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Tomatoes are rich in nutrients and have many beneficial advantages on human health. Four cherry tomato 
supplementation diets (CTSDs) were prepared from the juice and cake of fresh and processed (heat-treated) cherry 
tomatoes. Rats were fed CTSDs for 28 days and the changes in health indices in the serum were analyzed. CTSDs 
significantly decreased (P < 0.05) food efficiency ratio compared with the control. CTSD feeding significantly increased 
(P < 0.05) the high-density lipoprotein cholesterol level compared with the control, which resulted in a significant (P < 
0.05) decrease in coronary artery risk index and atherogenic index. Furthermore, CTSD feeding increased serum serotonin 
level. These results indicate that CTSD shows antihyperlipidemic effect. 
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INTRODUCTION 

 
The atherogenic index (AI) and the coronary artery risk 

index (CRI) are reliable indicators of the risk of cardiovas- 
cular diseases. An increase in the blood lipid level leads to 
hyperlipidemia which is the leading cause of cardiovascular 
disease and death worldwide. Increasing the high-density 
lipoprotein cholesterol (HDL-C) lowers the risk of cardiovas- 
cular diseases by reversing cholesterol transport, inhibiting 
low-density lipoprotein cholesterol (LDL-C) oxidation, and 
platelet aggregation (Barter, 2005; Berrougui et al., 2012). 
Food is an important factor to prevent hyperlipidemia in 
our daily life. Therefore, the intake of beneficial food for 

lowering the risk of hyperlipidemia is needed. 
Tomato is a highly consumed vegetable worldwide and 

has plenty of health benefits. Tomatoes contain a high amount 
of fiber, oligosaccharides, and polysaccharides which act 
as prebiotic compounds in the gut environment (Bornet et 
al., 2002). Tomatoes reduce prostate and breast cancer risk, 
which might be related to the antioxidant properties of 
lycopene (Sato et al., 2002; Ilic and Misso, 2012). Lycopene 
in tomatoes showed the effect on protecting osteoporosis in 
postmenopausal women (Mackinnon et al., 2011). None- 
theless, there is limited information on the effects of cherry 
tomatoes (Solanum lycopersicum) on cardiovascular health. 
The aim of the present study was to evaluate the effects of 
cherry tomato supplementation (CTS) on reducing the risk of 
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cardiovascular diseases in rats. Four types of cherry tomato 
supplementation diets (CTSDs) were prepared to investigate 
the beneficial effects of CTSDs on preventing cardiovascular 
disease. 

 
MATERIALS AND METHODS 

Preparation and analysis of tomato samples 

Cherry "Yoyo" tomatoes harvested from Chungcheongnam- 
do, South Korea were used in this study. Fresh and processed 
(heat-treated at 80℃ for 15 min) cherry tomato samples 
were separated into juice and cake after processing with a 
pulper (AG-5500, Angel Juicer Co., Pusan, Korea). Fresh 
and heat-treated tomato juices were designated as J-1 and 
J-2, respectively. The tomato cake was treated with 1% 
Viscozyme® L (Novozymes Inc., Copenhagen, Denmark) 
(54:1, v/v) at 50℃ for 4 h with shaking at 200 rpm, freeze-
dried, and ground using a grinder (1093 Cyclote, Foss 
Tecator AB, Höganäs, Sweden). Fresh and heat-treated tomato 
cakes were designated as C-1 and C-2, respectively. The 
chemical composition of the cherry tomato powder was 
determined by the standard AOAC method (Cunniff, 1997). 
Lycopene was extracted from the cherry tomato powder and 
calculated based on a standard curve generated by a lycopene 
standard (Sigma, St Louis, MO, USA) (Koh et al., 2010). 
The chemical compositions of the cherry tomato powder is 
shown in Table 1. 

Animals 

Male Sprague-Dawley rats (6 weeks old) were purchased 
from KOATECH (Gyeonggi-do, Pyeongtaek, Korea). They 
were housed and maintained at a constant temperature (24 
± 1℃) and humidity (55%) with 12 h cycles of light and 
dark. Rats were fed AIN-93G (TestDiet, St. Louis, MO, 
USA) for 7 days prior to experiments to allow adaptation, 
with free access to water. All experimental procedures were 
approved by the Korea University Institutional Animal Care 
and Use Committee (Approval No. KUIACUC-2013-151) 
and performed in accordance with the Guide for the Care 
and Use of Laboratory Animals (NIH Publication No. 85-23, 
1996). Rats (n = 6) received pelleted CTSDs, which were 
prepared by Feedlab (Gyeonggi-do, Guri, Korea) to have the 

same chemical compositions (Table 2). Each CTSD was 
divided into two groups according to contents (6% and 12%) 
to investigate of concentration-dependent effect. Each CTSD 
was compensated to contain the same amount of protein 
(%), lipid (%), and crude fiber (%) using casein (protein), 
soybean oil (lipid), and cellulose (crude fiber). Corn starch 
was used to adjust the total amount of carbohydrate. 

Measurement of health indices in serum 

The changes in health indices in the serum of rats fed 
CTSDs for 4 weeks were analyzed. Food intake was meas- 
ured daily, and body weights were determined weekly. Daily 
food intake, body weights, food efficiency ratio (FER), and 
relative liver weight were determined according to the pre- 
vious reports (Kim et al., 2011; Jo et al., 2014). Serum alanine 
aminotransferase (AST), aspartate aminotransferase (ALT), 
glucose, TG, total cholesterol (TC), and HDL-C were meas- 
ured using the FUSI DRI-CHEM SLIDE kit and a FUSI 
DRI-CHEM 4000 analyzer (Fujifilm, Tokyo, Japan). The 
serum LDL-C and very low-density lipoprotein cholesterol 
(VLDL-C) levels were calculated by applying Friedwann's 
equation (Jo et al., 2014). The atherogenic index (AI) and the 
coronary artery risk index (CRI) were calculated according 
to the previous reports (Abbott et al., 1988; Adeneye et al., 
2010). 

Measurement of serotonin in serum 

Serum serotonin (5-hydroxytryptamine) levels were meas- 
ured using an enzyme-linked immunosorbent assay (ELISA; 
IBL Immuno Biological Lab, Hamburg, Germany) according 
to the manufacturer's instructions. 

Table 1. Chemical compositions of cherry tomato sample 

 J-1 J-2 C-1 C-2 
Protein (%) 11.9 12.4 15.2 17.2
Lipid (%) 1.7 3.9 5.9 7.2
Ash (%) 8.7 9.1 3.8 3.5
Crude fiber (%) 3.7 5.3 35.5 41.2
Lycopene (mg/100 g) 180.0 241.7 130.2 166.6
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Statistical analysis 

All statistical analyses were performed using SPSS (SPSS, 
Chicago, IL, USA). The differences among groups were 
evaluated by analysis of variance (ANOVA), followed by 
Duncan's multiple range tests. A level of P < 0.05 was con- 
sidered statistically significant. 

 
RESULTS AND DISCUSSION 

Chemical compositions analysis of CTSDs 

The chemical compositions of CTSDs are shown in Table 
1. To improve of bioavailability of tomatoes, we did two 
procedures such as heat treatment and enzyme treatment. 
Heating and fine grinding of foods could increase bioavaila- 
bility by disrupting or softening the plant cell wall (Hussein 
and El-Tohamy, 1990). The use of multi-enzymatic com- 
plexes, such as Viscozyme-L, which contain cellulases, ara- 
binases, hemicellulases, gluconases, and xylanases, causes 
the rupture of the cell walls, favoring the extraction of useful 
compounds (protein and sugars) from the vegetable tissues 

(Dueñas et al., 2007). As a result, heat treatment increased 
protein, lipid, crude fiber and lycopene in both juice and 
cake samples (Table 1). 

Body weight, food intake and relative liver weight 

Rats fed different CTSDs exhibited a significant decrease 
(P < 0.05) in food intake and body weight compared with 
the control (Table 3). However, the body weight was higher 
in the 12% supplemented CTSD than that in the 6% sup- 
plemented CTSD. Although all diets had the same amount 
of protein, lipid, and fiber, the FERs in all rats fed CTSDs 
significantly decreased (P < 0.05) compared with the control, 
and the FERs of the juice powder diet groups were higher 
than those of the cake powder diet groups. The FERs of 
rats fed different CTSDs were 8~34% lower than that of 
the control, which indicates that CTSDs might be useful for 
losing weight. Although the body weight and FER decreased 
in rats fed CTSDs, there were no changes in the relative 
liver weight. 

 

Table 2. Composition of diet for rats used in this study 

Composition 
(g/kg diet) J-1-6% J-1-12% J-2-6% J-2-12% C-1-6% C-1-12% C-2-6% C-2-12% Control 

Casein 192.9 185.8 192.6 185.2 190.9 181.8 189.7 179.4 200.0 
Sucrose 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Dextrose 132.0 132.0 132.0 132.0 132.0 132.0 132.0 132.0 132.0 
Corn starch 347.8 298.1 350.4 303.3 371.4 345.3 376.8 356.1 397.5 
Cellulose 47.8 45.6 46.8 43.7 28.7 7.4 25.3 0.6 50.0 
Soybean oil 69.0 68.0 67.7 65.3 66.5 63.0 65.7 61.4 70.0 
J-1 60.0 120.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
J-2 0.0 0.0 60.0 120.0 0.0 0.0 0.0 0.0 0.0 
C-1 0.0 0.0 0.0 0.0 60.0 120.0 0.0 0.0 0.0 
C-2 0.0 0.0 0.0 0.0 0.0 0.0 60.0 120.0 0.0 
Mineral 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 
Vitamin mix 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 
L-cystine 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 
Choline bitartrate 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 
Protein 203.0 203.0 203.0 203.0 203.0 203.0 203.0 203.0 203.0 
Lipid 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0 
TDF 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 
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Serum analysis 

At the end of the 4-week experiment, AST and ALT 
values in rats fed CTSDs were not significantly different 
from those in the control, indicating the absence of hepa- 
totoxicity (Table 4). The glucose levels were significantly 

reduced (P < 0.05), except in the 6%-J-1 group, and the 
reduction was more significant in the high CTSD group 
than in the low CTSD group, except in the C-2 group. The 
TG levels were significantly reduced (P < 0.05), except in 
the J-2 group. Different CTSDs significantly increased (P 
< 0.05) the HDL-C level compared with the control. The

Table 3. Body weight, food intake, food efficiency ratio, and relative liver weight in rats fed different CTSDs for 4 weeks 

Group Body weight 
(g/day) 

Food intake 
(g/day) 

FER 
(%) 

Relative liver weight 
(g/100 g body weight) 

J1-6% 3.31 ± 0.16ab 15.92 ± 0.11ab 0.21 ± 0.00a (72.12) 2.93 ± 0.45a 
J1-12% 3.48 ± 0.11bc 15.25 ± 0.42a 0.23 ± 0.01ab (79.12) 2.98 ± 0.09a 
J2-6% 3.76 ± 0.19c 15.57 ± 0.06ab 0.24 ± 0.00bc (83.75) 3.12 ± 0.17a 
J2-12% 4.17 ± 0.29d 15.88 ± 0.79ab 0.26 ± 0.01cd (91.24) 3.08 ± 0.16a 
C1-6% 3.09 ± 0.15a 14.74 ± 0.96a 0.21 ± 0.01a (72.80) 3.02 ± 0.32a 
C1-12% 3.10 ± 0.06a 14.79 ± 0.47a 0.21 ± 0.01a (72.67) 2.97 ± 0.20a 
C2-6% 3.63 ± 0.23bc 15.16 ± 0.95a 0.24 ± 0.01bc (83.23) 3.02 ± 0.22a 
C2-12% 3.61 ± 0.06bc 15.11 ± 0.55a 0.24 ± 0.01bc (83.05) 2.86 ± 0.28a 
Control 4.99 ± 0.22e 17.38 ± 1.51b 0.29 ± 0.02d (100.00) 2.92 ± 0.07a 

The control diet consisted of AIN-93G. Values were expressed as a mean ± SD of three independent experiments. The FERs of the 
samples were normalized by taking the FER of the control to be 100% and are shown in parentheses. 
abcde Values in the same column not sharing a common superscript are significantly different (P < 0.05) from each other. 

Table 4. Serum analysis of collected blood of rats fed different CTSDs for 4 weeks 

Group AST 
(U/L) 

ALT 
(U/L) 

Glucose 
(U/L) 

TG 
(U/L) 

TC 
(mg/dL)

LDL-C 
(mg/dL)

HDL-C 
(mg/dL)

VLDL-C 
(mg/dL) AI CRI 

J1-6% 87.00 ± 
5.66a 

26.50 ±
0.71ab 

116.33 ± 
10.97a 

45.00 ±
3.61abc 

57.33 ±
4.04a 

9.13 ± 
1.70a 

44.00 ±
1.00a 

10.13 ± 
0.76a 

0.21 ± 
0.05ab 

1.30 ±
0.06b 

J1-12% 83.00 ± 
4.24a 

33.00 ±
4.24b 

102.33 ± 
5.69ab 

37.33 ±
6.11ab 

59.00 ±
7.94a 

10.87 ±
0.83ab 

47.33 ±
1.15ab 

9.80 ± 
0.87a 

0.23 ± 
0.03ab 

1.25 ±
0.02a 

J2-6% 91.00 ± 
1.41a 

26.50 ±
0.71ab 

110.33 ± 
8.50a 

67.67 ±
17.62d 

71.33 ±
4.04b 

11.00 ±
2.12ab 

49.33 ±
2.52abc 

21.20 ± 
1.60b 

0.22 ± 
0.02ab 

1.45 ±
0.04c 

J2-12% 82.50 ± 
9.19a 

24.00 ±
5.66a 

92.33 ± 
9.29b 

56.33 ±
10.79cd 

68.67 ±
8.08ab 

14.40 ±
2.78bc 

55.67 ±
0.58d 

15.13 ± 
2.52c 

0.26 ± 
0.04ab 

1.23 ±
0.07a 

C1-6% 82.50 ± 
6.36a 

22.00 ±
5.66a 

103.33 ± 
2.08ab 

35.00 ±
6.93b 

60.00 ±
1.73ab 

11.13 ±
2.20ab 

46.67 ±
2.52ab 

8.87 ± 
1.36a 

0.24 ± 
0.03ab 

1.29 ±
0.05ab 

C1-12% 88.50 ± 
2.12a 

29.50 ±
4.95ab 

102.00 ± 
8.19ab 

32.67 ±
3.79b 

64.00 ±
7.94ab 

15.87 ±
4.24c 

47.67 ±
4.51ab 

8.93 ± 
1.42a 

0.33 ± 
0.06c 

1.34 ±
0.02b 

C2-6% 78.00 ± 
7.07a 

21.00 ±
1.41a 

93.67 ± 
3.79b 

31.33 ±
8.08b 

67.67 ±
8.02ab 

14.27 ±
1.97bc 

54.00 ±
4.00cd 

8.47 ± 
0.50a 

0.26 ± 
0.05ab 

1.25 ±
0.02a 

C2-12% 81.00 ± 
7.07a 

27.50 ±
0.71ab 

104.33 ± 
4.04ab 

29.00 ±
5.57b 

63.00 ±
5.29ab 

18.13 ±
2.01c 

51.33 ±
3.79bcd 

8.67 ± 
1.67a 

0.35 ± 
0.02c 

1.23 ±
0.07a 

Control 92.50 ± 
9.19a 

24.50 ±
0.71ab 

116.00 ± 
9.17a 

51.33 ±
3.51ac 

61.00 ±
4.58ab 

14.27 ±
2.64bc 

38.00 ±
4.00e 

13.07 ± 
2.90c 

0.38 ± 
0.13cd 

1.61 ±
0.09d 

Values were expressed as a mean ± SD of three independent experiments. 
abcde Values in the same column not sharing a common superscript are significantly different (P < 0.05) from each other. 
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HDL-C level was higher in rats fed the 12% supplemented 
diet than those fed the 6% supplemented diet. In the 12%-J-2 
group, the HDL increased 1.47-fold compared with the 
control. However, there was no significant effect of CTSD 
on the reduction of TC and LDL-C. Treatment of CTDSs 
significantly (P < 0.05) decreased the AI and CRI compared 
with the control, and the AI and CRI were 1.1- to 1.8-fold 
and 1.1- to 1.3-fold reduction, respectively. Tomato supple- 
mentation decreased serum lipids (TC, LDL-C, and TG) 
levels in rats fed a high cholesterol diet (Nouri and Abad, 
2013); however, in the present study, TC level was not 
lowered in the rats fed CTDS compared with the control. 
The AI and CRI are predicators of cardiovascular risk, 
which means that an elevation of AI and CRI indicates an 
increase in cardiovascular risk. A high level of cardiovascular 
risk results in atherosclerosis and coronary artery disease 
(Hokanson and Austin, 1996; Fki et al., 2005). A high AI and 
CRI correlate with low HDL-C and high TC levels or the 
LDL-C level and vice versa. In the present study, although 
the HDL-C level in CTSD-fed rats increased significantly, 
there was no significant reduction in the TC and LDL-C 
levels in CTSD-fed rats. Therefore, the significant reduction 
of AI and CRI in the rats fed CTDS was mainly caused not 
by a decrease in the levels of TC, LDL-C, and VLDL-C but 
by a significant increase in the HDL-C level. 

To explain changes in eating behavior, meal size, and body 
weight by feeding CTSD, the serum serotonin level was 
measured. Serum serotonin levels significantly increased 
(P < 0.05) in a dose-dependent manner in rats fed different 
CTSDs, except in the C-2 group (Table 5). Diet influences 
the serotonergic system, and horses fed a high fiber diet 
show significantly higher serotonin levels than those fed a 
high starch diet (Alberghina et al., 2010). Serotonin plays 
an important role in feeding and appetite control, and a lack 
of serotonin can increase food intake (Tecott et al., 1995; 
Leibowitz and Alexander, 1998). In this study, CTSDs in- 
creased serotonin, which might affect the reduction of food 
intake and body weight gain. 

In conclusion, CTSD feeding lowered FER, and signifi- 
cantly increased HDL-C, resulted in AI and CRI reduction. 
In addition, CTSD increased serum serotonin level. Therefore, 
a constant intake of cherry tomato might reduce the potential 
risk of cardiovascular disease in healthy individuals as well 
as in individuals with hyperlipidemia. 
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