=t o oF 8} 3] A (Korean J Nutr) 2011; 44(6): 507 ~ 517
DOI 10.4163/kjn.2011.44.6.507

3 (@ =] O *
A g o) A bl a) g A ks AbeHE
49 8.9 &%
o Aot A aketeel AE et

Thermic Effect of Food and Macronutrient Oxidation Rate in Men and
Women after Consumption of a Mixed Meal*

Kim, Myung-Hee - Kim, Eun-Kyung'
Department of Food and Nutrition, Gangneung-Wonju National University, Gangneung 210-742, Korea

ABSTRACT

The purpose of this study was to investigate the effects of gender on the thermic effect of food and substrate oxidation
rate during 5 hours after a mixed meal. Twenty healthy college students (10 males and 10 females) aged 20—26 years par-
ticipated in this study. The energy contents of the experimental diets were 775 kcal and 627 kcal for males and females
respectively, which were 30% of individual energy requirements and were composed of 65/15/20% as the proportion of
carbohydrate/protein/fat. Resting and postprandial energy expenditure and substrate oxidation rates were measured with
indirect calorimetry in the fasting state and every 30 min for 5 hours after meal consumption. Thermic effects of food
expressed as AAUC and TEF% were not significantly different between males and females. However, TEF% adjusted
for body weight and fat-free mass in males (0.095% and 0.120%) were significantly lower than those in females (0.152%
and 0.213%)(p < 0.05). The total amount of carbohydrate oxidized was significantly lower in males than that in females
(58.6 vs. 86.6 mg/kcal energy intake/5 h, p < 0.05). In contrast, the total amount of fat oxidized was significantly high-
er in males than that in females after the meal (32.9 vs. 17.2 mg/kcal energy intake/5 h, p < 0.01). These results indicate
that gender affects the thermic effects of food and the substrate oxidation rate after a meal. The results show that males
use relatively less carbohydrate and more fat as an energy source after a meal than that of females. (Korean J Nutr 2011;

44(6): 507 ~ 517)
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ZAFFZFo] A} (5,200~5,700 keal) X2t} 1A} (7,200~7,700
keal)ell Qlo14] ol 70 Uikt o) M-S 9
o Atk ezt W B B oA RS Folof 3
chin w0l Aol ulel gkt pheisl ool o
27 Gepbez, 20t uet o o el sleas A
o E44e Teigh AFE L2 o] Auslojop gk
AT A A oS

2H 59 oflvA] HEE f=st Aolrh AU R FS
W37 QIR Thalolut A4 Fo] AxpxEE AAIARI Al
Fole a7t QIARE 25]e] AAA|gto] AEH A B FA]
S e QY Ay Ay o2 A e
Zefgt 4= Qo) whebd, Ae2ES artdo g S5l 9

A= xR =] Akt 3 o x| anlekE =o]7
Ao 23S wE Favt Atk

1A 9] oA | A A 7] AR (basal metabolic
rate), A &5 WAF (physical activity energy expendi-
ture), Z12]3L AAY WA F 1} (thermic effect of food, TEF)
T ALY o] FolA AAbg TEaTHE SAES AJFE
T Al a3k F 2 AL A ol AEE oY
A2, S AT A T R vk 5~15% 4
T2 ]Sk HE&2 WAL G717t A3 FAE AR

RS AFUG IHAL GHE A Ao o

ARIA" ofo] that T4lo] F7kEla Gl
A3 S chel 1A I AE S A

A Aok Wbl ool A= AbekE7| ek AdTiA L.
2 @l oFo] A= 7o g EJ_E]CHE]—W E3L AX} o]

Az 0 2 RE] ZAWARe] (8] (release)”} SAIE )l om 2}
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efeh Wk akmct ool A hepgeh ™ o4 4]
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AAFS 24%= A1AA (BSM 330, Biospace, Korea) S AHg&-
sho] 7hHg AR AdEjol A Al HlaL Aget A= &
“gotsict. Al AR Al 224171 (InBody 720, Bio-
space, Korea)& ©]-85}o] AAA71A4 & (Bioelectrical im-
pedance analysis) 2= S} T3 AL A= 2 AA|
e o]8-5te] A= A]4=(Body mass index, BMI), A|#|
vk (Fat-free mass, FFM) 12]37 A FW2 (Body surface
area, BSA)< tha1h 2ol Aibsiaich

BMI (kg/m?) = A% (kg)/[A1% (m)I

FFM (kg) = A5 (kg) - AAL=F (kg)

BSA (m”)" = [Weight (kg)]*** x [Height (cm)]*"” x
0.007184

AN 27
7t Z 5 A7) (Ventilated-hood device: TrueOne2400,
Parvo Medics, USA)E- 0]-8-3}o] 7HHE=F=4™ (indirect
calorimetry) & 2 A LhAIALS] F Al Al (Resting energy
expenditure, REE)& S48t} QHYE Aol A FAIThA}
T 375k floto] that 22 Ade AR 2 &
AR A] AABFRH: 1) 4 A 12/\]7 t O]*" %"%’%"EH S
A, 2) &7 A 247 Fot AHsH A
AR o]F I F 2AUS —’-‘M\—i} X]'%i]' ‘3‘4 AejHolE
&2 o), 4 AYA =2k 3 30 % il r
A). o]} 2 AAAFERE AL AR S Ag Aol
T Al Al H3tE ghel W GRSk, 54 T
= SR R 0|59 oldol

s
-9,
2,



= 2 /gl Al 7Hie (canopy)
d= —?—‘H% ‘%ﬂﬂ S5E Ar ”40}3}74] 5o ShHHA
calibration)d}iaL, diAAte] S&o] ok
/\]O} ) oluf, 10% 7HFo2 =
S Weir 34" di¢l

o]
gant A
AR - 5A] FATARES] SS uix|aL 1024
A5 FRE %, A== AFAAF (Experimental diet) S
U AF 143 T2 st YRl 171U AAES A
5517] flsto] AAA= f&%ﬂmk*ﬁﬂﬂ@lﬁ AAk
20~394] 391 9] oA =A% (FAk 2,600 keal, o
ZF: 2,100 keal)2] 30%0] oﬁ%ﬂ—t— oNAYAE EZ3sIEE 313
o (FRk 775 keal, 2Rk 627 keal) BHr3HE, ThlA ol zjd)
O] YA AF] B2 65%, 15% L 20% 2 23T} (Table 1).
AL w5 A Al oheFel 2epat AR (L5t
A7, vhs 5)7F AR WA vkl JFFE nth= 4

7 A A
B QAP S 1ste] g4 (Korean dishes) Rl &
et 2|t He o) hdS AR K] e vlwE A
EstaLa} sIGITk &, ARAIARY Hlr= AMESLR], 91 18
e ELD}% 741%—6}%2 CAESIA O] Age 5O, &
ghol A Ji 7hEA|E, A, o BvkE 3 g7 dolsith ®
gk A= A 7o /-5 Atk e AwE 5Y
SHA| AHEsEl oM, ot 2/doA AALe] o ARkt o
£ 8 ghpshE, o gl 2180 o |R g el ZolA|

= =
=2 4510 9] 49 deholARs 29 4 (whole

A= AXE -7 (low-fat milk)E A3}

NT ARG B

AFAALE AAFH 8] AR AERE 2080 HikdE WE
AXFER AJH o' Aslar, 1 REE SA7HEE 308 7HH 0
2 7tASEE A7) (TrueOne2400, Parvo Medics, USA)E

5
o] 8310 & 103]9] A& oY R]4&H|ZF (Postprandial energy
expenditure, PPEE)& 4330tk 2t 302 THE 2 & oA
AH[ERS EA5P] Yoto] SR 5 ARE A E

Table 1. Energy content and macronutrients composition of the
experimental meal

Male Female
Energy (kcal) 775 keal 627 kcal
Carbohydrate (% of energy) 63.1% 65.0%
Protein (% of energy) 14.7% 15.6%
Fat (% of energy) 22.2% 19.4%
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S 283k 7 AT 240] B dhe shol
= %—Ec 1719] Apesi 'i% ApEol A PR AR 105

chies) solch =k %

1.0
E‘;j
Xéol Ol——?'—oixlh o AR FEA =

g AeelA] AAA D R 4TS FA) gk ke
2 92 ARRES s

Ny weEd) 3

AIAMA] B g 3} (Thermic effect of food, TEF)+= AAF &
5715 oll|qA]AH]=F (Postprandial energy expenditure, PPEE)
oAl F 5ol A o] FAtiAE (REE) 442 ® 2folghe
2 AoJsteint. A g ate] Fe 7] flske, 5
AIZE (30042) &2t 302 7M. = A T B vto] wsler
= == I 5 trapezoid Y2l E ©]-8-5to] Al ofef o
2 (AAUC: Area under the curve)S AAFIAIL" AAUC
9] &9l= kceal/5 hourso] Lt o, AAUCHLO] Atk= A
2 214 vFd F ulo)] o] Atk AL olulsit)

TS AP A= AAR] 7] (meal size), & ©ld
gt vleste] Uebts 2102 B o el ofju]
el A2 ohE FAke} of2te] AAd HEa s v
wak7] flsko] AFEE o |qRIel et AAHY wa Ayt
FTZo MEE (TEF%)S th3) Zo] F-53ich

N

TEF% = [TEF (kcal/5 h)/Energy intake (kcal)] x 100

39 19I% B

EleslE 9l 2Hke] AFSLS (carbohydrate or fat oxidation
rate) & 7HA S TR oA ZAE AbA AT (VO,)T} o]
Absketas wiEeF (VCO) #ha the] 34l 285k Z12)

Attt

Carbohydrate oxidation rate (g/min) = 4.585 x VCO,
(L/min) - 3.2255 x VO, (L/min)

Fat oxidation rate (g/min) = 1.6946 x VO, (L/min) -
17012 x VCO, (L/min)

8ol mhE g 4lekeS Hlash] flske], A% SAIRE
59302 {02 YPa Abehae] el 7510 trape-
zoid Y2 £HZA (AAUC: Area under the curve)= A+
23 57 7 o) o AARIee 2 B

B3t FE/gEiel Al SAIZE Fete] vk W A A
Sko] A WlEE ()& vkt o] 35A9(respiratory
quotient, RQ) @& ol-&-ako] 2kt Fakict™
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Percentage of carbohydrate oxidation (%) = [(RQ - 0.71)/
0.29] x 100
Percentage of fat oxidation (%) = [(1 - RQ)/0.29] x 100

Alm A=

B Aol ol mE kg 5| T2 73l SAS (St-
atistical analyses system; SAS Institute Inc, Cary, NOE
o] g-3to] Htit EFHAF (Mean + SD)E -8191L, 5A|17F
5oko] AAbA] A F T} (keal/5 h)2F P4 AFstEF (g/5 h)
o] &S AL517] 95t trapezoid Yl E o]-&35te] AAUC
WAL ALZSIck Ean Aut kel Harol digk A 71e)
Z}o] B|iE= Student t-test 2142 HASIATE A 7t

HRbEe] w2 R WE RS AASIHIL f testE 79

2 b

O] Btal £

At Aol AA|AS A= Table 29F ok o dAtke]
Q8o U7} 20~264, A7 21~22412] 9]t A&kt
AL F27) 1731 em@t 72.1 kgl & o§719] 162.3 cm}
52.3 kgt frosHAl =341 (p < 0.001), A3 2|52 o
g3to] AR ARG (BMDLE AW (BSA)E HAF

Table 2. Baseline characteristics of the subjects

(24.0 kg/m’, 1.85 m)7} o312} (19.8 keg/m’, 1.54 m?) X} 59
S1A =7 YT (p < 0,05, p < 0.001). AR Y
2kl &Zpolzk glgdov, AA &2 A7} 19.9%2 A=}9
28.6%°1| vlsto] F2JatA] @okth (p < 0.001). AlFellAl A
AHbeS wl A 2| HF (Fat free mass) = B4} (57.8 kg)7}
A} (37.3 kg)Eot F-2J8kA =9kt (p < 0.001). 3=t H
o] whE A2 JAks AdAIS o] 31, ZAlSo] 35, H]
qro] 4703l ar, AAxb= AAFol 29, AAdAIS o] 79, TA|
Zo] 17golglom, vighe: Ko glojA] g 7hof f-2it 2}
ol& ®3tt (p < 0.05.
BN

SEAEHNA 7tAZF R 2 S FAHARE (rest-
ing energy expenditure) g Table 33} Zo], ‘FA} (1716.4
kcal/day)7} &JA}F (1220.0 keal/day)2th G-2)51A =4 Uel
Stk (p < 0.001). AFo 2 BATE FAARF g2 FARet
AR7F 242 24.0 keal/kg weight®} 23.4 keal/kg weight®
Frolgt 2tol7h $QIaL, AR e 2 WA FA AR g
@A} (30.1 keal/kg FFM)@F o4} (32.8 keal/kg FFM) kol
Folgt Aol & Holx] Fotrt.
AD OfHA[ B

AT o x|2ulgke] M= vlwshy| ko], FAld
AVEF ZHS 712 (baseline) .2 3}o] 7} AJ7HE 2)% oz

Variables Male Female t or y*-value
Age (years) 228+ 1.8" 21.4+ 0.5 2.42%
Height (cm) 173.1+ 5.0 1623+ 5.5 4,58
Weight (kg) 72.1 £10.3 523+ 7.6 4.89"
Body mass index (kg/m?) 240+ 28 198+ 1.9 3.94*
Underweight (< 18.5 kg/m?) 0(0)? 2 (20) 8.60"
Normal weight (18.5-22.9 kg/m?) 3(30) 7 (70)
Overweight ( 23.0-24.9 kg/m? 3(30) 1(10)
Obese (> 25.0 kg/m? 4 (40) 0(0
Body surface area (m?) 1.85+0.14 1.54+0.13 510"
Fat mass (kg) 143+ 4.2 150+ 2.8 -0.43
Fat mass (%) 199+ 58 28.6 + 3.3 —4.13"
Fat-free mass (kg) 578+95 373+57 5.87*
1) Mean+SD 2) N (%)
*: p<0.05, ***: p<0.001 by Student t-test and y*test between male and female
Table 3. Resting energy expenditure (REE) of the subjects
Male Female t-value
REE (kcal/day) 1716.4 +188.7" 1220.0 + 218.2 5.44™"*
REE/weight (kcal/kg body weight) 240=x27 23.4£25 0.56
REE/FFM? (kcal/kg fat-free mass) 30.1 +£3.0 32.8 + 3.1 -1.99

1) Mean£SD  2) Fat-free mass
##x1 p<0.001 by Student t-test between male and female



2HleFe] WshE: () St (Fig. 1). FAke] A% ofjv7]
2oH]EF HEHE-2 AT 308 (21.1%), 605 (21.0%)S AH A
ST A5 08 7H 2 4k (234%)S Bl o] % 7
28] A3 21050) 10.1%7} E19lon A1 3008 3.8%
7R skt Axbe] Al o U] 4H]EF BISHE2 AT

3053} 6020 26.3%2} 26.1%2 F11-0]| 0|2 T A5 300
Fof 10.5%7HA] Akt 3HE, FRle] A5 of U ] An|
O] Wo}&-2 &} Hlwsto] A% SAIRF YU W2 s
Holouk 2108 (A} 10.1%, oAt 18.6%) O ARE §-2]3F Z}o)
£ YERASIT (o < 0.05).

AN Hro g T}

A% oA 4H|EF 7 (PPEE)T 32412 FA0iALEF 2k
(REE)9] zto]& AAHg a3} (TEF)E 4olsto] A2
A= Fig. 230} 2k A HEaah= A% SAE 53 5

30% ‘+ Male —3— Female ‘

20% *

10% -

0% Lt Baseline

-10% T T T T T T T T T 1
0 30 60 90 120 150 180 210 240 270 300

Percentage change in PPEE (% above REE)

Time (min)

Fig. 1. Changes in incremental energy expenditure (%) from the
baseline (REE) at each 30-min time point over 5-hour after the meal
for male and female college students. *: p < 0.05 by Student t-
test between male and female. PPEE: post-prandial energy ex-
penditure, REE: resting energy expenditure.
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7}El oA An)EFe] 252l AAUC (Incremental area un-
der the curve) & /ﬁ'gﬁ}‘ﬂi, Aol AAUC (51.5 keal/5 h)
9} ojzke] AAUC (50.5 keal/s h)= AE 7ol 528t ZFo|7}
ATk 3k AdF g AFAALS] o |qA] FeF 2folE st
o] (Table 1) AR HH Tl thet AAHd A gkl vj&
(TEF%)= 4t=3t 23k '\ 27} 6.6%2 8.1%= HA| /34E
o w2 ztolE Holz| okott SHA, AAAIS AxtollA] AJE

Folgth 2polg BAH AlFu AAHFOR BAst] T-
EF%E A EE A0 2 BASE TEF%= YA} 0.095%
2 o719 0.152% 1Tt S-2l81 Wkl (p < 0.01), ARk
© 2 B TEF%E B4} (0.120%)7} o2 (0.213%)01] 1]}
o s W2 Ao & UERT (p < 0.001).

9y oig
oHE W Ao Absha AR AR F 5AIZE

Qk "J@r% T (AAUOE AHE3E 5 A 1t =

| oHA AR, Al D ARTFe = BAske] A HEek
o} (Fig. 3). AMHALHF S 2 B ehpdl=9] 4lshg2
YA} (58.6 mg/keal energy intake/5 h)7}F 1A} (86.6 mg/kceal
energy intake/5 h)Eth -F2J5HA] @3kot (p < 0.05), A5
o] AFshg-2 WAl (32.9 mg/keal energy intake/5 h)7}F o4&}
(17.2 mg/kcal energy intake/5 h)E2C} G254 =A UEelst
o} (p < 001, gHA, A FHT D Ao 2 HAgeh ehs}
E9] Alsl&-& U2} 0.82 mg/keal/kg weight/5 h&E o=}
9] 1.65 mg/kcal/kg weight/5 h@} H|ws}o] G-0]51A] WA
9k (p < 0.001), Ae] Alsh&-2 wd 7ol zfo]7h $igiet. o
A D AR e = HATH ehpslEo] AkaE '
A} (1.04 mg/kcal/kg FFM/5 h)7}F o3&} (2.30 mg/kcal/kg
FFM/5 h)Xt}t 5-2JsiA| Wokony, Ae] Abshg-2 AJd 7F

100 - @ 10%
p=0714
g e
w 75 - p =0.885 I :
s ) 6%
02 504 2
=) w 4% -
3 g 5 6.64% 8.05%
25 | 515 50.5 N 2%
i
O T T O% T T
Male Female Male Female
= p <0.01
2 016% - 3 0.24% p <0001
¢ t
2 o 2 020% A
Fig. 2. AAUC Of TEF (A), TEF% of ener- | & 77 ) £ o1e%
gy intake (B), and TEF% of energy in- | © 2
- . £ 008% < 0.12% A
take adjusted for body weight (C) | < 0.152% 3 0.213%
or fat-free mass (D) over 5-hour af- | 2 T 0.08% - '
o 004% | 0.095% S 0.120%
ter the meal for male and female | & < 004% SR
college students. All p-values are | S (5o § )
derived by Student t-tests between IE ! ! i 0.00% ! !
male and female. = Male Female Male Female
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Carbohydrate Oxidation Rate
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=
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w
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Fig. 3. The total amount of carbohy-
drate oxidation (A1, A2, A3) and the
total amount of fat oxidation (B1, B2,
B3) adjusted for energy intake, bo-
dy weight, and fat-free mass over

5-hour after the meal for male and
female college students. All p-val-

0.58 0.47

Male Female

ues were derived by Student t-tests
between male and female.

Male Female

off Aol HolA] ghattt.
gk ket B A Abeke] A Mg (0= Bl
b A¥b= Fig. 43 Ao S5/dHiol A FAke] 45wk
Atete] AT Mg (29%)2 A Akt (71%)2) WA
Hrols} 23 Yrglonk ojakel A% waskE Alske] 4
2 = 44%E A Atete] g WEael 56% T
10% EAUE A% e FFNIE, AYA4E 432 F
o oA whpshE Zrlet=
B g, WAL A7 6okl 47%, ol 4 30
ol 829714 A4k O T45HE Akg}e] Al wig
£o] HAB| Zashol A 30080] Hghe u) b 28%
TS fAR £ 2 S B0l W ojAhis 530 FEA
=) 9% ZQIE A% =qkt) Eak A& SA|7E B9t B3}
2 5 A Alsfe] Al W8-S o] Anugke o) e
ok Abete] AT WEE2 FAF 38%)Ht AR} 63%)°]
A efsl skl A Akt A W2 dAE (62%)
e o2} B7%)AA el Rl HER .

= mZi md r°“

L

=]
ﬂ“H'\_’T

1%
2 dAtoA Mg e R ST FAHAREFS 'X
(1716.4 kcal/day)7} 32} (1220.0 kcal/day) .tk -rr-45}7ﬂ =
4=t (Table 3), o= HAPL oj=pEcet A2 o] a1 AZ-o]
ol Wb 53] Also] @] wizol olvR|an|go] ‘31
0l B g Webb”' 9] A ATtE HAid 4= ok <1
AlAtg S AAR O 2 7A517] fl8ke] 20~64A4] Sk *é
e 20079] FAALES S45to] ulael Park 579
Toll Al 20~29A4] 431 (FAE 6678, 1AL 617) 0] FATHALE
2 I} (1728.2 keal/day)7F A&} (1311.5 keal/day) 2t o}
= AT} dAskel=d, oAke] A9 2 AtA kT 90
kcal/day A=7} & A0 & Yepgtt E3l Lee 5%
=1 e (FAF 307, 1A} 308)S e = FA AR
FATAY Ao s Frksh] flete] PR o R F4
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Fig. 4. Relative percentage of sub- 30 60 90 120 150 180 210 240 270 300 30 60 90 120 150 180 210 240 270 300
strate oxidation rate over 5-hour af- @ Postprandiail period (min) Postprandiail period (min)
ter the meal for male (A) and fema-
le (B) college students. #*: p <0.01
Significantly different between male ‘ [ ] % fat oxidation rate [] % Carbohydrate oxidation rate ‘
and female by Student's t-test.
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