wo 2011/082129 A1 I 10K 000 OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

oo AT
1 rld Intellectual Property Organization 2 ey
(19 World Inclectuat Property Organization. /552NN 0 0 OO OO DO
International Bureau S,/ 0
3\ 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10)
7 July 2011 (07.07.2011) PCT WO 2011/082129 Al
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
GOIN 33/00 (2006.01) GOIN 33/497 (2006.01) kind of national protection available): AE, AG, AL, AM,
GOIN 33/02 (2006.01) GOIN 27/414 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
M I ional Apolication Number: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(21) International Application Num O CT/US2010/062141 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
CT/US HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(22) International Filing Date: KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
27 December 2010 (27.12.2010) ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
. . NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
(25) Filing Language: English SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
(26) Publication Language: English TT,TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: 84) Designateq States (unle.ss othemise indicated, for every
61/291,096 30 December 2009 (30.12.2009) Us kind ofregzonal protection avazlable): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
(71) Applicant (for all designated States except US): MON- ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
SANTO TECHNOLOGY LLC [US/US]; 800 North TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
Lindbergh Boulevard, St. Louis, Missouri 63167 (US). EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(72) Tnventors; and LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
(75) Inventors/Applicants (for US only): JURADO, Luis A. E}I;/IV {/I[{L) &%P{\I(]]EBFS,I\]?J:FSF:FE?’ CL CM, GA, GN, GQ,
[US/US]; Monsanto Technology LLC, 800 North Lind- > > > [t > )
bergh Boulevard, St. Louis, Missouri 63167 (US). Published:
REAM, Joel E. [US/US]; Monsanto Technology LLC, S .
800 North Lindbergh Boulevard, St. Louis, Missouri with international search report (Art. 21(3))
63167 (US). —  with amended claims (Art. 19(1))
(74) Agents: MUNSELL, Michael G. et al.; Armstrong Teas-

dale LLP, 7700 Forsyth Boulevard, Suite 1800, St. Louis,
Missouri 63105-1847 (US).

(54) Title: METHODS OF IDENTIFYING DESIRABLE TRAITS IN EDIBLE PLANT PRODUCTS

FIG. 1

N\

19—~

TH
7 || H .
o1 =

(57) Abstract: Methods for identifying desirable traits such as flavor or aroma. Methods include screening plant varieties by sens -
ing volatile compounds released from edible plant products produced by the plant.



WO 2011/082129 PCT/US2010/062141

METHODS OF IDENTIFYING DESIRABLE TRAITS IN
EDIBLE PLANT PRODUCTS

BACKGROUND

[0001] The field of this disclosure relates to methods for identifying
desirable traits in the plants and, particularly, to methods that include screening plant
varieties by sensing volatile compounds released from edible plant products produced by

the plant.

[0002] Large-scale commercial production of fruits and vegetables has
resulted in plant varieties that produce fruits and vegetables that are resistant to spoilage
which facilitates long-distance shipping of the fruits or vegetables. However, this spoilage
resistance has come at the cost of reducing freshness and desirable aroma and flavor in the
fruits and vegetables. It has been found that consumer buying decisions in selecting a fruit
or vegetable are driven by the consumer’s perception of freshness and/or desirable aroma

in the fruit or vegetable.

[0003] Current efforts to improve the aroma and taste in fruits and
vegetables involve production of new plant varieties followed by consumer tests to
determine whether the fruit or vegetable is characterized by improved aroma and/or taste.
Consumer testing typically requires a panel of consumers who provide sensory evaluation
by sampling the fruit or vegetable by smelling or tasting it. Such consumer testing panels
are difficult for producers to conduct due to the level of expertise required to develop a
testing protocol that produces desirable results. Further, such panels are expensive to
assemble, do not provide instant results and are not well-suited to screen large numbers of

fruits or vegetables.

[0004] Further, it has been found that different cultures prefer different
traits in fruits and vegetables. For instance, a consumer from Latin America may desire
peppers that are characterized by relatively high pungency; whereas, a consumer in the
United States or Europe may prefer peppers that are less pungent and sweeter. This
increases the complexity of consumer panel evaluations and increases the cost of screening

fruits and vegetables for consumer production.
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[0005] A continuing need exists for methods for testing and screening
fruits and vegetables to determine whether the fruit or vegetable is characterized by
desirable aroma and/or taste such that the variety may be used commercially or used as
breeding stock for new fruit and vegetable varieties. There is a need for such methods that
provide reliable and instant feedback, are inexpensive to perform. can screen many samples

and can screen for different cultural preferences.

SUMMARY

[0006] In accordance with the present disclosure, methods for identifying
desirable traits such as desirable aroma or taste are described. The methods generally
involve screening a new variety of plant by sensing volatile compounds released from an
edible portion of the plant (synonymously “edible plant product”) to produce one or more
electronic signals. The electronic signals may then be analyzed to determine whether the
edible portion of the plant is characterized by improved flavor and/or taste. In this manner,
numerous edible plant products may be screened quickly and reliably; however, it should
be understood that the methods of the disclosure may be applied to screen as few as one or

more edible plant products.

[0007] In one aspect of the present disclosure, a method of identifying
desirable traits includes providing a variety of a plant, the plant containing an edible
portion. The variety of plant is screened by sensing volatile compounds released from the
edible portion of the plant to generate one or more electronic signals. The electronic
signals are analyzed to determine whether the edible portion of the plants of the variety are

desirable.

[0008] Another aspect of the present disclosure is directed to a method for
selecting a plant as breeding stock in the development of commercially desirable edible
plant products. The method includes identifying a desirable trait of the edible plant
product. The desirable trait is associated with a distinctive feature of electronic signals
generated by sensing volatile compounds released from the edible plant product. One or

more volatile compounds released from an edible plant product of interest is sensed to



WO 2011/082129 PCT/US2010/062141

generate one or more clectronic signals. The electronic signals are analyzed to determine

whether they are characterized by the distinctive feature.

[0009] Various refinements exist of the features noted in relation to the
above-mentioned aspects of the present disclosure. Further features may also be
incorporated in the above-mentioned aspects of the present disclosure as well. These
refinements and additional features may exist individually or in any combination. For
instance, various features discussed below in relation to any of the illustrated embodiments
of the present disclosure may be incorporated into any of the above-described aspects of

the present disclosure, alone or in any combination.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Figure 1 is a schematic of a system for screening edible plant
products according to one embodiment of the present disclosure with a processor and

memory unit shown in schematic;

[0011] Figure 2 is a graph of the principal component analysis (PCA)

score plot of volatiles released from three pepper varieties according to Example 1;

[0012] Figures 3-6 are graphs of the sensor interaction of volatiles

released from four different melon varieties according to Example 2; and

[0013] Figure 7 is a graph of the principal component analysis (PCA)

score plot of volatiles released from melon varieties according to Example 2.

[0014] Corresponding reference characters indicate corresponding parts

throughout the drawings.



WO 2011/082129 PCT/US2010/062141

DETAILED DESCRIPTION

[0015] The methods of the present disclosure may generally be used to
screen plants that contain edible portions and particularly portions that are edible by
humans (e.g., grains, fruits, vegetables, nuts, etc.); however, it should be understood that
they may be used to screen other types of plants without limitation (e.g., rose bushes,
livestock forage grasses and the like). Suitably, the edible portion of the plant may be a
fruit or vegetable including both the botanical and the culinary definitions of fruits or
vegetables. “Botanical fruits” are characterized as a ripened plant ovary of a flowering
plant that contains seeds while “botanical vegetables” are characterized as edible parts of
plants other than the plant ovary. “Culinary fruits” and “culinary vegetables” refer to the
common colloquial definitions of “fruits” and “vegetables” wherein fruits are typically
sweet tasting edible plant products and are often associated with seeds and vegetables are
less sweet edible products that may or may non contain seeds (e.g., both pumpkins and
potatoes are considered in the culinary sense as “vegetables”). Edible portions of plants
that may be screened according to embodiments of the present disclosure include the leafy
portions of plants and also grains and/or nuts; however, these types of edible portions are
less likely to produce aroma and volatile compounds without heating (as described below).
In various embodiments, the edible portion of the plant may be selected from the group
consisting of apples, oranges, pears, strawberries, lemons, limes, nectarines, avocados,
grapefruits, clementines, cantaloupes, grapes, watermelons, papayas, plums, prunes,
kumquats, pomegranates, apricots, tangerines, berries, peaches, pineapples, coconuts,
melons, kiwis, cherries, tomatoes, nectarines, pumpkins, peppers, potatoes, beans, peas,
asparagus, brussel sprouts, lettuce, radishes, turnips, rutabagas, mushrooms, olives,

artichokes, carrots, herbs, corn, pickles, cabbage, broccoli, wheat, rice and soybeans.

[0016] The above listed fruits and vegetables may be screened for one or
more of a number of desirable traits and/or qualities including, for example, pungency,
flavor, aroma, freshness, tartness, sweetness, color, texture and bitterness. Further, the fruit
or vegetable may be screened for a desirable rating in a system for rating a trait such as, for
example, a scoville rating which relates to the pungency of fruits or vegetables and,
particularly, relates to the pungency of peppers. In this regard, these examples should not

be considered limiting as traits other than those listed may be screened without limitation.
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In one or more embodiments, the variety of plant may be screened to select a plant product
that is preferred by one or more cultural populations (e.g., as pungency is generally
desirable in Latin American culture) and/or by persons that inhabit a distinct geographical

region.

[0017] In accordance with the screening methods of embodiments of the
present disclosure, an edible portion of a plant variety of interest may be placed into a
container having a headspace into which volatile compounds collect. It should be
understood that the entire edible portion of a plant may be placed into the container (e.g., as
removed from the plant of interest such as in an entire pepper) or a portion (e.g., a slice,
ground portion or liquid processed portion). Further, in some embodiments, a juice
extracted from the plant (e.g., a fruit or vegetable juice) or a homogenate of an edible plant
portion may be placed in the container for screening. In some embodiments, a portion of
the edible product may be contacted with a solvent in which some of the edible product
may dissolve. Volatile compounds dissolved in the solvent may vaporize into the
headspace of the container to be sensed as described below. Suitable solvents include
various buffer solutions and water. The pH of the buffer solutions may be from about 4.5
to about 9 or from about 5 to about 8. The buffer solutions may be aqueous and/or may
contain salts such as NaCl or CaCl, and may contain EDTA and/or trichloroacetic acid.
The edible plant product or portion thereof may be placed in a vial (optionally with

solvent) that contains a headspace for analysis.

[0018] Upon placing the edible plant product in the container, the product
may be allowed to sit in the container for a period of time to generate a sufficient amount
of compounds to be sensed by the sensors. Such periods of time may range from about 30
seconds to about 30 minutes. In this regard, it should be understood that, in some
embodiments, the volatile compounds may be sensed shortly after placing the edible
portion of the plant in the container and that, optionally, analysis may occur without the

edible plant portion sitting in the container for a pre-determined period of time.

[0019] In various embodiments, the edible plant product placed in the
container (or portion thereof) is heated to vaporize volatile compounds. In some
embodiments, the edible plant product is heated to a temperature of at least about 30°C, of

at least about 40°C, at least about 50°C, at least about 60°C at lcast about 70°C, at least
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about 80°C, at least about 90°C, at least about 100°C or from about 30°C to about 150°C,
from about 30°C to about 110°C, from about 45°C to about 110°C or from about 50°C to
about 100°C. The plant portion may be heated for at least about 30 seconds to vaporize
volatile compounds and, in other embodiments is heated at least about 1 minute, at least
about 5 minutes, at least about 15 minutes or from about 30 seconds to 1 hour, from about
30 seconds to about 30 minutes or from about 5 minutes to about 30 minutes. While the
above-referenced temperatures and periods of heating are typical for the methods of
analysis descried herein, other temperatures and/or periods of heating may be used without

departing from the scope of the present disclosure.

[0020] Volatile compounds released from the edible plant portion collect
in the headspace of the container. The headspace into which the volatile compounds enter
may be air including purified air. However, it should be understood that other gases may be
used without departing from the scope of the present disclosure. Air may be purified by
removing volatile compounds therefrom and according to methods known in the art such as
by, for example, membrane filtration. After volatiles have collected in the headspace, a
volume of gas in the headspace containing the volatile compounds may be injected into a
sensor for analysis. The volume of gas injected into the sensor for analysis may vary and
in some embodiments is at least about 0.1 ml, at least about 0.5 ml, at least about 1 ml, at
least about 2 ml or from about 0.1 ml to about 5 ml. A pump or blower may be used to
pull or push the volatile compounds from the headspace of the container to the sensor to
allow the volatile compounds to contact the sensing elements. Optionally, a valve may be
used to hold the components in the headspace of the container during generation of
vaporized compounds (i.c., the valve is closed during this step). The valve may then be
opened to release the volatile components and to allow them to contact the sensing
elements of the sensor with or without use of a pump. In some embodiments, the sensing
elements themselves are located in the headspace of the container and/or the sensing
system is configured to allow volatile compounds to travel to the sensing elements by
diffusion. Purified air may be used to establish baseline measurements and to desorb

volatiles that contact the sensing elements.
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[0021] Sensors for detecting volatile compounds and for determining
whether edible plant products are characterized by desirable odors and/or flavors may
contain one or more sensing elements. A number of different types of sensing elements
may be used, including, for example, polymers, metal oxides, quartz crystals, surface
acoustic wave sensors and optical fibers. In one or more embodiments, a plurality of
sensing elements may be arranged as an array to detect volatile components. Each sensing
element produces an electronic signal in response to contact with a volatile component so
as to produce a “fingerprint” of signals which can be compared to stored data to determine
whether the plant product contains desirable aroma or flavor. The amount of sensors in the

array may range from about 2 to about 50 or more (e.g., from about 10 to about 20).

[0022] When polymers are used as sensing elements, the polymer material
may be conducting and/or may swell or contract upon contact with certain compounds.
Typically each element of the array of polymers is distinct from other members of the
array. For instance, the polymers may differ in their type of monomer subunits,
concentration of electrically conductive dopant or the like. When metal oxides are used,
the metal oxides may be part of a metal oxide semiconductor (“MOS”) or even a field-

effect transistor (“MOS-FET”).

[0023] It should be noted that the electronic signals generated by the
sensors may simply be a digital value or a measurement such as voltage or the conductance
signal. Generally, contact of the sensing elements with volatile components elicits a
change in the electrical resistance resulting in a change in voltage. The change in
resistance depends on the characteristics of the sensors (coatings, dopants and the like) and
the volatile component or components that contact the sensor. In this regard, the term

“electronic signal” should not be viewed in a limiting sense.

[0024] Upon generation of the electronic signals, the signals are analyzed
to determine whether the plant variety of interest produced an edible plant product with a
desirable trait such as, for example, a desirable flavor or aroma. In some embodiments, the
sensor may be previously calibrated such that the electronic signals are correlated to the
amount of a desirable flavor or aroma. In various embodiments, the signals are analyzed
by comparing the signals to signals generated by sensing volatile components released

from an edible product that is known to be characterized by the desirable trait (e.g., a
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“gold-standard” edible product). Edible products may be independently tested for
expression of the desirable trait by use of a consumer study or by other methods such as
gas chromatography-mass spectrometry (“GC-MS”) or by high-performance liquid
chromatograph (“HPLC”).

[0025] In addition or alternatively, the electronic signal fingerprint may be
analyzed by known statistical techniques. For instance, the electronic signals may be
analyzed by principal component analysis (“PCA”) or by a statistical quality control model
(“SQC”). The desirable trait of the edible product may be associated with a feature of the
principle component analysis or of the statistical quality control model. For example, the
desirable trait may be associated with the coordinates of the PCA score plot (Example 1

below).

[0026] Generally, the methods of the present disclosure allow edible plant
products of a plant variety of interest to be screened to determine whether the variety is
suitable for commercial production of the edible product or to determine whether the
variety should be used as breeding stock to produce new plant varieties. These new

varieties in turn may also be screened by the methods of the present disclosure.

[0027] The methods of the present disclosure may be performed by
operation of a system for screening edible plant portions. An exemplary system is shown
in Figure 1 with the system being generally designated as numeral 5. The system 5
generally includes a container 9 in which the edible plant product (either the whole product
or a sliced or ground portion thereof) is placed. The container 9 has a headspace 19 in
which volatile compounds released from the edible plant product may collect. The system
5 may also include a heating element (not shown) for heating the edible plant product.
Suitable methods for heating include, without limitation, capacitive heating, induction coils

(RF) and electrical resistance elements.

[0028] The system 5 also includes a sensor 30 to generate one or more
electronic signals in response to receiving, contacting or sensing a gaseous compound. The
system 5 also includes a processor 40 configured to analyze the electronic signals and
provide information concerning the desirable trait such as, for example, the pungency of a

pepper. The sensor 30 may include a housing 27 and one or more sensing elements 29
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within the housing. The sensing elements 29 (and optionally an array of elements as shown
in Figure 1) of the sensor 30 may be selected from polymers, metal oxides, quartz crystal,
surface acoustic wave sensors, optical fiber sensors and combinations thereof as described
above. A pump 31 may convey the volatile compounds from the headspace 19 of the

container 9 into the housing 27.

[0029] The system 5 may also include a memory unit 45 in which a library
of data is stored. The library of data may relate to patterns of electronic signals produced

from analyzing plant varieties that are known to be characterized by the desirable trait.

[0030] While the system 5 shown in Fig. 1 includes a container 9 for
analyzing one sample, it should be understood that several samples may be processed
and/or analyzed simultaneously without departing from the scope of the present disclosure.
For instance, a plurality of samples may be included within a plurality of processing wells
of a sample system and processed in parallel. Other methods and systems for screening
plants for desirable traits other than as described and shown may be used and the
illustrations and descriptions of the present disclosure should not be viewed in a limiting

SE€nsc.

EXAMPLES

Example 1: Grouping of Pepper Varieties and Screening for Unique Aroma Samples

[0031] Nineteen pepper varicties shown in Table 1 below were analyzed
by the system shown in Figure 1. Homogenates of each pepper sample (100 g) were
prepared by cutting the pepper and removing the seeds and placing the material in to a vial
in which the material was ground using a ball mill at a speed of 800 rpm for 200 sec. A
CaCl, and EDTA solution at a pH of 7.5 was added to the vial. Replicate samples (6 g
cach) were each placed in a vial having a headspace and septum and heated to 40°C for 20
min to generate volatiles. The volatiles were then injected into a sensor (as in the system of
Fig. 1) for analysis. The sensor was a Fox 4000 electronic nose system (Alpha MOS;
Toulouse, France) using 18 MOS sensing elements. The signals were subjected to principal

component analysis. The PCA score plot is shown in Figure 2.
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Group Variety Plot Plot

Label | Label
1 A 4459 | 4471
1 B 4483 4521
1 C 4503 4456
1 D 4510 | 4478
1 E 4504 | 4454
1 F 4511 4452
2 G 4477 | 4487
2 H 4470 | 4474
2 | 4467 | 4500
2 J 4760 | 4761
2 K 4497 | 4501
2 L 4473 4525
2 M 4487 | 4519
3 N 4450 | 4462
3 0 4455 4490
3 P 4469 | 4493
3 Q 4460 | 4520
3 R 4499 | 4526
3 S 4458 4494

[0032] Groups 1 and 2 shown in Figure 2 are mostly the C. chinense genus
and Group 3 is mostly the C. annuum genus. Floral varieties are found in Group 1. As can

be seen in Figure 2, the C. annuum genus of peppers seems to vary along the PC2 axis and

the C. chinense genus seems to vary along the PC1 axis. Groups 2 and 3 share an area of

common aroma in several varieties.

[0033] Pepper varieties A, C, D, F and K were also subjected to human

sensory analysis. The sensory analysis indicated that the varieties that exhibited a floral

aroma were grouped together in Group 1. In view that varieties with distinctive aroma

were grouped together, the screening method can properly identify pepper varieties that

may be desirable commercially and/or that may be used to produce new varieties of

peppers.
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Example 2: Screening Melons for Breeding Stock

[0034] Ninety-five fresh melon fruits (De Ruiter Seeds, Bergschenhoek,
Netherlands) were analyzed in a system similar to the system of Fig. 1. A portion of the
headspace was injected into the device and a portion was also injected into a GC-MS
instrument. The melons were prepared by slicing them and removing the skin and seeds.
Each sliced melon was cut and 100 g of the melon was placed into a vial. The material was
ground by use of a ball mill at a speed of 800 rpm for 240 minutes. A CaCl, and EDTA
solution at a pH of 7.5 was added to the vial. Triplicate samples (1.5 ml each) were
weighed into a vial (10 ml) having a headspace that was capped with a screw septum. Each
sample was heated to 40°C for 20 minutes and the volatiles in the headspace were sensed
and the signals subjected to PCA analysis. The sensor was a Fox 4000 electronic nose
system (Alpha MOS; Toulouse, France) using 18 MOS sensing elements. The electrical
signals generated by the system showed differences in volatile composition for melon
samples. Graphs of the interaction between sensors and volatiles for four varieties of
melons are shown in Figs. 3-6, respectively. Fig. 3 shows the intensity of response for a
Galia variety melon and Figures 4-6 show the response for three different Charentais
varieties. The different responses indicate that these varieties may be distinguished by use
of the sensor. PCA analysis for the melons is shown in Fig. 7. The PCA analysis showed

that two principal components mainly explain the difference in melon volatiles.

[0035] Two varieties of melons, Charentais and Galia-type melons, were
identified as having the most intense content of sensed volatiles as shown in Fig. 7. GC-
MS chromatographs showed the presence of several volatile components with a total of 28
typical chemical compounds identified, quantified and grouped as acetates, esters,
aldehydes, alcohol and ketones. Acetates, a known product reported to increase during
fruit development and maturity and to impart their unique and characteristic aroma and
flavor to fruits, were the dominant compounds in Charentais and Galia-type melons. The
data was correlated by taking all sensor responses from the Alpha MOS sensor and all GC-
MS volatiles identified and employing PCA analysis. The results (Fig. 7) show a grouping
of Charentais and Galia Melons from other low aroma varieties. The data suggests the
presence of fatty acids and amino acids as main precursors to these volatile compounds as

well as the possible presence of specific volatiles-producing enzymes
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(lipoxygenase/hydroperoxide lyase), amino acids (such as isoleucine, valine and
methionine) and active amino acid transferases involved in aroma/flavor formation. In
addition, esters, aldehydes and alcohols compounds were also detected although not in an
amount as high as acetates. A higher content of esters, aldehydes and alcohols were present
in Charentais- and Galia-type melons. Further interpretation with additional
metabolomic/biochemical data may indicate whether volatiles compounds are correlated

with desirable sensory and quality melon parameters.

[0036] When introducing elements of the present disclosure or the
preferred embodiments(s) thereof, the articles "a", "an", "the" and "said" are intended to
mean that there are one or more of the elements. The terms "comprising", "including" and
"having" are intended to be inclusive and mean that there may be additional elements other

than the listed elements.

[0037] As various changes could be made in the above apparatus and
methods without departing from the scope of the disclosure, it is intended that all matter
contained in the above description and shown in the accompanying figures shall be

interpreted as illustrative and not in a limiting sense.
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WHAT IS CLAIMED IS:

1. A method of identifying desirable traits in edible plant products, the

method comprising:
providing a variety of a plant, the plant containing an edible portion;

screening the variety of plant by (1) sensing volatile compounds released
from the edible portion of the plant to generate one or more electronic signals and (2)
analyzing the one or more electronic signals to determine whether the edible portion of the

plants of the variety are desirable.

2. A method as set forth in claim 1 further comprising using the plant
variety that produced the edible portion to produce a new variety of plant when the edible

portion of the plant is determined to be desirable.

3. A method as set forth in claim 2 further comprising screening the new
variety of plant by (1) sensing volatile compounds released from the edible portion of the
plant to generate one or more electronic signals and (2) analyzing the one or more
electronic signals to determine whether the edible portion of the plants of the new variety

are desirable.

4. A method as set forth in any one of claims 1 to 3 wherein the trait is
selected from the group consisting of pungency, flavor, aroma, freshness, tartness,

sweetness, color, texture and bitterness.

5. A method as set forth in any one of claims 1 to 4 wherein the edible

portion of the plant is selected from botanical fruits, botanical vegetables and grains.

6. A method as set forth in any one of claims 1 to 5 wherein the edible
portion of the plant is selected from the group consisting of apples, oranges, pears,
strawberries, lemons, limes, nectarines, avocados, grapefruits, clementines, cantaloupes,
grapes, watermelons, papayas, plums, prunes, kumquats, pomegranates, apricots,
tangerines, berries, peaches, pineapples, coconuts, melons, kiwis, cherries, tomatoes,

nectarines, pumpkins, peppers, potatoes, beans, peas, asparagus, brussel sprouts, lettuce,
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radishes, turnips, rutabagas, mushrooms, olives, artichokes, carrots, herbs, corn, pickles,

cabbage, broccoli, wheat, rice, and soybeans.

7. A method as set forth in any one of claims 1 to 6 wherein the edible
portion of the plant is placed into a container having a headspace into which the volatile

compounds collect.

8. A method as set forth in claim 7 wherein the edible plant product as

removed from the plant is placed into the container.

9. A method as set forth in claim 7 wherein the edible plant product is

sliced, ground or processed before being placed into the container.

10. A method as set forth in claim 9 comprising contacting the edible plant
product with a solvent and dissolving the volatile compound into the solvent and

vaporizing the volatile compound from the solvent.

11. A method as set forth in any one of claims 7 to 10 wherein the edible

plant product is heated to vaporize volatile compounds.

12. A method as set forth in any one of claims 1 to 11 wherein the desirable

trait is associated with a feature of the principle component analysis.

13. A method as set forth in any one of claims 1 to 12 wherein the desirable

trait is associated with a feature of the statistical quality control model.

14. A method as set forth in any one of claims 1 to 13 wherein the volatile
compounds are detected by contacting the compounds with a sensor comprising a sensing
element, the sensing element being selected from the group consisting of polymers, metal

oxides, quartz crystal, surface acoustic wave elements and optical fiber elements.

15. A method as set forth in claim 14 wherein the metal oxide is part of a

metal oxide semiconductor.

16. A method as set forth in claim 15 wherein the metal oxide

semiconductor is a field-effect transistor.
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17. A method as set forth in any one of claims 1 to 13 wherein the volatile

compounds are contacted with an array of sensing elements.

18. A method as set forth in claim 17 wherein the sensing elements in the
array are selected from the group consisting of polymers, metal oxides, quartz crystals,

surface acoustic waver sensors or optical fiber sensors.

19. A method as set forth in any one of claims 1 to 18 wherein the variety
of plant is screened to select edible plant products that are preferred by persons of a distinct

geographical region.

20. A method as set forth in any one of claims 1 to 19 wherein the edible
portion of the plant is heated to at least about 30°C, at least about 40°C, at least about
50°C, at least about 60°C at least about 70°C, at least about 80°C, at least about 90°C, at
least about 100°C or from about 30°C to about 150°C, from about 30°C to about 110°C,

5  from about 45°C to about 110°C or from about 50°C to about 100°C.

21. A method for selecting a plant as breeding stock in the development of

commercially desirable edible plant products, the method comprising:
identifying a desirable trait of the edible plant product;

associating that desirable trait with a distinctive feature of one or more
5  clectronic signals generated by sensing volatile compounds released from the edible plant

product;

sensing one or more volatile compounds released from an edible plant

product of interest to generate one or more electronic signals; and

analyzing the one or more electronic signals to determine whether they are

10 characterized by the distinctive feature.

22. A method as set forth in claim 21 further comprising using a plant
variety that produced the edible plant product of interest when the edible plant product of

interest is characterized by the distinctive feature to produce a new variety of plant.
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23. A method as set forth in claim 22 further comprising sensing volatile
compounds released from edible plant products of the new plant variety to generate one or
more electronic signals and analyzing the one or more electronic signals to determine

whether they are characterized by the distinctive feature.

24. A method as set forth in any one of claims 21 to 23 wherein the feature
is selected from the intensity of one or more electronic signals generated by one or more
sensors, a feature associated with a principal component analysis or a feature associated

with the statistical quality control model.

25. A method as set forth in any one of claims 21 to 24 wherein the trait is
selected from the group consisting of pungency, flavor, aroma, freshness, tartness,

sweetness, color, texture and bitterness.

26. A method as set forth in any one of claims 21 to 25 wherein the edible

plant product is selected from botanical fruits, botanical vegetables and grains.

27. A method as set forth in any one of claims 21 to 26 wherein the edible
plant product is selected from the group consisting of apples, oranges, pears, strawberries,
lemons, limes, nectarines, avocados, grapefruits, clementines, cantaloupes, grapes,
watermelons, papayas, plums, prunes, kumquats, pomegranates, apricots, tangerines,
berries, peaches, pineapples, coconuts, melons, kiwis, cherries, tomatoes, nectarines,
pumpkins, peppers, potatoes, beans, peas, asparagus, brussel sprouts, lettuce, radishes,
turnips, rutabagas, mushrooms, olives, artichokes, carrots, herbs, corn, pickles, cabbage,

broccoli, wheat, rice and soybeans.

28. A method as set forth in any one of claims 21 to 27 wherein the edible
plant product is placed into a container having a headspace into which the volatile

compounds collect.

29. A method as set forth in claim 28 wherein the edible plant product as

removed from the plant is placed into the container.

30. A method as set forth in claim 28 wherein the edible plant product is

sliced, ground or processed before being placed into the container.
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31. A method as set forth in claim 29 or claim 30 comprising contacting the
edible plant product with a solvent and dissolving the volatile compound into the solvent

and vaporizing the volatile compound from the solvent.

32. A method as set forth in any one of claims 28 to 31 wherein the edible

plant product is heated to vaporize volatile compounds.

33. A method as set forth in any one of claims 21 to 32 wherein the

desirable trait is associated with a feature of the principle component analysis.

34. A method as set forth in any one of claims 21 to 32 wherein the

desirable trait is associated with a feature of the statistical quality control model.

35. A method as set forth in any one of claims 21 to 34 wherein the volatile
compounds are detected by contacting the compounds with a sensor comprising a sensing
element, the sensing element being selected from the group consisting of polymers, metal

oxides, quartz crystal, surface acoustic wave elements and optical fiber elements.

36. A method as set forth in claim 35 wherein the metal oxide is part of a

metal oxide semiconductor.

37. A method as set forth in claim 36 wherein the metal oxide

semiconductor is a field-effect transistor.

38. A method as set forth in any one of claims 21 to 34 wherein the volatile

compounds are contacted with an array of sensing elements.

39. A method as set forth in claim 38 wherein the sensing elements in the
array are selected from the group consisting of polymers, metal oxides, quartz crystals,

surface acoustic waver sensors or optical fiber sensors.

40. A method as set forth in any one of claims 21 to 39 wherein the

desirable trait is preferred by persons of a distinct geographical region.
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41. A method of as set forth in any one of claims 21 to 40 wherein the
edible plant product is heated to at least about 30°C, of at least about 40°C, at least about
50°C, at least about 60°C at least about 70°C, at least about 80°C, at least about 90°C, at
least about 100°C or from about 30°C to about 150°C, from about 30°C to about 110°C,
from about 45°C to about 110°C or from about 50°C to about 100°C.
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AMENDED CLAIMS
received by the International Bureau on 17 May 2011 (17.05.2011)

1. A method of identifying desirable traits in edible plant products, the

method comprising:
providing a variety of a plant, the plant containing an edible portion;

screening the variety of plant by (1) sensing volatile compounds released
from the edible portion of the plant to generate one or more electronic signals and (2)
analyzing the one or more electronic signals to determine whether the edible portion of the
plants of the variety have the desirable trait, the desirable trait being selected from the

group consisting of pungency, tartness, sweetness, color, texture and bitterness.

2. A method as set forth in claim 1 further comprising using the plant
variety that produced the edible portion to produce a new variety of plant when the edible

portion of the plant is determined to be desirable.

3. A method as set forth in claim 2 further comprising screening the new
variety of plant by (1) sensing volatile compounds released from the edible portion of the
plant to generate one or more electronic signals and (2) analyzing the one or more
electronic signals to determine whether the edible portion of the plants of the new variety

are desirable.

4. A method as set forth in any one of claims 1 to 3 wherein the trait is

selected from the group consisting of pungency, tartness, sweetness, and bitterness.

5. A method as set forth in any one of claims 1 to 3 wherein the trait is

pungency.

6. A method as set forth in any one of claims 1 to 6 wherein the edible

portion of the plant is selected from botanical fruits, botanical vegetables and grains.

7. A method as set forth in any one of claims 1 to 6 wherein the edible
portion of the plant is selected from the group consisting of apples, oranges, pears,
strawberries, lemons, limes, nectarines, avocados, grapefruits, clementines, cantaloupes,

grapes, watermelons, papayas, plums, prunes, kumquats, pomegranates, apricots,

AMENDED SHEET (ARTICLE 19)
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tangerines, berries, peaches, pineapples, coconuts, melons, kiwis, cherries, tomatoes,
nectarines, pumpkins, peppers, potatoes, beans, peas, asparagus, brussel sprouts, lettuce,
radishes, turnips, rutabagas, mushrooms, olives, artichokes, carrots, herbs, corn, pickles,

cabbage, broccoli, wheat, rice, and soybeans.

8. A method as set forth in any one of claims 1 to 7 wherein the edible
portion of the plant is placed into a container having a headspace into which the volatile

compounds collect.

9. A method as set forth in claim 8 wherein the edible plant product as

removed from the plant is placed into the container.

10. A method as set forth in claim 8 wherein the edible plant product is

sliced, ground or processed before being placed into the container.

11. A method as set forth in claim 10 comprising contacting the edible plant
product with a solvent and dissolving the volatile compound into the solvent and

vaporizing the volatile compound from the solvent.

12. A method as set forth in any one of claims 8 to 11 wherein the edible

plant product is heated to vaporize volatile compounds.

13. A method as set forth in any one of claims 1 to 12 wherein the desirable

trait is associated with a feature of the principle component analysis.

14. A method as set forth in any one of claims 1 to 13 wherein the desirable

trait is associated with a feature of the statistical quality control model.

15. A method as set forth in any one of claims 1 to 14 wherein the volatile
compounds are detected by contacting the compounds with a sensor comprising a sensing
element, the sensing element being selected from the group consisting of polymers, metal

oxides, quartz crystal, surface acoustic wave elements and optical fiber elements.

16. A method as set forth in claim 15 wherein the metal oxide is part of a

metal oxide semiconductor.

AMENDED SHEET (ARTICLE 19)
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17. A method as set forth in claim 16 wherein the metal oxide

semiconductor is a field-effect transistor.

18. A method as set forth in any one of claims 1 to 14 wherein the volatile

compounds are contacted with an array of sensing elements,

19. A method as set forth in claim 18 wherein the sensing elements in the
array are selected from the group consisting of polymers, metal oxides, quartz crystals,

surface acoustic waver sensors or optical fiber sensors.

20. A method as set forth in any one of claims 1 to 19 wherein the variety
of plant is screened to select edible plant products that are preferred by persons of a distinct

geographical region.

21. A method as set forth in any one of claims 1 to 20 wherein the edible
portion of the plant is heated to at least about 30°C, at least about 40°C, at least about
50°C, at least about 60°C at least about 70°C, at least about 80°C, at least about 90°C, at
least about 100°C or from about 30°C to about 150°C, from about 30°C to about 110°C,
from about 45°C to about 110°C or from about 50°C to about 100°C.

22. A method for selecting a plant as breeding stock in the development of

commercially desirable edible plant products, the method comprising:
identifying a desirable trait of the edible plant product;

associating that desirable trait with a distinctive feature of one or more
electronic signals generated by sensing volatile compounds released from the edible plant

product;

sensing one or more volatile compounds released from an edible plant

product of interest to generate one or more electronic signals;

analyzing the one or more electronic signals to determine whether they are

characterized by the distinctive feature; and

AMENDED SHEET (ARTICLE 19)
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using a plant variety that produced the edible plant product of interest when
the edible plant product of interest is characterized by the distinctive feature to produce a

new variety of plant.

23. A method as set forth in claim 22 further comprising sensing volatile
compounds released from edible plant products of the new plant variety to generate one or
more electronic signals and analyzing the one or more electronic signals to determine

whether they are characterized by the distinctive feature.

24. A method as set forth in claim 22 or claim 23 wherein the feature is
selected from the intensity of one or more electronic signals generated by one or more
sensors, a feature associated with a principal component analysis or a feature associated

with the statistical quality control model.

25. A method as set forth in any one of claims 22 to 24 wherein the trait is
selected from the group consisting of pungency, flavor, aroma, freshness, tartness,

sweetness, color, texture and bitterness.

26. A method as set forth in any one of claims 22 to 24 wherein the trait is

selected from the group consisting of pungency, tartness, sweetness and bitterness.

27. A method as set forth in any one of claims 22 to 24 wherein the trait is

pungency.

28. A method as set forth in any one of claims 22 to 27 wherein the edible

plant product is selected from botanical fruits, botanical vegetables and grains.

29. A method as set forth in any one of claims 22 to 28 wherein the edible
plant product is selected from the group consisting of apples, oranges, pears, strawberries,
lemons, limes, nectarines, avocados, grapefruits, clementines, cantaloupes, grapes,
watermelons, papayas, plums, prunes, kumquats, pomegranates, apricots, tangerines,
berries, peaches, pineapples, coconuts, melons, kiwis, cherries, tomatoes, nectarines,
pumpkins, peppers, potatoes, beans, peas, asparagus, brussel sprouts, lettuce, radishes,
turnips, rutabagas, mushrooms, olives, artichokes, carrots, herbs, corn, pickles, cabbage,

broccoli, wheat, rice and soybeans.
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30. A method as set forth in any one of claims 22 to 29 wherein the edible
plant product is placed into a container having a headspace into which the volatile

compounds collect.

31. A method as set forth in claim 30 wherein the edible plant product as

removed from the plant is placed into the container.

32. A method as set forth in claim 30 wherein the edible plant product is

sliced, ground or processed before being placed into the container.

33. A method as set forth in claim 31 or claim 32 comprising contacting the
edible plant product with a solvent and dissolving the volatile compound into the solvent

and vaporizing the volatile compound from the solvent.

34. A method as set forth in any one of claims 30 to 33 wherein the edible

plant product is heated to vaporize volatile compounds.

35. A method as set forth in any one of claims 22 to 34 wherein the

desirable trait is associated with a feature of the principle component analysis.

36. A method as set forth in any one of claims 22 to 34 wherein the

desirable trait is associated with a feature of the statistical quality control model.

37. A method as set forth in any one of claims 22 to 36 wherein the volatile
compounds are detected by contacting the compounds with a sensor comprising a sensing
clement, the sensing element being selected from the group consisting of polymers, metal

oxides, quartz crystal, surface acoustic wave elements and optical fiber elements.

38. A method as set forth in claim 37 wherein the metal oxide is part of a

metal oxide semiconductor.

39. A method as set forth in claim 38 wherein the metal oxide

semiconductor is a field-effect transistor.

40. A method as set forth in any one of claims 22 to 36 wherein the volatile

compounds are contacted with an array of sensing elements.
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41. A method as set forth in claim 40 wherein the sensing elements in the
array are selected from the group consisting of polymers, metal oxides, quartz crystals,

surface acoustic waver sensors or optical fiber sensors.

42. A method as set forth in any one of claims 22 to 41 wherein the

desirable trait is preferred by persons of a distinct geographical region.

43. A method of as set forth in any one of claims 22 to 42 wherein the
edible plant product is heated to at least about 30°C, of at least about 40°C, at least about
50°C, at least about 60°C at least about 70°C, at least about 80°C, at least about 90°C, at
least about 100°C or from about 30°C to about 150°C, from about 30°C to about 110°C,
from about 45°C to about 110°C or from about 50°C to about 100°C.
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