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Abstract. This study examined the influence of ghee (Samnr Barri's) (rom sheep’s and eow’s milk on
cholesterol levels of totel plasma. lipoproteins and organs as well as the latty acid profile of hepatic lipids.
Thirty male albino rats (45 g) were fed dicts containing 5% (w/w) of either corn oil (CO diet), sheep ghee
{5G diet) or cow ghee (CG diet) for five weeks. Plusma total cholesterol and triacylglyeerol Tevels were
significantly higher in rats fed the SG and CG diets compared 1o CO diet. Both saturated diets (SG and
CG) caused an increase in lipoprotein fractions (VLDL, LDL and HDL} as well as organ cholesterol
levels compared with CO dict feeding. Furthermore, dictary fats altered the fatty acid composition of
hepatic liptds. Ghee resulted in increases of palmitic acid ( 16:0), palmitoleie acid (16:1 n-7) and oleic acid
(18:1 n-9). Incontrast, pereent compositions ot tinoleic acid { 18:2 n-6) and arachidonic acid (20:4 n-6) was
greater in ruts fed corn oil. This study suggests that high consumption of ghee is hyperchelesterolemic and
alters the hepatie fatty acid profile.

Introduction

During the last four decades. several investigators have shown that the risk of car-
diovascular diseases (CVD) increases with increasing plasma concentration of total
or low density lipoprotein (LDL) cholesterol and decreases with increasing high
density lipoprotein (HDL) cholesterol | 1-3]. It has been suggested that lowering the
plasma cholesterol level decrcases the risk of cardiovasculasr diseases |4; p.99-115].
Cholesterol is derived either from the diet or synthesized in the body [5].

The typical diet comprises three groups of fatty acids, which include saturated,
monounsaturated and polyunsaturated. An increase in the dietary intake of polyun-
saturated fatty acids has been found to reduce plasma cholesterol concentration
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whercas saturated fatty acids lead to an elevation of plasma cholesterol [6-8]. The
magnitude of lowering cholesterol in the plasma was decreased when the polyunsatu-
rated to saturated fatty acid (P/S) ratio of the experimental diets was lowered from
about 4.6 {91 to about 1.5 [10;11] and when the diet was free of cholesterol [12].
Monounsaturated fatty acids appear to have no influence on the concentration of
plasma cholesterol {7].

In Saudi Arabia, ghee (Samn Barri’s) is widely consumed. Most of the ghee
products are prepared by manual churning of fermented milk made by farmers and
bedouins in villages and desert [13]. The influence of such products on plasma lipids
and lipoprotein cholesterol is still not established. Therefore, the aim of this study
was to investigate the influence of ghee locally produced from cow’s and sheep’s milk
on the concentration of cholesterol in plasma, lipoproteins and organs as well as the
hepatic fatty acid profile.

Materials and Methods

Animals

Thirty male Albino rats, three weeks old and weighing 45 g, were used in this
experiment. Animals were randomly assigned to three groups each containing 10
animals. Rats were housed two per cage in stainless steel cages in 4 room with con-
trolled lighting (12 hr light, 12 hr dark; light from 7 am — 7 pm). temperature 22°C *
1 and relative humidity 55%. All groups were checked everyday and body weights
were recorded weekly throughout the experiment. Diets and water were provided ad
libitum.

Diet

The basal diet {dict 1) was similar to that reccommended by the American Insti-
tute of Nutrition 14,15} (Table 1]. The feed was in powdered form. All animals were
fed a control diet for one week and then were randomly assigned to vhe three dietary
fat treatments: corn oil (diet 1), sheep ghee (diet 2) and cow ghee (diet 3). The fatty
acid composition of each dict was determined by gas-liquid chromatography (Table
2 [13]. Diets were stored at 4°C and fresh diets were provided to animals every second
day. Food intakc was recorded.

Chemical methods

After five weeks, animals were fasted overnight. anesthetized with dicthyl ether
and killed. Blood was collected in a syringe containing 1% EDTA by cardiac
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Table 1. Diet compeosition

Ingredient percent compaosition
Cascin 20.0
DL-Methionine 0.3
Sucrose 650
Cellwlose (fiber) 5.0
Fat source! 5.0
AIN mineral mix 3.5
AIN vitamin mix 1.0
Choline Bitartrate 0.2
100.0
'Corn oil, sheep's ghee or cow's ghee.
Table 2. Fatty acid composition of the diets
Fatty acid Corn oil (diet I) Sheep ghee! (diet 2} Cow ghee’ (diet 3)
12:0 4.17 2.92
14:0 12.6 9.34
16:0 10.6 381 3.7
18:0 1.76 11.9 9.94
18:1 25.6 21.6 337
18:2 60.9 1.23 4.30
Others 10.4 8.0
P/S? 5.0 0.70 (.34

"Data from ref. [13]: *P/S = sum of all polyunsaturated/sum of all sasturated fatty acids.

puncture between 9 am and 11 am. Plasma was 1solated by centrifugation at 4°C and
3000 rpm for 20 min. The tissues were removed, weighed and immediately frozen
{—20°C) until analysis.

Total lipids of liver were extracted using the method of Folch er af. [16]. The
extraction was performed with 24 m] chloroform-methanol [2:1, v/v) using a poly-
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tron homogenizer. The extraction was repeated three times. Lipid extracts were
evaporated to dryncss and then redissolved in chloroform and stored. Diets and
hepatic lipids were converted to methyl esters (FAME) by using the method of the
American Qil Chemists’ Socicty [17}. FAME were measured by a Shimadzu gas
chromatograph {GC-16A) cquipped with a flame ionization detector at 260°C. A1
ul sample was injected on a 300 cm X 3 mm column packed with diethylenc glycol
succinate. The injection and column temperatures were maintained at 250°C and
190°C, respectively. N, carrier gas flow rate was set at a linear velocity of 50 ml/min.
Peaks were identified by comparison of retention times with those of standard fatty
acids.

Triacylglycerol concentration was determined by the method of Trinder [18]
using Randox kit # 210. The cholesterol levels of total plasma, liver and heart were
determined by the enzymatic method of Richmond using Randox kit # 290 [19].
HDL cholesterol concentration was measured by the method of Assman [20] using
kit # 203. The cholestcrol concentrations of LDL and VLDL were derived from the
other lipid data using the formula (VLDL cholesterol = TG/S, LDL cholesterol =
total cholesterol — HDL cholesterol — VLIDL cholesterol) obtained from the
method of Friedwald er af. [21].

Statistical analysis

The results shown represent the means + SEM. The data werc analyzed by one-
way analysis of variance {22; p.431-513]. P-values less than 0.05 indicated signifi-
cance.

Results

Animals fed either sheep ghee or cow ghee did not have any significant differ-
ence on the body and organ weights as well as food intake compared with those of the
control animals receiving corn oil (Table 3).

The mean plasma triacylglycerol and cholesterol concentrations of total plasma
and lipoprotein fractions are shown in Table 4. Both test diets (cow and sheep ghee)
led to significantly higher total plasma triacylglycerol and total cholesterol levels
compared with control group. In addition, sheep ghee resulted in highest average
plasma triacylglycerol levels compared with either corn oil or cow ghee. Significantly
higher HDL— . LDL— and VLDL-cholesterol contents were observed with ingestion
of the sheep and cow ghee diets than with the control dict.

The effect of dietary fats on hepatic and heart cholesterol levels is presented in
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Table 3. Eifect of ghee on food intake, body and organ weights'

Diet 1 Diet 2 Diet 3
Foodintake (g) 363 + 13.5 395 + 9.42¢ 373 = 934
Body wt. (g) 167 = 4.59° 177 + 6.26" 173 + 4.62°
Gain wt. {g) 124 + 3.05¢ 126 + 5.25 128 + 2.95°
Liverwt{g} 6.67 + 0.74* 6.92 + 0.40° 7.0 £ 0.4
Heart wt (g) 0.66 + 0.05 0.72 + 0.03° 0.75 + .07

Walues are means + SEM, n = 8; Values with different superscripts differ significantly (P < (.05).

Table 4. Effect of ghee on the concentration of plasma lipids and lipoprotein cholesterol’

Diet 1 Diet 2 Diet 3
Triglyceride (mg/dL) 57.2 + 3.9 159 + 9.0" 126 = 9.16*
Cholesterol (mg/dL) 82.8 £ 2.15¢ 137 + 4,57° 124 + 3.44°
HDL Cholesterel (mg/dL) 24.9 £ 0 .94° 36.5 + 0.80P 327 &+ 1.3
LDL Cholesterol (mg/dL) 387 & L.04* 68.7 = 3.14° 4.1 = 3.01°
VLDL Cholesterol (mg/dL) 11.4 + 0.80" 3L+ 1.80° 253 + 1P

Values are means + SEM, n = 8; Values with different superscripts differ significantly (P < 0.05).

Table 5. Higher hepatic and heart cholesterol levels were associated with feeding
saturated fatty acid {sheep and cow ghee) vs the corn oil diets.

To further evaluate the influence of dietary fat on hepatic fatty acid composi-
tion, the relative fatty acid profile of total hepatic lipids was determined. The fatty
acid composition of liver is shown in Table 6. Many significant difference were
observed among the three groups. The tested diets did not produce any significant
changes in the percent composition of stearic acid ( 18:0). However, ghee resulted in
increases of palmitic acid (16:0), palmitoleic acid (16:1 n-7) and oleic acid (18:1 n-9),
In contrast, percent compositions of linoleic acid (18:2 n-6) and arachidonic acid
(20:4 n-6) were greater in rats fed corn oil.

Discussion

Diets were consumed readily by rats and the rats grew well during the study.
Food intake and body weight gain and liver weight were not affected by test diets.
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Table 5. Kffect of ghee on the concentration of liver and heart cholesterolt

Diet 1 Diet 2 Diet 3
Liver

cholesterol 6.95 = 1.60 13.7 £ 0.77" 12.0 = 0.67"
(mg/organ)

Heurt

cholesteroi (.54 + 0.02" 0.82 + 0.07° 0.83 + 0.09"

{mg/organ)

Walucs are means + SEM, n = 8; Values with different superscripts differ significantly (P < (1.05).

Table 6. Etfect of ghee on hepatic fatty acid composition

Diet 1 Diet 2 Diet 3
C 16:0 26.2 + (.85 29.7 + 1.36 2.0 + 1.30°
C 16 610 + (.95 119 + 1.45" 115 + 0.35°
C 180 128 & 2000 15,1 = 0.0 10,5 + .35
C 181 28.1 + 035 353 + 1950 37.5 £ 0.05°
C 182 12.2 & 070 270 = o.oh 200 + 047"
C 180 1.6 & (.30 .30+ 032 340 + 0.207

"Values are means + SEM, n = 8, Values with different superseripts differ significantly (P < 0.05).

Other reports [23-25] also have shown that weight gain, liver weight, and food intake
were unatfected significantly by different types of dietary fat (saturated vs. unsatu-
rated). In addition, Fernandez et al. |26} demonstrated that carcass and liver weights
were unaffected in guinea pigs fed different types of dictary fats.

The present study demonstrated a markedly elevated plasma triacylglycerol
levels as result of consumption of saturated dictary fats compared to unsaturated
fats. A similar effect was found in rats fed other sources of saturated fat vs. unsatu-
rated fat [23].

Rats had significantly lower plasma cholesterol levels when fed polyunsaturated
fat (corn oil) than when fed saturated fat (sheep’s and cow’s ghee). There arc two
types of polyunsaturated fatty acids (PUFA) in the diets, namely, n-6 and n-3
polyunsaturated. The main polyunsaturated fatty acid in corn oil is linoleic acid
(60.9% of total fatty acids) (Table 2). For many ycars, this fatty acid was classified a
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cholesterol lowering agent. This idea came from early studies of Kinscll and Michael
[27] and Ahrens et af. 28] which showed that plant oil rich in linoleic acid lowered the
plasma cholesterol concentration when substituted in diets rich in saturated fatty
acids. It has been suggested that linoleic acid (18:2) lowers total and LDL cholesterol
levels more than oleic acid or carbohydrate [29,30].

The mechanism responsible for the hypocholesterolemic of polyunsaturated
dietary fats has not been clearly defined. However. a review of the litcrature [12] and
data from this study provide some speculation. First. the decreases in total and LDL
cholesterol concentrations may be explained by an increase in hepatic LDL receptor
activity that will lcad 1o an increase in fractional catabelic rate (FCR) for LDL.
Another reason for the decrease in total cholesterod could be due to a reductionin the
cholesterol synthesis rate. This hypothesis is supported by the study that high intake
of polyunsaturated fat diets reduced hepatic cholesterol synthesis rates in the guinea
pig [26.31.32].

Groups fed fat derived from animal sources (groups 2 and 3) showed higher total
plasma cholesterol than the group fed corn oil. Several previous reports indicated
that total cholesterol concentration was raised by saturated fatty acids [7,33,34].
Morcover, in a seven countries study, Keys {35] found that intake of saturated fatty
acids was highly corrclated with serum cholesterol levels.

In regard to lipoproteins, concentrations of cholesterol in these fractions were
significantly elevated by saturated dietary fats (Table 4). The findings of VLDL.
LDL and HDL. arc¢ consistent with previous reports [7.25.34]. In the present study,
adiet higher in polyunsaturated fat lowers the LDL-C/HDL-C ratio when compared
to diets richer in saturated fat, thus a more favorable lipoprotein profilc was pro-
duced when polyunsaturated fat was fed to the rats. The LDL-C to HDL-C ratio is
thought to be an index of athergenety of the lipoprotein. Therefore, the lower the
ratio, the less atherogenic lipoprotein is thought to be [36.,37].

The mechanisms wherchy saturated fatty acids act as a lipid class to raise total
cholesterol levels are not fully understood. The increase in plasma total and lipopro-
tein cholesterol may have resuited from an increase in cholesterol synthesis. In addi-
tion. the raising action of saturated fats for LDL cholesterol may be due to impaired
uptake of LDL. from the circulation by receptor-mediated pathways [38]. Morcover,
the enrichment of hepatic fatty acids with saturated fatty acids may interfere with
LDL receptors and reduce the binding and internalization of circulating LDL frac-
tion. This mechanism has been proposed by Loscalzo et a/. [39] when these workers
suggested the cnrichment of cell membrane phospholipids with saturated fatty acids
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impair the internalization of LDL fraction and cause aceumulation of LDL in the
plasma.

Hepatic and cardiac cholesterol concentrations were increased in rats on the
ghee dicts as compared to the animals on corn oil. This hepatic cholesterol effect was
not seen by Fernadez er al. [26], who fed guinea pigs diets high in saturated and
unsaturated fat. The conflicting observations could result from the use of diffcrent
animal models and types of saturated fat.

In the present study, fatty acid composition of hepatic lipids was affected by the
fatty acid composition of the diets. Faidley ef af. [24], in a study using pigs, found
greater concentrations of palmitoleic (16:1) and oleic (18:1) acids and lesser concen-
trations of palmitoleic (16:1) and oleic (18:1) acids and lesser concentrations of
linoleic (18:2) and arachidonic (20:4) acids in plasma lipids of animals fed animals fat
versus animals fed plant oil. Moreover, another study [34] reported that diets rich in
stearic and oleic acids increased the percent composition of oleic acid in plasma lipids
in men. In the current study, the percent contents of palmitic, palmitoleic, and oleic
acids in liver of rats fed sheep ghee and cow ghee were higher and linoleic and
arachidonic acids were lower than rats fed corn oil.
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