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Thermic Effect of Food, Macronutrient Oxidation Rate and Satiety of High-fat
Meals with Butter and Sesame Qil on Healthy Adults

Myung Ju Lee, A.Fahmy Arif Tsani, Eun Kyung Kim'

Department of Food and Nutrition, Gangneung-Wonju National University, Gangneung, Korea

Abstract

The purpose of this study was to measure and investigate the acute effects of two fatty meals (high-SFA & high-
PUFA) on post-prandial thermic effect, substrate oxidation, and satiety. Eight healthy adults (four males and four
females) aged 19-22 years were assigned to consume two isocaloric meals: high in saturated fatty acids from butter
and high in polyunsaturated fatty acids from sesame oil. Indirect calorimetry was used to measure resting energy
expenditure (REE), post-prandial energy expenditure for five hours, and substrate oxidation. Satiety of the subjects
after meals was estimated by using visual analogue scales (VAS). Five hours thermic effect of food (TEF) was not
significantly different between butter meal (6.5% of energy intake) and sesame oil meal (7.3% of energy intake), but,
the TEF of butter meal reached the peak point at 150 min and decreased more rapidly arriving to REE in 270 min.
On the other hand, TEF of sesame oil meal reached the peak at 90 min and decreased slower than butter meal (still
higher than REE at 300 min). No significant differences in substrate oxidation rates were found between the two
meals. Post-prandial fat oxidation rates increased significantly after the consumption of both butter and sesame oil
meal than that of the pre-prandial state. Satiety values (hunger, fullness, and appetite) were similar among the meals,
but recovery of hunger and fullness to the pre-prandial state was faster in butter meal than that of the sesame oil meal.

(Korean J Community Nutr 17(2): 215~225, 2012)
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b, Aol B avhe A% A9 § &8k &, 2
W b Ael] ARE= oA 2] dRba o= 17t A
o] 228 AFAAES W, 3 T olluA] AR oF
10%°] E3Fsh} (Westerterp 2004) &7)7ke) A4 %7
2ol HA g = A 9 fAol =8l € 5 9l
< Zlolehs AlRES v o 2 vkt A7) W] of gk

(Schutz 5 1984; Granata & Brandon 2002; Piers &
2002; Tentolouris 5 2008).

NUAE AlFshz thgPdFas] TEF Fo5 Ard
ErslES 5~10%, 9HA 20~30%<] ®H4, X]HJ%
0~5%°] TEFE Kol 2107 <elx Qlth(Acheson
1993).

Westerterp 5 (2004)2 TEFe]| 3t o8] A w5S :vt}
Aol AAke] goka 79 vlgel WA TEFZL 93
o], 1] gl B ANRIES Aol el aap)
3, 0% WEkE, A £ TEF/L Eohar 3
olek. el BRERE 241} A ko] TEF] tfshol
ke Aahg wel L ATE0l 9tk %, Raben 5
(2003)-2 1 EHFSHE AALeL AW 2JALe] TEF 7he] %}
o7} Jtkar Barsk vbH | Labayen & (1999)2 1A=}
2Ap7E @psE AAbEr TEFZE kol sholom
Maffeis 5 (2001)& @:8]2] 183 2A7F 1A 2]
Akt TEFZ} il sieit.

2A}o] ook A o] mFE AlojA) W g3l =43l o

1_4

TEolA A 2ALe] TEF:= 4.3% (Maffeis 5 2001),
6.5%(Casas—Agustench 5 2009) T=7. 1%(Raben

T 2= @?éﬂii 6&3‘1«] /i‘,"}oﬂ ?\}01/‘1 IAY 2]
A}e] TEFe] #8k o5t 2ol 7] 3lEt), w3k Casas—
Agustench 5 (2009)2 EX A HAH(EF) 0] E3} A
2FA 2, WE) ok 2oy Wl g 97} kil Barste] X
Wk 248 tedo) Al A 2 Aol 93 vE

eSS,

l

ShH, 2AAF Ao EREE & 353 R E oy
A5l W% Jke]] Pk A7ANES A9 EH, Blundell
5 (1991)2 ez} Aojf7, Cecil & (1999)2 &7
SR A l el HFEE AHEFETE 22717HA

o) AR AN ZT L ®sgic. Tefuh A3 A
o) ol M ERkze] ol g njmd AT A2 Foh
7] o Ht,

o1 3 @l S, Aas] A ] o)y uk
%iij,]_ o] /\127 o:]ok []
S o] -
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o A9 Fof At yarel &3 theER, AdulE

ol é;!”é'f?} - *1“’4 54 ShaL AP o= ofdh 19
X

2. oA

B AT Y G AlFehy 28w S A
THE TEAY LAY MHE) I AEY SXAY (]
)2 t=2A Fds F F2) AAE FA1A AlTSt
Tz} 2A} AAF F 5AIZE Bk o] W g ), s
Abskg 9l EREEE ZAste] vt} AIF =T 14}
AE A 127101 35S A5 Addela] A8 g @
A 7A] 3020 A Aol T2kt g Al Al TR, ok
HLoRE BRIsty 419 Al5S 598k 307 H = o
AL FHs A olA T2 A oA AR (Preprandial
energy expenditure) < S3IIth 1§ 13} AP 2A}

23t |3Nt EAES Alysle] @ 84] 40
HE 2021 AFSHA $F $ OAIFE] 9% 2A1714] 54

7&%‘3& uff 305 A0 AT offx] AR 2 (Postprandial
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Dayl (Butter meal)

Last night 12-h fasting
7:30  physical exam
8:20 REE
8:40  Butter meal
09:00  PPEE and
-14:00 Satiety for Shours

Day 2 ~ Day 7

Wash QOut 8:40

Day8 ( Sesame oil meal)

» Last night 12-h fasting
730 physical exam
820 REE

sesame oil meal
09:00  PPEE and

-14:00 Satiety for Shours

Fig. 1. Study design.

3l o dA (HEM—770A, OMRON) = o]g3lo] 4=
=7] At olg] debs ST AT AA YRR
AAA7143 (Bioelectrical impedance analysis)< ©|
L3l AR £497] (InBody 720, Biospace, Korea) 2
St oH St 2%, AT W AA LS o]-8sto] A
A4 (BMI, Body Mass Index), A|A 2= (FFM, Fat
Free Mass), 18|31 AEHZ (BSA, Body Surface
Area)< Tha} o] AXkegitt.

* Body Mass Index (kg/m?) = A5 (kg)/[A1% (m)]?

» Fat Free Mass (kg) = A5 (kg) — AXHZ (kg)

« BSA(m?) = [Weight (kg)]%** X [Height (cm)]%7*
X 0.007184 (DuBois & DuBois 1915)

4. FATING B
FAAIES 343] S5 S5kl thaat 2 A3

A AL £ (1) 5 1242 o)
FAHE LT

S FH3 Z AT E —rﬁ7] (Ventllated—hood device;
TrueOne2400, Parvo Medics, USA)E o]&3o] 7P4Y
=AY (indirect calorimetry) &2 F2 A (REE,
Resting energy expenditure)= =433t} S0
S Al RS Adhell 71 AdejellA 7= (Canopy) =
%1% 215 Yal 5 = A S5k Rt =57t

17d (Calibration) 8}3t}. tl/dAate] Tgo] ege &
Q_I]: 15—£7J S-S AAEE o ow], 10% (HA 0% 574
H AAa 28|} o) Aslek A A TS Weir 32 (Weir

1949)°f A3t FAthrta gk Az sisiv

5 A M7

H Ao]] AREE AAR= Auke] FH FY o 7 vE| 9} 2

Table 1. Energy content and macronutrient composition of meals

Butter Sesame oll
Energy composition containing meal containing meal

(High-SFA) (High-PUFA)
Energy (kcal) 481.2 £ 61.9  481.2 £ 61.9
Carbohydrate (% of energy) 40.7 40.8
Protein (% of energy) 9.2 9.2
Fat (% of energy) 50.1 50.0
Fat composition
MUFA(% of energy infake) 30.0 40.0
PUFA (% of energy intake) 4.0 45.0
SFA (% of energy infake) 66.0 15.0

Abbreviations: MUFA, monounsaturated fatty acids; PUFA,poly-
unsaturated fatty acids; and SFA, saturated fatty acids.

715 ARSIt A s HAastsle] SE- AdElelA 2
ol wAEHRES st s Aol At
A %) gR] FoFdF7 1 (The Korean
Nutrition Society 2010) o4 AA3F 7] % thAl (Basal
Metabolic Rate, BMR) &2l dIg-thidzle] Ad, 15

A A2 RIste] AR 715 o] 1/30] o
oA EFHER S,

« 7]1% AR (BMR, kcal/day)
Male : 204 — [4 X age(years)] + 450.5 X height
(m) + 11.69 X weight(kg)

Female: 255 — [2.35 X age(years)] + 361.6 X height
(m) + 9.36 X weight (kg)
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Table 2. Menu of test medls

Fried rice & Toast Butter meal Sesame oil meal
Test il Butter Sesame oil
Cooked white rice Cooked white rice
chicken breast chicken breast
Ingredient Onion Onion
Carot Carrot
bread bread

ARZ FdsHA AREate ARE Fe w ARk Ve =
dejste] ZAY AAtell= HE (SA A 5, B3
2ol 715 (OAF Al = ARSI, et §) A1
38 EAE oA] ¥3]4 HJ ”*}Oﬂ HEIE, EXAY 2
Aol 27 IS 9] Als3dtt (Table 2).

ARAN) 2ol 9 FAE B AR A
7= Slol] AAEF 01 A S oA A s A7 (o}
08 : 30) ol AdFete sigith A2 202 ol
HEE 51910 200 mle] £ 9 v =5 58kt

6.3 A HTF 5T

AF2AAE AF ] Al ARFE 20320] 7 e o
= 2Axeke Ao R Aetar, IR 5A17F B 305 7F
Ao 7 7MAT 57 A 7] (TrueOne2400, Parvo Medics,
USA) & o]&ste] T 103]9] 25 oA 48]%F (PPEE,
Postprandial Energy Expenditure) & =74 38}ttt
30 FHA o7 oUR] AnES S5 flste] A2
i AN OPdRRE Aol Hels] w7 ‘E}—ﬁr QY el
oA TF7IAE WAL, 8] Wl 3
HE] 15651 2% o] AnlEks %‘7@3}%\5} 7} Al
1 S4o] Ui ddRkE st 7EAEEFEA 7)) Al
= Bl #Hols] ok AR 1087 F2412 FHshaA £
e AEA] (VAS questionnaire) S 251 Fith &=
Sk, A7) F74o] o] Fof A= FF AT AT AT
SHAY FHEA] S - Ao AEA W] X
AT-E Fote] AAA, A8 A A=E FA S
2] 3= A BRIt

7. 0101 g @i

o)A ured F s A} B Z7hE) o] <] 2] 2 (Post—
Prandial Energy Expenditure, PPEE) Ztollx] 3-8 )
of| 2] T2 thAFE (REE) kS Wl 2o] gho = g osiaict.
Aold A gite] TS Ts8h7] flste], 5AKHB00%) F
QF 30%t xHA 0 Aol Wl ate] wisls T2 1
© § Trapezoid Y] o]&sto] 274 offje] |2 (AUC;
Area Under the Curve)& A48l (Matthews &

1990), AUCE] &¢I+ kcal/5 hel St

gk Ao M g = AARY] oflUA|$ (Meal size)
o] B]EI8} =2 (Segal 5 1990; Reed & Hill 1996), °lly|
Ajre t=A Al A= Aol HhdadE B
Aat7] flate] AFsE ol qA] kel sk Ao)d dda vt
TS vt ol 8 (TEF%) = 7891t

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

8. YL N3tg B

TEF= 2559 238}, 57, A Y A7l Q.
/\Uak_i /\4_431_ ojo }:ﬁ\_oﬂ [q_g]_ E]_ookt:ﬂ_ ojo _/]\_
Ho|Bg 7kATFREA 7oA S8 Ak

olaksles vlEH (VCO,) #hs thad %/%]Oﬂ
T AL BpslE Alslg 9 A AlskES
32t} (Péronnet & Massicotte 1991).

+ 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) — 1.7012 X VCO,(L/min)

A Aol o Fr *e‘ﬁd*—‘/\} ko] A Ak
walr] flste] 215
&0 WS
(AUC; Area Under the Curve)< A& (Matthews
1990) 33}

9. Itz =7

Visual Analog Scale (VAS)
2Ake] FEZF (Hunger), W57t (Fullness) 3 215
(Appetite) & Al 7}« @55 SAATh 2 &5
100 mm 374 419 g £ (0 mm A olli= 247t <8 nj
"r_Lx] 0}1:].’ ‘2'104 qu%Ex] 1:].’ ‘7(-]()4 tﬂ_l_ Nx] o}q.’
Z ¥AISk B U gk (100 mm A1) ol w9\l
zop, - wFEry, - Wi AR BAER, 715
A FEA e W A8 w7 s FEA Y
0~100 mm A 9] g 2| Hel]l TAIBHES 8F3iTt. 5AI7F
Beke] RIS WigkE S48 218l %‘l—i.*c}ﬂl Aot A9
2AE AT, A5 307 A O VAS ARAE A
= 33l

ARAZ AHgEto] 2

10. A9 Mg
E Ao dojx BE zm e SAS(Statistical



analyses system;SAS Institute Inc, Cary, NC) X%
I3-E o] g3to] ) FEA(Mean + SD)E 73191
TF. 215 AIRE 7 3ttol] wh 2o)Ad i g ok} kA Abst
& 9 I E RERRREA 9] v n] ] (Bonferroni
method) 22 FRISI3 o™, 5AI7E Fke] o) Wt g3}
(kcal/5 h) 9o} G4 A3k (¢/5 h) 9] T35 747] fIst
o] Trapezoid 2] Matthews % 1990)Z o] &3}9]
AUC Eqizq é A}.Eol_o:h;]. 53_ oq:rLoﬂH No]x—] BT—Oﬂ_S__‘,]_ )
Q& AbshEol] Qlox] Aol whE frolsh AfolE HolA|
gror s ¥ AdIR= HY M glo] AA kel A
= AR B A ghe] Fatel tigk AgAAR gE
o] vl E€5E 3 9 A4 paired t—test®

L
Fo19E AEHAT.

oo 24

1. AT ARe] UBHA £
AR AlA| A2 A= Table 33 2}, tiidAte)
Aozt 21.3 £ 1.5419F 20.8 = 0.54191.01 A
Z& It 61.5 + 4.9 kg, A7 51.7 + 7.6 kgO 2
Hof HA% ?i'%‘}ﬂr ATl f-2oJ8k 2ol & HolA] kgt Al
+3.2cm, o 163.1 £ 2.1 cm)& v ¢+
o %Azz } 1(p <0.01)E BIJARE AT A4S o] &

Table 3. Baseline characteristics of subjects

°|%F - A.Fahmy Arif Tsani - 27 - 219
3t A% #4= (Body Mass Index : BMD+= HAH(21.2
+ 2.4 kg/m?) ¢ A2H(19.4 + 2.5 kg/m?) 25 3
(WHO Expert Consultation, 2004) ]l <3}t

2. 8N Z oA AHF

AHF F4lo] vk = Ad Aale] TEFE Table 4] Ue}
yigith HE 35 2akeh 715 S AAF A3 § 5AIRE
%oke] TEFE 7+7F 30.8 + 13.2 keal/5 he} 34.4 £
12.2 keal/5 hZ 72Xkl f-2]5k 2jo &= YeR A o8k

2R} T Az whE o|UX] o] MElE i Al
2t (REE) 32 71502 3] nlwsle] B4 (Fig. 2),
HE 37 2JA12] 749 213 15040 oly=| 4n]2fo] 211
4 (13.7% of REE)9] o]|231th7} 1 o] % 7H431] A&
o] 240%(7.6% of REE)7HA= 35 Al 2] tiakedd
ogt apol& YRR O A5 270% o]l 5.9% of
REEZ 7438to] 35 Al F21 AR (REE) 2} 2] 8t #}o]
& Holx| ¢gksitt.

HA, 75 T AR 9, 215 90 elu#] 4]
o] 1174 (13.9% of REE)e] o2 % AA3] 14317]

Al Zsd o AER A9l A% 30057415 8.5% of
REES] & olu#] ARES veRfo] 35 A] Fr2oxbeg
(REE) ¥} f-2J3F #}o] & B SItk(p < 0.01).

Variables Mdale (n = 4) Female (n = 4) Total (n = 8)
Age (yrs) 21.3 £ 1.5" 208 £ 05 210 £ 1.1
Height (cm) 1707 + 3.2 163.1 £ 2.1%%2 1669 + 48
Weight (kg) 615 £ 49 517 £7.6 566 7.9
Body mass index (kg/m?) 212 £ 24 194 £+ 25 203 £ 25
Bodly surface area (m?) 1.72 £ 0.04 1.54 £ 0.11* 1.63 £ 0.12
Fat mass (kg) 95 14 140 =+ 3.1* 11.7 £33
Body fat (%) 160 £ 2.1 27.1 £ 3.5%* 215 £ 65
Fot-free mass (kQ) 521 £ 3.6 37.7 £ B.4%x* 449 + 8.8
1) Mean £ SD
2) Significantly different by student t-test between male and female at *: p < 0.05, ** p < 0.01.
Table 4. Indirect calorimetry data from subjects given isocaloric breakfast meals

Butter containing meal Sesame oil containing meal p-value
Resting energy expenditure (kcal/h) 63.3 = 101" 63.2 £ 104 0.97
Thermic effect of a meal (kcal/5 h) 30.8 £ 13.2 34.4 £ 122 0.63
Thermnic effect of a meal (% intake kcal) 65+ 28 73+ 26 0.58
Thermic effect of a meal(% REE) 99+ 42 114+ 49 0.55

1) Mean £ SD
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Fig. 2. Changes in incremental energy expenditure(%) from
REE at each 30-min time point over 5-hour after the
meals with butter(A) and sesame oil (B).

* means result of ANOVA for repeated measurements within

butter or sesame oil containing meal. *: p < 0.05, **: p < 0.01

for the effect of time.

3. Eif9E 9| M3}

HE g 2xke} BV 5 S A4S 'hrslkE AbskE S
A 5 (Fig. 3) 33 Aldl&=
9. 5 4.1 g/hgom 215 5/\l7¥ %0&4 it wskE Ak

EII KIHF

%C& 53 EL ﬂg *@}gm T wow
13.4 g/5h9} 38.1 = 12.0 g/5 h&lrh.
S5 A AW AR o] BE S AAkel 3715 B
2AY Zb2E 1.9 £ 2.6 g/he) 3.1 = 1.4 g/h® A5 7kl
T"rﬂfﬂ Aol I 215 SAIRE B2 Bt A Absks
2 747} 3.7 g/h(p < 0.05) 9} 4.2 g/h(p < 0.05) 2 &=
Al AR Absg Bk fosHAl Sk e Below
(Fig. 3) 21§ 5A17F 59k Ak Abshs 52 17.8
6.4 g/5 h9} 20.5 = 6.4 g/5 h3ich.
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Fig. 3. Carbohydrate oxidation rate of fasting hours and Average
carbohydrate oxidation rate of five hours after a meals
(A) and Fat oxidation rate of fasting hours and Average
fat oxidation rate of five hours after a meals (B). All p-
values were derived by paired t-tests between butter
meal and sesame oil meal.

T A2} 71l AZERE 5-2]3 210l 7} 919
1A 2 5 B Aol nlslel S ol v
HrlerE o] Aut= Alw R H Fig. 49 2ol Ad2)
Faba) 282 B Aol Hlste] elshAl 1askal
7He 8015k =7 skl A5 5A17HECke] Zwt
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28It} 1505 o I3k Ao 5 Holx| o) 345 Al &
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AARETE 1201 2e] 5 Al 354 02 3 EE3Ih
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Fig. 4. Satiety sensations affer the meals with butter and sesame oil.
Data are means of changes from fasting levels. # means
result of ANOVA for repeated measurements within butter
meal (#: p < 0.05 for the effect of fime). * means result of
ANOVA for repeated measurements within sesame oil meal
(*: p < 0.05, **: p < 0.01 for the effect of time).
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F2, A ATl ouA] AFH S F7FekE Wi,
AgeFA o] Wt ol x| AnfRRS THA gl whet Rk A
1 ollLfA] Etddo] = S1ar o]of wha} vk 8-S T
< Z7kskaL ok 2010 FUA7FGFzAL Afo] oahd,
19989ell= 26.0%% = F-2vket 194] o2 Ad1e] vyt
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A A=t} (Storlien 5 2001).

olof] A A} TAE o] AT DS AR,
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T 5O AWAF 729 theldo] A u)k Al o% I
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