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Effect of the Feeding Belly Fat on Plasma Lipids Levels in Rats

Byung-Sung Park
Animal Life Science Program, Kangwon National University

Abstract

This study investigated the effect of belly fat on the plasma lipid concentrations in rats. The results were
obtained from the rats that had been fed the experimental purified diets containing 5% corn oil (C) as the
control, 5% commercial lard (T1), 5% belly fat (T2), 10% belly fat(T3), and those given diet(T4) by feeding
either C or T3 alternately every 3 days for 30 days. The food intake and food efficiency were not show any
significant difference among the treatments. The body weight gain tended to significantly increased when the
feeding of added-belly fat in diets (p<0.05). The plasma triacylglycerides of T3 was higher than the other
treatments, and significantly elevated as the number of feeding days of the diets with the belly fat passed when
compared to diet C (p<0.05). The plasma total cholesterol of T3 showed the highest levels in the treatment
groups, and was high in the order of T1, T2, T4, and there was a significant difference between the rats given
the diet with belly fat and C (p<0.05). The plasma HDL-C of T2 and T3 was showed the lowest levels in the
treatment groups. The plasma HDL-C of T1, T2, T3 and T4 groups were significantly decreased as the number
of feeding days of the diets with the belly fat increased when compared to diet C (p<0.05). The plasma LDL-C
and Al of T3 showed the highest levels in the treatment groups, and the levels were in order of T1, T2, T4.
There was a significant difference between the groups of rats given the belly fat and C (p<0.05). The bleeding
times significantly decreased as the number of feeding days of the belly fat diets increased, and T3 showed the
lowest levels, there was a significant difference among the treatment groups (p<0.05). The whole blood clotting
times of T3 showed the lowest values, and significantly decreased according to the number of days of the rats
were fed the belly fat diet (p<0.05). These results showed that frequent consumption and high intake of pork
belly can elevate the plasma triacylglyceride and cholesterol levels, and also accelerate red thrombus formation
because belly fat contains high levels of saturated fatty acids and cholesterol.
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Table 1. Composition of experimental diets

Table 2. Fatty acid composition and cholesterol content of
experimental diets

. Diets"
Ingredient )
C Tl T2 T3 . Diets
- Fatty acid (%)

Casein 20.0 20.0 20.0 20.0 T1 T2 T3
Sucrose 50.0 50.0 50.0 45.0 14:0 0.39 2.11 2.44 3.01
Corn starch 15.0 15.0 15.0 15.0 16:0 16.91 36.99 35.02 34.87
a-Cellulose 5.0 50 5.0 50 16:1n-7 0.36 10.62 11.31 11.25
Corn oil 5.0 - - - 18:0 223 11.57 14.23 11.18
Commercial lard - 5.0 - - 18:1n-9 15.76 22.45 21.80 22.02
Belly fat - - 50 100 18:2n-6 64.35 16.26 18.20 17.67
dl-Methionine (95%) 03 0.3 0.3 0.3 SFA? 19.53 50.67 48.69 49.06
Mineral mix” 3.5 3.5 3.5 3.5 UFAY 80.47 49.33 5131 50.94
Vitamin mix” L1010 Total 100 100 100 100
Choline bitartrate 0.2 0.2 0.2 0.2

Cholesterol, 5.80 568 1215
Total 100 100 100 100 mg/100g

) C, control, diet containing corn oil; T1, diet containing
commercial lard; T2, T3, diet containing belly fat extracted
from pork belly which purchased from market directly; T4,

diet by feeding either C or T3 alternately every 3 days.

Ain'76-mineral mixture (g/kg) : calcium phosphate, dibasic;

500.0, sodium chloride; 74.0, potassium citrate, monohydrate;

220.0, potassium sulfate; 52.0, magnesium oxide; 24.0,

manganese carbonate; 3.5, ferric citrate; 6.0, zinc carbonate;

1.6, cupric carbonate; 0.3, potassium iodate; 0.01, sodium

selenate; 0.01, chromium potassium sulfate; 0.55, powdered

sucrose; 118.03.

Y AIN'76-vitamin mixture (g/kg) : thiamin-HCI; 0.6, riboflavin;
0.6, pyridoxine- HCl; 0.7, nicotine acid; 3.0, calcium panto-
thenate; 1.6, folic acid; 0.2, biotin; 0.02, vitamin Byz; 0.001,
vitamin A (retinyl acetate); 0.8, vitamin E (dl-a-tocopheryl
acetate);3.8, vitamin D; (7-dehydrocholesterol); 0.0025, vita-
min K (menadione); 0.005, poweder sucrose; 988.67.
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g Jdddelag /PEA nFA F ERE As ot
2 x)2]¥ ¥ H(Franklin lakes, NJ07417, USA)4C.2 25 A
d|A] FAP|E o)&dtdA BulEHoZHE 5~10 mLe
gl AU A @ AL FA] 3,000 rpm A 10
B AR esleds 838 A Qe 248 S8l
A liquid N, gasol] FEWE(-196T) A3t o B4 A 717
BE 2Esioh 9 Wl SAA, F2H2HE, 22 EA
Adid ZP2HE FFL F9E FLA(Bioclinical
System Auto Kit, Korea)& ©]-&3l] &3 sl AL =AA
Sid FY2HE FHE FZYH SN FHAALE S
2 U¥olF g3 HDL-CE &3 g o) & ¥ Adsiie
1 [LDL-C=TC - (TAG/5+HDL-C)}, F9733}%|<Al, athero-

¢, control, diet containing com oil; T1, diet containing com-
mercial lard; T2, diet containing belly fat 5 %; T3, diet
containing belly fat 10 %; T4, diet by feeding either C or T3
alternately every 3 days.

Y SFA : saturated fatty acids.

» UFA : unsaturated fatty acids.

genic index)= TCEX ¥ HDL-CEZ # ¥ t}r] HDL-CE
3 Zk [(TC - HDL-C)YHDL-C] 2.2 A|4Fs}¢ thHauglund et
al., 1991).
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(Still and Torrie, 1960). wabr] z} A}t S ¥ae] &
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Table 3. Food intake, body weight gain and food
efficiency in rats fed experimental diet for 30

days
Items 1 Gr(;\;ps') - T4 SEM?
(;323/;2;';6 19.06 20.09 20.80 19.51 19.00 0.19
?;gzy/::;i})‘t gain e 501° 533 535 523 010

Food efficiency 025 024 025 027 027 0.03

D C. control as diet containing corn oil 5 % T1. diet containing
commercial lard 5 % T2 diet containing belly fat 5 %. T3.
diet containing belly fat 10 %: T4. given a diet by feeding
either C or T3 alternately every 3 days.

? SEM : )

*b Different alphabet represent the significant differences among
group (p<0.053).

standard error of mean.
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Ao Z A Fo 23 vE o
(Despres, 1991). whehx] B AHA2} T1~T4ol|A YeRE A
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mL 203.04 mgo 24 714 =41 44 718 5% T
O SFF71F 5% B AEAVE 10% F7Ho)g 7
7} 39 A A Fegh Al HT4)elA 2tz i 100 mLY
133.76, 153.61 mge 2 7} 27| JeEldti(p<0.05). A
TAG 3&& ExsMe] o#F 78 SF5718 %
AZFHCO)S HlnE o Zh-E& HAZIE 5% H7HENHT), 4
A8 59} 10% H7FHT2, T3) D 25478 5% H7bt
(O A 718 10% A7FHTIE 2zt 394 34 F9
& 2 2] Tl A BH 100 mL ZHz} 33.27, 40.95, 69.28,
19.94 mg A 9] {2l F715 Uetdon ol o] 7t
824 el B9 Zkzt 125, 131, 152, 115%9] g91&Q
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Table 4. Plasma TAG, TC, HDL - C, LDL - C concentrations, HDL - C/TC ratios and Al in rats fed experimental diets

for 30 days”

Items GroupSZ)

C Tl T2 T3 T4 SEM”
TAG, mg/dL 133.76° 167.03% 174.71° 203.04* 153.61° 375
TC, mg/dL 103.76° 120.67° 113.71° 13217 111.82% 2.17
HDL-C, mg/dL 41.31° 33.68" 32.73° 32.58° 35.61° 0.72
LDL-C, mg/dL 35.70° 53.59% 46.70" 58.98° 45.42° 1.28
HDL-C/TC 39.75° 27.91° 30.20° 24.67° 32.02° 0.93
Al 1.51° 2.58° 247 3.05° 2.14% 0.13

" TAG, triacylglyceride; TC, total cholesterol; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol;

Al, atherogenic index.

¢, control as diet containing corn oil 5 %; TI, diet containing commercial lard 5 %; T2, diet containing belly fat 5 %; T3, diet
containing belly fat 10%; T4, given a diet by feeding either C or T3 alternately every 3 days.

' SEM : standard error of mean.

“® Values within the same row with different superscript are significantly different (p<0.05).

Bt AEE RAFUTHp<0.05). Y FZH2EE FFL
00 mL% 103.76~132.17 mg HH 2 Uehgton A384 7]
#10% HA7FHT3)7F 8 100 mLF 132.17 mg e 824 7H3
#9kA, FG571E 5% H7FHC)E B 100 mLE 103.76
mg o 2 7H vglon, BE A2l 77te BAA0 f44
vl UAATHP<0.05). A TC FHL SFF7E 5% A7
()& ¥ o A HAZIE 5% HAIHHT, A 7
5%} 10% H7FHT2, T3) B S5 71§ 5% H7HHO)
it AEAE 71 10% HAHTIE 22 344 wA §oE
] THT4)el A o 100 mLZF zHz} 16.91, 9.95, 28.41, 8.06
mgH ] fFe]82 F7HE vEer o)& oA FUHEEA
ERN B 242 116, 110, 1277} 108%9] 4941 7t 78
e BAFQTHp< 0.05). o nd e Al Za 2w
% e ¥ 100 mL 32.58~41.31 mg M2 HERLS
i AEA 718 5%(T2)9}F 10%(T3) H7H-7F < 100 mLe
“F 33 mg, AP HAVE 5% HIHTD, S+705
(0)eh A 718 10%(T3) 778 42 394 uA) 7
238 A2 TN A E 100 mLE 22 <F 34 mg, 36 mg
22A 25578 5% H7HC)Y EH 100 mLF oF 41
mg HwE o fofFez WA JERATHp<0.05). dd
HDL-CE#& 44718 5% H7/FHOS Hlmd o A4
= HAZNE 5% H7FEHTD, 2R8E 718 5% 10% H7H
T2, T3) Z18]3 54715 5% HA7FHOS AEE 71&
0% A7FHTE 247} 394 wA Folg 2] 7{(T4)el M
4 100 mLg 2z} 8.58, 8.73, 5.707} 7.63 mgH 2l 794
21 ZAE Jehien, oy zZ7t 20.77, 21.13, 13.80%}

18.47%2] BAHLZE F3 AadE BAFATHP<0.05).
g AUEA A d 2Y2HE FHLS 9 100 mLT
3570~58.98 mg W2 Jehgteon AFAIE 10% H7}
T(T3)7} 58.98 mg 224 7P ¥%3 FEE HAA7IE 5%
H7FHT, AR E 718 5% H7HHT2), S55715 5% 3
TJFHO)S AR 718 10% A7 (T3)E 42 394 A
TAg A HT4) €22 Yoken SF5718 5% 37t
O E 100 mLE 3570 mg2AM 7 @A YERGA
A7t BAA Folido] AATHp<0.05). < LDL-C &
FE STFFIE % A7HHOS vud W 3G-E A7
5% A7FHTD, AR 71 5% H7HHT2), AEA 71E
10% H7F-HT3) a3 S 715 5% H7HHO)S A
2718 10% BIFHTHE 42 394 @A) FAF AT
(T4 EA 100 mL 2+ 17.89, 11.00, 23.28%} 9.72 mg
Aof FAQ F7H vEhiler ojg B I7HEERA U
ERJEE Z47E 150, 131, 1659} 127%9] §-21 Q1 S7173%
& HAFATHp<0.05). TCel the HDL-C H&
(HDL-C/TC)& 24.67~39.75 % W2 Yehxkon AbA4r
718 10% H7FHT3)7} 24.67%24 71 Sk 4P =)
A7VE 5% F7BEHTD, AHE7IE 5% H7HHT2), S5
718 5% HA7FHOS AEA 71§ 10% H7FHT3)E 42
394 mAFAFE AT (Theez wokied 571
& 5% AIFHO)E 39.75%24 71 B4 JeUA A2+
b BAAR fojido]l UUTHP<0.05). FHUASIAIGNAL
atherogenic index)= 4FEA 715 10% H7FXT3)7} 3.052
A 7VE Ek3 A HAZE 5% HIEHT, A 7
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& 5% H/FHT2), S55718 5% HA/HHO)S A 71§
10% HA7FHT3)E 247 394 34 g8 XN HTHE
2 Yolgon SF57E 5% H7HHOE 15124 71
A JdeRA A7 BAAEQ ool AATHp<0.05).

B A8 Ane AEA 7158 e AFsAV Ee
) AHsHA =HE g O FAAET f8 FE2HE &
ZS Y F dSS Ho F3 9lth o] YollA 7]&E3¢ bt
o} Zo] A 718 FREY J' ESAEAH48.30%0]
st 2l 2HE 112 mg o]/ 100 g 71§)°] L
10817] W29l Aoz Aztec) o ZE2HE9 A
A FEe AFske Aol A ¥ I 2 EHZEHE
el A FFE Len Aol B FH2HEHR
Ak B H e Yo =RE LDL YAte] HEH
LDL receptordl] &3 AAE&S LTz Y Fe|2H)
2 £3& =9 4 9ltHFriedman et al., 2000). A}l 3}
J Uz 4 2 FU2HEFH XA Ao A e
ga ] A 2 /8l S 2HEEHN ¢37 LDL-C &
Fg 2ol Fg FHAHEZA ¢7izl HDL-C 3%
dojme A HEAADS 4 FHANSE BES 4F A
AHAAATOZ Q3 AMTES =Y F ULl EnHAU
tHGrundy, 1986; Jensen et al., 1999; Key et al., 1974). 2]o]
£ 3AA A" AT ZH2HEL AT RREH
Z1 21) 2 E(CM, chylomicrons)ol] &&jA] o2 o=
el AEA FH8 S4AET 2 2HES 2AYEA
Z G Z(VLDL, very low density lipoprotein)of] 2J8jA] ko,
ZRE ddog o|FEHT} AFdA o|FH CMI} tog
EE] 0]55 VLDL-Z lipoprotein lipasedl] Ja)A] 71552l =]
3 gAo2RE FAREL HEHRFEA -2 A A (hepatic
receptor-mediated removal) 7] 2ol QlajA] A A E =
£ o 53] 9 Y 0|5 IRE EAle THAEsEY T
Aol T3 J&g vt wtd YA FHAY =82
AAAAE TR7E3F 98] oM 4 UthJensen et al,
1999). g ) Z2HEL XA 2Rl LDL 2
3 FE(LDL-C)2A YoM o2 A2 o|FHI 1
Z dBE 7+9] LDL receptord] 2J8iA A A= &4 HDL}
Ade ZY2HE FHHDL-CO)Y HEEL A 2k
2 olFHo] A &3] AAHE o2 d7A Utk
(Grundy, 1986; Klepple et al., 1988). LDL £ 1} Zg|&
HE &do A= MY F8% AF N EA
cholesterol esterE 7t A Hf & AA W o2 9o &2
27 M E&o 2 443 ZKPaul et al,, 1979). HDLL E
o 2X2E FYAHES 7oz ukE FE XF gwdz
A gl HDLY| F7ke 2% ¥ ¥ 2Hozxy 3 of
EE ZY2HE 2UFEE 59 224 & FHzHE

N

o] d4%(reverse transport)o]] &J3te] HH Y AHEL A
Adte 71%€ ZFETHGrundy, 1983). watx dEf
LDL-C7} Bo® A7 8187] W& LDL-CE “F3) 2
#) 28| Z(bad cholesterol)’o]2ta F- 28 HDL-C+ “$2 &
#) 28] E{(good cholesterol)’ 24] 231 ItHGrundy, 1983;
Paul et al., 1979). Grundy(1986)= E3pAAF 2 Za AH)
Eo] o TRE A Fe HAHEH Al Y f LDL-C7} &
7Hge2M FFH2EHE T2/t TR Easd e Bt
£ AdA70A vehd AEA 715E Thasts AolE A
F M FollA A | FZ# 28| E % LDL-C7} 34 5
71t AL o| B9 Ase} AR5t vk E3kA A 3
A& e g HDLe] Fo7AIT A Q] apoprotein A(apo
AN E aFEo2 F43 F9 Y LDL 248 A
& 4 9rHCortese et al., 1983). Algto|x] E3A]HbAle] A
He Bt g3 visiA 8 FH2EHE T
< 2uf) o]} FUNE ¢ o o9zl Fe2HEF ¥3}
A Hhakel o EE A EFS A = I AFH5HA HE
bl A N FHAHES A Frdted AAS=H B
LDL-receplor®] %77t Asi=o] EH | F2~eEH
LDL-C 3zko] FolxtHStucchi et al., 1995).

E8AZH

SFEFE ARA V1 28 AYE AV EE G4
THrehe AP0l E 304 B¢ BT F 2AME 28AIT
< Fig. 1|4 B vpe} Zr

Z2YA L 2FFIE 5% FIFHCO)7T 1832EA 7
AP ARA 718 5% H7HHT2), 4dE HAZE 5%
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Fig. 1. Bleeding time in rats fed experimental diet for 30

days.

C, corn oil 5%; T1, commercial lard 5%; T2, belly fat 5%; T3,
belly fat 10%; T4, given a diet by feeding either C or T3
alternately every 3 days.

Bars show the standard error of means in each of the treatment

group.

@ represent the significant differences among treatment groups
(p<0.05).
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THFHTD, 5718 5% JA7FHO)S AHEA 718 10% 3
FHT3)E A 39 wA Fott A2l HT4) ©o2 wol
Hem AEAVIE 10% A/FNT3)7} 8422A 71 BHA
LEREA A2l 33 BAIEI 994 0] AR THp<0.05). A
HEAEE SFFNE 5% AFHOS Bl et e W e
#24 el 29 AL =HAZE 5% H7TD, AR
w718 5% H7HENT2), AR 71E 10% F7HEHT3) 18
LS 71E 5 % A7HHOS AP 71F 10% 7
FTE A7 394 A FA% MHTHANA G2 38%,
5%, 54%, 45%R ] R-elFQl ZAAES EAFTHp<0.05).
#7242 Yol BT JPH Fgo AF
A1 oIA kel SAHWFEA FadE YAt Hh
i AL AR 23 dAe} o] gly] wiiEel] Hoo] Bt
2 7] 2EE ebdti(Homsta et al., 1981). AF B &S 4t
LR G AFAM Z3Ae] HAYAHH A 28 ©F
SR n-6AE e BRI W] FREG duleir)H] 71§
# FAE A 28] AFHE 5 FEH A8 e
A Jehd AlgdlA sivlelr A 7183 AFH 28n
HEE A A 8 L3I} E log oy
%I THHornsta et al., 1973). d¥tx o g 2¥A7t9} AE L1
“7ke] & AL YW TAG, TC € LDL-C o] &2
W3 Bgo] Yl Ao 2 B 1y lE vHHomsta et al., 1981;
Sanders and Roshanai, 1983) ¥ 4723 Jehd 83 &
e EIRA M FHAHES B FELE R3te
T HAZIE B AHE HAVES HrlEAd A 89 W
TAG, TC 2 LDL-C &rgfo] Zolx]A| ® o ZA(Table 4) &
r g Ao] &3l o] 2YA|7lo] Y& Aoz A

o

N
¢

18 A2
718, AR 718 a3 AYE HAVES 4

Aol 30Y B¢ FAR F AN A¥ e

Fig. 2014 R Hlel gt

SIALE SLF7IE 5% HFHOZE 120284

:’J"..XJ— 7‘_;]_31"]‘_!_ /‘\:}ﬁ/g 71% 5% %7}:{L(T2), %@‘%‘ E‘HX] 7]%‘

o

faicd
LA

ek rfo

o
rr

56 H7FHTD) 283 $54718 5% AFHOS A

T8 10% F7FHTIE 22 394 mAFAE A HT)
4202 ol o AHA 715 10% H7HHT3)7} 8822 A
1 QA JeRA ATt BAIFEA feAde] AT
(p<0.05). ¥ SIAITHE SFF7E 5% H7HHO)S vl
g v ZagE A Jeh B AG8 HA71E 5 % Hot
SYTD), A4 712 5% 10% A7FKT2, T3) 183 <4
2718 5% H7FHOS AEA 718 10% A7FHTI)E 4
2h3d mAEA e A HTHANA Az 19%, 15%, 32%,
1% 9] Fo)HQ ZASS BAFUTHp<0.05).

G T T2 T3 T4

Fig. 2. Whole blood clotting time in rats fed experimental

diet for 30 days.

C, corn oil 5%; T1, commercial lard 5%; T2, belly fat 5%; T3,
belly fat 10%; T4, given a diet by feeding either C or T3
alternately every 3 days.

Bars show the standard error of means in each of the treatment

group.
wd represent the significant differences among group(p<0.05).

£ AT vl Fod e AEA7E 2 3EE
HA &S FRste 2ol HIlFHE 89 TAG, TC
9 LDL - C g&o] FolA|A] Hoj(Table 4) 28 A|7to] &
Ho Ay Surzte] dEHE Ao £ 4 IthFig |,
and Fig. 2). 0|213 272 & off I |ut 9 | 26 &
< FH3hs HeolAY dHE EHEAE 7EEE F 3
< A2 AZEY. 2P0 g€, 40 E gy $1
Al & d4ze 598 5 B3 £ 3o A 3
AlZre dany 89 guAe 3 Hz2E 39E #Ed
4 SltDyerberg et al., 1975).

2 o

E dde 454 7189 A3 8F9 g NASH
Al nlXle %S dot B7] AsA Fgsiath. A7
oo EFL7| &S 5% Hrlsle FA% MR, 4
dE HANEozA FAE S=E 5% £ FAT AP
(T, AEA 7182 5% ¥7t F9% 2Z7HT2), FH4A 7
L 10% H7t Fg HeHT3) B SFF718 5% A7t
FAHNETIF AHEA 718 10% B7h FAHTHE 242
3 wA Fg AEHTH) § 570 272 oA &
7} eWHEA b Qo) vl F 30Ut AMSR A v
3 e} o) dHF I o) F &L A7l dAHF o]
7 gies, ZA g doide AEA 715 Ht 98
FE W FIHoR FolAle AT BATHp<0.05).
SR WL T37F YA o] Fo 7o vlsiA sshow iz
T} unE o AEA 78S WU FAESE RE AT
7t fejH g FUIEATHp<0.05). @ F Y 2HES
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T37} 7P B} T1, T2, T4 £2.2 £/ Uegen gz
T A7 E H7HF Atoldle BAA felAdo] Ut
(p<0.05). ¥4 HDL - C & T2¢} T37} 71 @& A
Hog o Tl, T2, T3, T4 Afelof] f9l&HQl Atol& UEY
A ggter 27 vad o AEA 71ES ¥t F9E
FF BE ATV FoH g dolRe AEFE B3y
(p<0.05). <Y LDL - C¢ Al+ T37} 7V =%km, T, T2,
T4 o2 g/ Jehger diz7o AE4 718 HoH
Atolel] BAIH o2 o7t Aol 7t SUATHP<0.05). EFE A7
< AR 78S AU 9SS b feReE gEHE
78S Vel on T37F 71 &gt A7t f49l A
o7} AATHP<0.05). MY SmAIZHE T37}F 71 @&H
I AEAE 78S A 858 BEEE Aol
o A7 BAAHRL FA0] UATHP<0.05). E AF<]
ATe HA 7] AR 2 A3 e 430 8y
W AL 3l FH2EHE TS gdFo2A 84
FAE 71538 & F deS BAFEY ole AEA 7184
HrEe e TR S 2HE o] 22 9 V)
AeE AAR ot
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