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Effect of Cocoa on Human Body Surface Temperature

Ai Ariyama®, Yuka Mori*, Miho Inano and Tomonori Nadamoto

Department of Food Science and Nutrition, School of Human Culture,
University of Shiga Prefecture, 2500 Hassaka, Hikone, Shiga 522-8533
* Ujitaharaseichajou Co., Ltd., Gounoguchi, Uzitahara, Tsuzuki, Kyoto 610-0281

We investigated whether consumption of cocoa raises human body surface temperature. Healthy
female student volunteers (age 18-24) were enrolled in this study. .We measured their body surface
temperature and peripheral blood flow in a stringently air-controlled room (temperature, 22+0.5°C ; humid-
ity, 501+5%). First, the effect of pure cocoa consumption at 60°C and 37°C was compared with that of soup
consisting of the same nutritional composition and water. At 60°C, pure cocoa tended to increase the
peripheral body temperature at the wrist, ankle and tip of the foot, while at 37°C it tended to maintain the
peripheral body temperature at the wrist. Next, defatted cocoa at 60°C was compared with control drink
consisting of the same nutritional composition. Defatted cocoa increased the temperature at the forehead (®
< 0.05) and maintained the temperature at the finger tips (» <0.05) ; this same tendency was also observed at
the abdomen and waist. Using the same defatted cocoa and control drink samples, we examined the situation
immediately before sleeping. Defatted cocoa increased the temperature at the wrist, ankle and tip of the foot
(»<0.05). Thus, cocoa consumption results in increasing or maintaining the human body surface tempera-
ture, while defatted cocoa consumption effects are especially remarkable.

’ (Received May 29, 2009 ; Accepted Sep. 4, 2009)

Keywords : cocoa, body surface temperature, coldness, human, blood flow
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Table 1 Ingredients of testing drink and control drink for Exp. 1 and Exp. 2

Testing drink (pure cocoa)

Control drink

constituent material water

pure cocoa®

calories 27.2kcal
protein

fat

carbohydrate

theobromine 184.8mg
polyphenol 351.2mg

150 ml

water 150 ml
8.0g chicken soup powder®  3.1g
colza oil? 1.8g
dried albumen® 1.45g
27.9kcal
1.7g
1.9g
0.8¢g

2 pure cocoa (MORINAGA & CO. LTD.), ¥ gara soup (YOUKI FOOD CO., LTD), @ healthy
light (The Nisshin OilliO Group, Ltd.), kansouranpaku(TOHMEI FOODS CO., LTD.)
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Table 2 Ingredients of testing drink and control drink for Exp. 3 and Exp. 4

Testing drink (defatted cocoa)

Control drink

constituent material water
defatted cocoa®
skim milk®
calories 85.4kcal
protein
fat
carbohydrate
theobromine 207.2mg
polyphenol 236.0mg

150 ml

18.0g

water 150 ml
8.0g gelatin® 2.60g
colza oil? 0.13g
granulated sugar® 1.36g
skim milk® 18.0g
80.0kcal
8.4g
0.3g
10.9g

¥ Defatted SR (Barry Callebaut CO., LTD.), ¥ skim milk (MORINAGA & CO., LTD.), © zeraisu
(Maruha Nichiro Foods, Inc.), ¥ healthy light (The Nisshin OilliO Group, Ltd.), ® spoon zirusi

granulated sugar (Mitsui Sugar Co., Ltd.)
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Fig.1 Testing protocol
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Tip of Tip of
Forehead Neck finger Wrist foot Ankle
2.5
90 b--- Mpure cocoa T
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change in temperature (°C)
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Fig. 2 Change in the body surface temperature after consuming pure cocoa, soup or hot water

The average change in body surface temperature after consuming pure cocoa (60°C), soup (60°C) or hot

water (60°C) is shown.

Values are expressed as the difference between the average values during 48

minutes after consuming and those before consumption (—9, —6, —3, 0 min).

Mean=SEM, n=86, p values by Fisher’'s PLSD.
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time after intake of relevant drink (min)

Fig.3 Time-course change in the ankle surface temperature after consuming pure cocoa, soup or hot water

Temperature fluctuation of ankle surface temperature after consuming pure cocoa (60°C), soup (60°C) or
hot water (60°C) is shown. Values are expressed as the difference from the average before consumption

(—9, —6, —3, 0min).

Mean=®SEM, n=6, Cocoa vs. Soup : p<0.01 by contrasts.
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Fig. 4 Change in the body surface temperature after consuming pure cocoa or soup

The average change in body surface temperature after consuming pure cocoa (37°C) or soup (37°C) is
shown. Values are expressed as the difference from the average before consumption (—15~0min).

Mean=®SEM, n=10, p values by paired ¢-test.
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0.2

—0.3

—0.8
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change in temperature (°C)

M defatted cocoa

—1.3 b
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Fig. 5 Change in the body surface temperature after consuming defatted cocoa or control drink

The average change in body surface temperature after consuming defatted cocoa (60°C) or control drink
(60°C) is shown. Values are expressed as the difference between the average values during 68 minutes
after consuming and those before consumption (—15~0 min).

Mean=*SEM, n=86, p values by paired -test. *p <0.05.
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Fig. 6 Time-course change in the tip of finger surface temperature after consuming defatted cocoa or control drink

Temperature fluctuation of tip of finger surface temperature after consuming defatted cocoa (60°C) or

control drink (60°C) is shown.
consumption (—15~0min).

Values are expressed as the difference from the average before

Mean*=SEM, n=86, Cocoa vs. Control Drink »<0.05 by Two-way repeated ANOVA.
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Fig. 7 Time-course change in the abdomen (A) and waist (B) surface temperature after consuming
defatted cocoa or control drink

Temperature fluctuation of tip of finger surface temperature after consuming defatted cocoa (60°C) or
control drink (60°C) is shown. Values are expressed as the difference from the average before
consumption (—15~0min). '

Mean=®=SEM, n=6, Cocoa vs. Control Drink »<0.05 by Two-way repeated ANOVA.
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Tip of foot Ankle

Fig. 8 Change in the body surface temperature after consuming defatted cocoa or control drink

The average change in body surface temperature after consuming defatted cocoa (60°C) or control drink
(60°C) is shown. Values are expressed as the difference between the average values during 72 minutes
after consuming and those before consumption (—15~0 min).

Mean*SEM, n=10, p values by paired ¢-test.* p<0.05
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Fig. 9 Time-course change in the tip of foot surface temperature after consuming defatted cocoa or control drink

Temperature fluctuation of tip of finger surface temperature after consuming defatted cocoa (60°C) or
control drink (60°C) is shown. Values are expressed as the difference from the average before

consumption (—15~0min).

Mean=®=SEM, n=10, Defatted Cocoa vs. Control Drink »<0.05 by Two-way repeated ANOVA.
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