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Brown adipose tissue (BAT) plays an important role in energy metabolism because it uses fatty acids 
for thermogenesis during cold exposure. Preclinical studies found that boysenberry anthocyanins 
(BoyACs) activate BAT. Therefore, the aim of this preliminary study was to evaluate how BoyAC 
intake affects BAT in humans. We performed an open-label single-arm nonrandomized study in 
healthy volunteers. Before and after 4 weeks of daily consumption of 100 ml boysenberry juice (BoyJ) 
containing 61 mg of BoyACs, participants were assessed at 24 °C and then after 1 h of mild cold 
exposure (18 °C). An infrared thermography camera was used to measure skin surface temperatures 
in the supraclavicular BAT region (Tscv) and the non-BAT region of the upper chest (Tch). Energy 
metabolism was measured by indirect calorimetry. For each endpoint, we calculated Δ as the difference 
between values before and after cold exposure and compared the values before and after BoyJ 
intake. 10 volunteers participated (age: 36.1 ± 4.1, body mass index (BMI): 20.9 ± 0.6). After BoyJ 
intake, ΔTscv-ch was significantly higher (p = 0.029), but Δ energy expenditure, Δ fat oxidation, and 
Δ carbohydrate oxidation were not significantly different. We found a significant positive correlation 
between BMI and Δfat oxidation with BoyJ intake. The results indicate that 4 weeks of BoyJ intake 
activates cold-induced thermogenesis in the scv-BAT but does not have a significant effect on energy 
metabolism. BoyJ intake may increase fat oxidation during cold exposure in individuals with higher 
BMI.

Trial registry number: UMIN000043476, 05/03/2021.
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The primary function of brown adipose tissue (BAT) is non-shivering thermogenesis. In cold conditions, 
mitochondria in BAT produce heat by oxidizing fatty acids, preventing an attenuation of body temperature1. 
This process is especially important in neonates2and hibernating animals3, but studies have recently reported 
that it contributes to the maintenance of body temperature even in human adults4,5. BAT consumes energy 
for thermogenesis and thus increases the energy metabolic rate, so it may potentially play an important role in 
weight management and obesity prevention6. Several studies have shown that BAT activation improves insulin 
sensitivity and has a positive effect on glucose metabolism7. Activated BAT tissue is expected to consume excess 
lipids and reduce low-density lipoprotein cholesterol in the blood, and those effects may help to reduce the risk 
of cardiovascular disease8. BAT activity is known to decrease with aging and obesity9, and activation of BAT is 
thought to be important for the prevention and treatment of metabolic syndrome10.

In recent years, interest has grown in the influence of foods on BAT activation. For example, capsinoids11, 
omega-3 fatty acids12, and some polyphenols13have been reported to enhance energy metabolism by activating 
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BAT. Furthermore, in preclinical studies, we showed that boysenberry anthocyanins (BoyACs), the major 
component of the juice from boysenberries (a hybrid Rubus berry of Rubus baileyanus and Rubus loganobaccus 
that contains multiple polyphenols)14, protect BAT from metabolic stress15. Other studies have also reported that 
anthocyanins activate BAT16,17. Most of the studies on the relationship between food and BAT were preclinical, 
and an insufficient number of studies have evaluated the effects of foods on human BAT. In particular, to our 
knowledge no study has investigated whether anthocyanins affect BAT in humans. Therefore, we think that to 
evaluate the relationship between anthocyanins intake and human BAT is necessary for real-world applications. 
We hypothesized that BoyACs intake would activate BAT and alter energy metabolism during cold exposure and 
performed a preliminary human intervention study to evaluate the effects of BoyACs on human BAT.

Results
Baseline characteristics
Ten volunteers, aged between 20 and 57 years, agreed to participate in the study, and at screening, all 10 
were eligible for the study. Participant baseline characteristics are shown in Table 1. None of the participants 
discontinued or dropped out of the study, and all 10 were included in the analysis. The study flow diagram is 
shown in Fig. 1. There were no significant changes in height, body weight, or body mass index (BMI) from before 
to after intake of BoyJ.

Skin surface temperature
Skin surface temperature measurements are shown in Table 2. ΔTscv-ch, i.e., the activity of the BAT region, 
increased significantly from 0.89 °C ± 0.14 °C before BoyJ intake to 1.23 °C ± 0.18 °C after 4 weeks of intake 
(p = 0.029, Fig. 2a). On the other hand, no significant difference was found for Tscv or Tch (p = 0.329 and p = 0.958, 
respectively). Thand increased significantly from − 9.56 ± 0.49 °C before intake of BoyJ to -7.88 ± 0.67 °C after 
intake (p = 0.021, Fig. 2b).

Energy metabolism
The results of the respiratory gas analysis are shown in Table 3, and the values of Δ EE, Δ fat oxidation, and 
Δ carbohydrate oxidation, which were analyzed to estimate the effects of cold exposure on BAT activation, 
are shown in Fig. 3. No significant changes were found in Δ EE (pre-intake, 0.35 ± 0.07 kcal/min; post-intake, 
0.44 ± 0.12  kcal/min; p = 0.350, Fig.  3a), Δ fat oxidation (pre-intake, 0.0087 ± 0.0189  g/min; post-intake, 
0.0148 ± 0.0120 g/min; p = 0.677, Fig. 3b), or Δ carbohydrate oxidation (pre-intake, 0.042 ± 0.051 g/min; post-
intake, 0.044 ± 0.028 g/min; p = 0.959, Fig. 3c).

An exploratory evaluation of the correlation between each data revealed a positive correlation between Δ 
fat oxidation (post-intake – pre-intake) and BMI (Fig. 4, r = 0.700, p = 0.024). No significant correlations were 
observed between the other data.

A post hoc power calculation for fat oxidation was performed with paired and two-sided t tests and a 
significance level of 5%. When all participants were included (N = 10; mean difference, 0.00105 [SD, 0.0370]), 
the power was calculated to be 0.051 and the effect size 0.028, indicating that the power was insufficient. On the 
other hand, when only participants with a BMI of 20 or more were included (N = 6; mean difference, 0.0173 [SD, 
0.0392]), the power increased to 0.144 and the effect size to 0.442.

Cold sensation
Changes in the cold sensation as assessed by the VAS are shown in Table 4. The VAS score for Δ cold sensation did 
not change significantly from before consumption of BoyJ (50.6 ± 10.7 mm) to after (50.5 ± 8.7 mm; p = 0.994).

Discussion
This open-label nonrandomized single-arm before-and-after study investigated the effects of intake of BoyJ, 
which contains BoyACs, on BAT in healthy adults over 20 years old. To our knowledge, this is the first study to 
examine the association between BoyACs and human skin surface temperature of BAT activity indicator. The 
results suggest that intake of BoyJ for 4 weeks may activate BAT in the scv area.

In humans, BAT is known to exist in scv, interscapular, perinephric, and lower axillary areas, and this study 
evaluated BAT activity by measuring thermogenesis in the scv region. The gold standard for measuring BAT 
activity is to observe glucose uptake with fluorodeoxyglucose (FDG)-positron emission tomography/computed 
tomography (FDG-PET/CT), but this method is invasive because it exposes participants to radiation4,18. 

Pre-intake Post-intake p value

Age 36.1 ± 4.1

Male/Female 4/6

Height (cm) 163.8 ± 2.8 163.8 ± 2.8 0.622

Body weight (kg) 56.5 ± 3.0 56.2 ± 2.9 0.332

BMI (kg/m2)a 20.9 ± 0.6 20.8 ± 0.6 0.365

Table 1.  Participant characteristics. Data represent the mean ± SEM. The two groups were compared by 
a paired t test. The raw data are shown in Supplementary Data S1. a Body mass index (BMI) is weight 
(kilograms) divided by height (meters) squared.
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Recently, a method that assesses skin surface temperature with an infrared thermography camera was reported 
as a simple and less invasive method for measuring BAT activity that shows similar results to FDG-PET/CT19,20. 
Therefore, to minimize the burden on study participants we chose to use an infrared thermography camera to 
measure BAT activity.

After 4 weeks of BoyJ consumption, skin surface temperatures, Tscv, and Tch did not change significantly, 
but Tscv-ch increased significantly. Subtracting the skin temperature of the non-BAT region in the upper 

Fig. 1.  Study flow diagram. Ten subjects participated in the study. All subjects completed the study and all data 
were used for analysis.
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chest from the scv BAT region has been reported to increase the sensitivity and specificity of BAT detection, 
so we think that significant differences were obtained only Tscv-ch20,21. On the other hand, skin temperature 
in the scv area is affected by blood flow. The decrease in hand temperature induced by cold exposure was 
suppressed after ingestion of BoyJ. The peripheral skin temperature is affected by skin blood flow22, we do not 
know whether this result was due to a change in skin blood flow or to BAT activation. BoyACs have also been 
reported to improve vascular function23,24. In addition, the effect of BoyACs on BAT function is assumed to be 
mediated through changes in vascular function15. Therefore, future research needs to evaluate the relationship 
between BAT function and vascular function. Some researchers have negative opinions about the use of skin 
surface temperature measurement as a method to evaluate BAT activation in individuals with a thick layer 
of subcutaneous fat25. Therefore, BAT activity should be evaluated in various ways, and future studies should 
consider using FDG-PET/CT.

We observed a positive correlation between Δ fat oxidation (post-intake – pre-intake) and BMI, but BoyJ 
intake did not significantly change EE, fat oxidation, or carbohydrate oxidation. BMI is known to be negatively 
correlated with BAT activity26. BAT produces heat predominantly through fat oxidation upon cold stimulation27. 
Blackcurrant anthocyanins only increased fat oxidation in human with a high BMI during exercise, suggesting 
that the effect was on adipocyte in the legs28. Therefore, we hypothesize that BoyP may contribute to increased fat 
oxidation in humans with higher BMI via BAT. In this study, the participants had a mean BMI of 20.9 ± 0.6, which 
is lower than the reference range defined by the Japan Society for the Study of Obesity29. When all participants 
were included, the effect size of fat oxidation was very small, suggesting that it would be difficult to show a 
significant difference. On the other hand, power calculations indicated that the effect size would increase by 
including only participants with a higher BMI. To achieve a statistical power of 0.8 with a two-sided significance 
level of 5% for this subgroup, the necessary sample size was estimated to be N = 42. These calculations indicate 
that the difference would be significant if sufficient participants were included. These results indicate the need to 
perform studies in individuals with higher BMIs.

Previous reports have pointed out the importance of carbohydrate loading before assessing BAT function30,31. 
BAT generates heat by taking up large amounts of glucose from the bloodstream and utilizing BAT free fatty acids 
as substrates. However, blood glucose levels are low in a fasting state, which may mean that changes in substrate 
utilization due to thermogenesis cannot be quantified. Our study was performed under fasting conditions, and 
consequently, the measurements of substrate oxidation of BAT may not have been accurate. Therefore, future 
research should conduct assessments under carbohydrate-loaded conditions.

The activity of BAT may be regulated by sex hormones32, and the positivity rate of BAT detected by FDG-
PET/CT is reported to be higher in women than in men33. The present study included women, but it did not 
consider their menstrual cycle, which may have influenced the results. Therefore, future study designs should 
take menstrual cycle status into consideration.

BoyJ consumption had no significant effect on VAS assessments of the cold sensation. The result suggests 
that ingestion of BoyACs may not affect cold sensation.　The measurements scores were 88.2 ± 4.1 mm before 
cold exposure and 82.0 ± 7.2 mm afterwards, indicating that the cold sensation may have reached a plateau after 
1 h of cold exposure. Therefore, the results are difficult to interpret, and future studies should evaluate the cold 
sensation over time.

Conclusion
The study suggests that consumption of BoyAC-containing beverages for 4 weeks by healthy adults over 20 
years of age increases skin surface temperature in the scv-BAT region. Although we did not observe any effect 
of cold exposure on systemic energy metabolism, we found a positive correlation between BMI and increased 

Pre-intake Post-intake P value

Tscv (℃)a

24 °C 34.6 ± 0.1 34.7 ± 0.3

0.32918 °C 32.9 ± 0.4 33.3 ± 0.4

Δ -1.68 ± 0.33 -1.35 ± 0.32

Tch (℃)b

24 °C 33.3 ± 0.1 33.4 ± 0.3

0.95818 °C 30.7 ± 0.4 30.8 ± 0.5

Δ -2.56 ± 0.36 -2.58 ± 0.40

Tscv-ch (℃)c

24 °C 1.29 ± 0.09 1.27 ± 0.14

0.02918 °C 2.17 ± 0.19 2.50 ± 0.22

Δ 0.89 ± 0.14 1.23 ± 0.18

Thand (℃)d

24 °C 31.4 ± 0.5 31.7 ± 0.6

0.02118 °C 21.8 ± 0.4 23.8 ± 0.6

Δ -9.56 ± 0.49 -7.88 ± 0.67

Table 2.  Change in skin surface temperature before and after 4 weeks’ intake of boysenberry juice. Data 
represent the mean ± SEM. Δ represented by subtracting the value at 24 °C from the value at 18 °C. The two 
groups were compared by a paired t test. The raw data are shown in Supplementary Data S2. aSkin surface 
temperature of the supraclavicular. bSkin surface temperature of the upper chest. cDifference between Tscv and 
Tch. dSkin surface temperature of the hand.
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fat oxidation. Therefore, a placebo-controlled study in individuals with higher BMI is warranted to evaluate the 
effects of BoyACs on BAT.

Limitations
This study has some limitations. First, because it was an open-label nonrandomized single-arm before-and-after 
study, the possibility of investigator bias or a placebo effect in the participants cannot be excluded. Second, 
the results may have been affected by sample size because only 10 individuals were included. Third, we used 
skin surface temperature as an indicator of BAT activity, which may not be as accurate as FDG-PET/CT 
measurements. And last, BAT is known to be affected by seasons, and seasonal effects cannot be excluded as the 
protocol34. This study may have been influenced by the menstrual cycle of the female participants. This study 
was conducted under fasting conditions, so it is possible that substrate oxidation in BAT may not have been 
accurately evaluated.

Methods
Study design
We used an open-label nonrandomized single-arm before-and-after study design. The study was approved by the 
Ethical Review Committee of Niigata University (approval number: 2020 − 0332) and performed in accordance 
with the Declaration of Helsinki and the Japanese Ministry of Health, Labor and Welfare’s Ethical Guidelines 
for Medical and Biological Research Involving Human Subjects. Prior to the start of the study, the study was 
registered in the UMIN Clinical Trials Registry (registration number: UMIN000043476).

Fig. 2.  Change in skin surface temperature. (a) Boysenberry juice (BoyJ) intake increased the temperature 
of the supraclavicular brown adipose tissue (BAT) region (Tscv) and hand skin surface after cold exposure 
(18 °C) for 1 h. The data show the difference (Δ) in skin surface temperature when participants were exposed 
to 24 °C and 18 °C. Representative infrared thermography images of Tscv and the non-BAT region in the 
upper chest (Tch) during cold exposure. The graph shows the difference between Tscv and Tch (ΔTscv-ch). 
(b) Representative infrared thermography images of the hand skin surface. The graph shows the difference in 
hand temperature when participants were exposed to 24 °C and 18 °C. A paired t test was used to compare 
hand temperature before and after intake of BoyJ; p values are shown in the figure. The raw data are shown in 
Supplementary Data S2.
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Participants
Participants were healthy adult males and females over 20 years old. We informed participants about the purpose, 
methods, expected effects, and possible adverse effects of the study and obtained their voluntary written consent 
to participate. Healthy men and women older than 20 years were eligible to participate if they were free from 
chronic diseases; gave written informed consent to participate; did not consume any drugs, Health foods that 
are approved as Specific Health Foods, Nutritional functional foods or Foods with Function Claim in Japan, or 
supplements; did not have allergies; and were not pregnant.

Test food
The test food was boysenberry juice (BoyJ, Bourbon Corporation). Participants consumed BoyJ every day for 
4 weeks at 100 ml per dose. Participants consumed 100 ml/day of the test food, i.e., boysenberry juice (BoyJ, 
Bourbon Corporation), for four weeks; the consumption time was not specified.

The BoyACs in the BoyJ were analyzed by high-performance liquid chromatography (HPLC)35. For the HPLC 
analysis, BoyJ was dissolved in 25 ml of 2% hydrochloric acid methanol and centrifuged (9000 rpm, 10 min). 
Then, 10 ml of the supernatant was scaled up to 20 ml with 10% phosphoric acid solution to obtain the sample 
for HPLC. The samples were injected into an HPLC instrument (Shimadzu Corporation) connected to an HPLC 
column (ZORBAX Extend-C18, 4.6 mm × 250 mm, 5 μm, Agilent Technologies). Eluents A (water and formic 
acid in a ratio of 10:90) and B (water, methanol, acetonitrile, and formic acid in a ratio of 40:22.5:22.5:10) were 
added, eluted with a gradient (0 min, 14% B; 20 min, 14% B; 25 min, 100% B; 30 min, 100% B), and measured 

Fig. 3.  Changes in energy metabolism. Boysenberry juice (BoyJ) had no significant effect on energy 
metabolism. The data show the difference (Δ) in energy metabolism when participants were exposed to 24 °C 
and 18 °C. Change (Δ) in energy expenditure (Δ EE, a), Δ fat oxidation (b), and Δ carbohydrate oxidation (c) 
were determined by indirect calorimetry measurements. A paired t test was used to compare hand temperature 
before and after intake of BoyJ; p values are shown in the figure. The raw data are shown in Supplementary 
Data S3.

 

Pre-intake Post-intake P value

EE
(kcal/min)

24 °C 1.31 ± 0.11 1.21 ± 0.08

0.35018 °C 1.65 ± 0.16 1.65 ± 0.18

Δ 0.35 ± 0.07 0.44 ± 0.12

Fat oxidaition
(g/min)

24 °C 0.0419 ± 0.0087 0.0379 ± 0.0047

0.67718 °C 0.0506 ± 0.0190 0.0526 ± 0.0154

Δ 0.0087 ± 0.0189 0.0148 ± 0.0120

Carbohydrate
oxidation
(g/min)

24 °C 0.137 ± 0.023 0.129 ± 0.014

0.95918 °C 0.179 ± 0.053 0.173 ± 0.041

Δ 0.042 ± 0.051 0.044 ± 0.028

Table 3.  Change in energy metabolism from before to after 4 weeks’ intake of boysenberry juice. Data 
represent the mean ± SEM. Δ represented by subtracting the value at 24 °C from the value at 18 °C. The two 
groups were compared by a paired t test. The raw data are shown in Supplementary Data S3. EE, energy 
expenditure.
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at 535 nm. Cyanidin-3-glucoside (Nagara Science Corporation, code: 639-43451) was used as the standard. The 
four detected BoyACs (cyanidin-3-2-glucosylglucoside, cyanidin-3-2-glucosylrhamnosylglucoside, cyanidin-3-
glucoside, and cyanidin-3-6- rhamnosylglucoside) were calculated as cyanidin-3-glucoside equivalents14. The 
composition of BoyJ is shown in Table 5; the juice was found to contain 61 mg of BoyACs in 100 ml.

Assessments
Assessments were performed at Niigata University, Niigata, Japan, in June and July 2021. Compliance was 
confirmed by asking participants to record their boysenberry juice intake, special activities, and any physical 
symptoms in a diary. Participants visited the University before and after 4 weeks of BoyJ consumption and were 
instructed not eat or drink anything except water after 9 p.m. on the day before the study visit. At each visit, 
the participants changed into a tank top with an open neck, shorts, and socks. Then, they rested for 30 min 
in a room set at 24 °C ± 1 °C, and their skin surface temperature was captured by an infrared thermographic 
camera. Subsequently, respiratory gas analysis was performed and participants rated their cold sensation on a 
visual analogue scale (VAS). Afterwards, participants were subjected to mild cold exposure for 1 h in a climate 

Fig. 4.  Correlation between body mass index (BMI) and fat oxidation. BMI was positively correlated with 
increased cold-induced fat oxidation after 4 weeks of Boysenberry juice (BoyJ) consumption. The change in fat 
oxidation from before to after cold exposure (18 °C) was compared before and after 4 weeks’ intake of BoyJ. A 
Pearson correlation test was used to calculate the r and p values.
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chamber set at 18 °C ± 1 °C. At the end of the hour, while the participants were still in the chamber, infrared 
thermographic imaging and respiratory gas analysis were repeated and participants completed another VAS. An 
overview of the test schedule is shown in Fig. 5.

Infrared thermographic camera
An infrared thermal camera (Testo 885, Testo K.K. Co. Ltd.) was used to measure the skin surface temperatures on 
the upper body and back of the hands, and the temperatures were averaged for the supraclavicular (Tscv), upper 
chest (Tch), and wrist to fingertip (Thand) areas. To determine the activity of BAT, the non-BAT region (Tch) 
was subtracted from the BAT region (Tscv) to obtain Tscv-ch. To evaluate thermogenesis by cold stimulation, 

Fig. 5.  Test schedule for the study. The subjects were fasted from 21:00 on the day before the test, and infrared 
thermographic cameras, respiratory gas analysis, and visual analogue scale (VAS) were measured before and 
after cold exposure at 18 °C.

 

100 ml BoyJ

Energy content, kcal 32.0

Protein, g 0.5

Fat, g < 0.01

Carbohydrate, g 7.2

Sodium, mg 2.0

Anthocyaninsa

Cyanidin-3-2-glucosylglucoside, mg 27.6

Cyanidin-3-2-glucosylrhamnosylglucoside, mg 18.5

Cyanidin-3-glucoside, mg 12.8

Cyanidin-3-6- rhamnosylglucoside, mg 2.1

Total anthocyanins (BoyACs), mg 61.0

Table 5.  Nutritional values and boysenberry anthocyanin content of boysenberry juice. aQuantitative values 
were calculated as cyanidin-3-glucoside equivalents.

 

Pre-intake Post-intake P value

Cold sensation
(mm)

24 °C 37.6 ± 10.8 31.5 ± 9.7

0.99418 °C 88.2 ± 4.1 82.0 ± 7.2

Δ 50.6 ± 10.7 50.5 ± 8.7

Table 4.  Change in cold sensation assessed by a visual analogue scale from before to after 4 weeks’ intake of 
boysenberry juice. Data represent the mean ± SEM. Δ represented by subtracting the value at 24 °C from the 
value at 18 °C. The two groups were compared by a paired t test. The raw data are shown in Supplementary 
Data S4.
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ΔTscv, ΔTch, ΔTscv-ch, and ΔThand were calculated by subtracting the value before cold exposure from values 
after cold exposure.

Respiratory gas analysis
To evaluate energy metabolism, respiratory gas analysis was performed with the Douglas bag method, and energy 
expenditure (EE), fat oxidation, and carbohydrate oxidation were calculated with the following formulas36,37: 
energy expenditure (kcal/min) = (3.9 × VO2 + 1.1 × VCO2) × 1.44; carbohydrate oxidation (g/min) = 4.55 × 
VCO2 − 3.21 × VO2; and fat oxidation (g/min) = 1.67 × VO2 − 1.67 × VCO2.

Δ EE, Δ fat oxidation, and Δ carbohydrate oxidation were calculated by subtracting the value before cold 
exposure from values after cold exposure.

VAS
The VAS was used to evaluate the cold sensation. Participants were shown a straight line on which not feeling cold 
was the reference point (0 mm) and feeling very cold was the maximum value (100 mm) and were asked to draw 
a line that corresponded to their cold sensation; the length of the line was defined as the cold sensation. Δ cold 
sensation was calculated as the change in the length of the line from after to before cold exposure.

Statistical analysis
The study is a preliminarily clinical trial, the required sample size was not estimated, but the number of subjects 
was set at 10 from similar study38. Data are shown as mean ± SE. A box-and-whisker plot was used to display 
the maximum and minimum values (range of whiskers), 25th and 75th percentiles (boxes), and median (solid 
line), and a dot plot was used to display the data of individual participants. A paired t test was used to analyze the 
difference in values before and after BoyJ intake. In order to evaluate correlations between data in an exploratory 
manner, correlations were determined by the Pearson correlation test. A post-hoc power analysis was performed. 
The significance level was set at 5% two-tailed. SPSS 28.01 (IBM) was used for statistical analysis.

Data availability
All data analyzed in this study are included in Supplementary Data.
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