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Abstract

The current study was designed to assess the effects of emulsified sausage supplemented with ginseng saponin on lipid

metabolism by applying a rat model. Four groups of 8 rats (5 wk old) were each allocated one of 4 treatments: basal feed

(C), and basal feed with 20% sausage powder containing 0% (S0), 2% (S2) and 4% (S4) ginseng saponin. The experiment

was conducted for 4 wk. The results did not differ among the treatments with different amounts of sausage (ST), but daily

feed intake (p<0.01) and feed conversion (p<0.001) were significantly increased in STs compared to C. Both total serum

cholesterol and triglyceride concentrations were significantly (p<0.001) reduced, by 45 and 46%, and 48 and 46%, in S2 and

S4, respectively, compared to S0. In the liver, the total cholesterol level was dramatically (p<0.05) decreased according to

increasing sausage powder levels. In particular, S4 showed approximately 14% reduction compared to S0 (p<0.05). Liver

triglyceride content also showed a similar tendency, where S2 and S4 resulted in 7% and 31% reduction. With regard to fatty

acid composition in the liver tissues, palmitic acid (16:0), oleic acid (18:1), eicosanoic acid (20:1), and eicosatrienoic acid

(20:3) did not differ among the STs, whereas both linoleic acid (18:2) (p<0.01) and linolenic acid (18:3) (p<0.001) showed

significant increases in S2 compared to S0. The current data demonstrated that emulsified sausages supplemented with gin-

seng saponin effectively reduce total cholesterol and triglyceride concentrations in the serum and liver, and increase unsat-

urated and essential fatty acid in the liver. These data collectively imply that the sausage improved the overall lipid profile

in a rat model, and can be further generalized to the result that emulsified sausage can improve lipid metabolism depending

on the products’ formula.
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Introduction

The current dietary trend worldwide is toward increas-

ing fat intake, and this is especially true in more devel-

oped countries. In parallel with this trend, the prevalence

of cardiovascular system diseases such as arteriosclerosis

and coronary arterial diseases, as well as chronic degener-

ative diseases such as diabetes mellitus and obesity, are

also rising (Lee, 1996). In particular, it has been demon-

strated that, among the different types of hyperlipidemia,

hypercholesterolemia is a primary causative factor of cor-

onary arterial diseases (Cho et al., 2000) and hypercho-

lesterolemia can be caused or exacerbated by excessive

fat intake and increased intake of animal-based foods

(Kurata et al., 1990). Ingestions of large quantities of sat-

urated fatty acid are a risk factor for diseases associated

with lipid metabolism, and excessive oxygen in vivo trig-

gers peroxidation reactions in the form of active oxygen

or free radicals; the resultant peroxides cause damage to

cells, thereby not only hindering cellular functions but

also potentially triggering cancers, aging, and a variety of

degenerative diseases (Hamsten, 1988).

In general, in case of emulsified sausage, fat content can

be added up to 35% but many researchers recommend

reducing intake of total fat, saturated fatty acid and choles-

terol contents to minimize the damage of health (Choi and

Chin, 2002; Pearson et al., 1987). For this reason, consum-

ers want to take “healthier foods” which are functional

food products. However, consumption of processed meat

products in Korea is relatively small part of whole meat

consumption, referring other countries. The prime reason

for the phenomenon is likely related to the failure of

responding consumer’s demand who increasingly demand

functional foods including meat and meat products. Thus,

many laboratories and researchers are exploring various

useful materials to use in the functional food industry.

With regard to ginseng (Panax ginseng C.A. Meyer),
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studies of saponin began in earnest after Brekhman and

Dardymov (1969) identified saponin glycosides as the prin-

cipal component responsible for the medicinal effects of

saponin; as a result of this research, the structure and bio-

chemical and pharmacological effects of saponin have been

assessed and elucidated in great detail. The Korea Ginseng

and Tobacco Laboratory (1983) reported that, although gin-

seng is composed of a large number of compounds, includ-

ing glycosides, fatty acids, peptides, and polyethylene

compounds, its major active ingredient is saponin. Lee et

al. (2002) analyzed the total saponin contents of Korean

red ginseng and on the basis of their results, they reported

a content of approximately 3.05-3.76% and a ginsenoside

content of approximately 1.47%, including Rb
1
 (0.47-

0.49%), Rb
2
 (0.16-0.18%), Rc (0.17-0.19%), Rd (0.06-

0.07%), Re (0.21-0.23%) and Rg
1 
(0.35-0.38%).

Saponin has been recognized broadly as an effective

constituent compound of ginseng, and thus a variety of

effects have been attributed to saponin, including: accel-

erating basal metabolism, promoting protein synthesis,

adjusting hypertension, adjusting glycosuria, anti-cancer

effects, strengthening the central nervous system, antioxi-

dant effects and hematopoiesis and diverse efficiencies

(Moon, 1985). It has also been fairly well established that

ginseng saponin is involved in lipid metabolism in vivo,

and it appears to exert some powerful lipid-reduction

effects. For example, several reports have asserted that

saponin is tightly associated with disease conditions orig-

inating in lipid or cholesterol metabolism disorders,

including hypertension (Stavro et al., 2005), hyperlipi-

demia (Wen et al., 1996; Yang et al., 1999), hypercholes-

terolemia (Lin et al., 1993), and arteriosclerosis (Zhang et

al., 2008). Many of the effects of ginseng saponin, such

as the suppression of increases in blood cholesterol con-

tents, promotion of cholesterol excretion, prevention of

blood vessel lesions caused by hypercholesterolemia, and

the amelioration of arteriosclerosis via induced reductions

in low-density lipoprotein (LDL) cholesterol and incre-

ases in high-density lipoprotein (HDL) cholesterol levels

have been continuously elucidated in animal experiments

(Yamamoto et al., 1983). Therefore, the current study was

designed to assess functionality of emulsified sausage

supplemented with ginseng saponin on lipid metabolism

by applying a rat model.

Materials and Methods

Animal and experimental design

Five-wk-old Sprague-Dawley male rats (Damul Sci-

ence, Daejon) were obtained, and were fed on commer-

cial pellet diets for one wk to allow them to acclimate to

the environment. Animals were fed on ground pellet diets

for one wk to allow them to re-adjust back to powdered

feed. After the adaption period was completed, 8 of

160±10 g rats were randomly assigned and housed in

individual cages with controlled room temperature (22oC)

and light cycles (lights on, 08:00 AM - 08:00 PM). The

experimental diets shown in Table 1 were prepared by

making sausages containing 0, 2, and 4% ginseng sapo-

nin, grinding them, and then drying the samples for 48 h

at 105oC; this procedure generates a powdered feed with

a ginseng saponin content of 20%. The animals were

divided into 4 experimental groups and raised for 4 wk.

Feed intake, body weight, weight gain and feed

conversion

During the raising period, feed intake was measured

once per wk; differences between the total amounts sup-

plied and the residual amount was calculated and

expressed as the average daily consumption. Body weight

was measured once per wk and weight gain was calcu-

lated as the difference between final body weight and

beginning body weight. Feed conversion was calculated

by dividing the average daily consumption by the daily

weight gain.

Blood and liver sampling

After the 4-wk raising period was finished, the animals

were fasted for 24 h. Blood was collected from the

carotid and then the liver was immediately removed. The

livers were immediately stored into physiological saline

for removing blood, then weighed after wiping with a

Kimwipe. To obtain the serum, the collected blood was

left for 30 min at room temperature and centrifuged for

20 min at 2500 rpm. The serum and liver samples were

stored at -20oC until further analysis.

Analysis of triglyceride concentration

Triglyceride concentrations in the serum and liver were

analyzed via enzymatic colorimetric methods using Clean-

tech TG-S kits (Asan Pharm Co., Korea). The serum

Table 1. Experimental design

Treatment No. of rat Experimental diet

C 8 Basal diet

S0 8 Basal diet + 20% sausage powder (20% SP)

S2 8 Basal diet + 20% SP contained 2% saponin

S4 8 Basal diet + 20% SP contained 4% saponin
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(0.02 mL) was mixed slowly with 3 mL of the enzyme

test solution (lipoprotein lipase, glycerol kinase, peroxi-

dase, L-α-glycerophosphate oxidase, N,N-bis (2-hydroxy

ethyl)-2-aminomethane, sulfonic acid buffer), maintained

for 10 min at 37oC, and measured at 550 nm within 60

min. Blanks made by mixing distilled water with the

enzyme test solution prepared via the same method were

used. Serum triglyceride concentrations were calculated

based on the glycerin standard test solution and expressed

in mg/dL. To measure triglyceride contents in the liver,

lipids were separated via the method previously estab-

lished by Folch et al. (1957). In brief, 1 g of liver tissue

was mixed with 15 mL of Folch solution (chloroform :

methanol = 2:1), homogenized at room temperature (30

seconds × 2 times, 14,000 rpm, Ultra Turrax, IKA

labortechnik, Malaysia) and maintained overnight at 4oC.

The solution was filtered (Whatman No. 1) and Folch

solution was added to a volume of 20 mL. Then, 4 mL of

distilled water was added to the filtered solution, mixed

and maintained overnight at 4oC. The upper solution was

then removed and 1 mL of the upper phase (chloro-

form:methanol:D.W =3:48:47) was added and left for 30 s

then removed. The volume of the above-mentioned sam-

ple was adjusted to the same 20 mL with Folch’s solution

and the chloroform was evaporated in a 35oC dry oven to

extract the lipids. The extracted lipids were then divided

into subsamples of 500 µL each after weighing, and

stored at -20oC. Triglyceride concentrations in the liver

were measured by adding 3 mL of the enzyme test solu-

tion to 0.2 mL of the lipid extracted, followed by mea-

surement in precisely the same manner as serum

triglyceride concentrations were measured. The data were

expressed in units of mg per g tissue.

Analysis of total cholesterol concentration

The total cholesterol contents in the serum and in the

liver were measured by enzymatic colorimetric methods

using Cleantech TG-S kits (Asan Pharm Co., Korea). The

serum (0.02 mL) was mixed with 3 mL of the enzyme

test solution (cholesterol esterase, cholesterol oxidase,

potassium phosphate dibasic and phenol) and allowed to

react for 5 minutes at 37oC, and the optical density of the

solution was measured at 500 nm. A blank made by mix-

ing distilled water with the enzyme test solution via the

same method was used. The total cholesterol content was

calculated based on a cholesterol standard, and expressed

in mg/dL. The total cholesterol content in the liver was

measured by adding 3 mL of the enzyme test solution to

0.2 mL of the extracted lipids and measured via the same

method as total serum cholesterol content and expressed

in mg per g tissue.

Analysis of HDL-cholesterol and LDL-cholesterol

concentrations

Serum HDL-cholesterol was measured using Cleantech

TG-S kits (Asan Chemical Co., Korea) via enzymatic col-

orimetric methods. The separated serum (0.02 mL) was

mixed thoroughly with 0.2 mL of the separation test solu-

tion (sodium phosphotungstic acid, magnesium chloride),

allowed to react for 10 min at room temperature and cen-

trifuged for 10 min at 3,000 rpm. Then, 0.1 mL of the

supernatant was separated and mixed with 3 mL of the

enzyme test solution (cholesterol esterase, cholesterol

oxidase, sodium hydroxide, potassium phosphate dibasic,

and phenol) and allowed to react for 5 min at 37oC, after

which the solution’s optical density was measured at 500

nm. A blank made by mixing 0.1 mL of distilled water

with the enzyme test solution via the same method was

used. Serum HDL-cholesterol contents were calculated

based on a cholesterol standard and expressed in mg/dL.

Serum LDL-cholesterol was calculated using the follow-

ing formula and expressed in mg/dL (Friedewald et al.,

1972). LDL-cholesterol = {total  cholesterol − [HDL-choles-

terol + (neutral fat/5)]}

Analysis of fatty acid composition

To analyze the fatty acid composition in the rats’ livers,

0.5 g portions of the samples were taken and methylated

in accordance with the method developed by Park and

Goins (1999). Each of the samples was mixed with 2 mL

of methanol : benzene (4:1, v/v) and 200 µL of acetyl

chloride, then heated for one hour in a 100oC heating

block. The sample was then maintained at room tempera-

ture for a sufficient period of time, mixed with 2 mL of

hexane and 5 mL of 6% potassium carbonate, and centri-

fuged for 15 minutes at 3,000 rpm. The supernatant (1

µL) was injected into the GC-MSD (Agilent 6890N,

USA). The analysis conditions were as follows. The tem-

perature of the column was raised to 200oC at a speed of

25oC/min from an initial temperature of 50oC, and then

raised to 230oC at a speed of 3oC/min and maintained for

18 min. The temperatures of the inlet and the detector

(MSD) were controlled at 250 and 280oC, respectively.

Statistical analysis

In order to assess the effects of saponin on serum lipid

levels and the fatty acid composition of liver tissues, least

square means were determined using the general linear
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model (SAS, 1997) and the significance of differences

between treatments was calculated via pair tests at a level

of 0.05%. 

Results and Discussion

Growth performance

During the raising period (4 wk), sausages containing

differing levels of ginseng saponin were supplied to the

experimental rats. Growth performance and liver weights

were measured and the results are provided in Table 2.

Although the final body weights did not differ among the

treatment groups, weight gains were significantly (p<0.05)

lower in group S4 than in the control group, whereas

there were no differences among the sausage addition

groups. Feed intake (p<0.01) and feed conversion (p<

0.001) were significantly higher in the sausage addition

groups as compared to the control group, respectively,

whereas there were no differences among the sausage

addition groups. There were no significant differences

among the experimental groups in terms of liver weights

and the liver-to-body weight ratios.

Serum lipid concentration

Blood lipid contents are used as a diagnostic index of

cardiovascular system diseases such as arteriosclerosis,

hypertension, heart diseases, and hyperlipidemia (Inkeles

and Eisenberg, 1981). Many researchers are looking for

physiologically active components in natural materials

that might reduce blood cholesterol and triglyceride con-

centrations and increase HDL-cholesterol concentrations

(Cha et al., 2000; Kim et al., 2001).

The effect of sausages containing added ginseng sapo-

nin on the serum total cholesterol, triglyceride, HDL-cho-

lesterol and LDL-cholesterol concentrations of rats are

presented in Table 3. Total cholesterol concentrations

increased significantly (p<0.001), by approximately 24%,

in the S0 group as compared to the control group, and

significantly reduced (p<0.001), by approximately 45 and

46% in the S2 and S4 groups, respectively, as compared

to the S0 group. The serum triglyceride concentrations

did not differ significantly between the control group and

S0 group, although those in the S0 group were higher.

Our results showed that the saponin added to the sausages

caused significant (p<0.001) reductions in serum triglycer-

ide concentrations, by approximately 48 and 46% in the

S2 and S4 groups, respectively, compared to the S0

group. These results were similar to the results of a study

conducted by Joung and Cho (1985), who reported that

when 25 and 50 mg per kg of ginseng saponin were

administered to rats for a period of 4 wk, the total choles-

terol concentrations were reduced by 11% in the 50 mg/

kg treatment group as compared to the control group, and

triglyceride concentrations were reduced in both the 25

and 50 mg/kg administration groups. Also, according to

the results of a similar experiment, total cholesterol con-

Table 2. Least square means and pair differences for growth performance and liver weight as a function of basal feeding (C) and

20% of sausage supplementation containing 0% saponin (S0), 2% saponin (S2), or 4% saponin (S4)

Items C (n=8) S0 (n=8) S2 (n=8) S4 (n=8) SEM1) F value

Initial body weight (g) 200.8a 213.0a 209.0a 211.1a 5.57 0.93

Final body weight (g) 358.0a 354.9a 345.1a 343.4a 8.62 0.69

Body weight gain (g) 157.3a 141.9ab 136.1ab 132.3b 7.47 2.16*

Daily feed intake (g) 023.6a 027.1b 026.6bc 027.3bd 0.75 5.42**

Feed conversion (feed/gain) 004.5a 005.8b 005.9bc 006.4bd 0.22 3.17***

Liver weight (g) 011.1a 010.8a 011.0a 010.5a 0.46 0.35

Liver weight/Body weight (%) 003.1a 003.0a 003.2a 003.0a 0.09 0.57

1)Standard error of means. 
abcdMeans with bearing the same letters did not differ significantly (p>0.05), *<0.05, **<0.01, ***<0.001.

Table 3. Least square means and pair differences for lipid contents in blood serum as a function of basal feeding (C)  and 20% of

sausage supplementation containing 0% saponin (S0), 2% saponin (S2), or 4% saponin (S4)

Items (mg/dL) C (n=8) S0 (n=8) S2 (n=8) S4 (n=8) SEM1) F value

Total cholesterol 147.9a 183.7b 100.5c 100.0cd 09.12 19.79***

Triglyceride 135.1a 145.8a 075.2bd 078.3cd 10.98 11.40***

HDL-cholesterol 086.0a 101.0ab 107.0bc 102.0ac 05.77 02.48

LDL-cholesterol 034.9a 019.9ab 013.9bc 018.8ac 005.77 02.48

1)Standard error of means.
abcdMeans with bearing the same letters did not differ significantly (p>0.05), ***<0.001. 
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centrations were reduced in rabbits fed for 4 wk on the

saponin extracted from red ginseng (Inoue et al., 1999)

and it was reported that, when high cholesterol feed was

supplied to the rats, cultured ginseng powder reduced

blood cholesterol and triglyceride concentrations (Lee et

al., 2003). In a previous study conducted by Yoon and

Joo (1993), 100 mg of cholesterol and 1 mg of ginseng

saponin were orally administered together to rats every

day for 15 d; the total cholesterol levels in those rats were

reduced by approximately 25% compared to the controls.

Chung et al. (1992) fed mice on arteriosclerosis-inducing

diets for 4 wk and then administered ginseng saponin to

the mice for 2 wk in combination with the same diet, and

noted that the total cholesterol and triglyceride concentra-

tions in those rats decreased by around 42 and 38%,

respectively, compared to the controls.

Serum HDL-cholesterol is an index of anti-arterioscle-

rosis and is synthesized principally in the liver. It is widely

regarded as the “good cholesterol” since, unlike other

lipoproteins; it separates the LDL-cholesterol from the

blood vessel walls and moves to the liver, thereby reduc-

ing the risk of cardiovascular system diseases (Gordon et

al., 1977). It is also known that the blood concentration of

LDL-cholesterol is determined by the conversion of VLDL

(very low density lipoprotein) to LDL-cholesterol by the

action of lipoprotein lipase, as well as the number of LDL

receptors in the liver (Havel, 1961). In particular, it has

been reported that, although HDL-cholesterol concentra-

tions are not affected profoundly by dietary factors, they

can be substantially increased by exposure to certain phy-

siologically active plant materials (Cha et al., 2000). In

this experiment, however, no statistically significant dif-

ferences in HDL-cholesterol and LDL-cholesterol caused

by the addition of saponin were recognized in the experi-

mental group provided with feed supplemented with sau-

sages containing saponin. This result was similar to the

findings of a study conducted by Chung et al. (1992) in

which ginseng saponin was administered to mice together

with an arteriosclerosis-inducing diet, but no effects on

HDL-cholesterol concentrations were detected. However,

Cha et al. (2003) reported different results indicating that,

when fat was added at a level of 20% and 200 or 400 mg

of red ginseng powder were added to the diets of rats,

HDL-cholesterol concentrations were increased signifi-

cantly as compared to the control group. 

Liver lipid concentration

The liver is the organ in which most lipid metabolism

occurs, and also plays an important role in the removal of

triglycerides and cholesterols. If the triglycerides pro-

cessed in the liver are not removed properly, they can

accumulate, leading to a fatty liver (Schaefer, 1995). Cho-

lesterol is converted into bile acid in the liver; although

this process is a major mechanism for the removal of cho-

lesterol from the body, a vast array of regulatory proteins

and enzymes are involved and can affect this metabolic

process. Therefore, in this experiment, we assessed the

effects of sausages containing added ginseng saponin on

the total lipid, cholesterol and triglyceride concentrations

in the liver. The results are shown in Table 4. In terms of

total lipid contents, there was no difference between the

sausage addition groups, whereas the S4 group exhibited

a significant (p<0.05) reduction of around 12% compared

to the control group. The liver total cholesterol concentra-

tion were not significantly different between the control

group and the S0 group, whereas the concentration decre-

ased with increasing amounts of added saponin; in partic-

ular, the S4 group evidenced a significant (p<0.05) reduc-

tion (around 14%) as compared to the S0 group. Triglyceride

concentrations in the liver exhibited a tendency identical

to that of the resultant cholesterol concentrations and

although none of those results achieved statistical signifi-

cance, in the case of the sausage addition groups, groups

S2 and S4 exhibited 7 and 31% reductions, respectively,

as compared to the S0 group. With regard to these

decreasing cholesterol and triglyceride concentrations,

Park et al. (2002) reported a similar case in which ginse-

noside Rb
1 

was injected into the abdominal cavity for 3

days and the cholesterol and triglyceride concentrations

in the liver consequently decreased. Kang et al. (1986)

Table 4. Least square means and pair differences for lipid contents in liver tissue as a function of basal feeding (C)  and 20% of

sausage supplementation containing 0% saponin (S0), 2% saponin (S2), or 4% saponin (S4)

Items C (n=8) S0 (n=8) S2 (n=8) S4 (n=8) SEM1) F value

Total lipid (%) 5.0ab 4.8ab 5.2a 4.4b 0.17 4.29*

Total cholesterol (mg/g) 6.8ab 7.3ab 7.2a 6.3b 0.26 3.40*

Triglyceride (mg/g) 7.5ab 9.5ab 8.8a 6.6a 0.87 2.22*

1)Standard error of means.
abcMeans with bearing the same letters did not differ significantly (p>0.05), *<0.05.
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conducted a study in which rabbits were fed on high cho-

lesterol diets for long periods of time to induce hypercho-

lesterolemia in order to observe the effects of ginseng

saponin on the distribution of serum lipoprotein concen-

trations as well as LDL and cholesterol metabolism; they

reported that ginseng saponin promoted the formation of

bile acid in the liver and decreased cholesterol concentra-

tion in the liver. Additionally, Joo et al. (1987) reported

that, when several types of ginseng saponin fractions

were administered to rats together with high cholesterol

diets, the cholesterol concentrations in the liver were

markedly reduced and the biosynthesis of LDL receptors

was promoted significantly. However, the results of a

study conducted by Do et al. (2001) demonstrated that

when diets supplemented with cholesterol and ginseng

powder were administered to rats, cholesterol and triglyc-

eride concentrations in the liver did not differ from those

of the control group. In our study, by providing ginseng

sausages containing saponin to rats, cholesterol and trig-

lyceride levels in the serum and liver were markedly re-

duced, suggesting that the saponin exerted a direct effect

on lipid concentrations. Therefore, in future studies the

effects of saponin on the activities of major regulatory

proteins involved in lipid metabolism, LDL receptors,

HMG-CoA reductase, and 7α-hydroxylase, and the prin-

cipal enzymes involved in lipogenesis and lipolysis in the

liver should be assessed in greater detail. 

Fatty acid composition

The fatty acid compositions of the liver tissues in the

rats fed on sausages containing ginseng saponin are shown

in Table 5. Palmitic acid (16:0) levels were significantly

(p<0.05) reduced in the S0 and S4 groups as compared to

the control group, while no differences were noted between

the sausage-added diet groups. Oleic acid (18:1) evi-

denced significantly (p<0.01) increased values in the S2

group as compared to the control group, whereas no dif-

ferences were observed between the sausage-added diet

groups. The linoleic acid (18:2) (p<0.01) and linolenic

acid (18:3) (p<0.001) contents in the liver tissues were

significantly reduced in the sausage groups as compared

to the control group; among the sausage-added diet groups,

the contents were significantly higher in the S2 group

than in the S0 group, respectively, while there were no

differences between the S4 group and the S0 group. Eico-

sanoic acid (20:1) contents did not differ between the S2

group and S4 group, but were significantly (p<0.01) in-

creased in the S2 group compared to the control and S0

groups. Eicosatrienoic aicd (20:3) contents increased sig-

nificantly (p<0.05) in the sausage-added diet groups com-

pared to the control group, but did not differ among

between the sausage-added diet groups. Although the

results were not statistically significant, unsaturated fatty

acid contents evidenced a tendency toward increase in the

S2 group as compared to the control and S0 groups. In

this experiment, in the group fed on sausages containing

 Table 5. Least square means and pair differences for fatty acid in liver tissue as a function of basal feeding (C) and 20% of sau-

sage supplementation containing 0% saponin (S0), 2% saponin (S2), or 4% saponin (S4)

Fatty acid C (n=8) S0 (n=8) S2 (n=8) S4 (n=8) SEM1) F value

C14:0 00.3a 00.3a 00.3a 00.3a 0.03 00.49

C15:0 00.1a 00.1a 00.1a 00.1a 0.01 01.32

C16:0 20.5a 19.3b 19.8ab 19.4b 0.30 03.06*

C17:0 00.3a 00.3a 00.3a 00.3a 0.02 01.8

C18:0 13.4ab 14.7b 12.1a 16.3ab 1.51 01.45

C18:1 17.9a 20.2ab 23.4b 20.3ab 1.13 04.10**

C18:2 19.8a 15.7c 17.5b 14.4bc 1.21 03.50**

C18:3 00.8a 00.5c 00.6b 00.6bc 0.04 14.15***

C20:1 00.1a 00.2ab 00.3c 00.2bc 0.02 05.16**

C20:2 00.3a 00.3a 00.4a 00.3a 0.04 00.43

C20:3 00.2a 00.3b 00.3b 00.3b 0.02 03.70*

C20:4 21.5a 23.0a 20.6a 22.8a 0.90 01.67

C20:5 00.7a 00.8a 00.8a 00.8a 0.04 00.68

C22:6 03.9ab 04.2a 03.6b 03.8ab 0.16 01.99

SFA2) 34.7a 34.9a 32.5b 36.5ab 1.36 01.5

USFA3) 65.3a 65.1a 67.5b 63.5ab 1.36 01.45

1)Standard error of means.
abcMeans with bearing the same letters did not differ significantly (p>0.05), *<0.05, **<0.01, ***<0.001.
2)SFA (saturated fatty acid).
3)USFA (unsaturated fatty acid). 
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2% ginseng saponin (S2 group), the most profound

change in fatty acid composition involved changes in

unsaturated and essential fatty acid concentrations. It is

known that, in general, saturated fatty acids increase total

blood cholesterol and low density lipoprotein cholesterol

concentrations, whereas highly unsaturated fatty acids

reduce total cholesterol concentrations and increase high

density lipoprotein cholesterol concentrations (Shepherd

et al., 1980). In particular, among the highly unsaturated

fatty acids, the n-3 and n-6 family fatty acids are known

to reduce harmful cholesterol contents in the blood

(Simopoulos, 1988) and reduce triglyceride concentra-

tions in the livers of mice, in addition to their importance

as essential fatty acids (Moir et al., 1995). Thus, reduc-

tions in the total cholesterol and triglyceride concentra-

tions in serum and liver tissues are considered to have

resulted from the ginseng saponin-induced increases in

unsaturated and essential fatty acid content. 

Although the current study adopted a rat model, the

data implied that, supplementation of emulsified sausages

with ginseng saponin could decrease cholesterol and trig-

lyceride levels in serum and liver. It was postulated based

on concomitant cascade of lipid information that the

reduction in lipid level is likely linked to increased unsat-

urated and essential fatty acid compositions. It is not nec-

essary to extend the current data to human model, but the

data highlight a positive aspect of emulsified sausage on

fat metabolism. Therefore, the meat industry could use

ginseng saponin as an additive to produce the functional

sausage or meat products. 
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