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Chapter 2  

Effects of olive oil and tomato lycopene combination on serum lycopene, lipid 
profile and lipid oxidation 

 

2.1 Abstract 

Objective: To compare the effect of two diets (a high olive oil diet and a high 

carbohydrate, low olive oil diet), with high lycopene content and other carotenoids 

controlled, on serum lycopene, lipids and in vitro oxidation. 

Design: Twenty one healthy subjects aged 44.4 ± 12.3 (mean ± SD) years, BMI 24.3 ± 

3.5 kg/m2 participated in a randomised crossover intervention study of two dietary 

periods of ten days each. The two diets were - 1) high olive oil (OO) and 2) high 

carbohydrate low olive oil (LO), containing the same basic foods and a controlled 

carotenoid content high in lycopene.  

Results: A significant increase (p < 0.001) in serum lycopene concentration on both the 

diets to similar final concentrations was observed. Serum high density lipoprotein 

cholesterol was higher (p < 0.01), low density lipoprotein cholesterol to high density 

lipoprotein cholesterol ratio (p < 0.01) and triglycerides (p < 0.05) were lower after the 

olive oil diet compared to the high carbohydrate low fat diet. No significant difference 

was observed in total antioxidant status and susceptibility of serum lipids to oxidation. 

Conclusion: Serum lycopene level changes with dietary lycopene intake irrespective of 

the amount of fat intake.  However, a high olive oil, lycopene-rich diet may reduce the 

risk of coronary heart disease by improving the serum lipid profile compared to a high 

carbohydrate low fat, lycopene-rich diet.  

 

 

Footnote: The material in this chapter has been published (with minor editing) as “Effects of olive oil and tomato 
lycopene combination on serum lycopene, lipid profile, and lipid oxidation” in Nutrition (412). 
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2.2 Introduction 

Mediterranean diets are thought to protect against cardiovascular disease and this effect 

has been credited to a variety of foods such fruits and vegetables, olive oil and red wine 

(413). The beneficial dietary components of some of these foods include carotenoids in 

fruits and vegetables, monounsaturated fat and polyphenolic compounds in olive oil and 

flavanoids in red wine (414, 415). Among the carotenoids, lycopene, present in 

tomatoes and tomato products, probably has the highest antioxidant capacity (416).

  

Epidemiological and case-control studies suggests a possible beneficial effect of high 

dietary intake and (or) high serum/tissue levels of lycopene with reduced risk of 

cardiovascular diseases (312, 314, 316, 317, 417). Population studies have shown a 

positive association between the reported intake of lycopene rich foods and plasma 

levels (418, 419). Intervention studies have observed increased serum lycopene levels 

with increased intake of tomatoes and tomato products, the richest source of 

lycopene(325, 327, 329). 

 

Lycopene availability from food may depend on number of factors. Season, heating and 

processing of tomato products may change the amount of bio-available lycopene. 

Prolonged heat treatment (more than two hours at 100°C) of tomatoes reduces the total 

carotenoid content, more so in peeled tomatoes than unpeeled (420). Single meal studies 

have shown higher serum levels of lycopene when tomatoes have been consumed 

cooked rather than raw (332, 335, 421) and when the tomatoes have been cooked with 

fat than without (332, 348).This may be because cooking/heating weakens the bond 

between lycopene and the tissue matrix and facilitates the passage of lycopene into a  

lipophilic phase making it more bio-available (335). Cooking/processing has been 

reported to transform all-trans-lycopene to cis-lycopene (422, 423), which is better 
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absorbed probably because cis-isomers are more soluble in bile acid micelles, although 

studies suggest lycopene is resistant to heat induced all-trans to cis conversion, in 

conditions regularly employed in the food industry or during food preparation (424). 

 

Similarly, three and five day meal studies have suggested that dietary fat influences the 

plasma levels of lycopene, when tomatoes are consumed with olive oil rather than 

without oil (355). However our previous 14 day study of a lycopene-rich diet showed 

that a high monounsaturated fat enriched sunflower oil diet (36% of energy as total fat 

and 23.6% of energy as monounsaturated fat) induced similar effects on serum lycopene 

levels as a high carbohydrate low fat diet (15% of energy as total fat and 4.1% of energy 

as monounsaturated fat) (342).  

 

Studies have also compared the effect of carotenoid controlled fruit and vegetable intake 

with high monounsaturated fat versus high carbohydrate low fat intake on oxidation of 

isolated low density lipoprotein (LDL) cholesterol (270, 425), a coronary heart disease 

(CHD) risk factor (154, 426).  In one study the dietary carotenoid intake was controlled 

and serum carotenoid levels measured to confirm similarity (270), however in the other 

study (425), the intake of fruit and vegetables was controlled but the serum levels of 

carotenoids were not measured to ascertain if the lower susceptibility of LDL to 

oxidation on the monounsaturated fat diet was due to the differences in fat intake, or a 

combination of differences in fat intake and serum carotenoid levels. Another study 

compared the effect of seven day consumption of tomato products with extra virgin 

olive oil versus sunflower oil on antioxidant activity as measured by ferric reducing 

ability of the plasma (FRAP) and found an increased activity with olive oil (345). 
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Although extra virgin olive oil is the type most studied with respect to CHD, this oil 

may not be the cooking oil preferred by Australians because of its strong flavour and 

cost. Extra virgin and virgin oils are ideal for Mediterranean cooking and for salads, but 

for other cooking and for people without a Mediterranean background; refined or light 

olive oil may be more palatable because of its milder flavour and light texture, and it is 

cheaper. Refined olive oil constituted 73% of olive oil imports in year 2000-2001 (427). 

It will however have less antioxidants as some of these compounds are removed in 

refining. 

 

To our knowledge, no study has examined the effect of short term intake (ten-days) of a 

carotenoid controlled lycopene enriched diet, with either high or low amounts of refined 

olive oil on serum lycopene levels.  

 

2.3 Subjects and Methods 

Healthy, non-smoking males and females aged 22 to 70 years with no history of heart 

disease were invited to take part in the study, via newspaper advertisements and 

university newsletter. Exclusion criteria included the use of any medication that affects 

blood lipids or blood pressure, use of vitamin and/or mineral supplements, pregnancy or 

lactation.  

 

The Scientific Ethics Committee of the Launceston General Hospital, Tasmania, 

Australia, approved the study protocol, and informed, written consent was obtained 

from each participant.  
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Study and Dietary Design 

Before starting the dietary intervention periods, participants were asked to record four 

day (two week and two weekend days) weighed food diet diaries, which were used to 

calculate usual dietary intake using Food Works version 2.10 with the Nuttab 95 and 

AusNut database (Xyris software, Brisbane, Australia). The crossover study consisted 

of two ten-day treatment periods in random order (assigned by number allocation).  

Before starting the intervention diets, each participant was assigned a number. A 

randomisation sheet was obtained (‘graphpad quickcals’ software 

http://www.graphpad.com) and participants were allotted to start on one of the two diets 

- high olive oil (OO) or high carbohydrate low olive oil (LO). On completion of first 

diet, participants were given a ‘washout’ period of 16 days and then they started the 

second diet. The washout period of 16 days on usual diet was given between the diets to 

ascertain that premenopausal women were in the same phase of their menstrual cycle at 

the start of the two dietary periods. For two days before starting each diet, participants 

were asked to take a low carotenoid, especially low lycopene diet, so to reduce the 

effects of acute intake of carotenoids on blood tests (334). 

 

Both diets were iso-energetic to the usual diets of the participants. All the participants 

received precise food recommendations as well as individual dietary plan with the 

quantities of foods to be consumed. The two diets (OO and LO) contained the same 

basic foods. The OO diet was designed to provide 35-37% of energy from fat and about 

42-44% of energy from carbohydrates. The LO diet was designed to provide 15-17% of 

energy from fat and 65% of energy from carbohydrates. The protein content of the two 

diets was designed to be 15-18% of energy. The diets were designed to provide similar 

fibre, vitamin C and alcohol. Both the diets were high in lycopene (19.5mg/day, as 

analysed by HPLC), which was achieved by consuming tomato soup (Heinz Ready to 



 51

Serve 300g can) and tomato paste (50g). Other carotenoid intake was low but 

controlled. As there is no Australian database available for calculation of individual 

carotenoids in food, USDA carotenoid database was used. The average daily intake of 

cryptoxanthin, alpha-carotene, beta-carotene and lutein + zeaxanthin in the OO and the 

LO dietary periods s were 60 μgm, 18 μg, 1204 μgm and 970 μgm respectively (428). 

Hence lycopene contributed about 90% to the total carotenoid content in the two diets. 

As the lycopene content of food may change with season and processing, participants 

were provided with tomato soup from a single batch and tomato paste from a single 

batch (donated by H.J.Heinz, Melbourne, Australia). For the same reason recipes and 

instructions for cooking and heating of these products were given. Participants were 

instructed to use the same utensils and microwave or stove for heating the soup for the 

same period of time in both dietary periods. Participants were instructed to add tomato 

paste to the food at the last stages of cooking, mix it well, cook on high for 2 minutes 

and simmer for 4 minutes. Recipes for curries and pasta sauce with 5g olive oil (for LO 

diet) and 30g olive oil (for OO diet) using these instructions were provided to 

participants. Fruit intake was restricted to two pieces a day (apple/ banana/pear). 

Vegetable intake was restricted to 100 g of frozen green peas and corn mix, mushrooms, 

white onion, radish or iceberg lettuce. Individually packed breakfast cereal (muesli – 

natural for LO diet and toasted with light olive oil on OO diet) and Bertolli extra light 

olive oil was provided to the participants (donated by IGA, Moonah, Tasmania, 

Australia). To provide the equivalent energy on the LO diet, poly joule – a glucose 

polymer (Nutricia Australia) - was provided to the participants. Due to the differences in 

the amount of oil intake, the vitamin E content between the two diets was different with 

OO diet providing more vitamin E compared to LO diet. No effort was made to equalise 

vitamin E content between the two diets, because foods rich in vitamin E are usually 

high in fat and supplements would have changed the emphasis of the study which was 
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to compare diets containing same basic foods with different amounts of oils, and not 

food with supplements. 

 

While on the intervention diets, participants were asked to record four day weighed food 

diaries. These were analysed, using FoodWorks software (Xyris, Brisbane, Australia), 

to calculate and compare the nutrient intake over the two diets and to check dietary 

compliance. Participants were also contacted regularly, to discuss any problems related 

to the diets and to provide encouragement and support.  

 

Body weight was measured regularly and participants were asked to keep their physical 

activity similar on the two diets. Fasting blood samples were collected at the start and 

end of the two dietary periods. For serum separation, the blood was allowed to 

coagulate for one hour (protected from natural light) and then centrifuged at 800g at 

4°C for 20 minutes. Serum was aliquotted and stored at -70°C, for later analysis. All 

biochemical analyses were subsequently performed in the same run, to reduce inter-

assay variability. 

 

Laboratory analysis 

Serum lycopene concentrations were analysed using the high-pressure liquid 

chromatography (HPLC) method modified from Talwar et al. and Su et al.(429, 430). 

Standard stock solution was prepared under red light by dissolution of lycopene (Sigma 

Aldrich, Australia) in tetrahydrofuran and stored under nitrogen at -80°C. An internal 

standard of alpha tocopherol acetate in 95% ethanol solution was added to the standard 

solution as well as serum samples. Hexane was added to separate the phase containing 

carotenoids, which was then dried under nitrogen. The sample was reconstituted with 

tetrahydrofuran. Mobile phase of methanol-acetonitrile-tetrahydrofuran 75:20:5 v/v 
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containing 0.01% w/v ascorbic acid was used.  Sample was analysed using Shimadzu 

SCL-10A with diode array detector with the flow rate of 1.8ml/min at 450 nm 

wavelength. Coefficient of variance (CV) for lycopene was 13.8%.  

 

Lipid measurements were performed in complete runs for each participant, using an RA 

1000 auto analyzer (Technicon, USA) and enzymatic cholesterol reagent (ThermoTrace, 

Australia). Serum high density lipoprotein (HDL) cholesterol was measured using the 

same reagent, after precipitating other serum lipoproteins using polyethylene glycol 

(QChem HDL-cholesterol kit, Special Diagnostics, Australia). Serum triglycerides were 

measured using G.P.O - Trinder Triglycerides Reagent (ThermoTrace, Australia). LDL 

cholesterol was calculated using Friedewald's equation (431). 

 

Copper induced serum oxidation was performed in duplicate by the method of Schnizter 

et al.(432), using a multi-position spectroscope (Varian 1E, Palo Alto USA) with Cary 

WinUV software version 1.00(6). The sample constituted of a 50 fold dilution of serum 

in phosphate buffer saline containing sodium citrate. The reaction was initiated at 37˚ C 

with 100µM copper and absorbance read at 245nm wavelength, every ten minutes for 

400 minutes. Lag phase prior to oxidation, maximal rate of oxidation and time to 

achieve maximal rate of oxidation were calculated from the data obtained. 

  

Total antioxidant status (TAS) was measured using a calorimetric method on a RA 1000 

auto analyzer (Technicon, USA) at 600nm wavelength by the method  described by 

Miller et al.(433).  The protocol included mixing ABTS® / metmyoglobin reagent with 

serum and initiating the reaction with hydrogen peroxide. 6-hydroxy-2,5,7,8-

tetramethylchroman-2-carboylic acid was used as the standard for the assay.  
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Statistical analysis 

Statistical analysis was performed using Statistical Package for Social Scientists version 

11 (SPSS, Chicago USA) and STATA Statistical Data Analysis, version 8.2 (Statacorp, 

USA). Repeated measures ANOVA using general linear modelling (GLM) with robust 

standard error estimation, adjusted for order and periods effects, was used to compare 

the effect of the study diets on measures of carotenoids, lipids, lipoproteins. 95% 

confidence intervals were calculated using asymmetrical bootstrap estimation. Post hoc 

testing for heteroskedasticity and missing variables demonstrated that the assumptions 

of the regression model were not violated.   

 

2.4 Results 

Twenty four subjects decided to participate in the study. Three subjects withdrew within 

the first four days of the first dietary period, for personal reasons. Twenty one subjects 

(15 females and 6 males) aged 44.4 ± 12.3 (mean ± SD) years completed the study 

(Table 2.1). Nine participants commenced the OO diet first and 12 the LO diet.  

 

Table 2. 1 Baseline characteristics of the study participants.  

n = 21 Mean ± SD 

Age (years) 44.4  ± 12.3 

BMI (kg/m2) 24.3  ± 3.5 

Total cholesterol (mmol/L) 5.06 ± 0.78 

LDL cholesterol (mmol/L) 3.09 ± 0.72 

HDL cholesterol (mmol/L) 1.43 ± 0.38 

LDL:HDL  2.36 ± 1.00 

Triglycerides (mmol/L) 1.20 ± 0.60 
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Table 2.2  Dietary nutrient intake on high olive oil and low olive oil diet# 

 
OO 

Mean (95% CI) 

LO 

Mean (95% CI) 

Energy (MJ) 8.49 (7.76 to 9.21) 8.33 (7.61 to 9.06) 

Protein (% energy) 16.72 (15.47 to 17.97) 18.10 (17.03 to 19.17)* 

Carbohydrate (% energy) 47.45 (45.31 to 49.60) 64.70 (62.31 to 67.08)* 

Total fat (% energy) 35.16 (32.67 to 36.12) 16.84 (14.49 to 18.43)* 

Monounsaturated fat (% of energy) 19.55 (18.52 to 20.59)  6.39 (5.01 to 7.77)* 

Polyunsaturated fat to saturated fat ratio 0.77 (0.66 to 0.87) 0.86 (0.67 to 1.04) 

Cholesterol (mg) 128.29 (98.45 to 157.13) 124.23 (101.99 to 146.46) 

Carbohydrate (g) 240.86 (214.67 to 267.05) 317.62 (291.51 to 343.73) * 

Sugars (g) 112.18 (100.38 to 123.98) 169.05 (152.51 to 185.58)* 

Starch (g) 127.32 (110.32 to 144.32) 147.70 (134.09 to 161.31)* 

Fibre (g) 30.99 (27.27 to 34.71) 32.44 (28.70 to 36.18) 

 n =18, CI confidence interval; OO high olive oil diet; LO low olive oil diet;  # as analysed from four day  
diet records;  * Significant different from OO diet (p<0.05). 
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The nutrient intake data, calculated from the four day diet records on the two dietary 

periods, is presented in Table 2.2. The intake of carbohydrates and fat was in the target 

range. OO diet provided more than three times the energy from monounsaturated fatty 

acid compared to the LO diet. Protein intake was slightly (statistically significant) 

higher on LO diet compared to the OO diet. However this small difference of 1.5% is 

not expected to have an effect on the serum parameters measured. Total energy, 

polyunsaturated to saturated fat ratio, fibre, vitamin C, dietary cholesterol and alcohol 

intake was similar on the two diets. The reported intake of carotenoid rich foods 

(estimated using the USDA database) was also similar between the two diets.  

 

Body weight did not change over the two dietary periods. Day one concentrations of 

serum lycopene, total cholesterol, LDL cholesterol, HDL cholesterol and triglycerides 

were similar on the two diets (Table 2.3). After ten days of lycopene rich diets there 

was a similar increase in serum lycopene levels. There was no significant difference in 

serum lycopene, total cholesterol and LDL cholesterol levels at the end of the two 

dietary periods. HDL cholesterol was higher, and total cholesterol to HDL ratio and 

triglyceride levels were lower at the end of the OO diet compared to the LO diet.  

 

 
Table 2.4 presents the results of diluted serum, copper induced oxidation and TAS at 

the end of the two diets. No statistically significant difference was seen for lag phase of 

serum oxidation, maximal change in absorbance, time for maximal change in 

absorbance or in TAS.   
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Table 2.3 Serum lycopene, lipids and lipoproteins at the start and end of each dietary period. 
 

Variable OO (mean ± 95%CI) LO (mean ± 95%CI) 
 day1 day11 day1 day11 

Lycopene(µmol/L) 1.65 (1.29 to 2.02) 3.17 (2.67 to 3.68)* 1.58 (1.28 to 1.87) 3.05 (2.57 to 3.53)* 
TC (mmol/L) 4.96 (4.60 to 5.32) 4.68 (4.34 to 5.02)* 5.13 (4.74 to 5.53) 4.76 (4.34 to 5.19)* 
LDL (mom/L) 3.03 (2.69 to 3.37) 2.72 (2.42 to 3.01)* 3.10 (2.77 to 3.44)  2.87 (2.53 to 3.21)* 
HDL (mmol/L) 1.41 (1.24 to 1.59) 1.45 (1.27 to 1.63) # 1.46 (1.24 to 1.68) 1.35 (1.15 to 1.55) 
Triglyceride (mmol/L) 1.13 (0.89 to 1,37) 1.13 (0.77 to 1.49) # 1.25 (0.98 to 1.52) 1.21 (0.83 to 1.59) 
LDL to HDL ratio 2.39 (1.88 to 2.88) 2.01 (1.67 to 2.34)# 2.35 (1.90 to 2.81) 2.36 (1.88 to 2.83) 

N =21; CI confidence interval, TC total cholesterol, LDL low density lipoprotein, HDL high density lipoprotein,* 
significantly different from day 1, # significantly different from day 11 of the LO diet, p <0.05 

 
Table 2.4 Oxidizability of serum and antioxidant status at the end of high olive oil and low olive oil diet. 

 
OO 

Mean (95% CI) 

LO 

Mean (95% CI) 

Lag phase (min)a 102.6 (94.0 to 111.2) 103.3 (90.9 to 115.6) 

Maximal rate of Oxidation (∆abs/∆time)*100 a 0.2 (0.2 to 0.2) 0.20 (0.2 to 0.3) 

Highest optical density a 0.6 (0.6 to 0.7) 0.7 (0.6 to 0.7) 

Time at maximal rate of oxidation (min) a 148.9 (140.8 to 157.0) 148.3 (133.6 to 155.6) 

Total Antioxidant Status (mmol/L) b 1.2 (1.1 to 1.2) 1.2 (1.1 to 1.4) 
a  n = 16; b  n = 19; CI confidence interval; OO high olive oil diet; LO low olive oil diet 
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2.5 Discussion 

The study compared the effects of lycopene-rich, high olive oil diet and a lycopene-rich 

low olive oil diet on serum lycopene levels, serum lipids and some measures of 

antioxidant status. Unlike many previous studies, the olive oil used was refined olive oil 

which has fewer poly-phenolic compounds, which are known to have a beneficial effect 

in reducing CHD. This present investigation confirmed the results of other studies 

showing an increase in serum lycopene with the increase in dietary lycopene (326, 328, 

345). The results were similar to our previous 14 day study that with high lycopene 

diets, the fat intake at two feasible extremes (16% of total energy and 36% of total 

energy) does not appear to influence the serum lycopene levels(342). The main 

difference between the two studies was the source of monounsaturated fat – which was 

Bertolli extra light olive oil in this study, compared to sunflower Sunola™ oil, high in 

monounsaturated fat, in the previous study. This suggests that even though lycopene is a 

fat soluble compound and its absorption could theoretically be influenced by the amount 

of dietary fat intake, as little as 15% of energy from fat is enough to allow an increase of 

the serum lycopene levels by at least two fold, especially if the diets are also high in 

dietary lycopene. This increase appears to be irrespective of whether the source of fat is 

monounsaturated fat enriched sunflower oil or olive oil. The increase also occurred 

irrespective of the age of the subjects. 

 

The results differ from a five day long dietary study, comparing the effects of one single 

high lycopene meal a day, when taken with extra virgin olive oil compared to without 

oil (355). The difference in results may be attributed to the study design and sample 

size. While Fielding et. al. used a case control study design with seven subjects (four 

subjects had tomato meals with olive oil and three subjects had no oil tomato meals) and 

did not control for any other meals of the day, the present investigation used a 
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randomised crossover study design in 21 subjects and controlled for the dietary intake 

through out the intervention periods. It is also possible that serum lycopene levels 

respond differently to lycopene intake with or without fat for the first week; and high 

lycopene intake and 14% of energy from fat or 35% of energy from fat per day has no 

differential effect after a week or nine days of regular consumption. 

 

Although the diets were of short duration and the concentrations of serum lipids and 

lipoproteins are unlikely to have reached their final values, the results were in 

accordance with the meta-analyses by Clarke (242) and Mensink and Katan (241),  

suggesting that diets enriched in monounsaturated fat increase HDL cholesterol, lower 

LDL to HDL ratio and lower serum triglycerides, compared to high carbohydrate low 

fat diets. 

 

In vitro susceptibility to oxidation was performed on serum rather than the isolated LDL 

cholesterol, to take into account the presence of water soluble antioxidants as well as 

high density lipoprotein (HDL) cholesterol, because oxidation of LDL in the body 

would not occur in isolation but in the presence of other components of serum(432).  

 

Copper induced oxidation of serum and TAS analysis did not show any significant 

difference at the end of the two dietary periods. This suggests that the antioxidant 

activity was similar as well as the lycopene concentration being similar on the two diets. 

Other short term studies, with controlled carotenoid intakes, have indicated lower 

susceptibility of LDL to oxidation after high fat monounsaturated fat enriched diets, 

compared to high carbohydrate low fat diets(270, 425). This has been attributed (in 

combination or individually) to the difference in amount of monounsaturated fat, and 

the amount of vitamin E in the diet.  Phenols present in olive oil have also been 
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suggested to act as antioxidants and Ramirez-Tortosa et al. found an increased effect on 

LDL oxidation with extra virgin olive oil compared to refined olive oil in men with 

vascular disease(434). In the present investigation monounsaturated fat, phenol and 

vitamin E intake was about 30mg, 3mg and 10mg higher per day, respectively, on the 

OO diet compared to LO diet. There are two possible reasons for the lack of difference 

in oxidation in the present study – analytical, and/or dietary differences. Firstly, it is 

possible that the water soluble antioxidants in the serum, that are not present in isolated 

LDL, exceed and mask any effects of the antioxidant capacity of monounsaturated fatty 

acids in serum. Secondly, higher levels of compounds with antioxidant properties such 

as phenol and/or vitamin E intakes are required than were present in the OO diet in 

order to show a difference in the serum oxidation (345). However a study in Greek 

smokers comparing the effects of vitamin E controlled, high phenol and low phenol 

olive oil diets did not show the difference in plasma oxidation with the difference in 

phenol intake as high as 19mg/day (435). As for the effect of vitamin E on oxidation, 

clinical data is conflicting and controversial and there is very little evidence that it 

inhibits lipid peroxidation in healthy humans (436).  

 

In conclusion, over ten days high dietary lycopene intake increases the serum lycopene 

levels irrespective of the amount of fat in the diet. However, a high refined olive oil diet 

may reduce the risk of CHD by improving lipid profiles compared to a high 

carbohydrate diet even though the two diets appear to have a similar effect on 

bioavailability of lycopene.  
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