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(57) Abstract: A system and method for detecting harmful
substances within a consumable sample comprising: receiv-
ing a consumable sample at a first chamber of a test contain -
er; transforming the consumable sample into a homogenized
sample upon processing of the consumable sample; deliver-
ing the homogenized sample to a second chamber of the test
container, wherein the second chamber is configured to re-
ceive the homogenized sample comprises an outlet port;
mixing the homogenized sample with a process reagent
within the second chamber, thereby producing a dispersion;
transmitting a volume of the dispersion to an analysis cham-
ber, of the test container, configured to position a detection
substrate proximal the port of the second chamber and com-
prising a detection window that enables detection of pres-
ence of the allergen; and detecting presence of the allergen
within the consumable sample by way of an optical sensor
configured to detect signals indicative of the allergen
through the detection window.
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SYSTEM AND METHOD FOR DETECTION OF TARGET SUBSTANCES

TECHNICAL FIELD
[0001] This invention relates generally to the consumer assay device field, and
more specifically to an improved system and method for detection of target substances

within a consumable.

BACKGROUND

[0002] A wide variety of consumables (e.g., foods, beverage, cosmetics, etc.)
contain contaminants, toxins, allergens, and/or other substances that are of interest to
all or specific types of consumers. In particular, in recent years, an increase in the
number of consumers with an identified allergy (e.g., gluten allergy, dairy allergy, fish
allergy, nut allergy, soy allergy, cosmetic allergy, etc.) has contributed to a number of
products that omit ingredients having an associated allergen; however, such consumers
are still at risk for consuming items with a harmful substance when the items do not
have adequate labeling or documentation. Various systems and methods exist for
detection of toxins and harmful substances present in a sample; however, current
systems and methods are deficient due to one or more of: a time-intensive manner of
receiving test results, a labor-intensive manner of receiving test results, a non-automated
manner of processing samples, system bulk, system non-portability, and other factors
that contribute to inconveniencing a consumer using such systems.

[0003] Due to these and other defects of current systems and methods for
detecting harmful substances in consumables, there is thus a need for and improved
system and method for detecting target substances. This invention provides such a

system and method.

BRIEF DESCRIPTION OF THE FIGURES

[0004] FIGURE 1 depict an embodiment of a system for detection of harmful
substances;
[0005] FIGURES 2A and 2B depict embodiments and variations of a portion of a

system for detection of harmful substances;
[0006] FIGURES 3A and 3B depict first variations and examples of a portion of a
system for detection of harmful substances;
[0007] FIGURES 4A and 4B depict second variations and examples of a portion of

a system for detection of harmful substances;
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[0008] FIGURE 5 depicts an example of a portion of a system for detection of
harmful substances;

[0009] FIGURES 6A and 6B depict variations of a valve mechanism in an
embodiment of a system for detection of harmful substances;

[0010] FIGURES 7 and 8 depict variations and configurations of a portion of a
system for detection of harmful substances;

[0011] FIGURES 9A-9E depict variations and configurations of a portion of a
system for detection of harmful substances;

[0012] FIGURE 10 depicts one variation of a portion of a system for detection of
harmful substances;

[0013] FIGURES 11A and 11B depict example outputs of a system for detection of
harmful substances;

[0014] FIGURE 12 depicts an example output of a system for detection of harmful
substances;

[0015] FIGURE 13 depicts a flowchart schematic of an embodiment of a method

for detection of harmful substances; and
[0016] FIGURE 14 depicts a schematic of an embodiment of a method for

detection of harmful substances.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0017] The following description of preferred embodiments of the invention is
not intended to limit the invention to these preferred embodiments, but rather to enable
any person skilled in the art to make and use this invention.

1. System

[0018] As shown in FIGURE 1, an embodiment of a system 100 for detecting a
target substance in a consumable sample comprises: a test container 105 and an analysis
device 205 configured to detect presence of the harmful substance at the test container
105. In an embodiment, the test container 105 includes: a first chamber 110 for receiving
the consumable sample, a driving element 120 configured to generate a homogenized
sample upon processing of the consumable sample, a second chamber 130 configured to
receive the homogenized sample and combine it with a process reagent to produce a
dispersion, and analysis chamber 140 configured to expose the dispersion to a detection
substrate 150 for detection of the harmful substance. In an embodiment, the analysis
device 205 includes: a receiving port 210 configured to receive the test container 105, an

optical sensing subsystem 220 configured to enable detection of presence of the harmful
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substance at the detection substrate 150, a mixing module 230 configured to mix the
homogenized sample with a process reagent, and a processing and control system 240
configured to receive and process signals from the optical sensing subsystem 220,
thereby producing an output indicative of presence of the harmful substance in the
consumable sample.

[0019] The system 100 functions to receive and process a sample of a consumable
(e.g., food, beverage, cosmetic, etc.) in order to enable detection of one or more harmful
substances within the sample. In examples, the harmful substances can include any one
or more of: an allergen (e.g., gluten allergen, a dairy-derived allergen, a nut allergen, a
fish allergen, an egg-derived allergen, etc.) a toxin, a bacterium, a fungus, a pesticide, a
heavy metal, a chemical or biological compound (e.g., a fat, a protein, a sugar, a salt,
etc.), and any other suitable harmful substance. The system 100 is preferably configured
to impose minimal requirements upon a consumer using the system 100, in terms of
labor-intensiveness, time-intensiveness, and cost-intensiveness. As such, the system 100
is preferably configured to automatically or semi-automatically process the sample in a
manner that is intuitive to the consumer, and to quickly provide information regarding
presence of the harmful substance(s) within the sample. The system 100 is preferably
configured to be portable and compact, such that the user can conveniently carry the
system 100 during his/her daily life (e.g., to establishments); however, in some
alternative variations, the system 100 can be configured to be non-portable and/or non-
compact. Preferably, the system 100 has reusable and disposable components, and in
some variations portions of the system 100 are configured to be single-use (e.g., the test
container(s), portions of a test container) while other portions of the system 100 are
configured to be reusable (e.g., the analysis device). However, in other variations, the
system 100 can include only reusable components or only disposable components.
[0020] In an example workflow, the system 100 is configured to receive a sample
at a first chamber of a test container, to homogenize the sample, and to mix the
homogenized sample with at least one process reagent to enable detection of one or more
harmful substances within the sample at an analysis device. In the example workflow, a
user of the system 100 would deposit the sample into the test container, perform a small
amount of labor to facilitate homogenization of the sample, and place the container in
the analysis device for further processing and analysis of the sample, such that the user
has minimal interaction with the system 100 in generating an output. In another
example workflow, the system 100 is configured to receive a sample at a first chamber of

a test container, to homogenize the sample, and to mix the homogenized sample with at
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least one process reagent to enable detection of one or more harmful substances within
the sample at an analysis device. In this example workflow, the system 100 is configured
to receive and process a sample without any labor required by a user, in order to enable
detection of a target substance within the sample in a fully-automated manner. As such,
the system is preferably configured to facilitate implementation of the method 300
described in Section 2 below; however, the system 100 can additionally or alternatively
be configured to perform any other suitable method.

1.1 System — Test Container

[0021] As noted above and shown in FIGURES 1 and 2A-2B, in an embodiment,

the test container 105 includes: a first chamber 110 for receiving the consumable sample,
a driving element 120 configured to generate a homogenized sample upon processing of
the consumable sample, a second chamber 130 configured to receive the homogenized
sample and combine it with a process reagent to produce a dispersion, and analysis
chamber 140 configured to expose the dispersion to a detection substrate 150 for
detection of the harmful substance.

[0022] The first chamber 110 functions to receive and facilitate processing (e.g.,
homogenization) of a consumable sample that the user intends to analyze for presence of
a harmful substance. In an embodiment, the first chamber 110 preferably comprises a
consumable reception opening 112 configured to receive the consumable sample from
the user, and a second opening 114 configured to deliver a homogenized sample
generated from the consumable sample into the second chamber 130 for further
processing.

[0023] The consumable reception opening 112 can be configured to passively
receive the consumable sample, or can additionally or alternatively be configured to
actively facilitate reception of the consumable sample, for instance, by transmitting a
positive/negative pressure at the consumable reception opening 112 that drives the
consumable sample into the first chamber 110, by providing a mechanism (e.g., scooping
mechanism, suction mechanism) that guides the consumable sample into the
consumable reception opening 112, and/or by providing any other suitable mechanism
for active delivery of the consumable sample into the first chamber 110. The consumable
reception opening 112 is preferably at a superior portion of the first chamber 110, in the
orientation shown in FIGURES 2A and 2B, such that gravity facilitates transfer of the
consumable sample, during processing, toward a second chamber 130 inferior to the first
chamber 110; however, the consumable reception opening 112 can alternatively be

configured at any other suitable location along the length of the first chamber 110.
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Additionally or alternatively, transfer of samples and/or process reagents throughout the
system 100 can be facilitated with pressurization or any other suitable means of driving
material (e.g., such that gravitational force is not required). Furthermore, in examples,
the consumable reception opening can include features (e.g., a sloped entryway into the
first chamber 110, a wide mouth relative to other portions of the interior of first chamber
110) that facilitate reception of the consumable sample. Additionally or alternatively, the
consumable reception opening 112 and/or any other portion of the first chamber 110 can
include a feature that facilitates control of an amount of a consumable sample that is
processed using the test container 105, prior to and/or after reception of the consumable
sample within the first chamber 110. For instance, the first chamber can comprise a
maximum and/or minimum fill line to guide delivery of the consumable sample into the
first chamber 110 between a maximum and/or minimum range of amounts. In another
example, portions of the test container 105 can be configured to exclude or accommodate
a larger than desired volume of a consumable sample (e.g., by distributing excess
volumes of the consumable sample into another portion of the system 100, or by
expelling excess volumes of the consumable sample from the system 100). In examples,
the consumable reception opening 112 can have a diameter or width between 10 and 20
mm; however, the consumable reception opening can alternatively have any other
suitable dimensions.

[0024] The consumable sample is preferably a food sample potentially containing
a harmful substance (e.g., an allergen), and is preferably an unprocessed food sample,
such that the user can gather an insubstantial volume of a food substance that he/she
intends to consume for a meal, and deliver it into the consumable reception opening 112
of the test container 105 for processing and analysis. In this example, the food sample
can comprise a mixture of different food items (e.g., different components of an entrée),
can comprise a single food item (e.g., a single component of an entrée), and/or can
comprise a sequence of different food items (e.g., a sequence of components from an
entrée). The food sample can be cored, spooned, tweezed, and/or processed from a bulk
volume of food in any other suitable manner. However, in variations, the consumable
sample can include any one or more of a: beverage sample (e.g., volume of a mixed
drink), cosmetic substance (e.g., volume of makeup, volume of lotion, volume of
fragrance, volume of soap, etc.), and any other sample potentially containing a substance
that is harmful to the user. In variations, the consumable sample can have a volume of
between 1 and 7mL prior to processing within the first chamber 110; however, the

consumable sample can alternatively have any other suitable volume.
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[0025] The second opening 114 functions to deliver a homogenized sample
generated from the consumable sample into the second chamber 130 for further
processing. The second opening 114 is preferably at an inferior portion of the first
chamber 110 relative to the consumable reception opening, in the orientation shown in
FIGURES 2A and 2B, such that gravity facilitates transfer of the consumable sample,
during processing, toward a second chamber 130 inferior to the first chamber 110;
however, the second opening 114 can alternatively be configured at any other suitable
location along the length of the first chamber 110. Furthermore, in examples, the second
opening 114 can include features (e.g., a sloped entryway into the second chamber 130, a
wide mouth relative to other portions of the interior of first chamber 110) that facilitate
delivery of the consumable sample out of the first chamber 110. In examples, the second
opening 114 can have a diameter or width between 10 and 20 mm; however, the
consumable reception opening can alternatively have any other suitable dimensions.
[0026] The first chamber 110 preferably defines an internal enclosed cavity open
only at the consumable reception opening 112 and the second opening 114, in order to
facilitate processing of the consumable sample, within the first chamber 110, in a desired
direction. However, the first chamber 110 can additionally or alternatively include
venting and/or metering features that facilitate processing of the consumable sample in
a controlled manner. The volume of the first chamber 110 is preferably substantially
small, in order to contribute to compactness of the test container, and in order to
accommodate a small volume of the consumable sample, such that the user does not feel
as though he/she is sacrificing a sufficient portion of his/her food. In variations, the first
chamber 110 has an internal volume of between 1 and 7mL between the consumable
reception opening 112and the second opening 114; however, the first chamber 110 can
alternatively define any other suitable volume.

[0027] In morphology, the internal cavity of the first chamber 110 preferably has
a uniform cross section over a majority of the length of the first chamber 110, in order to
facilitate processing of the consumable sample in a uniform manner throughout the
length of the first chamber 110; however, the cross section of the first chamber 110 can
alternatively be non-uniform. Additionally, the internal cavity of the first chamber 110
preferably includes features that facilitate processing of the consumable sample by other
elements of the test container 105 (e.g., the driving element 120), as described in further
detail below. As such, in one example, an interior portion (e.g., wall) and/or an exterior
portion (e.g., exterior surface) of the first chamber 110 can include threads 116, as shown

in FIGURE 2B, that facilitate screwing of a driving element 120 within/about the first
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chamber 110 in processing the consumable sample toward the second opening 114. In
another example, an interior portion or exterior portion (e.g., wall, surface) of the first
chamber 110 can be substantially smooth and/or have low friction to facilitate sliding of
a driving element 120 between the consumable reception opening 112 and the second
opening 114 of the first chamber 110. The first chamber 110 can, however, include any
other suitable features that facilitate processing of the consumable sample in
cooperation with another element (e.g., a driving element) of the system 110. For
instance, the first chamber 110 can include a fill line configured to guide a user in
providing a desired amount of the consumable sample (e.g., such that an amount of the
consumable sample provided by the user is above a lower critical limit and below an
upper critical limit).

[0028] The driving element 120 functions to interact with the first chamber and to
facilitate generation of a homogenized sample upon processing of the consumable
sample toward the second opening 114 of the first chamber 110. As such, the driving
element 120 preferably has a morphological form that complements or mates with a
morphological form of the first chamber 110 (e.g., an interior morphology of the first
chamber, an exterior morphology of the first chamber) in providing a mechanism that
transforms the consumable sample into a homogenized sample. Preferably, the driving
element 120 has a portion (e.g., shaft) that interacts with an interior portion of the first
chamber 110, as shown in FIGURES 2B and 3A-3B, wherein relative motion between the
first chamber 110 and the driving element 120 is guided (e.g., constrained) by the
morphological forms of the first chamber 110 and the driving element 120. In one
variation, the driving element 120 includes a grinder 122 and a plunger 128, as described
below and shown in FIGURES 2A-2B and 3A-3B, however, other variations of the
driving element 120 can adapt elements or features of the grinder 122/plunger 128 in
enabling processing of the consumable sample, and/or be configured in any other
suitable manner.

[0029] The grinder 122 functions to grind the consumable sample within the first
chamber 110 during relative motion between the driving element 120 and the first
chamber 110, in order to produce a homogenized sample with approximately uniformly
sized particles. The homogenized sample is then distributed into the second chamber
130 for further processing with a process reagent, and analysis using a detection
substrate 150. In one variation, the grinder 122 includes a shaft 123 and a set of
protrusions 124 coupled to the shaft 123, and is configured to grind the consumable

sample during processing of the consumable sample between the consumable reception
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opening 112 and the second opening 114 of the first chamber 110. Preferably, the shaft
123 is configured to translate within the interior portion of the first chamber 110 (e.g.,
with sliding motion, with rotational motion that produces translation), and the set of
protrusions 124 is configured to grind up the consumable sample as the shaft 123 rotates
and/or translates within the first chamber 110. As such, translation/rotation of the
grinder 122 relative to the first chamber 110 moves portions of the consumable sample
between protrusions of the set of protrusions 124, thereby grinding the consumable
sample. The shaft 123 can also include a channel 125 (e.g., a channel concentrically
aligned with the shaft) to accommodate a plunger that enables driving of the
homogenized sample from the first chamber 110 to the second chamber 130; however,
the shaft 123 can alternatively omit a channel 125 and be substantially solid. In this
variation, the set of protrusions 124 preferably includes protrusions having sharp points
and/or a rough surface, in order to facilitate grinding of the consumable sample.
Furthermore, the set of protrusions 124 can be arranged in a pattern (e.g., a radial
pattern, a rectangular pattern) with respect to a surface of the shaft 123. Furthermore,
the set of protrusions 124 preferably has a small inter-protrusion spacing (e.g., between
o.1mm to 0.5mm). However, the set of protrusions 124 can alternatively be arranged in a
random manner and/or in any other suitable manner.

[0030] In one example of this variation, as shown in FIGURES 3A-3B, the grinder
122° includes an set of protrusions 124’ arranged in a uniform radial distribution at an
inferior surface of a shaft 123" having a concentric channel 125, wherein each protrusion
defines a wedge-shaped footprint having a sharp point pointing toward the channel 125
of the shaft. In this example, the set of protrusions 124’ includes 6 wedge-shaped
protrusions; however, variations of this example can include any other suitable number
of protrusions (e.g., between 4 and 12 protrusions) defining any other suitable
morphology. Furthermore, in this example, the shaft includes exterior threads
configured to enable translation of the shaft 123 within the first chamber 110’°, as the
shaft rotates in cooperation with mating threads 116 within the interior of the first
chamber 110’. However, variations of this example of the grinder 122’ can include
protrusions having a non-uniform and/or a non-radial arrangement. Furthermore, the
shaft and the first chamber 110 can be alternatively configured such that mating threads
116 at an exterior surface of the first chamber are configured to mate with a portion of
the grinder 122’ in order to facilitate relative motion between the grinder 122’ and the

first chamber 110 during grinding.



WO 2015/147911 PCT/US2014/057776

[0031] In another variation, as shown in FIGURES 4A and 4B, the grinder 122
includes a set of protrusions 124 at an interior surface 126 of the grinder 122, wherein
the interior surface 126 is configured to be parallel to a corresponding surface within the
first chamber 110. As such, in this variation, translation and/or rotation of the grinder
122 about/within the first chamber 110 moves portions of the consumable sample
between protrusions of the set of protrusions 124, thereby grinding the consumable
sample. The grinder 122 in this variation includes a plunger opening 127 configured to
accommodate a plunger that enables driving of the homogenized sample from the first
chamber 110 to the second chamber 130; however, the grinder 122 can alternatively omit
a plunger opening 127 and be substantially solid. In this variation, the set of protrusions
124 preferably includes protrusions having sharp points and/or a rough surface, in order
to facilitate grinding of the consumable sample. Furthermore, the set of protrusions 124
can be arranged in a pattern (e.g., a radial pattern, a rectangular pattern) with respect to
the interior surface 126 of the grinder 122 (e.g., about an opening 127 in the grinder 122),
or arranged in any other suitable manner.

[0032] In one example of this variation, as shown in FIGURES 4A and 4B, the
grinder 122” includes an set of protrusions 124” arranged in a uniform radial
distribution at an interior surface having a concentric plunger opening 127”, wherein
each protrusion defines a wedge-shaped footprint having a sharp point pointing toward
the plunger opening 127” of the interior surface 126”. In this example, the set of
protrusions 124” includes 5 wedge-shaped protrusions; however, variations of this
example can include any other suitable number of protrusions (e.g., between 4 and 12
protrusions) defining any other suitable morphology. Furthermore, in this example, the
grinder 122” includes interior threads configured to enable translation of the grinder
122” about an exterior portion of the first chamber 1107, as the shaft rotates in
cooperation with mating threads at the exterior portion of the first chamber 110”.

[0033] Other variations of the grinder 122 can additionally or alternatively
operate using any other suitable mechanism. For instance, the grinder 122 can operate
by one or more of: forcing the consumable sample through a screen (e.g., a mesh screen),
crushing the consumable sample (e.g., as in a pill crusher), processing the consumable
sample (e.g., with a blade), grinding the consumable sample as in a mortar-and-pestle),
and in any other suitable manner.

[0034] The plunger 128 functions to facilitate driving of homogenized portions of
the consumable sample into the second chamber 130 after and/or during processing by

the grinder 122. In variations of the test container 105 including a diaphragm 160, the
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plunger 128 can additionally or alternatively function to transition the diaphragm 160
between a first configuration and a second configuration, as described in further detail
below. In a variation shown in FIGURE 3A, the plunger 128 can include a plunger shaft
129 and a stop 29, wherein the plunger shaft 129 is configured to pass through a channel
125 or plunger opening 127 of the grinder 122, in order to facilitate driving of the
homogenized sample into the second chamber 130. The stop 29 is then configured to
constrain a range of motion of the plunger 128, such that the plunger cannot pass
entirely into the first chamber in an uncontrolled manner. Preferably the plunger shaft
129 is a cylindrical shaft; however, the plunger shaft 129 can alternatively have any other
suitable cross-section or profile configured to facilitate driving of the homogenized
sample into the second chamber 130, in cooperation with the grinder 122. In particular,
an inferior portion of the plunger shaft 129 can be blunt (e.g., hemispherical, planar),
sharp (e.g., conical, pyramidal), or have any other suitable morphology for driving of the
homogenized sample into the second chamber 130. The stop 29 preferably has a larger
governing dimension than the plunger shaft 129 to provide the constrained range of
motion; however, in other variations, the stop 29 can include protrusions (e.g., tabs)
extending from a surface of the plunger shaft 129, thereby obstructing motion of the
plunger shaft 129 into the channel 125/plunger opening 127 past the stop 29. The
plunger 128 can be coupled to the grinder, can be distinct from the grinder 122, or can be
configured to interface with the grinder 122 in any other suitable manner. In one
example, the plunger 128 includes a cylindrical plunger shaft 129 configured to slide
within a channel 125/plunger opening 127 of the grinder 122, and the stop 29 comprises
a plate coupled to a superior portion of the plunger shaft 129, having a diameter wider
than that of the plunger shaft 129 to constrain a range of motion of the plunger shaft 129.
[0035] In other variations, elements of the grinder 122 can additionally or
alternatively be distributed within the first chamber 110, such that the first chamber 110
includes elements that actively enable grinding of the consumable sample. For instance,
an inferior surface of the first chamber 110 can include at least a subset of the set of
protrusions 124, such that movement of the grinder 122 processes the consumable
sample in cooperation with protrusions within the first chamber. In some variations, a
plunger 128 can be replaced by a driving module (e.g., configured to provide positive
and/or negative pressure within the test container, configured to centrifuge the test
container, etc.) that facilitates delivery of the homogenized sample throughout the test
container in a controlled manner. In still other variations, however, the driving element

120 can omit the grinder 122, the plunger 128, and/or any other features configured to
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process a solid and/or non-homogenous consumable sample (e.g., beverage, cosmetic,
etc.), which would not require grinding within a first chamber 110 prior to reception at a
second chamber. As such, in some variations of the system 100, the first chamber 110,
the driving element 120, and/or the second chamber 130 can be configured in manners
that are appropriate to processing of consumable samples, based upon the form(s) of the
consumable samples.

[0036] The second chamber 130 functions to receive the homogenized sample
after processing within the first chamber 110, to facilitate combination of the
homogenized sample with a process reagent to produce a dispersion, and to facilitate
delivery of the dispersion from the second chamber 130 for further analysis to detect a
harmful substance. Preferably, the second chamber 130 includes a sample reception
opening 132 and an outlet port 136 configured to facilitate delivery of the dispersion to a
detection substrate, as shown in FIGURE 2A. In some variations, the second chamber
130 can further include a mixing element 134 configured to cooperate with a mixing
module (e.g., of an analysis device 205 in communication with the test container), to
facilitate mixing of the homogenized sample with the process reagent in the second
chamber 130. However, the second chamber 130 can additionally or alternatively
comprise any other suitable elements and/or be configured in any other suitable manner
for generation of a dispersion from the homogenized sample.

[0037] The second chamber 130 is preferably configured to couple to the first
chamber 110, and in variations, can comprise a unitary construction with the first
chamber, can be physically coextensive with the first chamber 110, and/or can be
coupled to the first chamber 110 in any other suitable manner. Furthermore, the second
chamber 130 is preferably inferior to the first chamber 110, such that gravity facilitates
transfer of the homogenized sample from the first chamber 110 toward the second
chamber 130 in the orientation shown in FIGURE 2A. However, the second chamber can
alternatively be configured adjacent to or in any other suitable location relative to the
first chamber 110 in alternative variations of the system 100.

[0038] The sample reception opening 132 can be configured to passively receive
the homogenized sample, or can additionally or alternatively be configured to actively
facilitate reception of the homogenized sample, for instance, by transmitting a
positive/negative pressure at the sample reception opening 132 that drives the
homogenized sample into the second chamber 130, by providing a mechanism (e.g.,
scooping mechanism) that guides the homogenized sample into the sample reception

opening 132, and/or by providing any other suitable mechanism for active delivery of the
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homogenized sample into the second chamber 130. Additionally or alternatively,
portions of the test container 105 and/or system 100 can be configured to facilitate
delivery of contents from the first chamber 110 into the second chamber 130. For
instance, a portion of the driving element 120 (e.g., the plunger 128) can comprise a
module (e.g., syringe pump, fluid delivery element) that applies positive pressure and/or
delivers a wash solution from the first chamber 110 to the second chamber 130, in order
wash portions of the homogenized sample into the second chamber 130. The sample
reception opening 132 is preferably at a superior portion of the second chamber 130, in
the orientation shown in FIGURE 2A, such that gravity facilitates transfer of the
homogenized sample, during processing, into the second chamber 130 in cooperation
with the driving element 120; however, the sample reception opening 132 can
alternatively be configured at any other suitable location along the length of the second
chamber 130. Furthermore, in examples, the sample reception opening can include
features (e.g., a sloped entryway into the second chamber 130, a wide mouth relative to
other portions of the interior of second chamber 130) that facilitate reception of the
homogenized sample. In examples, the consumable reception opening 112 can have a
diameter or width between 10 and 20 mm; however, the sample reception opening can
alternatively have any other suitable dimensions.

[0039] In variations, the sample reception opening 132 is preferably configured to
facilitate transitioning of a diaphragm 160, configured to facilitate delivery of the
homogenized sample into the second chamber 130, between a first configuration and a
second configuration, as described in further detail below; however, the sample
reception opening 132 can alternatively be configured to facilitate delivery of the
homogenized sample into the second chamber 130 from the first chamber 110 without a
diaphragm 160, for instance, by way of a valve (e.g., one-way valve, two-way valve)
configured between the first chamber 110 and the second chamber 130. Alternatively, the
sample reception opening 132 can be configured to directly transfer the homogenized
sample from the first chamber 110 to the second chamber 130 without any intermediate
element(s).

[0040] In some variations, the second chamber 130 can include a mixing element
134 that functions to facilitate mixing of the homogenized sample with a process reagent
within the second chamber 130. The mixing element 134 can be disposed within the
second chamber 130, and/or can be coupled to the second chamber 130 in any other
suitable manner. The mixing element 134 is preferably configured to cooperate with a

mixing module 230 of an analysis device 205, as described in further detail below, such
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that the mixing element 134 and the mixing module 230 complement each other to
provide a mixing mechanism within the second chamber 130; however, variations of the
system 100 can entirely omit the mixing element 134 and/or the mixing module 230 and
facilitate combination of the homogenized sample with the process reagent in any other
suitable manner (e.g., the process reagent can be combined with the consumable sample
during processing within the first chamber 110). In variations, the mixing element 134
can provide any one of: a magnetically-driven mechanism of mixing, an ultrasonic
mechanism of mixing, a vibration-based mechanism of mixing (e.g., mechanically
driven, acoustically driven), a rocking motion, a spinning-based mechanism of mixing
(e.g., by forming a vortex), a shaking-based mechanism of mixing, and any other suitable
mechanism of mixing. In an example, as shown in FIGURE 5, the mixing element 134
comprises a magnet 135 (e.g., magnetic stir bar) configured within the second chamber
130 that is configured to magnetically couple to a complementary magnet of a mixing
module 230. In the example, the complementary magnet can be coupled to a spinning
motor, thereby producing rotation at the magnet 135 within the second chamber 130. In
variations of the example, the magnet 135 can comprise a permanent magnet and/or an
electromagnet. Furthermore, the magnet 135 can be a distinct element within the second
chamber 130, or can additionally or alternatively be coupled to or integrated with a
diaphragm 160 configured to access the second chamber 130, as described below.
Furthermore, variations of the example can include any suitable number of magnets 135
of the second chamber 130.

[0041] In variations, the second chamber 130 can be prepackaged with the
process reagent, such that the homogenized sample is automatically brought into contact
with the process reagent upon transmission between the first chamber 110 and the
second chamber 130. Alternatively, the second chamber 130 and/or any other suitable
portion of the test container 105 can comprise or be coupled to a fluid delivery module
for reception of the process reagent and combination of the process reagent with the
homogenized sample or the consumable sample. For instance, the process reagent can
be delivered from a module integrated with one or more portions of the driving element
120 (e.g., from the plunger 128, from beneath the grinder 122), such that the process
reagent does not originate from within the second chamber 130. As such, mixing of the
consumable sample with a process reagent can occur prior to grinding of the consumable
sample by a driving element 120.

[0042] The process reagent preferably includes an extraction solution configured

to extract at least one analyte, associated with a harmful substance, from the
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homogenized sample, that can be detected at a detection substrate and used to indicate
presence of the harmful substance. In an example for gluten detection, the extraction
solution can contain 2-mercaptoethanol, or tris(2-carboxyethyl)phosphine, which
operates by reducing disulfide prolamin crosslinking in a sample, and solubilizes
proteins in the sample to facilitate detection. The extraction solution can additionally or
alternatively contain guanidine hydrochloride, or N-lauroylsarcosine, or other
disaggregating agents. In variations for other allergens, the extraction solution can
comprise ethanol for a dairy-derived allergen (e.g., lactose), a parvalbumin extraction
solution for a fish-derived allergen, an ara-h2 extraction solution for a nut derived
allergen, an egg protein extraction solution for an egg-derived allergen (e.g., ovomucoid
protein, ovalbumin protein, ovotransferrin protein, lysozyme protein), a tropomyosin
extraction solution for a shellfish-derived allergen, and/or any other suitable extraction
solution for any other harmful substance. Furthermore, variations of the process
reagent(s) can additionally or alternatively include any one or more of: a reagent for
lysing of a sample, a reagent for solubilization of a sample, a reagent for buffering of a
sample, a reagent for dilution of a sample, and any other suitable reagent(s). For
instance, in some variations, extraction and dilution of a sample to generate a dispersion
can involve a first process reagent for extraction (e.g., an alcohol-based solution for
extraction of gluten), and a second process reagent for dilution of a sample processed
with the first process reagent, such that the dispersion has appropriate characteristics
for assessment at a detection substrate 150.

[0043] The outlet port 136 functions to facilitate delivery of a controlled volume
(and/or rate of flow) of the dispersion, from the second chamber 130, to an analysis
chamber 140 for detection of the harmful substance(s) within the consumable sample.
The outlet port 136 is preferably situated at an inferior portion of the second chamber,
an example of which is shown in FIGURE 2B, in order to facilitate delivery of the
dispersion from the second chamber at least in part by gravity. However, the outlet port
136 can alternatively be configured at any suitable location relative to the second
chamber. The outlet port 136 preferably allows a volume of the dispersion to be
transmitted to a detection substrate 150 at an analysis chamber 140 in communication
with the port, wherein the volume of the dispersion is configured so as to provide an
adequate amount of the dispersion without flooding the detection substrate.

[0044] While the outlet port 136 can be configured to passively facilitate delivery
of the dispersion to a detection substrate at the analysis chamber 140, variations of the

system 100, as shown in FIGURE 6A, can include an actuation system 137 configured to
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provide or meter a controlled volume of the dispersion to the analysis chamber 140. In
one variation, an actuation system 137 coupled to the outlet port 136 can include a valve
138 that can be controllably opened and/or closed in order to dispense the dispersion
into the analysis chamber 140 with a controlled volume and/or at a controlled time
point. In an example, the valve 138 can include a rod 31 (e.g., needle) that is biased to be
closed in a first valve configuration 32 and configured to open in a second valve
configuration 33, wherein transitioning between the first valve configuration 32 and the
second valve configuration 33 can be controlled by actuators (e.g., solenoids, etc.) of the
test container 105 and/or analysis device 205, pressurization of the test container 105
(e.g., using a pneumatic mechanism), and/or in any other suitable manner. In the
example, the rod can be biased closed using a compression spring (or other elastomeric
element), and configured to transition between the first valve configuration 32 and the
second valve configuration 33 upon user input (e.g., by pushing a button on the test
container or the analysis device, by inputting a command at a user interface, etc.) and/or
automatically (e.g., controlled by a controller of the system 100).

[0045] In another example, the outlet port 136 can include a material valve 138
configured to transition from a first state 34 to a second state 35 (e.g., reversibly,
irreversibly), thereby allowing a volume of the dispersion to pass through the outlet port
136 in a controlled manner. In variations of this example, the material of the valve 138
can include any one or more of: a material (e.g., salt, sugar, polyvinyl alcohol, etc.)
configured to transition from a solid state to a dissolved state (e.g., in a manner that does
not affect detection of an analyte at the detection substrate), a wax configured to
transition from a solid state to a melted state, and any other material configured to
transition between states without affecting test results.

[0046] In another example, the outlet port 136 can be appropriately dimensioned
(e.g., based upon the viscosity of the dispersion) to allow the controlled volume of the
dispersion to pass into the analysis chamber 140. In variations of this example, positive
pressure and/or negative pressure can also be used to drive the dispersion out of the port
and into the analysis chamber.

[0047] In still another example, the outlet port 136 can include a valve 138 (e.g., a
membrane, a film) that can be punctured or otherwise compromised to allow a volume
of the dispersion to pass through the outlet port 136 and into the analysis chamber 140.
In this example, the valve 138 could be compromised using a needle coupled to a portion
of the second chamber, wherein the needle could be deflected (e.g., by a portion of the

analysis device 205, in combination with spring-loading of the needle) in a manner that
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prevents accidental deflection by a user or other entity in contact with the test container
105. As such, the actuation system 137 can operate as a release mechanism that allows
the dispersion to be conducted to a detection substrate at the analysis chamber 140. The
outlet port 136 and/or actuation system 137 can, however, be configured in any other
suitable manner and/or comprise any other suitable elements that enhance detection at
a detection substrate. For instance, one variation of the outlet port 136 can include a
filter proximal the port that prevents material (e.g., material that could adversely affect
detection) from passing into the analysis chamber 140 and/or from reaching the
detection substrate 150.

[0048] In some embodiments, as shown in FIGURE 2A, 2B, and 7, the system 100
can include a diaphragm 160 situated between the first chamber 110 and the second
chamber 130, which functions to facilitate delivery of the homogenized sample, after
processing of the consumable sample, into the second chamber 130 in a controlled
manner. In one variation, the diaphragm 160 can include a set of openings 162
configured to allow passage of homogenized portions of the consumable sample, during
processing, into a cavity formed by the diaphragm. In this variation, the diaphragm can
further include a roof 164 at a superior portion of the diaphragm 160, wherein the roof
164 prevents passage of unprocessed portions of the consumable sample into the second
chamber 130. In examples of this variation, the diaphragm has a height between 3 and
15mm (e.g., 8mm), in order to facilitate processing and transmission of a desired volume
of the homogenized sample.

[0049] The set of openings 162 of the diaphragm 160 is preferably distributed
uniformly about the second opening 114 of the first chamber 110 and/or the sample
reception opening 132 of the second chamber 130, in order to facilitate reception of
homogenized portions of the consumable sample into the diaphragm 160. However, the
set of openings 162 can alternatively be arranged in any other suitable manner. The set
of openings can be located at lateral surfaces (e.g., vertical surfaces) of the diaphragm
160, in the orientation of the diaphragm 160 shown in FIGURE 7, and can additionally
or alternatively be located at any other suitable surface of the diaphragm 160. Openings
of the set of openings 162 are preferably rectangular in shape; however, the set of
openings 162 can alternatively include openings that are any one or more of: polygonal,
ellipsoidal, circular, and any other suitable shape. In variations, the set of openings 162
comprise rectangular openings that are from 2mm to 15mm in height (e.g., 7mm in
height) and 0.5 to 5mm in width (e.g., 3mm in width); however, other variations of the

set of openings 164 can alternatively have any other suitable dimensions. Furthermore,
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the set of openings 162 can comprise non-identical openings (e.g., in shape, in
dimensions, etc.) in other variations of the diaphragm 160.

[0050] The roof 164 of the diaphragm 160 is preferably non-planar (e.g., non-
horizontally planar, in the orientation shown in FIGURES 2A and 7), and defines a
concave surface facing the sample reception opening 132 of the second chamber 130,
which promotes sliding of homogenized portions of the consumable sample off of the
roof 164 and toward openings of the set of openings 162 of the diaphragm. The concave
surface can be blunt or sharp, and in examples, can comprise a semi-spherical surface, a
semi-conical surface, a semi-pyramidal surface, a prismatic surface, and/or any other
suitable surface. Alternatively, the roof 164 of the diaphragm 160 can comprise a planar
surface, or a non-concave surface.

[0051] The diaphragm 160 preferably has a first configuration 167 that retains at
least a portion of the homogenized sample within the diaphragm 160 and a second
configuration 168 that facilitates delivery of the homogenized sample into the sample
reception opening 132 of the second chamber 130. In relation to the plunger 128 of the
driving element 120 described above, the plunger 128 can be configured to be depressed
or otherwise moved in any other suitable fashion in order to transition the diaphragm
160 between the first configuration 167 and the second configuration 168. In a first
variation, the first configuration 167 is a raised configuration wherein a majority of the
diaphragm 160 is situated within the first chamber 110, and openings of the diaphragm
160 are accessible from within the first chamber 110. In the first variation, the second
configuration 167 is a depressed configuration wherein a majority of the diaphragm 160
is situated within the second chamber 130, and openings of the diaphragm 160 are
substantially inaccessible from within the first chamber 110 (but open to the second
chamber 130). In this variation, the diaphragm 160 can include at least one lip 169
circumscribing a portion of the diaphragm, wherein the lip 169 functions as a stop that
constrains a range of motion of the diaphragm 160 between the first configuration 167
and/or the second configuration 168. Variations of the diaphragm 160 can, however,
omit a lip 169. For instance, in variations wherein the diaphragm 160 can function as a
mixing element 134, as described above, the diaphragm 160 can be configured to enter
the second chamber 130 (e.g., drop entirely into the second chamber 130), and function
as a mixing element that complements a mixing module of an analysis device 205. In a
second variation, the first configuration 167 of the diaphragm 160 is an undeformed
configuration, wherein a majority of the diaphragm 160 is situated within the first

chamber 110, and openings of the diaphragm 160 are accessible from within the first
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chamber 110. In the second variation, the second configuration is a deformed
configuration whereby at least one portion (e.g., the roof 164) of the diaphragm 160 is
deformed to drive homogenized portions of the consumable sample from an interior
portion of the diaphragm 160 and into the second chamber 130. In any of these
variations, the diaphragm can be configured to be reversibly transitioned between the
first configuration 167 and the second configuration 168; however, the diaphragm 160
can alternatively be configured to not be reversibly transitioned between the first
configuration 167 and the second configuration 168.

[0052] The diaphragm 160 can additionally or alternatively include a temporary
obstruction region 166, opposite the roof 164, that retains at least a portion of the
homogenized sample within the diaphragm 160. Retention of the portion of the
homogenized sample can be performed by the temporary obstruction region 166 in the
first configuration 168 of the diaphragm 160, and/or in any other suitable configuration
of the diaphragm 160. In one example, the temporary obstruction region 166 can
comprise a dissolvable membrane configured to dissolve and release the homogenized
sample into the second chamber 130 after a desired condition (e.g., a condition involving
a threshold volume of the homogenized sample within the diaphragm) has been met. In
another example, the temporary obstruction region 166 can comprise a screen (e.g., a
mesh screen, a filter) configured to further facilitate processing of the consumable
sample/homogenized sample to have a desired particle dimension prior to transmission
into the second chamber 130. The temporary obstruction region 166 can, however,
comprise any other suitable materials and/or be configured in any other suitable
manner.

[0053] While a first chamber 110 and a second chamber 130 are described above,
in some variations, the test container 105 can comprise a single chamber configured to
perform the functions of the first chamber 110 and the second chamber 130. For
instance, in one variation, the first chamber 110 and the second chamber 130 can be
physically contiguous as a single chamber can be used to receive a consumable sample,
and to facilitate grinding and mixing of the consumable sample with one or more process
reagents to extract and/or dilute a test sample for delivery to a detection substrate 150
for analysis. As such, the first chamber 110 and the second chamber 130 can be distinct
from each other, or otherwise integrated into a single chamber that facilitates all sample
processing performed using the system 100.

[0054] The analysis chamber 140 functions to position a detection substrate 150

proximal the outlet port 136 of the second chamber, such that the detection substrate
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150 can absorb a volume of the dispersion and provide indication of presence of at least
one harmful substance within the consumable sample. The analysis chamber 140 is
preferably coupled to at least one of the second chamber 130 and the first chamber, and
in one variation, the analysis chamber 140 is configured external to the second chamber
130, with access between the second chamber 130 and the analysis chamber 140
provided by the outlet port 136 of the second chamber 130. In an example of this
variation, the analysis chamber 140 can comprise a slot longitudinally spanning a
portion of the test container 105, as shown in FIGURE 2B, wherein the slot is configured
to position the detection substrate 150 proximal the outlet port 136. However, the
analysis chamber 140 can alternatively be configured in any other suitable manner.
[0055] The detection substrate 150 functions to indicate presence of an analyte,
associated with a harmful substance, and in variations, can indicate presence based upon
one or more of: a color change, fluorescence emission, infrared emission, magnetic
response, electrical response, acoustic change, and any other suitable mechanism of
indication. The detection substrate 150 is preferably a permeable substrate (e.g., test
strip) that soaks up a portion of the dispersion and facilitates binding of one or more
analytes in the dispersion with complementary antibodies (e.g., antibodies bound to
cellulose nanobeads) at the detection substrate 150, to provide indication of presence of
harmful substances associated with the analyte(s). The detection substrate 150 can
include a single active region (e.g., a band, a line, a dot, etc.) for analyte binding, or a set
of active regions for analyte binding. The active region(s) can include antibody cocktails
for a single analyte associated with a harmful substance, a set of analytes associated with
different harmful substances, and/or a control region configured provide a control
readout (e.g., in order to enable determination of a baseline signal, in order to establish
proper conductance of a test). For instance, in some variations of a detection substrate
150 with a set of active regions 151 for analyte binding, one active region can be used as a
test region that is used to indicate an amount (e.g., concentration, volume, mass) of a
harmful substance in a consumable sample, and another active region can be used as a
control region that indicates that the test has been performed properly (i.e., such that
data generated from the detection substrate 150 is reliable).

[0056] In variations, a region of a detection substrate 150 can be configured to
accommodate an analyte with a single binding site, or multiple binding sites (e.g., as in a
sandwich assay having a first antibody that serves as a capture antibody, and a second
antibody that serves as an analyte-specific antibody). However, the detection substrate

150 can additionally or alternatively comprise any other suitable liquid medium or
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sensor configured to indicate presence of a harmful substance within the consumable
sample in any other suitable manner. In an example, the detection substrate 150 is a
long, narrow, and flat strip of a fibrous material with regions (e.g., bands, lines, spots) of
complementary antibodies to an analyte associated with a harmful substance, whereby
capillary soaking of the detection substrate 150 distributes the dispersion across the
detection substrate 150. In a version of the example for gluten testing, the detection
substrate 150 includes a control band and a test band, having a distribution of a G12
antibody, bound to cellulose nanobeads, which is configured to bind to the 33-mer
peptide of the alpha-gliadin molecule in gluten.

[0057] In some variations, the analysis chamber 140 can include a detection
window 142 that enables detection of presence of a harmful substance at the detection
substrate 150. As such, the detection substrate 150 can be configured to align with the
detection window, such that indicators (e.g., one or more lines generated during binding
of analyte at the detection substrate) can be observed through the detection window 142.
The detection window 142 can substantially span an entirety of the detection substrate,
or can alternatively be configured to provide observation of one or more regions of
interest of a detection substrate 150. Furthermore, the detection window 142 can
comprise an opening through the analysis chamber 140, and can additionally or
alternatively include a covering (e.g., transparent covering, translucent covering) that
enables observation of the detection substrate 150. In variations, the detection window
142 can further function to indicate potential defectiveness of a test container 105,
detection substrate 150, and/or any other suitable portion of the system 100 in providing
reliable results. For instance, in some variations, wherein detection substrates are
sensitive to heat and/or humidity, the detection window 142 can be configured to
indicate subjection of a detection substrate 150 to high temperatures (e.g., above 40°C)
and/or humid environments (e.g., by producing a color change in the detection window,
by having the detection window fog up, etc.). Additionally or alternatively, the test
container 105 can be coupled with a dessicant to prevent humidity-induced damage, and
furthermore, variations of the detection window 142 can additionally or alternatively
provide any other suitable function that provides information regarding potential
defectiveness of a test performed using the detection substrate 150, defectiveness in
analyte detection, and/or any other suitable function. For instance, the detection
window 142 can provide optical qualities that provide desired properties upon
illumination in order to enhance analysis of a detection substrate 150. Variations of the

analysis chamber 140 can, however, entirely omit the detection window 142. For
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instance, a variation of the system 100 can be configured such that the detection
substrate is retrieved after contacting a volume of the dispersion, and analyzed away
from an analysis chamber 140 of a test container 105.

[0058] Variations of the test container 105, as noted earlier, can be characterized
by modularity in using a combination of reusable and/or non-reusable components,
such that portions of the test container 105 can be reused, and other portions of the test
container 105 can be disposed after a limited number of uses. For instance, in some
variations, all portions of the test container 105 can be configured to be reusable, aside
from the detection substrate 150/analysis chamber 140, such that the detection substrate
150 are disposed after each use, and the test container 105 can be reused for another
instance of detection upon replacement of the detection substrate 150/analysis chamber.
In other variations, all portions of the test container 105 can be configured to be
reusable, aside from the detection substrate 150, such that the detection substrate 150
are disposed after each use, and the test container 105 can be reused for another instance
of detection upon replacement of the detection substrate 150. The test container 105 can,
however, provide any other suitable combination of reusable and disposable
components. In providing modularity, portions of the test container 105 are preferably
composed of a material that is recyclable and/or processable, and in variations, can
comprise any one or more of: a polymer (e.g., a plastic), a metal, and a glass. However,
variations of the test container 105 can alternatively comprise any other suitable
material (e.g., ceramic), and can be configured to be entirely reusable or entirely
disposable.

[0059] As a person skilled in the art will recognize from the previous detailed
description and from the figures and claims, modifications and changes can be made to
the embodiments of the test container 105 without departing from the scope of the test
container 105.

1.2 System — Analysis Device

[0060] As noted above and shown in FIGURE 1, in an embodiment, the analysis
device 205 includes: a receiving port 210 configured to receive the test container 105, a
mixing module 230 configured to mix the homogenized sample with a process reagent,
an optical sensing subsystem 220 configured to enable detection of presence of the
harmful substance at the detection substrate 150, and a processing and control system
240 configured to receive and process signals from the optical sensing subsystem 220,
thereby producing an output indicative of presence of the harmful substance in the

consumable sample.
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[0061] The receiving port 210 functions to receive the test container 105, and can
additionally function to align the test container 105 to facilitate detection of analytes at a
detection substrate, in cooperation with the optical sensing subsystem 220. As such, the
receiving port 210 preferably mates with the test container 105 (e.g., an external
morphology of the test container 105), in a consistent manner, such that the test
container 105 can only be positioned within the receiving port 210 of the analysis device
in one of a discrete set of orientations (e.g., in variations wherein the test container 105
has an orientation). Alternatively, in variations wherein the test container 105 is
symmetric (e.g., having a rotational axis of symmetry), the receiving port 210 can be
configured to accommodate symmetry in the test container 105 in relation to positioning
the test container 105 relative to other elements of the analysis device 205 (e.g., the
optical sensing subsystem 220, the mixing module, 230). While the receiving port 210
can receive a test container 105 into an interior portion of the analysis device 205,
receiving port 210 can additionally or alternatively be configured to couple the test
container 105 to an external portion of the analysis device 205. For instance, the
receiving port 210 can include a mechanism (e.g., latch, slide, magnet) configured to
couple the test container 105 to at least a portion of the exterior of the analysis device
205.

[0062] As such, in some variations, the receiving port 210 is preferably configured
to receive the test container 105 in an alignment configuration 211, and to release the test
container 105 from the analysis device 205 in a releasing configuration 212 (e.g., post-
analysis of a sample), as shown in FIGURES 9A-9C. In producing the alignment
configuration 211, the receiving port 210 can be coupled to a cap 213 or other mechanism
(e.g., latch, tab, etc.) that facilitates retention (e.g., locking) of the test container 105 in
the alignment configuration, thereby preventing undesired deviations from the
alignment configuration, which could affect analysis of a detection substrate 150 of the
test container 105. In variations of the receiving port 210 with a cap 213, the cap 213 can
further function to facilitate processing of a consumable sample and/or homogenized
sample within the test container. For instance, in one variation, the cap 213 can include
an actuating element 214 (e.g., disposed within an interior surface of the cap 213,
accessible from an exterior surface of the cap 213, etc.) configured to depress a plunger
128 of the test container 105 to transition a diaphragm between the first chamber 110
and the second chamber 130 of the test container 105 between a first configuration 167
and a second configuration 168, as shown in FIGURES 9D and 9E. The actuating

element 214 can be magnetically driven, pneumatically driven, mechanically driven (e.g.,
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using springs, etc.), or driven in any other suitable manner. Actuation of a plunger 128,
as facilitated by the cap 213, in this variation can be automatically performed once the
test container 105 is in the alignment configuration within the receiving port 210, and/or
can be triggered (e.g., by the user, by a control system of the analysis device 205) in any
other suitable manner. As such, in an example workflow of this variation, a user can
place a test container 105 within the receiving port 210 of the analysis device, with the
consumable sample substantially homogenized and the diaphragm 160 in the first
configuration 167, and closing of the cap 213 can automatically initiate depressing of the
plunger 128 to transition the diaphragm 160 into the second configuration 168 (e.g.,
without knowledge by the user). Then, after detection using the optical sensing
subsystem 220, as described below, the cap 213 can be opened and the test container 105
can be released from the analysis device 205 in the releasing configuration. However,
variations of the receiving port 210 can alternatively omit a cap or other mechanism
configured to retain the test container 105 in the alignment configuration.

[0063] The mixing module 230 functions to facilitate active mixing of a
homogenized sample of the test container 105 with a process reagent (e.g., extraction
reagent), in order to produce a dispersion that can be delivered to a detection substrate
for analysis. The mixing module 230 preferably operates in cooperation with a mixing
element 134 of the test container 105 (e.g., of a second chamber 130 of the test
container), thereby forming a complementary portion of a mechanism that provides
solution mixing. Thus, the mixing module 230 is preferably situated proximal to a
portion of the test container 105 having the homogenized sample and the process
reagent, in the alignment configuration of the test container 105. As noted above and
shown in FIGURE 5, the mixing module 230 can provide a magnetically-driven
mechanism of mixing, an ultrasonic mechanism of mixing, a vibration-based mechanism
of mixing (e.g., mechanically driven, acoustically driven), a rocking motion, a spinning-
based mechanism of mixing (e.g., by forming a vortex), a shaking-based mechanism of
mixing, and any other suitable mechanism of mixing. In an example wherein the second
chamber 130 of a test container 105 includes a magnetic mixing element 134, the mixing
module 230 can comprise a complementary magnet situated proximal to the second
chamber 130 in the alignment configuration of the system 100. In the example, the
complementary magnet of the mixing module can be coupled to a spinning motor,
thereby producing rotation at the magnetic mixing element 134 within the second
chamber 130. In variations of this example, the mixing module 230 can be configured to

detect proper coupling between the complementary magnet of the mixing module 230
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and the magnetic mixing element 134 within the second chamber 130 of the test
container 105 (e.g., by way of sensing of a magnetic force, by way of detection of motion
of the magnetic mixing element 134 in response to motion of the complementary
magnet, etc.). The mixing module 230 can, however, be configured in any other suitable
manner.

[0064] The optical sensing subsystem 220 functions to facilitate detection of one
or more analytes, indicative of presence of a harmful substance within a consumable
sample. The optical sensing subsystem 220 further functions to facilitate automated
reading of a detection substrate 150, such that effects of user error are minimized;
however, the optical sensing subsystem 220 can be configured to provide manual
assessment of test results of a detection substrate 150. The optical sensing subsystem
220 is preferably aligned with the detection window 142 of the analysis chamber 140 of
the test container 105 in the alignment configuration 211, as shown in FIGURE 10, in
order to provide a compact configuration and facilitate direct communication between a
detection substrate and the optical sensing subsystem 220. However, in other variations,
the detection window 142 of the analysis chamber 140 and the optical sensing subsystem
220 can alternatively be misaligned, and configured to communicate using elements
(e.g., mirrors, etc.) that facilitate indirect communication between a detection substrate
150 and the optical sensing subsystem 220. The optical sensing subsystem 220
preferably has an adequate sensitivity, resolution, and window of view in order to
accurately and reliably detect signals from a detection substrate 150. In one variation,
the sensitivity, resolution, and window of view cooperate to enable detection of a single
analyte at a single region (e.g., dot, line, band) of a detection substrate 150 and in
another variation, the sensitivity, resolution, and window of view cooperate to enable
detection of multiple analytes (e.g., associated with different allergens) and/or control
signals at multiple regions (e.g., dots, lines, bands) of a detection substrate 150. While
one optical sensing subsystem 220 is described, the analysis device 205 can, however,
include any other suitable number of optical sensors 220 to facilitate detection of one or
more analytes at one or more regions of a detection substrate 150.

[0065] In a first variation, the optical sensing subsystem 220 can comprise a
camera module 221 that is configured to image a detection substrate 150, through the
detection window 142, and to generate a distribution (e.g., array) of pixel intensities
corresponding to regions of the detection substrate. Then, in communication with the
processing and control system 240 (described in further detail below), the distribution of

pixel intensities generated from processing of a detection substrate 150 can be used to
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output a value of a parameter associated with an amount (e.g., concentration in parts per
million, other concentration, mass, volume, etc.) of a harmful substance present in a
consumable sample analyzed using the detection substrate 150. An example of pixel
intensity distributions, prior to and post processing at the processing and control system
240, is shown in FIGURES 11A and 11B, respectively. The camera module 221 of the first
variation preferably provides data within sufficient resolution to eliminate a requirement
for tight coupling between the camera module 221 and a detection substrate 150;
however, the camera module 221 can alternatively provide data with any other suitable
resolution.

[0066] In the first variation, the camera module 221 can be provided along with
an illumination module 222 configured to facilitate illumination of the detection
substrate 150, in order to enable detection of the analyte(s) at the detection substrate.
Ilumination is preferably provided at an angle (e.g., an acute angle of incidence) relative
to a surface of the detection window 142, in order to minimize reflection (e.g., from the
detection window 142) that could interfere with sensing by the optical sensing subsystem
220. In specific examples, the illumination module can include one or more light-
emitting diodes (LEDs) any/or any other suitable light sources. The LEDs/light sources
can be configured to provide white light, or any suitable range of wavelengths of light.
Furthermore, in variations wherein the illumination module 222 includes multiple light
sources, the light sources can be identical in output (e.g., intensity, wavelength) or non-
identical in output. As such, illumination can allow an intensity of a desired signal (e.g.,
indicative of an analyte associated with a harmful substance) to be enhanced.
Ilumination can additionally or alternatively function to remove signal interference due
to inherent features (e.g., color, acidity, consistency, fermentation, hydrolyzation, etc.) of
a consumable sample. For instance, pigmented and/or acidic foods can provide signal
interference in a color-based assay. As such, illumination and or detection at an optical
sensing subsystem 220 of the camera module 221 can be enabled in cooperation with
one or more filters (e.g., wavelength filters, emission filters, excitation filters, etc.)
configured to filter out any interfering signals.

[0067] In a second variation, the optical sensing subsystem 220 can comprise a
photodiode system 223 that is configured to detect absorption and/or emission of light
(e.g., wavelengths of light) indicative of presence of (i.e., an amount of) an analyte at a
detection substrate in communication with the photodiode system 223. In one variation,
the photodiode system 223 can include a photodiode configured to detect absorption of

light associated with a peak absorption wavelength of an active region of a detection
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substrate (e.g., in order to assess absorption at a characteristic peak absorption
wavelength of an antibody-coated bead bound to an analyte associated with a harmful
substance). In one example for gluten detection, the photodiode system 223 can include
a photodiode configured to detect absorption of 555nm light at a detection substrate,
wherein cellulose nanobeads treated with a complementary antibody for gluten have an
absorption peak at 555nm. In this example, a higher degree of absorption of 555nm light
(e.g., as indicated by a lower photodiode output) within an active region of a detection
substrate 150 is associated with a higher concentration of gluten in a consumable
sample, with an example of output data shown in FIGURE 12.

[0068] In the second variation, the photodiode system 223 can be provided along
with an illumination module 222 configured to facilitate illumination of the detection
substrate 150, in order to enable detection of the analyte(s) at the detection substrate.
Ilumination is preferably provided at an angle (e.g., an acute angle of incidence) relative
to a surface of the detection window 142, in order to minimize reflection (e.g., from the
detection window 142) that could interfere with sensing by the optical sensing subsystem
220. In specific examples, the illumination module can include one or more light-
emitting diodes (LEDs) and/or any other suitable light sources. The LEDs/light sources
can be configured to provide light associated with an absorption peak of active particles
(e.g., antibody-coated nanobeads, colloidal gold particles) at an active region of a
detection substrate 150, or any suitable range of wavelengths of light. These particles can
be either chemically conjugated with an antibody or more than one antibody, or can have
the antibody or antibodies physically adsorbed onto them. Furthermore, in variations
wherein the illumination module 222 includes multiple light sources, the light sources
can be identical in output (e.g., intensity, wavelength) or non-identical in output. As
such, illumination can allow an intensity of a desired signal (e.g., indicative of an analyte
associated with a harmful substance) to be enhanced. Illumination can additionally or
alternatively function to remove signal interference due to inherent features (e.g., color,
acidity, consistency, fermentation, hydrolyzation, etc.) of a consumable sample. For
instance, pigmented and/or acidic foods can provide signal interference in a color-based
assay. The signal transduction mechanism can be based on any one or more of:
absorption, fluorescence, chemiluminescence, Forster resonance energy transfer,
electrical transduction, and any other suitable signal transduction mechanism. As such,
illumination and or detection at an optical sensing subsystem 220 of the camera module
221 can be enabled in cooperation with one or more filters (e.g., wavelength filters,

emission filters, excitation filters, etc.) configured to filter out any interfering signals.
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[0069] The above variations of the optical sensor can be used in combination
and/or provided by the system 100 in any suitable manner. Furthermore, in variations of
a detection substrate 150 having multiple active regions, the optical sensor(s) 220
and/or illumination module(s) 222 can be provided in units, wherein the number of
units is associated with a number of active regions in a detection substrate. For instance,
for a detection substrate 150 having a control region and a test region, the system 100
can include two units, each having a photodiode and a light source (e.g., a 555nm light
source) configured to target each of the two active regions. In variations, however, the
optical sensing subsystem 220 can be supplemented with or replaced with any other
suitable sensor(s) configured to detect presence of an analyte based upon one or more of:
color change, spectral emission, magnetic signals, electrical current, electrical bias,
acoustic signals, and any other suitable mechanism.

[0070] The processing and control system 240 functions to receive signals from
the optical sensor 240 and to generate an output indicative of presence of a harmful
substance within the consumable sample, based upon signals generated from a detection
substrate. The processing and control system 240 can further function to control
operation of the analysis device 205, such that detection of one or more analytes
associated with harmful substances in a consumable sample is, at least in part,
automated. As such, the processing and control system 240 can include a processing
module 242 configured to receive signals from the optical sensing subsystem 220 and a
control module 244 configured to control operation of the analysis device.

[0071] The processing module 242 is preferably configured to condition signals
generated at the optical sensor(s) 220, and can be directly coupled to an output of the
optical sensor(s) 220. Alternatively, the processing module 242 can be configured to
retrieve data generated from an output of an optical sensing subsystem 220 from a
storage module or in any other suitable manner. The processing module 242 can thus be
configured to perform any one or more of: denoising, filtering, smoothing, clipping,
deconvolving, standardizing, detrending, resampling, and performing any other suitable
signal-processing operation on output signals from the optical sensor(s) 220. In
variations, wherein an output of the optical sensing subsystem 220 is image data, the
processing module 242 can be configured to filter and/or condition image data for
sharpness, saturation, edge-finding, intensity, and/or any other suitable image
enhancement. The processing module 242 can further be configured to generate an
analysis indicative of presence of the harmful substance, wherein the analysis provides

information regarding an amount (e.g., concentration, volume, mass) of the harmful
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substance within the consumable sample. In one variation involving data from a
photodiode, the analysis can enable identification of absorption peaks detected upon
illumination of a detection substrate 150 (e.g., over time, taking into account kinetics of a
reaction at the detection substrate), and associate an amount of absorption with an
amount (e.g., concentration in parts per million) of an allergen present in the
consumable sample. In one variation involving image data from a camera module, the
analysis can characterize intensity (e.g., average intensity, peak intensity, relative
intensity) across an active region of a detection substrate, and associate an intensity
parameter (or other image parameter) with an amount (e.g., concentration in parts per
million) of an allergen present in the consumable sample. The processing module 242
can be implemented in one or more processing elements (e.g., hardware processing
element, cloud-based processing element), such that processing by the system 100 can
be implemented in multiple locations and/or phases.

[0072] In variations, the control module 244 can be configured to control any one
or more of: retaining a test container 105 within the analysis device 205 in an alignment
configuration, facilitating release of the test container 105 from the analysis device 205
in the releasing configuration, depressing of a plunger 128 of the test container 105 (e.g.,
to transition a diaphragm 160 of the test container 105 between a first configuration and
a second configuration), mixing of the homogenized sample with a process reagent upon
transmission of commands to the mixing module 230, activation of a valve 138 of a
second chamber 130 of the test container 105 in order to initiate delivery of a volume of a
dispersion to a detection substrate 105, illumination of a detection substrate 150 upon
transmission of commands to an illumination module 223, transmission of outputs of an
optical sensor for conditioning an processing by the processing module 240, and any
other suitable operation for automation in use of the system 100.

[0073] Modules of the processing and control system 240 can be implemented at
any one or more of: on-board at the analysis device 205 that receives a test container
105, at a portion of the test container (e.g., using electronics integrated into the test
container 105), and at any other suitable processing subsystem. For instance, modules of
the processing and control module 240 can be implemented at a mobile device (e.g.,
smart phone, tablet, head-mounted computing device, wrist-mounted computing device)
in communication with the analysis device 205, such that some amount of data
processing and/or control of a test container 105 or analysis device 205 is implemented

using the mobile device. Additionally or alternatively, modules of the processing and
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control system 240 can be implemented in any other hardware-based or cloud-based
computing system configured to communicate with the system 100 described.

[0074] Furthermore, the analysis device 205 can include any other suitable
elements configured to facilitate processing of a test sample (e.g., a dispersion generated
from a consumable sample that has saturated a detection substrate), and/or reporting of
information derived from the test sample to a user or other entity. In one variation, the
analysis device 205 can include a module configured to facilitate release of the
dispersion from the port 136 of the second chamber 130 to a detection substrate 150 at
an analysis chamber 140, in cooperation with a valve 138 of the second chamber 130, as
described in relation to the port 136 above. The analysis device 205 can further include
elements that provide an indication that the analysis device is in an operational mode
(e.g., as opposed to an off mode, as opposed to a dormant mode), and/or elements that
reduce noise (i.e., signal noise, acoustic noise) during processing of a test sample. The
analysis device 205 can further include a housing configured to house elements of the
analysis device 205 in a compact manner. The analysis device 205 or any other suitable
portion of the system 100 can further comprise a power module configured to provide
power to the system 100 (e.g., by comprising an energy storing, energy receiving, and/or
energy distributing element), a display (e.g., of the analysis device 205, of a mobile
device in communication with the system 100) configured to convey information from
the system 100 to a user or other entity, and/or any other suitable user interface
elements (e.g., input modules, notification modules, etc.) configured to facilitate user
interaction with the system 100. Additionally or alternatively, the analysis device 205
can include any other suitable elements for processing of a test sample in a manner that
is convenient to a user.

[0075] As a person skilled in the art will recognize from the previous detailed
description and from the figures and claims, modifications and changes can be made to
the embodiments of the analysis device 205 without departing from the scope of the
analysis device 205.

2. Method

[0076] As shown in FIGURES 13 and 14, an embodiment of a method 300 for

detecting a target substance in a consumable sample comprises: receiving a consumable
sample at a first chamber of a test container comprising a consumable reception
opening, configured to receive the consumable sample, and a second opening S310;
transforming the consumable sample into a homogenized sample upon processing of the

consumable sample toward the second opening of the first chamber by way of a driving
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element S320; delivering the homogenized sample from the first chamber to a second
chamber of the test container, wherein the second chamber is configured to receive the
homogenized sample from the second opening of the first chamber and comprises an
outlet port S330; mixing the homogenized sample with a process reagent within the
second chamber, thereby producing a dispersion S340; transmitting a volume of the
dispersion to an analysis chamber, of the test container, configured to position a
detection substrate proximal the outlet port of the second chamber and comprising a
detection window that enables detection of presence of the allergen S350; and detecting
presence of the harmful substance within the consumable sample by way of an optical
sensing subsystem configured to detect signals indicative of the allergen through the
detection window S360.

[0077] The method 300 functions to receive and process a sample of a
consumable (e.g., food, beverage, cosmetic, etc.) in order to enable detection of one or
more harmful substances within the sample. In examples, the harmful substances can
include any one or more of: an allergen (e.g., gluten allergen, a dairy-derived allergen, a
nut allergen, a fish allergen, an egg-derived allergen, etc.) a toxin, a bacterium, a fungus,
a pesticide, a heavy metal, a chemical or biological compound (e.g., a fat, a protein, a
sugar, a salt, etc.), and any other suitable harmful substance. The method 300 is
preferably configured to impose minimal requirements upon a consumer using the
system 100, in terms of labor-intensiveness, time-intensiveness, and cost-intensiveness.
As such, the method 300 is preferably configured to automatically or semi-automatically
process the sample in a manner that is intuitive to the consumer, and to quickly provide
information regarding presence of the harmful substance(s) within the sample. The
method 300 is preferably implemented at least in part by a portion of the system 100
described in Section 1 above; however, the method 300 can alternatively be implemented
using any other suitable system.

[0078] Block S310 recites: receiving a consumable sample at a first chamber of a
test container comprising a food reception opening, configured to receive the
consumable sample, and a second opening. Block S310 functions to receive and facilitate
processing (e.g., homogenization) of a consumable sample that the user intends to
analyze for presence of a harmful substance. Block S310 is preferably implemented at an
embodiment, variation, or example of the first chamber described in relation to the
system 100 above; however, Block S310 can alternatively be implemented with any other
suitable chamber configured to receive a solid and/or liquid sample. As such, Block S310

can comprise actively or passively receiving a consumable sample from the user. In
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variations of passive reception, the consumable sample can be tweezed, scooped,
spooned, forked, or otherwise delivered into the first chamber in any other suitable
manner. In variations of active reception, the consumable sample can be sucked or
forced into the first chamber in any other suitable manner (e.g., using positive and/or
negative pressure).

[0079] Block S320 recites: transforming the consumable sample into a
homogenized sample upon processing of the consumable sample toward the second
opening of the first chamber by way of a driving element. Block S320 functions to
process the consumable sample to have particles of a desired size, and to increase
homogeneity of a consumable sample received in Block S310, in order to generate
reliable results regarding an amount (e.g., concentration, mass, volume) of a harmful
substance within a consumable sample. Block S320 is preferably implemented using
embodiments, variations, or examples of the first chamber, driving element 120, grinder
122, plunger 128, and/or diaphragm 160 of the test container 105 described in relation to
the system 100 above; however, Block S320 can alternatively be implemented using any
other suitable system. As such, in homogenizing the consumable sample, Block S320
preferably involves grinding the consumable sample with a set of protrusions of a driving
element, using a combination of compression and rotational motions (e.g., involving
threads of the first chamber and the driving element); however, Block S320 can
additionally or alternatively produce the homogenized sample in any other suitable
manner.

[0080] Block S330 recites: delivering the homogenized sample from the first
chamber to a second chamber of the test container, wherein the second chamber is
configured to receive the homogenized sample from the second opening of the first
chamber and comprises an outlet port. Block S330 functions to deliver the homogenized
sample for further processing in a controlled manner that ensures that homogenized
portions of the consumable sample continue on for further processing, while un-
homogenized portions of the consumable sample are either undelivered or are retained
to be homogenized. Block S330 is preferably implemented using embodiments,
variations, or examples of the first chamber, driving element 120, grinder 122, plunger
128, diaphragm 160, and/or second chamber 130 of the test container 105 described in
relation to the system 100 above; however, Block S330 can alternatively be performed
using any other suitable system 100. As such, Block S330 can include receiving
homogenized portions of a consumable sample within a cavity of a diaphragm

configured between the first chamber and the second chamber, and delivering
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homogenized portions of the consumable sample into the second chamber by depressing
a plunger configured to contact the diaphragm. Block S330 can, however, include
delivering the homogenized sample from the first chamber to a second chamber of the
test container in any other suitable manner.

[0081] Block S340 recites: mixing the homogenized sample with a process
reagent within the second chamber, thereby producing a mixture. Block S340 functions
to facilitate extraction of analytes, associated with the harmful substance, from the
homogenized sample, in order to facilitate detection of the analytes in subsequent blocks
of the method 300. Block S340 is preferably implemented using embodiments,
variations, or examples of the second chamber 130, the mixing element 134, and/or the
mixing module 230 described in relation to the system 100 described above, however,
Block S340 can alternatively be implemented using any other suitable system. As such,
in variations, Block S340 can include providing a volume of the process reagent (e.g.,
prepackaged within the second chamber), such that the homogenized sample is
automatically brought into contact with the process reagent upon delivery between the
first chamber and the second chamber, as described in relation to Block S330.
Additionally or alternatively, Block S340 can comprise actively delivering the process
reagent to be mixed with the homogenized sample, by way of a fluid delivery module
coupled to the first chamber and/or the second chamber. In Block S340, the process
reagent preferably includes an extraction solution configured to extract at least one
analyte, associated with a harmful substance, from the homogenized sample, that can be
detected at a detection substrate and used to indicate presence of the harmful substance.
However, the process reagent can additionally or alternatively include any other suitable
reagents, as described above.

[0082] While blocks of the method 300 can occur as distinct steps, in some
variations, portions of at least Blocks S310, S320, S330, and/or S340 can be performed
substantially simultaneously. For instance, according to a variation of the method 300, a
consumable sample can combined with a process reagent (e.g., an extraction solution, a
dilution buffer, etc.) prior to or during grinding, thereby producing a mixture that can be
delivered from a chamber of a test container and to a detection substrate for analysis.
[0083] Block S350 recites: transmitting a volume of the dispersion to an analysis
chamber, of the test container, configured to position a detection substrate proximal the
port of the second chamber and comprising a detection window that enables detection of
presence of the allergen. Block S350 functions to control delivery of the dispersion to a

detection substrate, such that an adequate volume of the dispersion is provided to a
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detection substrate to enable analyte detection, while avoiding flooding of the detection
substrate. Block S350 is preferably implemented using embodiments, variations, or
examples of the second chamber, outlet port, valve, and/or analysis chamber described
in relation to the system 100 above; however, Block S350 can alternatively be
implemented using any other suitable system. As such, Block S350 can comprise
opening a valve (e.g., using a control module) of an outlet port of the second chamber, to
deliver a volume of the dispersion to a detection substrate within the analysis chamber.
However, Block S350 can comprise any other suitable step for delivery of a volume of the
dispersion to the detection substrate.

[0084] Block S360 recites: detecting presence of the allergen or other substances
within the consumable sample by way of an optical sensor configured to detect signals
indicative of the allergen through the detection window. Block S360 functions to detect
and process signals generated from a detection substrate treated with the dispersion, in
order to generate an analysis that provides information regarding presence of one or
more harmful substances within a consumable sample. Block S360 is preferably
implemented using embodiments, variations, or examples of the analysis chamber,
detection substrate, detection window, optical sensor, and/or processing and control
system described in relation to the system 100 above; however, Block S360 can
alternatively be performed using any other suitable system. As such Block S360 can
include any one or more of: denoising, filtering, smoothing, clipping, deconvolving,
standardizing, detrending, resampling, and performing any other suitable signal-
processing operation on output signals from an optical sensor in communication with a
detection substrate saturated with the dispersion. In variations of Block S360 involving
image data, Block S360 can comprise filtering and/or conditioning image data for
sharpness, saturation, edge-finding, intensity, and/or any other suitable image
enhancement.

[0085] In generating an analysis in Block S360, the analysis preferably provides
information regarding an amount (e.g., concentration, volume, mass) of the harmful
substance within the consumable sample. In one variation involving data from a
photodiode, generating the analysis in Block S360 can include identifying absorption
peaks detected upon illumination of a detection substrate 150 (e.g., over time, taking into
account kinetics of a reaction at the detection substrate), and associating an amount of
absorption with an amount (e.g., concentration in parts per million) of an allergen
present in the consumable sample. In one variation involving image data from a camera

module, generating the analysis in Block S360 can comprise characterizing intensity
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(e.g., average intensity, peak intensity, relative intensity) across an active region of a
detection substrate, and associating an intensity parameter (or other image parameter)
with an amount (e.g., concentration in parts per million) of an allergen present in the
consumable sample. Block S360 can, however, comprise processing signals derived from
a detection substrate saturated with a volume of the dispersion, and/or generating an
analysis in any other suitable manner.

[0086] The method 300 can additionally or alternatively include any other
suitable blocks or steps configured to facilitate reception and/or processing of a
consumable sample, in order to facilitate detection of the presence of one or more
harmful substances within the consumable sample.

[0087] Embodiments of the system 100 and/or method 300 and variations
thereof can be embodied and/or implemented at least in part by a machine configured to
receive a computer-readable medium storing computer-readable instructions. The
instructions are preferably executed by computer-executable components preferably
integrated with the system 100 and one or more portions of the processor 273 and/or the
controller 272. The computer-readable medium can be stored on any suitable computer-
readable media such as RAMs, ROMs, flash memory, EEPROMs, optical devices (CD or
DVD), hard drives, floppy drives, or any suitable device. The computer-executable
component is preferably a general or application specific processor, but any suitable
dedicated hardware or hardware/firmware combination device can alternatively or
additionally execute the instructions.

[0088] The FIGURES illustrate the architecture, functionality and operation of
possible implementations of systems, methods and computer program products
according to preferred embodiments, example configurations, and variations thereof. In
this regard, each block in the flowchart or block diagrams may represent a module,
segment, or portion of code, which comprises one or more executable instructions for
implementing the specified logical function(s). It should also be noted that, in some
alternative implementations, the functions noted in the block can occur out of the order
noted in the FIGURES. For example, two blocks shown in succession may, in fact, be
executed substantially concurrently, or the blocks may sometimes be executed in the
reverse order, depending upon the functionality involved. It will also be noted that each
block of the block diagrams and/or flowchart illustration, and combinations of blocks in
the block diagrams and/or flowchart illustration, can be implemented by special purpose
hardware-based systems that perform the specified functions or acts, or combinations of

special purpose hardware and computer instructions.
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[0089] As a person skilled in the art will recognize from the previous detailed
description and from the figures and claims, modifications and changes can be made to
the preferred embodiments of the invention without departing from the scope of this

invention defined in the following claims.
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CLAIMS
We claim:
1. A system with a test container for detecting an allergen in a consumable sample
comprising:

* a first chamber comprising a consumable reception opening, configured to receive
the consumable sample, and a second opening;

* a driving element configured to interact with the first chamber and to generate a
homogenized sample upon processing of the consumable sample toward the second
opening of the first chamber;

* asecond chamber comprising a sample reception opening, configured to receive the
homogenized sample from the second opening of the first chamber, and an outlet
port at an inferior portion of the second chamber;

* a diaphragm situated between the first chamber and the second chamber having a
first configuration that retains at least a portion of the homogenized sample within
the diaphragm and a second configuration that delivers the homogenized sample into
the sample reception opening of the second chamber; and

* an analysis chamber configured to position a detection substrate proximal the outlet
port of the second chamber and comprising a detection window that enables

detection of presence of the allergen.

2. The system of Claim 1, wherein the driving element includes a shaft and a set of
protrusions proximal an inferior portion of the shaft, wherein the set of protrusions are
configured to grind the consumable sample within the first chamber upon rotation of the
shaft

3. The system of Claim 2, wherein the shaft is a threaded shaft configured to mate
with threads at an internal surface of the first chamber, and wherein rotation of the
threaded shaft drives and grinds the consumable sample during processing of the

consumable sample from the consumable reception opening to the second opening.

4. The system of Claim 1, wherein the diaphragm has a concave surface facing the
sample reception opening of the second chamber, wherein a set of openings within the
diaphragm, surrounding the sample reception opening, facilitate transmission of the

homogenized sample from the first chamber into the second chamber.
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5. The system of Claim 4, wherein the diaphragm has a temporary obstruction
region configured to retain at least a portion of the homogenized sample within the
diaphragm in the first configuration, and wherein the temporary obstruction region
comprises a dissolvable membrane configured to be bypassed upon accumulation of a

desired volume of the homogenized sample within the diaphragm.

6. The system of Claim 1, wherein the first configuration of the diaphragm is a
raised configuration wherein a majority of the diaphragm is situated within the first

chamber and openings of the diaphragm are accessible from within the first chamber.

7. The system of Claim 6, wherein the driving element includes a grinder configured
to rotate within the first chamber and having a concentric channel aligned with an axis of
rotation of the grinder, and a plunger configured to pass through the grinder to contact

the diaphragm.

8. The system of Claim 7, wherein the second configuration of the diaphragm is a
depressed configuration wherein a majority of the diaphragm is situated within the
second chamber, and openings of the diaphragm are substantially inaccessible from
within the first chamber 110 but open to the second chamber, and wherein the
diaphragm is transitionable between the first configuration and the second configuration

by passing the plunger through the grinder.

0. The system of Claim 1, wherein the second chamber comprises a process reagent
and a mixing element configured to actively facilitate mixing of the homogenized sample

with the process reagent.

10.  The system of Claim 1, further including:
* an analysis device comprising:

o a receiving port configured to reversibly receive the test container in an
alignment configuration and to deliver the test container from the analysis
device in a releasing configuration; and

o a mixing module configured to facilitate mixing of the homogenized sample
within the second chamber of the test container in the alignment

configuration.
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11. The system of Claim 10, wherein the mixing element of the second chamber of the
test container is a first magnetic element, and wherein the mixing module comprises an
actuator coupled to a second magnetic element configured to interact with the first

magnetic element in the alignment configuration.

12. The system of Claim 1, further including:
* an analysis device comprising:

o a receiving port configured to reversibly receive the test container in an
alignment configuration and to deliver the test container from the analysis
device in a releasing configuration; an

o an optical sensor aligned with the detection window of the analysis chamber
of the test container in the alignment configuration; and

o a processing system configured to receive signals from the optical sensor and
to generate an output indicative of presence of the allergen within the

consumable sample.

13. The system of Claim 12, wherein the detection substrate comprises at least one
active region comprising antibody-treated particles, configured to bind to analytes

associated with the allergen, thereby facilitating detection of presence of the allergen.

14. The system of Claim 13, wherein the optical sensor comprises a camera module
configured to detect image intensity, indicative of an amount of analytes associated with

the allergen, at the detection substrate.

15. The system of Claim 1, wherein the detection window of the analysis chamber is
configured to provide indication of at least one of heat damage and humidity damage to

the detection substrate.

16.  The system of Claim 1, wherein the first chamber and the second chamber are
physically contiguous as a single chamber configured to receive the consumable sample,
process the consumable sample to generate the homogenized sample, and to deliver a

mixture derived from the homogenized sample to the detection substrate.

17. A method for detecting an allergen in a consumable sample comprising:
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* receiving a consumable sample at a first chamber of a test container comprising a
consumable reception opening, configured to receive the consumable sample, and
a second opening;

* transforming the consumable sample into a homogenized sample upon
processing of the consumable sample toward the second opening of the first
chamber by way of a driving element;

* delivering the homogenized sample from the first chamber to a second chamber
of the test container, wherein the second chamber is configured to receive the
homogenized sample from the second opening of the first chamber and comprises
an outlet port;

* mixing the homogenized sample with a process reagent within the second
chamber, thereby producing a dispersion;

* transmitting a volume of the dispersion to an analysis chamber, of the test
container, configured to position a detection substrate proximal the port of the
second chamber and comprising a detection window that enables detection of
presence of the allergen; and

* detecting presence of the allergen within the consumable sample by way of an
optical sensor configured to detect signals indicative of the allergen through the

detection window.

18. The method of Claim 17, wherein transforming the consumable sample into a
homogenized sample comprises grinding the consumable sample between a set of
protrusions of the driving element and a portion of the first chamber, by way of

translation and rotation of the driving element within the first chamber.

19. The method of Claim 17, wherein delivering the homogenized sample from the
first chamber comprises transitioning a diaphragm situated between the first chamber
and the second chamber from a first configuration that retains at least a portion of the
homogenized sample within the diaphragm, to a second configuration that delivers the

homogenized sample into the second chamber.
20. The method of Claim 17, wherein mixing the homogenized sample with a process

reagent within the second chamber comprises providing the process reagent within the

second chamber, providing a magnetic element within the second chamber, and
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providing a magnetic force configured to rotate the magnetic element within the second

chamber.

21. The method of Claim 17, wherein detecting presence of the allergen within the
consumable sample comprises, at a processing module, conditioning signals output from
the optical sensor, and generating an analysis that associates an image intensity
parameter associated with an active region of the detection substrate with an amount of

the allergen present in the consumable sample.
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