until mid January 2002. The testaleswithat a crispness level
of 200 and QF over 50 for the Red Delicious was held out as far as July 2002.

Of note is the fact that some variants of the basic Red Chiefywafi®ed Delicious were found
to have desirable texture characteristics down to QF levels of 10 addh&Qexture of these Red Chief
variants provide a firm white meat that has good cell structureyvedalow creep deformation (C0) and
good crispness (CN). On the other hand, Scarlet Red Delicious were found tattesytobgh skin and
poor texture with green, bitter meat at a QF of 50, even though firmnesseeptable. Varietal
differences can clearly make a difference on taste and consumer acitgptahilctural testing should
be augmented with other means of evaluating quality within the variety
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Figures 20 and 21 show QF and CN for Gala apples inth&38, 67", and 95 percentiles as a
function of time. The QF values drop in mid-May, 2002, when the imported Galas réaehethil
market. These imported apples are of lower quality than the high-quatitp&ieious available at the
same time. The value of the Galas’ CN at thé g&centile also drops at this point. These imported
Gala apples are soft with a poor texture, unlike Washington Gala appleadhaten tested several
weeks prior.

Figures 22 and 23 show test results for QF and CN for Braeburn apples at3e3® 67",
and 9%' percentiles as a function of time. The QF and CN values for every filercange of Braeburns
are higher than these ranges for Red Delicious or Gala varietie€N lialues remain in the 300-350
range to the end of the test period. This result is significarghehithan that obtained for either Gala or
Red Delicious.

The variation in apple quality around the circumference of the apple camifieaig. For a
fresh picked Red Delicious near QF 100, the variation will be in the @frg#0 or fewer points. By the
time the apple has matured to an average QF 50, the circumferentiabmana®F can approach40
points. For apples with average QF of —20 to —50, this variation drops to appebxitfa points. As is
well known, the effect of the “sun” side on accelerating the maturatioessatthin the apple is
significant. The test data from this study show that for selected sarimglevidual QF readings on an
apple can be as high as 90 on one side and 10 on the other.

Skin strength was another factor that was measured. The MDT was useaktorerthe apple
with the skin removed and then with the skin left on. Skin strength was denivedhfe difference
between the maximum force in R1 generated during the two tests. Galasioples a skin strength of
4-7 Ibs. Braeburn apples had a somewhat higher range of skin forces, in the B@db.Rad Delicious
of the Red Chief variety showed skin forces in the 6-9 Ib. range, and thet 8asdty of Red Delicious
regularly had skin forces of 13-18 Ibs. Apples with higher skin strength arealjgtess desirable than
apples with lower skin strength.

Figures 24 through 28 show the QF (Quality Factor) by percentile for RegdDslapples by
store chain. These figures represent fruit taken from five migjaa shains in the tri-state area. Note
that produce from store chain #5 was sampled in Oregon, Washington, and Califbenlast sample
period reported represents samples take in June from the chain #5 Oregomlsmecond to last data
point was for samples tested from a store in Richland, WA.
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DISCUSSION:

This study clearly shows that high-quality Red Delicious apples al#ecto reach the consumer
throughout most of the year; this quality was not consistent, however. Hitity-&eal Delicious apples
were available at least through July of the year following hankgures 12 and 15, which record QF
and CN for Red Delicious, Braeburn and Gala apples, show that the Redudeditthe 33 percentile
range were of higher quality than the imported Gala apples as the stigd/grem to a close. In fact,
Figure 18 shows that Red Delicious QF values of 50 and above were found duringinesqrgint of the
study. Figure 12 highlights the problem with inconsistent quality, howeverout &ssertion that Red
Delicious apples in the"percentile (and certainly the "3ercentile) represent the kind of quality that
could be consistently delivered to the consumer with more efficient hgrgilidelines and with an
improved, standardized QA measurement system. Some other features ofiBledDerieties are also
important in this quality determination, and are discussed further below

Other apple varieties were also examined. Braeburn apples weregherisp and were
maintained at the highest QF level of the three varieties (seeRigwand 15). This is not surprising,
since Braeburns are known to be robust, age well and have a long shelhigdact is shown by the
consistent QF values from all study time-points. Figure 22 shows thaftiher Braeburns at the 87
percentile is near 50 for the entire study period. Braeburns are thtigetglinsensitive to problems in
handling and retail. However, poor Braeburns were found sporadically — thy i&riet immune to
mistreatment.

Gala apples, on the other hand, are more susceptible to poor handling praétjoes 12 shows
that early in the year, top quality Galas rivaled Braeburns. Howevedgdias, with a starting QF above
85, soon began a gradual decline to approximately QF 55 just prior to the irnbondidémported apples
from Chile and New Zealand. Introduction of these imported apples causedeasl miang in Gala apple
quality to a top 3% percentile level near QF 0, well below Red Delicious apples thatléhdesample
period with a QF of near 50.
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The breakdown by percentile for the Gala test series is shown in Figuresb@ws that the QF
for the 67" percentile of domestic Galas was approximately 10, which for a Shéaély acceptable in
terms of firmness and texture. The worst Gala apples (shown by'tipe@®ntile line) showed
significant swings to levels below QF -50. Apples in this range ayepear tasting and have
undesirable texture. For Gala apples reaching the consumer near or belowi®QEl€ar that CA storage
planning was suboptimal, subsequent packing and hold times prior to salewergtand/or the stock
rotation at the point of sale was lax. This set of conditions allowededaantity of apples that were
not fit to eat to reach the consumer.

In comparison to the Gala and Braeburn apples that were tested, the Reni®aliples
generally had a lower initial QF. This may be offset by unpublished dataveebléected which
suggests that Red Delicious apples maintain acceptable texture tdeeleraQF values than some other
varieties. Even so, Figure 12 and 18 show that the Red Delicious crop facedhsalbmphagement.

In Figure 18, note that apples tested in California and Oregon (firsptimés) had a much
higher post-harvest QF than apples that are available in Washingtdy stengafter. Even at the 83
percentile level there were major swings in QF throughout the seasmatiimglithat the problem was not
with the Red Delicious variety but with the way the apples were manageaiaaiedhprior to sale.
Figure 18 illustrates that at selected times it was possible thaaedRed Delicious at the"sgercentile
range with a QF of 20 to 50. Red Delicious apples in the QF 20 to 50 range are gosavibple
acceptable texture. Red Delicious apples near or below QF 20 WhiestjLite acceptable to most
consumers.

This study results also highlight retail store practices. Figurdsr@dgh Figures 28 show the
test results for five of the major store chains that were samplete Btain #1 showed poor buying
practice at the start of the season, consistently buying lower qualitys dpptethe other four chains. As
the season progressed, chain #1 was able to buy better apples and eventhallypasdty in terms of
apple quality at the end of the study period of 200 days. Store chain #1 did not have anyhd@¥satit
or above 50 at the 3%ercentile level.

Store chain #2 had 60 days of sampling with QF greater or equal to 50 af ther&ntile level.
Store chain #3 had approximately 45 days with a QF of 50 or greater af’therg8ntile level. Store
chain #4 had approximately 30 days with a QF of 50 or greater at'thge8=ntile level. Store chain #5
had approximately 20 days with a QF of 50 or greater at tA@&gentile level.

These stores represent markets in five different locationsahdeie different states, and are
therefore subject to local market conditions. All of the storesisest very large swings in Red
Delicious quality at a time when it was obviously possible to purchase good, &séeddenced by
consistently high 8 percentile apple quality. We surmise that either the packetisglayole in the
supply chain or the retail buyers were not aware of or unable to influemogality of product reaching
the consumer. It goes without saying that in many cases the consumer viafegotdproduct. Such an
outcome can only serve to decrease consumer confidence in the apple indystgral and Red
Delicious varieties in particular.

Finally, this study illustrates how a test device such as the MD8 sigrificantly improve the
apple industry QA process. In selected cases, such as in Figures 3 and@Tthéest capabilities are
clearly necessary to differentiate fruit quality differences. @lagples have similar M1 values but vastly
different internal quality. Standard Magness-Taylor testing, even if dofexihe by an automated
device, would have no power to differentiate these two apples in terms of giotagtal or consumer
acceptability. The sophisticated internal test capabilitieseoMDT are therefore useful in
differentiating between individual apples.

In the population sense, these capabilities are just as important. Céiigides 12 and 13,
taking notice of the first 3 time-points. During the interval betweenirgteahd third time-points, the net
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change in M1 was ~ 1 |b. (7%). During the same period of time, however, the net chAgeds ~3.2
Ibs. (17%), and the change in QF was ~ 50 points (66%). An isolated M1 nmeasuveould grossly
underestimate fruit maturity changes in this case.

As another example, consider Table 1. A drop of M1 from 15.71 to 14.42 Ibs. represents an 8%
change. During the same interval, the apples represented by these twe sentpievent a 19% change
in CN, a 1000% change in CO, an 11.4% change in A2, and a 38% change in overall frui{Q&lity

For both of these examples, M1 grossly underrepresented fruit maturity shakmesystem of
management is only as good as the system of measurement that is used ito tlife unlikely that any
method of bringing consistently high-quality apples to the consumer will bessiatuntil the industry
adopts a standard QA tool similar to the MDT that can accurately aablyeheasure changes in fruit
maturity.

It is useful to mention a potentially far-reaching implication of MB@hinology -- the ability to
quantify crispness in the form of CN, a component of fruit texture sepasatdifmness. Although
crispness or “crunch” has been widely touted as perhaps the most ihportgronent of the consumer’s
apple-eating experience, there has been no way to usefully quantify imawtilManagement of
crispness is a natural extension of industry trends toward improved/quoaditol and has the potential to
result in increased consumer confidence and market share.

CONCLUSIONS:
1) High-quality Red Delicious apples were found throughout the study period.

2) Red Delicious varieties suffer from inconsistent retail quality. $higests that improved handling
guidelines can restore Red Delicious retail quality and protect geamwastments in this important
variety.

3) Braeburn apples are more robust and a higher percentage of apples with QF greater than 50 can be
purchased throughout the market year than with either Red Delicious or Gala apples.

4) Red Deliciouswith a QF greater than Gala apples can be purchased near the end of the market year
after imported Gala apples are introduced to the market.

5) Braeburn, Gala, and Red Delicious are all potentially susceptible (Red > Gala >> Braeburn) to poor
storage, packing, handling, and stock rotation practices. Poor quality examples of all varieties were
found in al states, particularly Washington. This suggests that newer varieties are not immune to
poor handling practices, and that poor handling and subsequent poor retail quality has the capacity to
reduce market share and destroy consumer confidence in apples for al varieties, not just Red
Delicious.

6) Certain store chains are more effective than others at preserving retail apple quality. This suggests
that stores with poor handling practices can improve apple quality significantly by emulating those
stores with better practices. Thiswould be of particular value if made along with the adoption of a
robust method of maturity assessment.

7) Theloss of market share and a general loss of consumer confidence in Red Delicious and applesin
general can be attributed to the inconsistent quality of apples presented to the consumer.

8) Standard external fruit firmness testers, even electronic devices with constant-rate testing, are not able
to accurately characterize apple maturity, and may grossly underestimate changes in maturity.

9) Measurement of internal fruit structural properties, such as crispness (CN), creep (CO0), and internal
fruit firmness (A2 and E2) is necessary to differentiate changesin fruit maturity accurately and
reliably.
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10) The MDT-1 can accurately measure the crispness of apples, an implemagnteof fruit texture that
the fruit industry until now has been unable to measure.
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