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(57) ABSTRACT

Facial thermography using an infrared camera captures
changes of temperature on the face that are induced by
modification of the activity of the autonomic nervous sys-
tem. Changes of the nose temperature are closely correlated
with levels of fat oxidation after ingestion of some ingredi-
ents. Therefore, methods using facial thermography can
measure the impact of a food ingredient on metabolism and

3,2014. more precisely on fat oxidation after consumption.
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METHODS USING FACIAL TEMPERATURE
TO EVALUATE POST-INGESTIVE IMPACT
OF FOOD INGREDIENTS ON FAT
OXIDATION

BACKGROUND

[0001] The present disclosure generally relates to methods
evaluating and/or predicting the post-ingestive impact of
food ingredients on fat oxidation. More specifically, the
present disclosure relates to use facial thermography (or any
other device) to identify ingredients that could improve fat
oxidation by measuring their capacity to induce an increase
of nose temperature.

[0002] Research on the molecular mechanisms underlying
pungent sensations revealed the existence of two cation
channels, TRPV1 (transient receptor potential V1) and
TRPA1 (transient receptor potential A1) that are expressed
in the somatosensory fibers innervating the oral cavity.
TRPV1 is the receptor for heat and burning sensations such
as capsaicin, the spicy compound of chili peppers. TRPA1
responds to cold and pungent compounds.

[0003] During the past decades, the prevalence of obesity
has increased worldwide to epidemic proportion. Approxi-
mately | billion of people worldwide are overweight or
obese, conditions that increase mortality, mobility and eco-
nomical costs. Obesity develops when energy intake is
greater than energy expenditure, the excess energy being
stored mainly as fat in adipose tissue. Body weight loss and
prevention of weight gain can be achieved by reducing
energy intake or bioavailability, increasing energy expendi-
ture, and/or reducing storage as fat.

[0004] The TRPV1 agonist capsaicin is well known as
increasing energy expenditure and fat oxidation, but the
efficient doses are intermediate to high (20 mg and more).
See, e.g., Ludy et al, “The effects of hedonically acceptable
red pepper doses on thermogenesis and appetite,” Physiol.
Behav., Mar. 1, 102(3-4): 251-8 (2011). Moreover, capsaicin
is a particularly pungent and toxic compound. Physiological
effects associated with oral administration of capsaicin
include a burning sensation of heat from the mid-tongue to
the throat, shortness of breath, fainting, nausea, and spon-
taneous vomiting. As a result, only small quantities of
capsaicin may be administered without causing discomfort
to the individual. Food products containing capsaicin are
frequently not accepted by the consumer because such
products provide a very unpleasant mouth feeling. In par-
ticular, the burning effects are considered to be very unsa-
vory, affecting the consumption of the food product.
[0005] So far, the only spice-derived ingredient showing
an impact on human metabolism is capsaicin. For example,
a study that looked at the effect of mustard, horseradish,
black pepper and ginger on energy balance and food intake
in humans did not identify any effect of these raw spices.
Gregersen et al., “Acute effects of mustard, horseradish,
black pepper and ginger on energy expenditure, appetite, ad
libitum energy intake and energy balance in human sub-
jects,” Br. I. Nutr., 5:1-8 (July 2012). However, the effective
dosage of capsaicin is too intense to be included in a food
product, due to spicy taste, or to be ingested, due to
gastrointestinal intolerance.

SUMMARY

[0006] The present inventors surprisingly discovered that
using facial thermography would allow evaluation and pre-
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diction of the post-ingestive impact of food ingredients on
fat oxidation by tracking changes on nose temperature.
Therefore, methods are disclosed herein to evaluate fat
oxidation after the ingestion of specific ingredients or in
post-prandial condition, compared to a reference.

[0007] Accordingly, in a general embodiment, the present
disclosure provides a method comprising: using a thermog-
raphy device to measure a first temperature of a region of a
face of a subject before the subject ingests a test compound;
using the thermography device to measure a second tem-
perature of the region of the face of the subject after the test
compound is ingested; and classifying the test compound as
a compound that stimulates fat oxidation or a compound that
does not stimulate fat oxidation based at least partially on a
difference between the second temperature and the first
temperature.

[0008] In an embodiment, the region comprises a nose of
the subject.
[0009] In an embodiment, the thermography device is an

infrared camera.

[0010] In an embodiment, the first temperature is part of a
first plurality of temperatures obtained in first predetermined
intervals over a first predetermined time period before
ingestion of the test compound by the subject.

[0011] In an embodiment, the second temperature is part
of a second plurality of temperatures obtained in second
predetermined intervals over a second predetermined time
period after ingestion of the test compound by the subject,
and the classifying of the test compound is based at least
partially on a difference between each of the second plurality
of temperatures and the first temperature. The second pre-
determined time period can begin at the ingestion of the test
compound by the subject and can end at least fifteen minutes
after the administering of the test compound. The second
predetermined intervals can be about one second apart from
each other. The method can comprise determining, for at
least one of the second plurality of temperatures, an area
under the curve (AUC) based on the difference as a function
of time, wherein the classifying of the test compound is
based at least partially on the AUC.

[0012] In an embodiment, the first temperature is part of a
first plurality of temperatures obtained in first predetermined
intervals over a first predetermined time period before
ingestion of the test compound by the subject, the second
temperature is part of a second plurality of temperatures
obtained in second predetermined intervals over a second
predetermined time period after the ingestion of the test
compound by the subject, and the classifying of the test
compound is based at least partially on a difference between
each of the second plurality of temperatures and an average
of the first plurality of temperatures. The method can com-
prise determining, for at least one of the second plurality of
temperatures, an area under the curve (AUC) based on the
difference as a function of time, wherein the classifying of
the test compound is based at least partially on the AUC.
[0013] In an embodiment, the method comprises admin-
istering the test compound to the subject.

[0014] In an embodiment, the test compound is classified
without using indirect calorimetry.

[0015] In another embodiment, the present disclosure pro-
vides a method comprising: measuring a temperature change
in a region of a face of a subject that has ingested a
compound; determining whether the compound stimulates
fat oxidation based at least partially on the temperature
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change; and incorporating the compound into a food product
if the compound stimulates fat oxidation.

[0016] In an embodiment, the food product is selected
from the group consisting of beverages, baked products,
cereal bars, snack-foods, soups, breakfast cereals, muesli,
candies, tabs, cookies, biscuits, crackers, and dairy products.

[0017] Inan embodiment, the temperature change is mea-
sured at predetermined time intervals for at least fifteen
minutes after ingestion of the compound by the subject. In
other embodiments, the temperature change is measured at
predetermined time intervals for less than fifteen minutes
after ingestion of the compound by the subject. The prede-
termined time intervals can comprise at least one of (i) five
minutes after ingestion, (ii) ten minutes after ingestion, or
(i) fifteen minutes after ingestion, preferably all three of
these time points.

[0018] In another embodiment, the present disclosure pro-
vides a method comprising: measuring a temperature change
in a region of a face of a subject before the subject ingests
a test compound; determining whether the test compound
stimulates fat oxidation based at least partially on the
temperature change; and if the compound stimulates fat
oxidation, administering the compound to an individual in a
therapeutically effective amount to promote weight mainte-
nance or weight loss in the individual.

[0019] In an embodiment, the individual is on a weight
loss program.
[0020] An advantage of the present disclosure is to iden-

tify food ingredients that increase energy expenditure.

[0021] Another advantage of the present disclosure is to
identify food ingredients that increase sympathetic nervous
system activity.

[0022] Still another advantage of the present disclosure is
to identify food ingredients that increase fat oxidation.

[0023] Yet another advantage of the present disclosure is
to identify compounds that can be easily and safely used in
food products and also increase energy expenditure, sym-
pathetic nervous system activity, and fat oxidation.

[0024] An additional advantage of the present disclosure is
to identify naturally-occurring compounds that increase
energy expenditure, sympathetic nervous system activity,
and fat oxidation.

[0025] Another advantage of the present disclosure is to
identify food ingredients that increase energy expenditure,
sympathetic nervous system activity, and fat oxidation with
tolerable side effects or no side effects.

[0026] Yet another advantage of the present disclosure is
to identify food ingredients that support weight manage-
ment, promote weight loss, and/or treat or prevent obesity or
overweight.

[0027] A further advantage of the present disclosure is to
measure substrate oxidation without using indirect calorim-
etry, for example without measuring O, consumption and
CO, production using a canopy or a metabolic sarcophagi.

[0028] An additional advantage of the present disclosure is
a method for measuring fat oxidation that is non-invasive
and non-intrusive and limits the intervention and contact
with investigated subjects.

[0029] Additional features and advantages are described
herein, and will be apparent from, the following Detailed
Description and the Figures.
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BRIEF DESCRIPTION OF THE FIGURES

[0030] FIG. 1A is a schematic diagram of the study
conducted in the experimental example.

[0031] FIG. 1B shows a graphical user interface (GUI) in
which regions of interest on a subject’s face were defined in
the experimental example.

[0032] FIG. 2 is a graph of binding as a function of
concentration for Givaudan, used as a control in the experi-
mental example.

[0033] FIG. 3A is a graph of energy expenditure results
from the experimental example.

[0034] FIG. 3B is a graph of fat oxidation results from the
experimental example.

[0035] FIG. 3C is a graph of carbohydrate oxidation
results from the experimental example.

[0036] FIG. 3D is a graph of time standardized energy
expenditure results in the experimental example.

[0037] FIG. 3E is a graph of time standardized fat oxida-
tion results from the experimental example.

[0038] FIG. 3F is a graph of time standardized carbohy-
drate oxidation results from the experimental example.
[0039] FIG. 4A is a graph of the change in nose tempera-
ture relative to placebo after intake in the experimental
example.

[0040] FIG. 4B is a graph of the change in cheek tem-
perature relative to placebo after intake in the experimental
example.

DETAILED DESCRIPTION

[0041] All percentages expressed herein are by weight of
the total weight of the composition unless expressed other-
wise. When reference is made to the pH, values correspond
to pH measured at 25° C. with standard equipment. As used
in this disclosure and the appended claims, the singular
forms “a,” “an” and “the” include plural referents unless the
context clearly dictates otherwise. The term “and/or” used in
the context of “X and/or Y” should be interpreted as “X,” or
“Y,” or “X and Y.?

[0042] As used herein, “about” is understood to refer to
numbers in a range of numerals, for example the range of
-10% to +10% of the referenced number, preferably within
-5% to +5% of the referenced number, more preferably
within -1% to +1% of the referenced number, most prefer-
ably within =0.1% to +0.1% of the referenced number.
Furthermore, all numerical ranges herein should be under-
stood to include all integers, whole or fractions, within the
range. Moreover, these numerical ranges should be con-
strued as providing support for a claim directed to any
number or subset of numbers in that range. For example, a
disclosure of from 1 to 10 should be construed as supporting
a range of from 1 to 8, from 3 to 7, from 1 to 9, from 3.6 to
4.6, from 3.5 t0 9.9, and so forth.

[0043] The compositions disclosed herein may lack any
element that is not specifically disclosed herein. Thus, a
disclosure of an embodiment using the term “comprising”
includes a disclosure of embodiments “consisting essentially
of” and “consisting of”” the components identified.

[0044] “Prevention” includes reduction of risk and/or
severity of a condition or disorder. The terms “treatment,”
“treat” and “to alleviate” include both prophylactic or pre-
ventive treatment (that prevent and/or slow the development
of a targeted pathologic condition or disorder) and curative,
therapeutic or disease-modifying treatment, including thera-
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peutic measures that cure, slow down, lessen symptoms of,
and/or halt progression of a diagnosed pathologic condition
or disorder; and treatment of patients at risk of contracting
a disease or suspected to have contracted a disease, as well
as patients who are ill or have been diagnosed as suffering
from a disease or medical condition. The term does not
necessarily imply that a subject is treated until total recov-
ery. The terms “treatment” and “treat” also refer to the
maintenance and/or promotion of health in an individual not
suffering from a disease but who may be susceptible to the
development of an unhealthy condition. The terms “treat-
ment,” “treat” and “to alleviate™ are also intended to include
the potentiation or otherwise enhancement of one or more
primary prophylactic or therapeutic measure. The terms
“treatment,” “treat” and “to alleviate” are further intended to
include the dietary management of a disease or condition or
the dietary management for prophylaxis or prevention a
disease or condition. A treatment can be patient- or doctor-
related.

[0045] The terms “food,” “food product” and “food com-
position” mean a product or composition that is intended for
ingestion by a human and provides at least one nutrient to
the human.

[0046] “Overweight” is defined for a human as a BMI
between 25 and 30. “Obese” is defined for a human as a BMI
greater than 30. “Weight loss™ is a reduction of the total body
weight. Weight loss may, for example, refer to the loss of
total body mass in an effort to improve fitness, health, and/or
appearance. “Weight management” or “weight mainte-
nance” relates to maintaining a total body weight. For
example, weight management may relate to maintaining a
BMI in the area of 18.5-25 which is considered to be normal.

[0047] A “low-fat” dietis a diet with less than 20% of the
calories from fat, preferably less than 15% from fat. A
“low-carbohydrate” diet is a diet with less than 20% of the
calories from carbohydrates. A “low-calorie diet” is a diet
with less calories per day relative to the individual’s previ-
ous intake before the diet and/or a diet with less calories per
day relative to an average person of similar body type. A
“very low-calorie” diet is a diet with 800 keal (3,300 kI) per
day or less.

[0048] As used herein, an “effective amount” is an amount
that prevents a deficiency, treats a disease or medical con-
dition in an individual or, more generally, reduces symp-
toms, manages progression of the diseases or provides a
nutritional, physiological, or medical benefit to the indi-
vidual.

[0049] “Animal” includes, but is not limited to, mammals,
which includes but is not limited to, rodents, aquatic mam-
mals, domestic animals such as dogs and cats, farm animals
such as sheep, pigs, cows and horses, and humans. Where
“animal,” “mammal” or a plural thereof is used, these terms
also apply to any animal that is capable of the effect
exhibited or intended to be exhibited by the context of the
passage. As used herein, the term “patient” is understood to
include an animal, especially a mammal, and more espe-
cially a human that is receiving or intended to receive
treatment, as treatment is herein defined. While the terms
“individual” and “patient” are often used herein to refer to
a human, the present disclosure is not so limited. Accord-
ingly, the terms “individual” and “patient” refer to any
animal, mammal or human, that can benefit from the treat-
ment.
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[0050] The methods disclosed herein are based on the
measurement of the modification of nose temperature using
an infrared camera and/or another thermoimaging device.
The present inventors showed a correlation between the
impact of ingredients on the nose temperature and the
capacity of the ingredients to maintain a higher post-inges-
tive fat oxidation. Without being bound by theory, the
present inventors propose that facial thermography (or any
other device) can be used to identify ingredients that could
improve fat oxidation by measuring their capacity to induce
an increase of nose temperature. The inventors believe that
the higher fat oxidation observed with the ingredients tested
in the clinical trial disclosed later herein is associated with
a thermogenic phenomenon. The increase in nose tempera-
ture would reflect the dissipation of temperature by vasodi-
latation of capillaries in response to the thermogenesis
induced by the ingestion of the ingredients. Subjects can be
continuously recorded using an infrared camera during
ingestion of the compounds. As discussed in the section of
this application directed to the clinical trial, the thermogra-
phy data showed a good correlation with the effect measured
in parallel via indirect calorimetry.

[0051] Specifically, an exploratory clinical trial was con-
ducted to evaluate the impact of spicy ingredient ingestion
on metabolism and the activity of the autonomic nervous
system. Facial thermography using an infrared camera was
explored as a tool to capture changes of temperature on the
face induced by modification of the activity of the auto-
nomic nervous system. In this study, the present inventors
observed a correlation between changes of the nose tem-
perature (an increase) and recorded levels of fat oxidation
after ingestion of some ingredients. Therefore, the present
disclosure provides methods comprising using facial ther-
mography to measure the impact of a food ingredient on
metabolism and more precisely on fat oxidation after con-
sumption.

[0052] Accordingly, an aspect of the present disclosure is
a method of identifying a compound that stimulates energy
expenditure and/or fat oxidization. A pre-ingestion facial
temperature reading can be generated in which a tempera-
ture of at least one region of the face of a subject is measured
by a thermography device. For example, the temperature of
the at least one region of the face of the subject can be
measured in first predetermined intervals over a first prede-
termined time period. In an embodiment, the thermography
device is an infrared thermography camera. However, the
thermography device can be any device that detects radia-
tion in the infrared range of the electromagnetic spectrum
(9-14 um) and produces images of the detected radiation
(“thermograms”), and the present disclosure is not limited to
a specific embodiment of the thermography device. The
thermograms can be used to determine the temperatures, for
example using an algorithm executed by a processor of the
thermography device and/or executed by an apparatus asso-
ciated with the thermography device.

[0053] Non-limiting examples of suitable first predeter-
mined intervals include measuring the temperature of the at
least one region of the face every second, every ten seconds,
every minute, or the like. Non-limiting examples of suitable
first predetermined time periods include the thirty minutes
before ingestion of the compound, the twenty minutes
before ingestion, the ten minutes before ingestion, one
minute before ingestion, or the like. In a preferred embodi-
ment, a baseline temperature is calculated from the tempera-
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ture of the at least one region of the face measured in the first
predetermined intervals over the first predetermined time
period. Alternatively, a baseline temperature can be a single
measurement, although this embodiment is less preferred.
[0054] After the first predetermined time period, a test
compound is ingested by the subject. In an embodiment, the
method comprises administering the test compound to the
subject. The test compound can be any compound safe for
ingestion, such as naturally occurring food ingredients or
compounds found therein. For example, the test compound
can be transient receptor potential (TRP) agonist. The test
compound can be administered in a beverage and/or another
edible composition. Preferably, the test compound is
ingested without another compound that affects fat oxidation
i.e. increases or decreases fat oxidation.

[0055] After ingestion, a post-ingestion facial temperature
reading can be generated in which a temperature of the at
least one region of the face of the subject is measured by the
thermography device. For example, the temperature of the at
least one region of the face of the subject can be measured
in second predetermined intervals over a second predeter-
mined time period. Preferably a constant distance is main-
tained between the thermography device and the face
throughout the entirety of the first and second predetermined
time periods. The test compound preferably is ingested in a
single dose and without any other compositions ingested
during the first and second predetermined time periods, most
preferably after an all-night fast.

[0056] Non-limiting examples of suitable second prede-
termined intervals include measuring the temperature of the
at least one region of the face every second, every ten
seconds, every minute, or the like. Non-limiting examples of
suitable second predetermined time periods include at least
one-hundred twenty minutes after ingestion of the com-
pound, at least ninety minutes after ingestion, at least sixty
minutes after ingestion, at least thirty minutes after inges-
tion, at least fifteen minutes after ingestion, at least ten
minutes after ingestion, at least five minutes after ingestion,
or the like. In a preferred embodiment, the post-ingestion
temperatures are compared to the baseline temperature to
calculate changes in temperatures.

[0057] The skilled artisan will readily recognize how to
further refine the methods to achieve a desired degree of
statistical certainty. In this regard, the methods explicitly
disclosed herein will have many variants that can be imple-
mented by the skilled artisan and which are encompassed by
the present disclosure.

[0058] In an embodiment, the identified compound can be
used in a method to support weight management or promote
weight loss. For example, the identified compound can be
incorporated into a composition administered to a mammal
managing their weight or undergoing a weight loss program,
such as a weight loss diet (e.g., one or more of a low-fat diet,
a low-carbohydrate diet, a low-calorie diet and a very
low-calorie diet) and/or a weight loss training regimen (e.g.
endurance and/or strength training). In another embodiment,
the identified compound can be incorporated into a compo-
sition used in a method for preventing obesity or overweight
by administering the composition to a mammal at risk
thereof. In yet another embodiment, the identified compound
can be incorporated into a composition used in a method for
treating obesity or overweight by administering the compo-
sition to a mammal in need thereof. In an embodiment, the
identified compound can be incorporated into a composition
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administered to a human. The composition comprising the
identified compound can be administered in a single dose,
although multiple doses are also encompassed by the present
disclosure. The composition can also comprise an additional
weight loss ingredient.

[0059] The composition comprising the identified com-
pound may be a medicament, a food product, a medical
food, an oral nutritional supplement, a nutritional composi-
tion, an oral cosmetics or a supplement to a food product and
is preferably orally administered, most preferably as a
beverage. A medical food product is specially formulated
and intended for the dietary management of diseases or
medical conditions (e.g., prevent or treat diseases or unde-
sirable medical conditions). A medical food product can
provide clinical nutrition, for example fulfilling special
nutritional needs of patients with a medical condition or
other persons with specific nutritional needs. A medical food
product can be in the form of a complete meal, part of a
meal, as a food additive, or a powder for dissolution.

[0060] A food product, medical food or nutritional com-
position includes any number of optional additional ingre-
dients, including conventional food additives, for example
one or more proteins, carbohydrates, fats, acidulants, thick-
eners, buffers or agents for pH adjustment, chelating agents,
colorants, emulsifiers, excipients, flavor agents, minerals,
osmotic agents, a pharmaceutically acceptable carrier, pre-
servatives, stabilizers, sugars, sweeteners, texturizers and/or
vitamins. The optional ingredients can be added in any
suitable amount.

[0061] A food product, medical food or nutritional com-
position can be in any oral nutritional form, e.g. as a health
drink, as a ready-made drink, optionally as a soft drink,
including juices, milk-shake, yogurt drink, smoothie or
soy-based drink, in a bar, or dispersed in foods of any sort,
such as baked products, cereal bars, dairy bars, snack-foods,
soups, breakfast cereals, muesli, candies, tabs, cookies,
biscuits, crackers (such as a rice crackers), and dairy prod-
ucts.

[0062] A supplement may be in the form of tablets,
capsules, pastilles or a liquid, for example. The supplement
may further contain protective hydrocolloids (such as gums,
proteins, modified starches), binders, film forming agents,
encapsulating agents/materials, wall/shell materials, matrix
compounds, coatings, emulsifiers, surface active agents,
solubilizing agents (oils, fats, waxes, lecithins or the like),
adsorbents, carriers, fillers, co-compounds, dispersing
agents, wetting agents, processing aids (solvents), flowing
agents, taste masking agents, weighting agents, jellifying
agents and gel forming agents. The supplement may also
contain conventional pharmaceutical additives and adju-
vants, excipients and diluents, including, but not limited to,
water, gelatin of any origin, vegetable gums, ligninsulfonate,
talc, sugars, starch, gum arabic, vegetable oils, polyalkylene
glycols, flavoring agents, preservatives, stabilizers, emulsi-
fying agents, buffers, lubricants, colorants, wetting agents,
fillers, and the like.

[0063] The supplement can be added in a product accept-
able to the consumer as an ingestible carrier or support.
Non-limiting examples of such carriers or supports are a
pharmaceutical, a food composition, and a pet food com-
position. Non-limiting examples for food and pet food
compositions are milks, yogurts, curds, cheeses, fermented
milks, milk-based fermented products, fermented cereal
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based products, milk-based powders, human milks, preterm
formulas, infant formulas, oral supplements. and tube feed-
ings.

Example

[0064] The following non-limiting example presents clini-
cal scientific data developing and supporting the concept of
using facial thermography would allow evaluation and pre-
diction of the post-ingestive impact of food ingredients on
fat oxidation by tracking changes on nose temperature.

[0065] The present inventors had the hypothesis that
stimulation of the TRPA1 and TRPM8 pathways could
increase thermogenesis to promote energy expenditure and
have an antiobesity effect. The primary objective of the
clinical trial was to compare the impact on energy expen-
diture of a relavant agonist of each of the three TRP channel
of interest. Secondary objectives were to compare their
impact on substrate oxidation and on the activation of the
SNS measured by heart rate variability analysis and facial
thermography as an exploratory method.

[0066] Materials and Methods

[0067] Participants. Participants were healthy men with
19<BMI<25 and 60 kg minimum body weight. The age was
in the 20-50 range. Participants had to like spicy food but are
moderate spicy food eaters. Screening of candidates was
done through a questionnaire on spicy food habits. The
clinical trial we approved by a competent ethics committee
(Commission cantonale (VD) d’Etique pour recherché sur
I’Etre Humain) and participants gave their written informed
consent. This trial was conducted according to the principles
and rules laid down in the Declaration of Helsinki and its
subsequent amendments.

[0068] Trial Design.

[0069] The presented study was a double-blinded, bal-
anced, randomized, cross-over, placebo-controlled clinical
trial. For each measure, the subjects had tested after an
over-night fast. They had been requested to use their car or
public transportation to come to the investigation site in
order to keep morning physical activity level as low as
possible. Moreover, consumption of caffeine was not pet-
mitted after the lunch meal (12 p.m.) before each session,
and participants had been asked to refrain their spice con-
sumption for two days prior each session. Each sample was
evaluated in two different sessions A and B, with the same
design but different recordings (FI1G. 1A).

[0070] Each session started at 8:00 a.m. with a 30 minutes
rest period and measurement preparation. During all the
testing sessions, subjects were seated comfortably. Room
temperature was in the 20 to 22° C. range. Subjects were
instructed to remain quiet and still, but they were allowed to
watch TV. Parameters were recorded 30 minutes before and
90 minutes after ingestion of each sample (FIG. 1A).

[0071] Treatment. All active TRP agonists were in 200 ml
liquid tomato juice (Granim) at room temperature and
served with a slice of bread. Placebo was 200 ml Commer-
cial tomato juice. Active ingredients per 200 ml were 1 mg
of Capsaicin (Spectrum chemicals), 0.2 ml of Givaudan
cooling flavor (QB-113-979-5) or 70 mg of Cinnamaldehyde
(Sigma). All ingredients were in vitro validated in cell lines
expressing hTRPV1, hTRPA1 or hTRPMS according to the
calcium imaging method described in Riera et al, 2009 (FIG.
2).
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[0072] Indirect Calorimetry.

[0073] Energy expenditure was measured using indirect
calorimetry. Indirect calorimetry is a measure of respiratory
gas exchange (oxygen consumption and carbon dioxide
production), which estimates the amount of calories
“burned.” This measurement was performed with the MAX-
1T device (Max II metabolic system, AEI technologies,
Naperville, Ill., USA). The equation used by the MAX-II
device to evaluate energy expenditure is the simplified Weir
formula:

REE=(3.941xVO,)+(1.106xVCO,), where:

[0074] EE=energy expenditure (kcal/min)

[0075] VO,=rate of oxygen consumption (1/min) and
[0076] VCO,=rate of carbon dioxide production (1/min)
[0077] After answering questions from the compliance

questionnaire, participants were comfortably installed in
semi-recumbent position in a reclining bed, at an angle
allowing the participant to ingest the test solution without
having to adjust position between metabolic rate measure-
ment periods and treatment ingestion. A canopy was
installed over participant’s head. Test started 08:30 a.m.
following a stabilization period allowing FeCO, values to
reach physiologic range.

[0078] Substrate oxidation (carbohydrates and fat utiliza-
tion) and the respiratory quotient (RQ) were calculated using
the VO, and VCO, values obtained from the MAX-1I device
during the same timeline than energy expenditure. VO, and
VCO, values were corrected for protein oxidation. The
following equations were used to calculate the amount of fat
and carbohydrates oxidized (Dietary Reference Intakes for
Energy, Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol,
Protein, and Amino Acids (Macronutrients) (2002/2005)
National Academies Press, pp. 633-645):

PO=(0.8xbody weightx1000)/1440
NPVO,=V0,-P0Ox1.01031
NPVCO,=VCO,-POx0.84361
FAT=(NVPO,-NVPCO,)/(2.01494x(1-0.707))

CHO=(NVPCO,-0.707xNVPO,)/(0.82821x(1-0.
707))

RQ=VCO,/VO,

PO=protein oxidation (mg/min),

NPVO,=non protein O, consumption (ml/min),
NPVCO,=non protein CO, consumption (ml/min),
FAT=fat oxidation (mg/min) and
CHO-=carbohydrate oxidation (mg/min)

RQ=Respiratory quotient

[0079] Facial thermography. In this study, infrared thermal
imaging of the face has been used as an exploratory,
non-invasive recording method of sympathetic nervous sys-
tem activity. Using a FLIR A325 infrared camera (FLIR
Systems, Inc) subjects were continuously recorded at a
distance of ~1 m. They were comfortably installed in a chair
with the head maintained fixed on a chin-rest support, to
facilitate the further image analysis. Room temperature was
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in the 20 to 22° C. range. The camera FLIR A325 is
equipped with a 25° lens, resolution is 320x240 pixels, and
sensitivity is 0.05° C. and accuracy+2° C. The recording was
performed by acquiring 1 image/second. Thermographic
imaging software, FLIR ResearchIR is used to acquire
images.

[0080] Infrared Image Analysis.

[0081] Facial thermography data were extracted using
in-home algorithms developed within the Matlab framework
(The Mathworks Inc., Natick, Mass., USA). First, a graphi-
cal user interface (GUI) was created to help defining manu-
ally a temperature threshold highlighting primarily subject’s
faces. An alignment of the face was then computed and
twelve regions of interest (ROIs) drawn manually using the
GUI (FIG. 1B). Face alignment/orientation correction was
computed image by image by first creating a binary mask
using the manually set temperature threshold. Holes in the
binary mask were filled and the region with the greatest
continuous area was selected. The selected region centroid
was determined using the built-in Matlab region properties
tool (regionprops). With the same tool, an ellipse was fitted
within the region to obtain the angular orientation of the
ellipse’s major axis compared to the x-axis. The original
image was then shifted to center the region centroid at the
(0,0) coordinates and rotated at an angle aligning the major
axis of the fitted ellipse to the y-axis (shift command:
circshift/rotation command: imrotate). Face alignments
were computed for all images of the recorded session and
average temperatures within ROIs extracted. Alignment
performance was checked visually over the whole recorded
session and discrepancies corrected by re-setting new
regions and re-extracting the data in extreme cases (e.g. if a
subject showed strong forward or background head move-
ments not captured by the alignment algorithm).

[0082] Statistical Analysis.

[0083] All endpoints have been analyzed using a linear
mixed model to take into account the correlation between
repeated measures. For energy expenditure and substrate
oxidation, the raw data were first smoothed (using loess) the
time-standardized AUC was calculated as the integral over
the time after ingestion till the end of the experimental
session divided by the length of this time interval.

[0084] Thermography data were collected every second
and were averaged over 10 min time interval. AUCs for the
entire post-ingestion period were then compared between
groups considering a mixed model with the baseline mea-
surement and the treatment group as fixed effects and the
subject as random effect. For ECG data parameters, the
session (A/B) was added as a fixed effect and an overall
F-test was computed in order to compare the groups over the
sessions. The p-values were adjusted for multiple compari-
sons according to Bonferroni.

[0085] In order to analyze fast changes in facial tempera-
ture before and after the ingestion of the experimental
products, data over 1 minute were aggregated for
“BEFORE”, “AFTER”, “AFTER-5 (minutes)”, “AFTER-10
(minutes)” and “AFTER-15 (minutes)”. P-values were com-
puted using a mixed linear model while adjusted for multi-
plicity using Holm’s method.

[0086] Results
[0087] Ingredient Selection.
[0088] The objective of this trial was to assess if the

stimulation of TRPA1 and TRPMS8 pathways could be as
efficient at impacting the energy balance as is the simulation
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of TRPV1 by capsaicin or capsiate. Based on the literature,
we selected the most representative TRPA1 agonist: cinna-
maldehyde activating specifically the mouse variant of
TRPA1 with an EC50 of 60 uM, its specificity on the human
form of the receptor has been confirmed in vitro (data not
shown). In order to identify an efficient and specific agonist
of hTRPMS, different ingredients with cooling properties
have been evaluated in vitro. A cooling flavor (CF) provided
by Givaudan, activating specifically h\TRPMS8 with an EC50
of 0.07% (FIG. 2) has been selected. As a positive control,
capsaicin was evaluated in parallel to cinnamaldehyde and
CF in this trial.

[0089] The objective was to administrate a safe and tol-
erable dose of each ingredient. Based on a safety evaluation
and on informal sensory evaluation, dosage of the sample
were 1 mg of capsaicin, 70 mg of cinnamaldehyde and 0.2
ml of CF (0.1%) in 200 ml of tomato juice. The doses
represent concentrations of 16 pM, 2.6 mM and 0.1%
respectively for capsaicin.

[0090] Trial Population.

[0091] 1In total, 19 subjects, moderate spicy food eater,
were randomized and 16 completed the study. The popula-
tion’s mean age was 32 years old with a BMI of 22.43
kg/m2.
[0092]

[0093] InFIGS.3A and 3D, energy expenditure results are
represented as the distribution of the data averaged on 10
min intervals (FIG. 3A) and the difference of each treatment
compared to placebo, as area under the curve (AUC) after
ingestion to end of session, time standardized (FIG. 3D). A
dose of 70 mg of cinnamaldehyde compared to placebo
(unadjusted p<0.05) increases energy expenditure, whereas
no significant differences are observed compared to placebo
after the ingestion of 1 mg of capsaicin or 200 pl of CF.
Extrapolated to the 90 min of recording the difference of
energy expenditure between cinnamaldehyde treatment and
placebo represents 3.6 kcal.

[0094] Fat and Carbohydrate (CHO) Oxidation.

[0095] InFIGS. 3B and 3C, fat and CHO oxidation results
are represented as the distribution of the data averaged on 10
min intervals and the difference of each treatment compared
to placebo, as area under the curve (AUC) after ingestion to
end of session, time standardized (FIGS. 3E and 3F). A
higher level of fat oxidation is observed after the ingestion
of capsaicin and cinnamaldehyde compared to placebo (un-
adjusted p<0.05). No statistically difference of fat oxidation
is observed after the ingestion of the CF compared to the
placebo. None of the treatment induces any significant
changes of CHO oxidation compared to the placebo (FIG.
3F).

[0096] Facial Thermography.

[0097] Vasoconstriction and reduced blood flow into
peripheral capillary vessels of the face as well as sweating
on the forehead are phenomena that could reflect activation
of the SNS under stress condition or spicy gustatory stimu-
lation. For all products, subject’s face temperature was
measured every second and averaged on different zones
(FIG. 1). AUCs were compared between groups for each
zone for the all period post ingestion (Table 1). One signifi-
cant difference could be detected in Zone-10 (chin) between
cinnamaldehyde and placebo. Cinnamaldehyde increases
chin temperature for a prolonged time after ingestion with an
adjusted p-value of 0.0486 compared to placebo.

Energy Expenditure.
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TABLE 1

Comparisons of AUC of the temperature per zone

AUC Raw Adjusted
Zone Comparisons Difference  SE p-value p-value
1 Cap vs PI 18.584  10.377 0.0809 0.2427
Cin vs PI 22.396  10.187 0.0338* 0.1014
CF vs PI 5.097  10.196 0.6198 1
2 Cap vs PI 54439 35154  0.1294 0.3882
Cin vs PI 42.064 34458 0.2293 0.6879
CF vs PI 24708 34551 0.4787 1
3 Cap vs PI 16.959 13911 0.2299 0.6897
Cin vs PI 30.816  13.906 0.0324* 0.0972
CF vs PI 10.554  13.894  0.4519 1
4 Cap vs PI 14.893 14793 0.3201 0.9603
Cin vs PI 22.118  14.637 0.1386 0.4158
CF vs PI 7.862  14.645 0.5943 1
5 Cap vs PI 8.126 9.672 0.4058 1
Cin vs PI 14.065 9.562 0.1491 0.4473
CF vs PI 5.246 9.546 0.5857 1
6 Cap vs PI 13.186 9.899 0.1904 0.5712
Cin vs PI 21.144 9.763 0.0363* 0.1089
CF vs PI 5.128 9.75 0.6018 1
7 Cap vs PI 9.255 10155 0.3676 1
Cin vs PI 18.856  10.075 0.0686 0.2058
CF vs PI 4157 10047 0.6813 1
8 Cap vs PI 12469 11054 0.266 0.798
Cin vs PI 18.384  10.881 0.0989 0.2967
CF vs PI 2.828  10.879 0.7962 1
9 Cap vs PI 26.056  13.146 0.0544 0.1632
Cin vs PI 18.947 12902 0.1498 0.4494
CF vs PI 15363 12.901 0.2407 0.7221
10 Cap vs PI 25.26 13.943 0.0775 0.2325
Cin vs PI 34072 13567 0.0162* 0.0486**
CF vs PI 3486 13557 0.7984 1
11 Cap vs PI 3.299 13226 0.8043 1
Cin vs PI 18.237  13.175 0.174 0.522
CF vs PI -1.749 13188 0.8952 1
12 Cap vs PI 22.575  11.895 0.065 0.195
Cin vs PI 26.571  11.691 0.0285* 0.0855
CF vs PI 9.377  11.693 0.4273 1

Abbreviations:

Cap, capsaicin;

Cin, cinnamaldehyde;

CF, cooling flavor.

The p-values were adjusted for multiple comparison according to Bonferroni.
*Pvalue < 0.05;

**Adj Pvalue < 0.05

[0098] Additionally, for each zone, in order to capture fast
changes of temperature induced by product ingestion, data
was analyzed over the 15 minutes post-ingestion, as well as
compared before and after ingestion. There is significant
increase in Zone-2 (nose) after cinnamaldehyde or capsaicin
intake (FIG. 4A) and increased temperature in Zone-12
(cheeks) immediately after intake of Cinnamaldehyde (FIG.
4B).

[0099]

[0100] From the present exploratory clinical trial, it has
been observed that a single ingestion of cinnamaldehyde (70
mg/200 ml; 350 ppm) significantly increases energy expen-
diture, in a magnitude of about 3.6 kcal over the period of
the experiment (90 min) compared to placebo. Moreover,
both capsaicin (1 mg/200 ml; 4.88 ppm) and cinnamalde-
hyde maintain higher post-prandial fat oxidation, in a mag-
nitude of about 556.2 mg and 512.7 mg, respectively, over
the period of the experiment (90 min) compared to placebo.
From facial thermography, cinnamaldehyde increases chin
temperature in the overall treatment and both capsaicin and
cinnamaldehyde increase nose temperature until 15 min

Discussion
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after the treatment whereas only cinnamaldehyde increases
unilaterally cheek temperature in the close minutes after its
ingestion.
[0101] Capsaicin-induced increase of nose skin tempera-
ture is interpreted as a sympathetic vasodilator mechanism
responding to thermogenesis to promote heat diffusion, as
observed in rat with an increase of tail temperature. The
same effect was observed after cinnamaldehyde ingestion on
nose and left cheek temperature, but the opposite effect is
reported on rat with cinnamaldehyde. A more sustained
thermoregulatory effect on nose capillary vasodilatation at
the origin of the nose temperature increase could reflect a
stimulation of adrenaline secretion that could be as well at
the origin of energy expenditure increase and fat oxidation.
Since it has been shown in rats that intravenous adminis-
tration of capsaicin or cinnamaldehyde induces adrenaline
secretion, the present results suggest that both capsaicin and
cinnamaldehyde induce thermogenesis via the release of
adrenaline.
[0102] In the overall treatment, an increase of chin tem-
perature was observed after cinnamaldehyde ingestion com-
pared to placebo. This temperature increase reflects an
increased blood flow in the big vessel crossing the chin. The
increased blood flow could be explained by either 1) an
increased cardiac output under the control of SNS stimulated
by cinnamaldehyde inducing adrenaline secretion or 2) by
vasodilatation of this big vessel induced by the inhibition of
L-type calcium channel. Indeed it has been recently shown
that cinnamaldehyde can inhibit L-type calcium channel
independently of TRPAI, and induce vasorelaxation and
decrease blood pressure. Even if the effect is subtle, it should
not be judged as irrelevant since a cumulative approach (as
dietary, exercise and behavioural) is believed to be the most
efficient for sustainable weight loss or maintenance. Cinna-
maldehyde could counterbalance the decrease in metabolic
rate that occurs during weight loss.
[0103] 1t should be understood that various changes and
modifications to the presently preferred embodiments
described herein will be apparent to those skilled in the art.
Such changes and modifications can be made without
departing from the spirit and scope of the present subject
matter and without diminishing its intended advantages. It is
therefore intended that such changes and modifications be
covered by the appended claims.
The invention is claimed as follows:
1. A method comprising;
measuring a first temperature of a region of a face of a
subject with a thermography device before the subject
ingests a test compound:
measuring a second temperature of the region of the face
of the subject with the thermography device after the
test compound is ingested; and
classifying the test compound as a compound that stimu-
lates fat oxidation or a compound that does not stimu-
late fat oxidation based at least partially on a difference
between the second temperature and the first tempera-
ture.
2. The method of claim 1 wherein the region comprises a
nose of the subject.
3. The method of claim 1 wherein the thermography
device is an infrared camera.
4. The method of claim 1 wherein the first temperature is
part of a first plurality of temperatures obtained in first
predetermined intervals over a first predetermined time
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period before ingestion of the test compound by the subject,
and the classifying of the test compound is based at least
partially on a difference between the second temperature and
an average of the first plurality of temperatures.

5. The method of claim 4 wherein the first predetermined
time period begins at least thirty minutes before ingestion of
the test compound by the subject and ends at the ingestion
of the test compound by the subject.

6. The method of claim 4 wherein the first predetermined
intervals are about one second apart from each other.

7. The method of claim 1 wherein the second temperature
is part of a second plurality of temperatures obtained in
second predetermined intervals over a second predetermined
time period after ingestion of the test compound by the
subject, and the classifying of the test compound is based at
least partially on a difference between each of the second
plurality of temperatures and the first temperature.

8. The method of claim 7 wherein the second predeter-
mined time period begins at the ingestion of the test com-
pound by the subject and ends at least fifteen minutes after
the administering of the test compound.

9. The method of claim 7 wherein the second predetet-
mined intervals are about one second apart from each other.

10. The method of claim 7 comprising determining, for at
least one of the second plurality of temperatures, an area
under the curve (AUC) based on the difference as a function
of time, wherein the classifying of the test compound is
based at least partially on the AUC.

11. The method of claim 1 wherein the first temperature
is part of a first plurality of temperatures obtained in first
predetermined intervals over a first predetermined time
period before ingestion of the test compound by the subject,
the second temperature is part of a second plurality of
temperatures obtained in second predetermined intervals
over a second predetermined time period after the ingestion
of the test compound by the subject, and the classifying of
the test compound is based at least partially on a difference
between each of the second plurality of temperatures and an
average of the first plurality of temperatures.

12. The method of claim 11 comprising determining, for
at least one of the second plurality of temperatures, an area
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under the curve (AUC) based on the difference as a function
of time, wherein the classifying of the test compound is
based at least partially on the AUC.
13. The method of claim 1 comprising administering the
test compound to the subject.
14. The method of claim 1 wherein the test compound is
classified without using indirect calorimetry.
15. A method comprising:
measuring a temperature change in a region of a face of
a subject that has ingested a compound;

determining whether the compound stimulates fat oxida-
tion based at least partially on the temperature change;
and

incorporating the compound into a food product if the

compound stimulates fat oxidation.
16. The method of claim 15 wherein the food product is
selected from the group consisting of beverages, baked
products, cereal bars, snack-foods, soups, breakfast cereals,
muesli, candies, tabs, cookies, biscuits, crackers, and dairy
products.
17. The method of claim 15 wherein the temperature
change is measured at predetermined time intervals for at
least fifteen minutes after ingestion of the compound by the
subject.
18. The method of claim 17 wherein the predetermined
time intervals comprise at least one of (i) five minutes after
ingestion, (ii) ten minutes after ingestion, or (iii) fifteen
minutes after ingestion.
19. A method comprising:
measuring a temperature change in a region of a face of
a subject before the subject ingests a test compound;

determining whether the test compound stimulates fat
oxidation based at least partially on the temperature
change; and

if the compound stimulates fat oxidation, administering

the compound to an individual in a therapeutically
effective amount to promote weight maintenance or
weight loss in the individual.

20. The method of claim 19 wherein the individual is on
a weight loss program.
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