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RESUMEN

Effects of cinnamon and ginger on supraclavicular skin temperature 
and health parameters in young men
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Efecto de la canela y jengibre en la temperatura superficial 
supraclavicular y parámetros de salud en jóvenes
Introducción. El tejido adiposo pardo en humanos se localiza en 
diferentes áreas del cuerpo, principalmente en el área supraclavicular y 
su activación con diferentes moléculas termogénicas podría reflejarse 
en este sitio. El tejido adiposo pardo activo podría ser una estrategia 
contra la obesidad considerando su participación en el balance 
energético. 
Objetivo. Evaluar el efecto de la canela y el jengibre sobre la temperatura 
cutánea supraclavicular y en parámetros de salud en jóvenes. 
Material y métodos. Se llevó a cabo un estudio experimental con 
36 adultos jóvenes que fueron asignados a uno de los tres grupos de 
tratamiento: bebida de jengibre, bebida de canela y agua potable como 
grupo placebo. La temperatura supraclavicular de la piel, la presión 
arterial, la frecuencia cardíaca, el nivel de glucosa y los triglicéridos se 
registraron antes y después de ingerir la bebida.
Resultados. Se observó un aumento en la temperatura supraclavicular 
de la piel después de la ingesta de las bebidas de canela (0.62 °C), 
jengibre (0.54 °C) y placebo (0.64 °C). En el grupo que ingirió jengibre, 
también se observó una disminución de la glucosa (6.3 %), un aumento 
de los triglicéridos (34.4 %) y una disminución en el ritmo cardiaco 
(13.3 %), pero estas diferencias no fueron significativas en el grupo 
que ingirió canela ni en el grupo placebo.  
Conclusión. Nuestros resultados sugieren que la canela y el jengibre 
tienen efectos termogénicos en el área supraclavicular en hombres 
jóvenes.
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ABSTRACT
Introduction. Brown adipose tissue in humans 
is located in different areas of the body, mainly 
in the supraclavicular area and its activation with 
different thermogenic molecules could be reflected 
in this site. Active brown adipose tissue could be a 
strategy against obesity considering its participation 
in energy balance. 
Objective. To evaluate the effect of cinnamon and 
ginger on supraclavicular skin temperature and 
health parameters in young men.
 Material and methods. An experimental study was 
carried out among 36 young men who were assigned 
to one of three treatment groups: ginger drink, 
cinnamon drink, and potable water as a placebo 
group. The supraclavicular skin temperature, blood 
pressure, heart rate, glucose level, and triglycerides 
were recorded before and after ingesting the drink.
Results. An increase in supraclavicular skin 
temperature was observed after the ingestion of the 
cinnamon (0.62 °C), ginger (0.54 °C), and placebo 
(0.64 °C) drinks. In the group that ingested ginger, 
there was also a decrease in glucose (6.3 %), an 
increase in triglycerides (34.4 %), and a decrease 
in heart rate (13.3 %), but not significant in the 
cinnamon group or the placebo group. 
Conclusion. Our results suggest that cinnamon 
and ginger both have thermogenic effects on the 
supraclavicular area in young men adults.

INTRODUCTION 
Obesity is the product of an interaction between 

genetic susceptibility and environment, which is 
expressed when the subject is exposed to a certain 
set of environmental conditions (1). Some studies 
have suggested that brown adipose tissue (BAT) has 
been of great interest for its therapeutic potential in 
the treatment of obesity because has the ability to 
dissipate energy in the form of heat by oxidation 
of glucose and lipids and it facilitates weight loss 
(2,3). A goal in this field is to determine alternatives 
for activation of brown/beige fat thermogenesis can 
prevent body weight gain and reverse metabolic 
abnormalities in adult humans (4). Several factors 
have been implicated in BAT activation in humans, 

such as aging, sex, genetics, cold exposure, 
adrenergic stimulation (5), exercise, and the 
consumption of drugs or other substances (3, 6). It 
has been reported that certain spices can be used as 
functional thermogenic agents that participate in the 
energy balance preventing positive energy balance, 
diabetes, and obesity (7). The most frequently used 
are caffeine, green tea extract (8), grains of paradise 
(9), ginger and cinnamon (10, 11). 

There are numerous food ingredients activating 
the TRP-BAT axis that would be useful for obesity 
management, particularly in spicy foods, having 
an agonistic activity to TRPV1 (9). For example, 
ginger, the rhizome of the perennial plant Zingiber 
officinale, contains the gingerols 6-gingerol, 
8-gingerol and zingerone, which are all relatively 
potent agonists of the transient receptor potential 
(TRP) TRPV1. TRP proteins are temperature 
sensors required for thermoregulation that activate 
the sympathetic nervous system, releasing 
norepinephrine (12) which might be expected to 
activate BAT thermogenesis and reduce body fat (9).  

However, despite their potential benefits, there is 
little existing research on thermogenic ingredients 
effect on human BAT. The ingestion of ginger 
had the thermic effect of food, with an increase of 
42.7 kcal/d (13) and an increase in peripheral and 
body surface temperature (14). It also enhanced 
sensitivity to insulin (15), and decreased body mass 
index (BMI), glucose, leptin and insulin levels, and 
the degree of hepatic steatosis (16).

Another common thermogenic ingredient is 
cinnamon, which is obtained from the inner bark of 
trees of the genus Cinnamomum. Studies in mice 
and rats have demonstrated that cinnamon extract 
affects transcription factor activation (PPARγ, 
PPARα) and regulates gene expression, resulting 
in improved insulin resistance and reduced blood 
glucose and serum lipid levels (17, 18). It also 
increased glucose uptake in adipocytes (19), and had 
a browning effect on subcutaneous adipocytes (20).  
In humans, cinnamon has been shown to improve 
serum glycemic indices and lipid profile of women 
(21) improve insulin sensitivity (22, 23), reduce 
cholesterol, triglycerides, low-density lipoprotein, 
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systolic blood pressure, and body fat percentage, 
and increase high-density lipoprotein and lean body 
mass (18, 24, 25).

Considering the demonstrated thermic effects of 
ginger and cinnamon is possible that these spices 
participate in BAT activation in humans, which 
has not been studied. The effect of thermogenic 
ingredients on BAT could be of great importance to 
establish possible non-toxic alternatives to treating 
overweight and obesity. In this work, we evaluated 
the effect of ingestion of these two thermogenic 
ingredients on supraclavicular skin temperature 
(SCST) in healthy young men as an indirect indicator 
of BAT activity.

MATERIAL AND METHODS
The present research is an experimental study that 

was carried out among young men from Mexico. 
The sample included 36 male individuals, randomly 
divided into three treatment groups (12 individuals 
per group). One group received ginger (ginger group; 
GG), one received cinnamon (cinnamon group; CG) 
and 12 received a placebo (placebo group, PG). 

All study participants were male volunteer 
participants between the ages of 19 and 25 years old 
with no chronic illnesses. They were requested to 
fast and abstain from consuming alcohol, caffeine, 
tobacco, and medications for 12 hours prior to their 
participation in the study. 

Procedure. 
At 08:00 h, the study participants arrived to the 

institutional office and they signed an informed 
consent to start the experimental procedure. We 
recorded their heart rate and blood pressure using 
a Citizen Digital Blood Pressure Monitor Model 
CH605 (Citizen Systems Japan CO., LTD., Sozhou 
City 215129, China). For each individual, we 
calculated the body mass index (BMI; kg/m2), visceral 
fat, and body fat percentage. These measurements 
were obtained with a Full Body Sensor Monitor 
of body composition with an Omron scale, model 
HBF-514 (OMRON HEALTHCARE, INC., Illinois, 
USA). A capillary blood sample was obtained to 
measure glucose by puncturing the left ring finger 

with an On Call® Plus glucose meter (ACON 
Laboratories, Inc., San Diego, CA 92121, USA) 
and triglycerides with a Mission® cholesterol meter 
(ACON Laboratories, Inc., San Diego, CA 92121, 
USA). Subsequently, a non-invasive technique (2), 
an infrared thermography was taken before intake 
of the thermogenic beverage. Participants attended 
wearing a white standard cotton T-shirt in order to 
expose the neck and supraclavicular region, where 
temperature was measured as an indicator of BAT 
activation (2). Images were obtained with a thermal 
imager (FLUKE Ti25 IR Fusion Technology, 
Everett, WA, USA). Thermographies were recorded 
one meter away from the individual, with an 
emissivity of 0.95. The temperature of the room was 
22°C ± 1°C. 

At 8:30 h, the participants drank 150 ml of the 
thermogenic beverage corresponding to their 
treatment group. For the thermogenic beverages, 10 
g of fresh ginger root (Zingiber officinale) or 10 g 
of dried cinnamon bark (Cinnamomum zeylanicum) 
were weighed and placed in 200 ml of water at 
100°C for two minutes. Subsequently, the infusion 
was cooled to room temperature, filtered, and the 
beverages were served as hot drinks at 40°C (26). 
For the placebo group, individuals drank hot water 
at 40°C. Both spices were purchased from the local 
market (26).

Between 9:30 h and 10:30 h, we obtained a 
thermograph from each participant after they 
consumed the beverage.  

At 11:30 h, we obtained a third thermograph and 
a second capillary blood sample to measure glucose 
and triglycerides. The participants remained at rest 
between the corresponding measurements.

Thermography analysis.
The thermographs were analyzed using the Smart 

View Software program 4.3. Only the highest SCST 
value recorded from each individual thermograph 
was used for subsequent analysis.

Data analysis
Age, BMI, percent body fat, and visceral fat 

were compared among the treatment groups 
using an analysis of variance (ANOVA). Cardiac 
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pulse, systolic blood pressure, diastolic blood 
pressure, glucose concentration, and triglyceride 
concentration before and after ingesting the beverage 
were compared using paired t-tests or Wilcoxon 
tests within each treatment group, depending on the 
distribution of the data. SCST was compared among 
the three times it was taken and among treatments 
using a repeated measures ANOVA and poshoc 
Bonferroni multicomparison test. The results are 
reported as averages ± standard error. The statistical 
analyses were carried out in SAS version 9.3, 
considering a significance level of p ≤ 0.05.

Bioethical considerations.
Individuals agreed to participate in the research 

project with prior informed consent. This study was 
done in accordance with the Helsinki Declaration 
of Human Studies and was approved by the Ethical 
Committee of Health Office of Mexico (DCES-
OI-06/18). 

RESULTS
There were no differences among the three 

treatment groups in terms of age, BMI, percent body 
fat, or visceral fat. When comparing measures before 
versus after beverage consumption, no difference 
was observed between experimental groups in 
individuals’ systolic or diastolic blood pressure. 

There was a significant (W=-50, P=0.05) increase 
in triglyceride concentration in the GG (Figure 1; 
136.3±35.85 mg/dl before, 183±36.49 mg/dl after). 
There was no difference in triglyceride concentration 
before and after the CG (138.1±28.77and 
136.4±19.40 mg/dl, respectively) or the PG 
consumption (146.9±32.19 and 172.1±27.07 mg/dl, 
respectively).

For glucose concentration (Figure 1), a significant 
decrease (t-test=2.71, P=0.020) was detected after 
the GG beverage consumption (91.17±1.70 vs. 
85.42±1.44 mg/dl, before vs. after, respectively). 
There was no statistical change in glucose 
concentration after beverage consumption of CG 
(87.98±2.71 and 90.0±1.74 mg/dl, before and after 
respectively) or PG (86.08±2.20 and 87.25±2.08 
mg/dl, before and after respectively).

Figure 1. Comparison of triglycerides, glucose and heart rate 
(beats per minute) before and after intake of the thermogenic 
(GG, CG) or placebo (PG) beverage. *p <0.05, **p <0.01

There was a significant decrease (t-test, t=4.39, 
P=0.001) in heart rate (Figure 1) after consumption 
of the GG (mean ± SD of heart rate = 76.75±3.38 vs. 
66.50±2.77 bpm before vs. after GG consumption, 
respectively). This difference was not significant 
in the CG group (64.50±2.70 vs. 63.50±2.67 bpm 
before vs. after consumption, respectively) or the 
PG (77.33±3.43 vs. 76.25±3.18 bpm before vs. after 
consumption, respectively). 

For SCST (Figure 2), in the placebo group there 
was a 0.64 °C increase between before and three 
hours after beverage ingestion; this difference was 
significant (P<0.01). In the ginger group, there was 
also a significant increase between SCST before 
ingestion and one hour after (0.54 °C, P<0.05), and 
two hours after ingestion (0.53 °C, P<0.05). In the 
cinnamon group, there was a significant increase in 
SCST two hours after ingestion (0.62 °C, P<0.01). 
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Figure 2. Comparison of supraclavicular skin temperature 
before, 1h, 2h and 3h after intake of the thermogenic (GG, CG) 
or placebo (PG) beverage. *p <0.05, **p <0.01

DISCUSSION 
The results of this study show an increase in SCST 

after intake of cinnamon and ginger drinks. That 
is, these ingredients activate the heat production 
mechanism in the supraclavicular area, a site that 
corresponds to a robust BAT deposition in humans 
(27). 

The production of heat in BAT, considered in 
this study indirectly by the increase in SCST after 
ingestion of the infusions, occurred through the 
activation of TRP-type thermoreceptors. These 
receptors are expressed in sensory nerves and 
increase the activity of the SNS that innervates BAT. 
Sympathetic nerve terminals release norepinephrine, 
which interacts directly with β-adrenergic membrane 
receptors in brown adipocytes. This interaction 
activates protein kinase A to promote TGL lipolysis 
and activate the uncoupling protein UCP-1, 
thus generating an increase in body temperature 
(28). This mechanism has been reported in other 
molecules such as capsaicin and menthol (28,29). 

Cinnamaldehyde, a component of cinnamon, is 
an agonist of transient receptor potential-ankyrin 
receptor 1 (TRPA1), which participates in sensory 
processes such as cold. When activated, TRPA1 
increases energy expenditure by secreting adrenaline 
and increasing UCP1 in the BAT (30). This could 
increase the energy expenditure and stimulation of 
the BAT (31) explaining the significant increase in 

SCST we observed after the intake of the cinnamon 
infusion. 

Ginger, gingerols and shogaols have been 
previously shown to activate the transient receptor 
potential vanilloid subtype 1 (TRPV1) (32) involved 
in thermoregulation. In previous studies, the use of 
1 g of ginger did not induce changes in the rectal 
temperature 2 h after its intake (33), but the intake 
of 280 ml of 0.07 % ginger extract (34) did generate 
a hyperthermic effect in the palm of the hand 20, 30, 
40, 50 and 60 min after consuming a ginger drink. 
The thermogenic effect of ginger may thus depend 
on the concentration used. The dose we used was 
higher than those previously reported, probably 
leading to the significant increase in the SCST 
after the infusion in contrast to other studies (33). 
In PG the precise reason for the increase in SCST 
after placebo ingestion is unclear. Other studies 
have previously reported a favorable response with 
placebo, for example, an increase in resting energy 
expenditure and weight loss (1,8).

In addition, the GG showed a significant decrease 
in glucose concentration as well as in heart rate and 
an increase in triglyceride concentration after ginger 
ingestion. In previous studies, it has been reported 
that BAT activation increases energy expenditure 
and modulates circulating TGL and glucose levels 
(35-37). Bartlet and collaborators mention that 
BAT has the ability to eliminate circulating glucose 
by increasing its recapture and using it as energy 
fuel in the mitochondria during thermogenesis. 
Likewise, the mobilization of circulating TGL 
occurs by increasing its recapture in the BAT (35) as 
observed after exposure to cold. Then, ginger acts 
in a similar way to the cold stimulus by activating 
TRPV1 receptors and triggering the thermogenic 
mechanism (35,36). This explains the results 
observed after ginger ingestion. Furthermore, our 
findings correspond to another study in which an 
effect of ginger on lipids was also observed after 
120 min with a single intake of 1 g of ginger (33). 

Regarding the glucose and triglyceride 
concentration, no significant changes were observed 
after the intake of cinnamon. In previous studies, 
it has been reported that cinnamon reduces the 
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glucose level in men and women in both prediabetic 
and diabetic subjects (24, 25, 38) and has also been 
shown to decrease triglyceride and cholesterol 
concentrations (24). Although an effect on glucose 
concentration was not observed in this study for 
CG, it may be that treatment is required to be 
administered for a longer period of time to detect 
a significant decrease, as was done in the studies 
mentioned above (24, 25, 38). This should occur 
as a consequence of increased glucose recapture in 
the BAT by increasing its energy demand during 
thermogenesis as a result of lipid combustion (39). 

This research opens the way to new studies to 
elucidate the direct participation of the bioactive 
components of potential thermogenic ingredients, 
as well as studies on the effects of more prolonged 
periods of the intake of these spices on brown 
adipocytes to evaluate its possible influence on the 
browning mechanism of white adipose tissue and 
BAT mass increase. It would also be relevant to 
determine its effect in relation to gender, age and 
body composition. 

CONCLUSION
In this research we demonstrate the thermogenic 

effect of ginger and cinnamon on the supraclavicular 
surface and glucose and triglycerides concentration 
in young men. Therefore, it is suggested that these 
spices could act as therapeutic agents to reduce 
high concentrations of triglycerides and glucose, 
and combat metabolic diseases in humans such as 
overweight and obesity. 

INTEREST CONFLICT
The authors of this research declare no conflict of 

interest.

REFERENCES 
1. Astrup A, Breumand L, Toubro S. Pharmacological 

and clinical studies of ephedrine and other thermogenic 
agonists. Obes Res. 1995 Nov; 3:537–540. 
doi:10.1002/j.1550-8528.1995.tb00224.x

2. Robinson L, Ojha S, Symonds ME, Budge H. Body mass 
index as a determinant of brown adipose tissue function 
in healthy children. J Pediatr. 2014 Feb; 164: 318–322. 
doi:10.1016/j.jpeds.2013.10.005

3. Sánchez-Delgado G, Martinez-Tellez B, Olza J, Aguilera 
CM, Gil A, Ruiz JR. Role of exercise in the activation 
of brown adipose tissue. Ann Nutr Metab. 2015 Jul; 67: 
21–32. doi:10.1159/000437173 

4. Kajimura S, Spiegelman BM, Seale P. Brown and 
beige fat: physiological roles beyond heat generation. 
Cell Metab. 2015 Oct; 22(4): 546-59.  doi:10.1016/j.
cmet.2015.09.007

5. Chondronikola M, Sidossis LS. Brown and beige fat: 
from molecules to physiology. BBA - Molecular and 
Cell Biology of Lipids. 2019 Jan; 1864(1): 91-103. 
doi:10.1016/j.bbalip.2018.05.014

6. Cypess AM, Weiner LS, Roberts-Toler C, Elía EF, 
Kessler SH, Kahn PA, et al. Activation of human brown 
adipose tissue by a β3-adrenergic receptor agonist. 
Cell Metab. 2015 Jan; 21(1): 33–38. doi: 10.1016/j.
cmet.2014.12.009

7. Westerterp-Plantenga M, Diepvens K, Joosen AM, 
Bérubé-Parent S, Tremblay A. Metabolic effects of 
spices, teas, and caffeine. Physiol Behav. 2006 Aug; 89: 
85–91. doi:10.1016/j.physbeh.2006.01.027

8. Tinsley GM, Urbina S, Mullins J, Outlaw J, Hayward 
S, Stone M, et al. Influence of a thermogenic dietary 
supplement on safety markers, body composition, 
energy expenditure, muscular performance and hormone 
concentrations: a randomized, placebo-controlled, 
double-blind trial. J Sports Sci Med. 2017 Dec; 16: 459–
467.

9. Saito M, Yoneshiro T, Matsushita M. Activation and 
recruitment of brown adipose tissue by cold exposure and 
food ingredients in humans. Best Practice & Research 
Clinical Endocrinology & Metabolism. 2016 Aug; 30: 
537e547. doi:10.1016/j.beem.2016.08.003

10. Vogel RM, Joy JM, Falcone PH, Mosman MM, Kim MP, 
Moon JR. Consuming a multi-ingredient thermogenic 
supplement for 28 days is apparently safe in healthy 
adults. Food Nutr Res. 2015 Jul; 59: 27999. doi:10.3402/
fnr.v59.27999

11. Stohs SJ, Badmaev V. A review of natural stimulant and 
non-stimulant thermogenic agents. Phytother Res. 2016 
Feb; 30: 732–740. doi:10.1002/ptr.5583

12. Ebrahimzadeh Attari V, Malek Mahdavi A, Javadivala Z, 
Mahluji S, Zununi Vahed S, Ostadrahimi A. A systematic 
review of the anti-obesity and weight lowering effect of 
ginger (Zingiber officinale Roscoe) and its mechanisms 
of action. Phytother Res. 2018 Nov; 32: 577–585. 
doi:10.1002/ptr.5986

13. Mansour MS, Ni YM, Roberts AL, Kelleman M, Roy 
Choudhury A, St-Onge MP. Ginger consumption 
enhances the thermic effect of food and promotes 
feelings of satiety without affecting metabolic and 
hormonal parameters in overweight men: A pilot study. 
Metabolism. 2012 Oct; 61: 1347–1352. doi:10.1016/j.
metabol.2012.03.016



34 García-Torres  et al

Enero 2024, Volumen 35, Número 1 https://doi.org/10.32776/revbiomed.v35i1.1158

14. Fujisawa F, Nadamoto T, Fushiki T. Effect of intake of 
ginger on peripheral body temperature. J Jpn Soc Nutr 
Food Sci. 2005; 58: 3–9.

15. Mozaffari-Khosravi H, Talaei B, Jalali BA, Najarzadeh 
A, Mozayan MR. The effect of ginger powder 
supplementation on insulin resistance and glycemic 
indices in patients with type 2 diabetes: A randomized, 
double-blind, placebo-controlled trial. Complement 
Ther Med. 2014 Feb; 22: 9–16. doi:10.1016/j.
ctim.2013.12.017

16. Attari VE, Ostadrahimi A, Jafarabadi MA, Mehralizadeh 
S, Mahluji S. Changes of serum adipocytokines and body 
weight following Zingiber officinale supplementation in 
obese women: a RCT. Eur J Nutr. 2016 Aug; 55: 2129–
2136. doi.org/10.1007/s00394-015-1027-6

17. Sheng X, Zhang Y, Gong Z, Huang C, Zang YQ. 
Improved insulin resistance and lipid metabolism by 
cinnamon extract through activation of peroxisome 
proliferator-activated receptors. PPAR Res. 2008 Nov; 
2008: 581348–9. doi:10.1155/2008/581348

18. Ranasinghe P, Jayawardena R, Pigera S, Wathurapatha 
WS, Weeratunga HD, Premakumara GAS, et al. 
Evaluation of pharmacodynamic properties and safety of 
Cinnamomum zeylanicum (Ceylon cinnamon) in healthy 
adults: a phase I clinical trial. BBC Complement Altern 
Med. 2017 Dec; 17: 550. doi:10.1186/s12906-017-2067-
7

19. Shen Y, Honma N, Kobayashi K, Jia LN, Hosono T, 
Shindo K, et al. Cinnamon extract enhances glucose 
uptake in 3T3-L1 adipocytes and C2C12 myocytes by 
inducing LKB1-AMP-activated protein kinase signaling. 
PLoS One. 2014 Feb; 9: e87894.   doi:10.1371/journal.
pone.0087894

20. Kwan HY, Wu J, Su T, Chao XJ, Liu B, Fu X, et al. 
Cinnamon induces browning in subcutaneous adipocytes. 
Sci Rep. 2017 May; 7: 2447. doi:10.1038/s41598-017-
02263-5

21. Borzoei A, Rafraf M, Asghari-Jafarabadi M. Cinnamon 
improves metabolic factors without detectable effects on 
adiponectin in women with polycystic ovary síndrome. 
Asia Pac J Clin Nutr. 2018 May; 27(3): 556-563. 
doi:10.6133/apjcn.062017.13

22. Solomon TP, Blannin AK. Effects of short-term cinnamon 
ingestion on in vivo glucose tolerance. Diabetes Obes 
Metab. 2007 Feb; 9: 895–901. doi:10.1111/j.1463-
1326.2006.00694.x

23. Wang JG, Anderson RA, Graham GM,  Chu MC, Sauer 
MV, Guarnaccia MM, et al. The effect of cinnamon 
extract on insulin resistance parameters in polycystic 
ovary syndrome: a pilot study. Fertil Steril. 2007 Jul; 88: 
240–243. doi:10.1016/j.fertnstert.2006.11.082

24. Khan A, Safdar M, Khan MMA, Khattak KN, Anderson 
RA. Cinnamon improves glucose and lipids of people 

with type 2 diabetes. Diabetes Care. 2003 Dec; 26: 
3215–8. doi:10.2337/diacare.26.12.3215 

25. Ziegenfuss TN, Hofheins JE, Mendel RW, Landis J, 
Anderson RA. Effects of a water-soluble cinnamon 
extract on body composition and features of the metabolic 
syndrome in pre-diabetic men and women. J Int Soc 
Sports Nutr. 2006 May; 3: 45–53. doi.org/10.1186/1550-
2783-3-2-45

26. Hasanein MA, Gawad SHA, El-Megeid AAA. Effect 
of water extract prepared from green tea, black tea and 
cinnamon on obese rats suffering from diabetes. World 
Appl Sci J. 2012; 20: 976–987. doi: 10.5829/idosi.
wasj.2012.20.07.2834

27. van Marken Lichtenbelt WD, Vanhommerig JW, 
Smulders NM, Drossaerts JM, Kemerink GJ, Bouvy 
ND, et al. Cold-activated brown adipose tissue in healthy 
men. N Engl J Med. 2009 Apr 9;360(15):1500-8. doi: 
10.1056/NEJMoa0808718

28. Saito M, Matsushita M, Yoneshiro T, Okamatsu-Ogura 
Y. Brown adipose tissue, diet-induced thermogenesis, 
and thermogenic food ingredients: from mice to men. 
Front Endocrinol. 2020 Apr 21;11:222. doi:10.3389/
fendo.2020.00222

29. SaitoM, Yoneshiro T. Capsinoids and related food 
ingredients activating brown fat thermogenesis and 
reducing body fat in humans. Curr Opin Lipidol. 2013 Feb 
1;24(1):71–77. doi:10.1097/MOL.0b013e32835a4f40

30. Iwasaki Y, Tanabe M, Kobata K, Watanabe T. TRPA1 
agonists--allyl isothiocyanate and cinnamaldehyde--
induce adrenaline secretion. Biosci Biotechnol Biochem. 
2008 Jun; 72: 2608–2614. doi:10.1271/bbb.80289

31. Camacho S, Michlig S, de Senarclens-Bezençon C, 
Meylan J, Meystre J, Pezzoli M, et al. Anti-obesity 
and anti-hyperglycemic effects of cinnamaldehyde via 
altered ghrelin secretion and functional impact on food 
intake and gastric emptying. Sci Rep. 2015 Jan; 21: 
7919. doi:10.1038/srep07919

32. Iwasaki Y, Morita A, Iwasawa T, Kobata K, Sekiwa Y, 
Morimitsu Y, et al. A nonpungent component of steamed 
ginger--[10]-shogaol--increases adrenaline secretion via 
the activation of TRPV1. Nutr Neurosci. 2006 Aug; 9: 
169–78. doi:10.1080/110284150600955164

33. Miyamoto M, Matsuzaki K, Katakura M, Hara T, Tanabe 
Y, Shido O. Oral intake of encapsulated dried ginger root 
powder hardly affects human thermoregulatory function, 
but appears to facilitate fat utilization. Int J Biometeorol. 
2015 Jan; 59: 1461–1474. doi:10.1007/s00484-015-
0957-2

34. Sugimoto K, Takeuchi H, Nakagawa K, Matsuoka 
Y. Hyperthermic effect of ginger (Zingiber 
officinale) extract-containing beverage on peripheral 
skin surface temperature in women. Evid Based 
Complement Alternat Med. 2018 Oct; 2018: 3207623.  
doi:10.1155/2018/3207623



35Thermogenic spices and body temperature

Enero 2024, Volumen 35, Número 1 https://doi.org/10.32776/revbiomed.v35i1.1158

35. Bartelt A, Bruns OT, Reimer R, Hohenberg H, Ittrich 
H, Peldschus K, Kaul MG, Tromsdorf UI, Weller H, 
Waurisch C, Eychmüller A. Brown adipose tissue 
activity controls triglyceride clearance. Nat Med. 2011 
Feb;17(2):200-5. doi:10.1038/nm.2297

36. Nedergaard J, Bengtsson T, Cannon B. New powers 
of brown fat: fighting the metabolic syndrome. Cell 
Metab. 2011 Mar 2;13(3):238-40. doi:10.1016/j.
cmet.2011.02.009

37. Brandão BB, Poojari A, Rabiee A. Thermogenic fat: 
development, physiological function, and therapeutic 

potential. Int J Mol Sci. 2021 May 31;22(11):5906. 
doi:10.3390/ijms22115906  

38. Anderson RA, Zhan Z, Luo R, Guo X, Guo Q, Zhou 
J, et al. Cinnamon extract lowers glucose, insulin and 
cholesterol in people with elevated serum glucose. 
J Tradit Complement Med. 2016 Oct; 6: 332–336. 
doi:10.1016/j.jtcme.2015.03.005

39. Cannon B, Nedergaard J. Metabolic consequences of 
the presence or absence of the thermogenic capacity of 
brown adipose tissue in mice (and probably in humans). 
Int J Obesity. 2010 Oct; 34: S7–S16. doi:10.1038/
ijo.2010.177


