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ABSTRACT

The effect of milk in low and high cholesterol diet was invesigated on serum cholesterol
metabolism and lipid contents of serum, aorta, liver of rats. Weanling male Sprague-Dawley
rats were divided into low(001% w/w) and high(1.01% w/w) cholesterol-diets groups. Low
cholesterol groups subdivided into four groups : control group was given water and three milk
groups were given low heat milk(LM), ultra-high heat milk(HM), and powder milk(PM),
respectivily, instead of water. High cholesterol groups werc consisted of three groups : control,
LM, and HM groups. After feeding these experimental diets for six weeks, lipid levels were
measured in serum and tissues and dried feces werc analyzed for neutral and acidic sterols.

Results obtained from this study are as follows :

1) Nutrient intakes, body weight gains and aorta weights did not differ among groups, but
liver weights were higher in high cholestero]l fed rats than low cholesterol fed rats.

2) Serum protein contents were increased independently by intakes of high cholesterol and
milk.

3) Serum total cholesterol and triglyceride levels were increased but phospholipid levels
and HDL-cholesterol/total-cholesterol ratios were decreased by high cholesterol in diet And
milk supplecmentation decreased serum total cholesterol and tiglyceride levels but increased
phospholipid levels and HDL-cholesterol/total-cholesterol ratios.

4) Contents of cholesterol and triglyceride in aorta and liver were elevated by dietary high
cholesterol and lowered by consumption of all three types of milk.
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5) Levels of cholesterol and triglyceride among scrum, aorta and liver were highly correlated

(r=0.7-09, p<0.001).

6) Fecal excretion of total sterols was three times high in high cholesterol group, compared

with low cholesterol groups and were increased about 20% by milk consumption.

7) The effects of milk were more pronouncely shown in low cholesterol groups and mostly
confined to LM and HM groups, rarely shown in PM group.
It is concluded from the present study that milk bad the hypolipidemic as well as hypocholes-

terolemic effect, which appears to be mediated through increased fecal bile acid excretion.

But the effect is likely to be shaded by excess consumption of dietary cholesterol and was

almost absent in powder milk.

KEY. WORDS : low cholesterol diet - high cholestcrol diet - fecal sterol - tissue cholesterol - se-

rum cholesterol.
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Table 1. Seven dietary groups with two levels of cholesterol and three types of milk in diets

Milk types Low cholestrol®* High cholestrolb%
Basal diet® Basal diet
Control +0.01% chol +1.01% chol.4+0.3% cholate
+Water (n=8) -+ Water (n=7)
HM Basal Dict Basal Diet
(High Heat Milk) +Milk +1% Chol. +0.3% Cholalc
(n=7) +Milk (n=8)
LM Basal Dict Basal Diet
{(Low Heat Milk) + Milk +1% Chol. +0.3% Cholate
(n=8) +Milk (n=8§)
PM Basal Dict
(Powder Milk) +10% (wiv) Milk
(n=8)

a) In the preliminary experiment, cholesterol intake by drinking milk about 0.01% (g/g diet) in milk fed

rats. Therefore, the same amount of cholesterol was added to the basal diet for feeding contro] rats of

low cholesterol groups.

b) Additional 1% cholesterol (g/g diet) was inclulded in the solid diets. Control diet for high cholesterol
groups had 0.01% (g/g diet) more cholesterol than milk groups with the same reason described in

superscript A.
¢) AIN-76 semipurified diet.
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Table 2. Compositions of solid diet for seven dietary groups

Low cholesterol diet

High cholesterol diet

Ingredients Control HM, LM, PM® Control HM, LM
2/100g diet
Casein 20.0 20.0 20.0 20.0
D, L-methionine 0.3 0.3 0.3 0.3
Corn starch 15.0 15.0 15.0 15.0
Sucrose 50.0 50.0 48.7 48.0
Cellulose powder 5.0 5.0 5.0 5.0
Mineral mixture? 3.5 5.5 3.5 3.5
Vitamin mixture) 1.0 1.0 1.0 1.0
Choline bitartrate 0.2 0.2 0.2 0.2
Corn oil 4.99 5.0 4.99 5.0
Cholesterol 0.01 0.0 1.01 1.0
Na-taurocholate 0.0 0.0 0.3 0.3

Control . Water, HM  High Heat Milk, LM ! Low Heat Milk, PM : Powder Milk

a) Powder milk was diluted at the level of 10% (w/w)

b) AIN-76 mix used at this level in 100gm diet provided the following amounts of each mineral - Ca 520,
mg ; P, 400mg : K, 360mg ; Na, 102mg : C1, 157mg + §, 337mg ; [, 0.02mg ; Fe, 3.5mg + Mg, 50.6mg ;

Zn, 3mg; Cu, 0.6mg ; Mn, 5.9mg.

) AIN-76 mix used at this level in 100gm diet provided the [ollowing amounts of each vitamins : thiamin,
0.58mg s nibotlavin, 0.53mg ; pyridoxine HC, 0.7mg 3 niacin, 8.0mg : calcium pantothenate, 1.6mg 3 folic
acid, 0.02mg ; vitamin By, 1.0mg ; vitamin A, 120 R.E ; vitamin E, 3.9 T.E. } vitamin Dg, 100U ; menado-

lin sodium bisulfite, 0.15mg.
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Table 3. Daly food intake and weight of body. ver and aorta of seven dietary groups after six weeks

of feeding experimental diets.

Low cholesterol groups

High cholesterol groups

C HM M PM C HM M
Food Intake ) X b b ) . .
(g 913405% 162F09% 1755075 187106  207£07%. 17.0£06" 16.4%0.8%
g
Milk Tntak
z 1/2 )e - 9114055 92.0%07> 350%t2.1° - 26,14 09" 247+ 1.4b
m. a.y
Body wr wai
© (y/(;” )g‘”“ 49+ 01"  55505% 65208 47103  52%02°  60£03% 52+ 04b
g/day
Li wt
(“::)0 by B1E02 80% 01%  B1£0.1° 27102 431094 42408  43F02
g/100g bw
Aorta wrt
70047  86+05  70t05 75108 74104  76%£05  7.8%04

(g/100g bw)

Control © Water, HM [ High Heat Milk, LM © Low Heat Milk, PM !

Powder Milk

*Values are given as mean® SEM. wt  weight, bw I body wcight
Means in the same row not sharing a common superscript are significandy different at P<0.05 in 7 dietary

groups.
ns > Not significant
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Table 4. Serum protein concentrations of rats fed th-
ree types of milk with low and high chole-
sterol i diets for six weeks

Milk Low cholesterol  High cholesterol
Types
g/dl
Control 9.64% 034" 10,77+ 0.51™
HM 10.36+ 0,42 11.84%0.49
iM 10.841 0,47 11.28+ 0.46
PM 11.29+ 0.46°
Milk effect P<0.05
Cholesterol effect P<{0.01

Conurol - Water, HM | High Heat Milk,

LM  Low Heat Milk, PM : Powder Milk

*Values are given as meant SEM.

Mcans in the same column not sharing a common
superscript are significandy different at P<0.05.

ns - Not significant
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Fig. 1. Serum levels of total cholesterol(A). tnglyceride
(B) and phospholipid(C) of rats fed milk with
low and high cholesterol In diet for six weeks.
Cholesterol effect ;

A p<{0001. B p<{0.001, C: p<Z0.001
Milk effect ;

A p<{0.0b, B: p<f0.01, C: p=<70.001
Values are given as meant SEM. Means not
sharing common alpabet letters are significantly
different at p<C0.05 in the groups with the sarme
level of dietary choleseral,
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Fig. 2. Cholesterol contents in HDL(A) and LDL+VLDL
(B) and ratios of HDL-C/Total-C of rats fed milk
with low and high cholesterol in diets for six
weeks.

Cholesterol effect ; A 1 p<{0.001, B : p<l0.001,
C : p<<0.001

Milk effect ; A : ns, B : p<0.005, C : p<<0.001
Values are given as meant SEM. Means not
shanng common alpabet letters are significantly
different at p<0.05 in the groups with the same
level of dietary choleserol.
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. 3. Levels of aorta cholesterol(A) and tnglycende
(B) of rats fed milk with low and high choleste-
rol in diets for six weeks.

Cholesterol effect ;

A p<0001, B p<0001

Milk effect ; A : p<{0.001, B : p<Z0.001
Values are given as mean® SEM. Means not
sharing common alpabet letters are significantly
different at p<{0.005 in the groups with the
same level of dietary choleserol.
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Fig. 4. Levies of lver cholesterol(A) and triglyceride(B)
of rats fed milk with low and high chalesterol
in diets for sx weeks
Cholesterol effect ; A 1 p<{0.001, B : p<{0O.0MNM
Mik effect ; A 1 p<{0.005, C : p<{0.001
Values are gven as meant SEM. Means not
sharing common alpabet letters are significantly
different at p<C0.006 n the groups with the
same level of dietary choleserol.
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Fig. 5. Appearances of livers from rats fed seven expe-
nmental diets for six weeks.
1:LCcontrol, 2:LC-HM, 3:LC-LM, 4:LC-
PM, & : HC<ontrol, 6 : HC-HM, 7 : HC-LM

Table 5. Correlations in cholesterol and triglyceride
levels among serum, Iver and aorta of rats
in total dietary groups fed low and high
cholesterol diet

Lipids Correlatons T p
Cholesterol = Serum vs Liver (.78 p<{0.001
Serum vs Aorta 0.76 p<<0.001
Liver vs Aorta  0.93 p<0.001
Triglyceride ; Serum vs Liver 071 p<0.001
Serum vs Aora 0.65 p<<0.001
Liver vs Aorta  0.88 <C0.001
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5. Fecal sterols

TE AT FHE 1Y HE
HCT 9 dz=do] /4T vs) &
HoZE o] EH2HE wE %ﬁi‘hﬂ 4311
7t e FAEA %S O ArH(Table 6).
U 4 2829 ZH2HZ9 wWade
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Table 6. Weight of dned feces of collected from se-
ven expenmental groups durng last two
weeks of six-weeks diet penod

Milk .
Low cholesterol High cholesterol
Types
g/day
Conrol 1.2+ 0.05™ 1.85% 0.05%
HM 1.60+0.08 1.45% 0.090
LM 1.62£0.09 1.33+0.06°
PM 1.2+ 0.07
Milk effect ns
Cholesterol effect ns

Control - Water, HM : High Heat Milk, LM : Low
Heat Milk, PM . Powder Milk

“Values are given as meant SEM.

Means in the same column not sharing a commoen
superscript are significantly different ar P<C0.05.

ns . Not significant
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Fig. 6. Fecal excretons of cholasterol(A), coprostano(B), bile acid(C) and total sterols(D) of rats fed milk
with low and high cholestercl in diets for six weeks
Cholesterol effect : A ; p<{0.002 B ; NS C; p<{0.001 D ; p<<Q.001
Milk effect 1 A ; P<{005 B; NS C; p<f0.001 D ; p<<0.001
Values are given as mean= SEM. Means not shanng common alpabet leiters are significantly different
at p<0005 In the groups with the same level of dietary choleserol.
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