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Effect of 5 Week Long High-Fat Diet on Energy Metabolic Substrate
Utilization and Energy Content Evaluation of Dietary Fat

Hyejung Hwang, Jisu Kim, Heajung Suh, and Kiwon Lim'

Dept. of Physical Education, Konkuk University, Seoul 143-701, Korea

Abstract

This study investigated the effect of a long—term high—fat diet on energy metabolic substrate utilization in
resting rats in order to revalue source fat energy efficiency during a high-fat diet and its effect on energy
expenditure and body fat accumulation. Sprague-Dawley male rats at 4 weeks of age were bought from Orient
Bio Con. The rats were divided into a control (CON) group and a high—fat diet (HF) group. Rats ate a high-fat
diet (w/w 40%, kcal/kcal 64.9%) ad Ilibitum for 5 weeks. Food intake and body weight were measured every
day at 09:00 throughout the experimental period. Energy expenditure was measured using an animal energy
metabolism chamber after 4 weeks. The final body weight did not change between the CON and HF groups,
but caloric intake was significantly higher in the HF group than in the CON group (p<0.05). There was no
difference between the groups in oxygen uptake, however carbon dioxide production was significantly higher
in the HF group. Also, the respiratory exchange ratio was higher in the HF group. Carbohydrate oxidation was
lower in the HF group than in the CON group, but fat oxidation in the HF group was greater. These results
mean that energy substrate oxidation at rest is affected by diet composition, especially dietary fat content.
Abdominal fat fad weights were significantly higher by 33% in the HF group than in the CON group even
though the calorie intake in the HF group was higher by 6%. These results suggested that the dietary fat calorie
value might have a higher Atwater value of 9 kcal/g, which mean that dietary fat calorie values could be reconsid-
ered in body weight control scenarios such as which the obese or weight class athletes.
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B A= 45738 9 Sprague-Dawley Al 3 8 A (rats)
20m}2] (Orient Bio Inc., Seongnam, Korea)S T 3ke] AA]
ST 1F97HY o njAbSe] £ ¥ 2T (CON)
AIN-76A Basic Diet At2E AAFH3HA sHA AL, ILAGA 7
(HF)2 AIN-76A Basic DietE 7]|E 22 3l FF dH]
40%, E#FiH] 64.9%9] beef tallow($+A)7F HFI =S Z

Table 1. Composition and energy content of the experimental
diets

Amount (g/kg)

Ingredient CON o
Casein 200 200
DL-Methionine 3 3
Cornstarch 150 150
Sucrose 500 150
Cellulose 50 50
Mineral mix" 35 35
Vitamin mix? 10 10
Choline bitartrate 2 2
Corn oil 50 -
Beef tallow - 400
kcal/g 3.79 554

"Dyets #200000; AIN-76A mineral mix (use at 35 g/kg diet)
(g/kg mix): calcium phosphate dibasic 500, sodium chloride 74,
potassium citrate H.O 220, potassium sulfate 52, magnesium
oxide 24, manganous carbonate 3.5, ferric citrate U.S.P. 6, zinc
carbonate 1.6, cupric carbonate 0.3, potassium iodate 0.01, so—
dium selenite 0.01, chromium potassium sulfate 12H>O 0.55,
sucrose, finely powdered 118.03.

“Dyets #300050; AIN-76A vitamin mixture (g/kg mix): thi-
amine HCI 0.6, riboflavin 0.6, pyridoxine HCI 0.7, niacin 3, cal-
cium pantothenate 1.6, folic acid 0.2, biotin 0.02, vitamin B12
(0.1%) 1, vitamin A palmitate (500,000 IU/g) 0.8, vitamin D3
(400,000 IU/g) 0.25, vitamin E acetate (500 IU/g) 10, mena—
dione sodium bisulfite 0.08, sucrose, finely powdered 981.15.

A3 X AFE (DyetsAt, Bethlehem, PA, USA)E 55 &
ot Birshe] AR Table 1), 57:31) A7 S0l
AfAlAANE AEAUT, Aol AR AT WY
A dA3 XA =P o ARAL[IB-6100 bal-
ance(max: 6100 g, min: 2 g), Innotem, Yangju, Koreal<
ol gate] 243tk AP ®7lE 0800~2000, 3]
£ 20:00~08:002 AAH A om AYLEE 23+2°C, 4
FEv 50%E FASIAT.
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T
z
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OflLAX|CHAL ZX1Tp =& =

E Ade A2FEUA SHFA(WSMR-1400, Westron,
Chiba, Japan)& ©]-&3te] 83ttt A@F o TF7t=
S35 A% A AW | frgF S5 APATolA B
® SAWES A THI2). 7k B4 ARy
S o] &3t AHRAARZ quﬂoi‘:}
2 19.00%, ©]AtsterA 2.00% 2 AAavts WHAE HF7
22 o] &3ttt AAHHAFT otsiet i EHS o] &
ste] AabstE 9 gestEAE SRS Angus 5(13)%
Ishihara 5(14)2] 7Alxb2jol] thdste] ALFskdoh b =34
2 AP TE F 3N FE AEHE FAT F AAS
A2 A2 (TYPE-CBL 220H balance, CAS, Yangju, Korea,
max: 220 g, min: 1.0 mg)S o] &3 FTFHS =AU
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B oo EA187 48 SPSS 150(SPSS Inc., Chica-
go, IL, USA) Z2I9 S o] 83t =4 FF 2 W
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Table 2. Body weight changes for 5 weeks in each group (g) (keal/day) .
Measure CON HF 140 |
Initial 171.9+83 1726+75 0 |
Final 430.9+30.1 4489+22.1
Gain 258.0+21.8 276.4+14.7 100
80 r
(9) ok
500 [ | ‘ 60 |
—-CON Ins. 40
400 | e HF 20 |
0 NN N N N Y A Y Y A M A M Yy B |
300 0 1wk 2wk 3wk 4wk 5wk

Fig. 2. The changes of food intake in each groups for 5
weeks. p<0.05, “p<0.001.

200
day BHA F 1F T KA Fol7k Y RO by
00 T S T S M B | D}5‘5@5—?7&/}3%5&%/\}5%%CONE°]7962i386

' 0wk 2wk 3wk dwk Sk gol A3 HFo] 580.8+26.1 g© & HFIA fo)atA 2
l‘i’legéki: Tlll)e< &ggﬁges of body weight in each groups for 5 A AASAY. 527 & ZzZa AHZe CONTo|A
3018.2 kcale] 3L HF ol A 32185 kcalZ 23+ =}o] 7}
H Py EFAAZ t-testE FAAISHA, AP TEY A YElgtH(Table 3, Fig. 2).
T4 AEAHHF, T2 A E = 2-way repeated meas— xxIza
= =]
= Al =] >~ o =]
wed ANOVAS AR FATEE pOBE A% 52 ore) maga0l A2 29, 94 4% 5%

e
T 9 AR Aol7k YTk, T FIBARRY FF
& CONTol M 624+167 g°] o1} HRZo 4 E 895+3.03

gOE ROl Frhssich R AFFAARENE HF
ol A 13.66+3.08 g = CONT 9.91+2.85 goll vl S7}
o WAFAAYEY FHF F T ol oIt 9
97 ghgkeh. Tev AA B3 ) AWEHFFE HE
A 29754767 g2 CONT 22354598 ghth 2] 3}7)

2 o

H=ot Alo|MFH

557t CONT# HF 9] gHd & AT A
ARkl AA FoJstA 748k, 2 Aol AFSUE
CONoll A 2580+21.8 g, HF ol A 276.4+147 o=

497)

o i

T 5

A = o EA Ao =2 7 5 xjol=
A A H(Table 2, Fig. 1). 55F37F2] 4 O]iiX] ]7P = *Hj%?&
Abg #o HFFo] 16.1+£2.0 g/dayel 3 CONT-ol A& 22.1 AAaMFEE 3 O|MBEIEEA HiE2to| Hist
+2.2 g/day®E CONTOl A frol3tA B2 202 Yelsdth 5F7F AFS7I7E F AF A 5F At AA A HES
NI A - H(3.79 vs. 554 keal/g)ell e Z=2e HHA=S =3It 24X 7 5] A HF Wele {93 2o
B CONT2 845+8.1 keal/day, HF -2 89.4+10.4 kcal/ 7} AR AR FH Y 53 Ho 2 =3 o)kl gk
Table 3. Food intake

CON HF
per day for 5 weeks

Food intake (g/day) 221+22 161+20°

Calorie intake (kcal/day) 845+8.1 89.4+10.4

Food intake (g/kg/day) 76.4+3.7 545+2.3

Calorie intake (kcal/kg/day) 289.8+14 302+13

for 5 weeks

Food intake (g, %) 796.2+38.6 (100) 580.8+26.1 (72.9)1

Calorie intake (kcal, %) 3018.2+146.2 (100) 3218.5i144.5(10*6)'

Food intake (g/kg, %) 2752.2+133.2 (100) 1962.2+84.8 (71) .

Calog)ie intake (kcal/kg, %) 10433.6 £505.1 (100) 10874.99 i469.% (107)

FER 0.32+0.02 0.48+0.02""

YFood efficiency ratio. p<0.05, “"p<0.001.
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Table 4. The tissue weights in each group (g) | e
Tissue CON HF 12 g Darkne
Liver 18.18+2.41 16.80+2.85 41 L —HF
Heart 1.23+0.15 1.19+0.11 ’
Abdominal "
Epididymal 6.24+1.67 8.95+3.03"
Perirenal 9.91+2.85 13.66+3.08° o9 |
Mesenteric 6.19+1.96 7.14+2.26 o ik
Total adipose tissue 22.35+5.98 29.75+7.67 08 - W
“p<0.05.
0.7
(A) (L/kg/24h) CCON mHF (B) (L/kg/24h) CCON mHF 06 b
*7 N.S. 357 0 2h 4h 6h 8h 10h 12h 14h 16h 18h 20h 22h 24h
30 30 4 Time (hour)
25 - 25 | Fig. 4. The changes of respiratory exchange ratio in each
groups for 24 hours. ““p<0.001.
20 + 20 4
15 4 271 154
* (mg/kg/30min) .
10 4 1.0 10 |
1400 r Darkn
54 5 —-o—CON
1200 + _oHF
0 0 S
CON HF CON HF -og 1000 F A -- |
Fig. 3. (A) The oxygen uptake in each groups for 24 hours, % a6 | ooy L alA
(B) The CO2 productlon in each groups for 24 hours. N.S.: s e
not significant. ~p<0.01. S 600 b9
N _ S 400 [ VT
& olEee Al wstel Wt Wasle Ao vehieh iﬂiu
- 200
IS CONT 2 HF oA &5 7100 i d3le 7)ol o]
O I O T T T O O O 558 55 e G 1R R G 66 SR 0 SR Rl R S 0 0 O O O |

ArstErA & 8] =2 o] FlHAT 2447 Tt
Z A2 F %S CONTolA 27.1+1.0 L/kg/24 hrol .o H
HF ol Xe 278414 L/kg/24 hrZ 5 ¢ ZHll #-2]3F 2]
€ AT (Fig. 3(A)). 18 F o]itslerA vl E 7S CON
0] 262+2.1 L/kg/24 hr, HF o] 22.8+1.8 L/kg/24 hrZ
HEw ol &) CONwto] #9384 =A JE s thFig. 3B).

SuEED} ol X7 (Al 5}
2AF G olitstekan & vlo wEl k&% RER
AV el mret Wigtste= o] ERlE i, 53] CON
IMe 57 gsts g71AZH ZFwdgo] 4
S Aoz vpebgTh Eg Ao g H T
o] CONol| Blste] f-oabA BA| Uebtal %+ RER
AAl HE ol A FJstAl Aststes 2S &l th(Fig.
4). 2473t Ft BpskE Atk AIZE A ol whet wists)
Ao 2 Vel o CONTO B8t HFFA &3t
A Yebgth(Fig. 5). TS 24417 St F vhrsE
28l CONoll Hls HEo] f-2l3HA w3tttk &a A
ke e HF o] CONol| HIsted f-o)ahA| 73t
HF A= &5 70 sigdst= 7oA Agitslgol 5
7}t A AR CONTAl M = 2388 7H4ste ko] gely]
AT} 24417t F AAksl e CONoll vlste] 23}
HF ol A F7tE = Zle] ERl= At (Fig. 6).

oy Hl ro
2 2 fob

£ =

é |‘1F

F

O 2h 4h 6h 8h 10h 12h 14h 16h 18h 20h 22h 24h
Time (hour)
Fig. 5. The changes of carbohydrate oxidation in each groups

for 24 hours. “p<0.001.
(mg/kg/30 min) ok
I
300 - Darkne
—-—CON
250 L ——HF
5 200
©
kel
% 150 |
= N
©
w 100 |
50
U O
0 I 0 O O T O O O O 1 ) Y 3 ) S Skt 0 A o T ) 1 5 S 03 S5 s o I W T A W I
0 2h 4h 6h 8h 10h 12h 14h 16h 18h 20h 22h 24h

Time (hour)

Fig. 6. The changes of fat oxidation in each groups for 24
hours. “p<0.001.

o
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gk g0l Bls] Aol fostA FUFstAThaL B
A2 o} RkEE A o] o] 37T Al X]t“
E S/ B ol AFE FTUHIA HTE

AT B37b AoH(17). A E A )9} corn 011J+
beef tallows 53 A2 0] & 273 F4F &} HIvkf
EFAA AAANFH S vl x0T BT 3% A
=77 et o H, 2o] AX7F Ed & A4 AA Y of
UAE 4% 47 Al FHE AR e 2220l 4
A F TAA FY3 Aol7t dEE L, 53] F oUA
F89] beef tallowa FTae TAdA 7HE =A JEsta
B3sla JoH(18). 3 beef tallow$} safflower oilo] &
H HolE 5ds EFo 2 17577 FFAE A F 7Y

AFE 72t 406 g 416 g0 & safflower oil A3 w+o] 2kt
& AHE BYoy, B Ul AEEe 23] safflower
ol A Eytha BiEo] AFH B O] AFdFe I
37 2 A= o] B AFAH FASIATHE). Aol
iAo FFs FAStA HHsHEgE 2 FA4¢] thE2H
AFel Wyt vehd ¢ Atk 28y AT A Y

e
zto] o o7 714 291E BF EFIER Al 20
E2s HEE 25 Aysie A2 oY) B AN
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IFEG AFo] o Bol Wies Aol deu FAHL
2 o3 ztol= gle Ao ® et o]3S Kim 5(19)
I Lee 52009 A7 2H=3 LA A
AAY YA FE(ANAAAZF=0TA AFHZF—
147@ 2R oA BE WAL wETHE). Atwater?]
FEATE QFLY AW 23FFES 1HT G
Et3lE9] 4 keal/g, Ae] 9 keal/g, ¥ 2 o] 4 kcal/g
o2 deA vk Donato S0De A7 AF A B
G0 oUA B8-S 2R 8] BrsE Bug 1
931 el Aol Aet A sl WL 3E AAD F 2
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