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Abstract   26 

We assessed the intake and major dietary sources of lutein, zeaxanthin and lycopene (non-27 

provitamin A carotenoids) in Spain using food consumption data from the Spanish National 28 

Dietary Intake Survey (2009–2010). 3-day diaries and one 24-h recall were used to collect 29 

dietary data and a software application that includes HPLC data was used. Average intake of 30 

those carotenoids was 4290.8 µg/day (67.1% total carotenoid intake), mainly from vegetables 31 

(3414.0 µg/day), followed by fruits (393.5 µg/day), oils/fats (204.0 µg/d), and eggs/egg 32 

products (170.0 µg/day).  Main sources of lutein and zeaxanthin were vegetables (62.9% total 33 

diet, 1235.2 µg/person/d). Lycopene intake was 3055.6 µg/day (71.2% of non-provitamin A 34 

carotenoids), mainly from tomato and by-products (86.3%) and watermelon. Red- and orange-35 

colored fruits and vegetables were the major contributors of non-provitamin carotenoids 36 

(3219.0 µg/person/d). Balanced diets should favor fruits and vegetables over other dietary 37 

sources (oils, eggs, processed foods) that contain components to be consumed with 38 

moderation. 39 

 40 
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Introduction 51 

 Lutein, zeaxantin and lycopene (non-porvitamin A carotenoids) are plant pigments 52 

that belong to the well-known group of carotenoids. They are provided by the diet, specially 53 

by fruits and vegetables. Together with the provitamin A carotenoids and other bioactive 54 

compounds, they are partly responsible for the protective role in human health that are 55 

associated with the consumption of fruits and vegetables (Seddon et al,. 1994, Shashirekha et 56 

al,. 2015, Liu 2013, Jomova and Valko 2013). Dietary lutein and zeaxanthin intake and the 57 

presence of these compounds in blood and/or tissues have been associated with a lower risk 58 

for age-related diseases, such as macular degeneration or cognitive deterioration (Rao et al,. 59 

2006, Min and Min 2014, Granado et al,. 2003, Moeller et al,. 2008). Lutein and zeaxanthin 60 

are concentrated in retina, where they constitute what it is known as the macular pigment 61 

[MP] which protects the photoreceptor cell layer from light damage by filtering blue light, 62 

and where they act as scavengers of radical oxygen species (Zampatti et al,. 2014, Kijlstra et 63 

al,. 2012, Snodderly 1995). Lutein and zeaxanthin concentrations in the retina increase upon 64 

the consumption of lutein-rich foods (especially spinach, kale and egg yolk), lutein fortified 65 

foods (i.e. egg products) and lutein supplements (Granado et al,. 2003, Shardell et al,. 2011, 66 

Thurnham 2007). Lycopene, another dietary carotenoid present in human blood and tissues, is 67 

found in a limited number of foods, specially in tomato and tomato products, and is present in 68 

many processed foods in which tomato is used as an ingredient; it is also present in certain 69 

fruits (watermelon, pink grapefruit, papaya, persimmon, etc.) (Naz et al,. 2014). Lycopene is 70 

the most efficient singlet oxygen quencher in vitro (Stahl and Sies 2003) and this biological 71 

activity seems to be of interest for human health (i.e. cardiovascular health) (Perveen et al,. 72 

2015, Rao et al,. 2006). Evidence from epidemiological studies suggests that high 73 

consumption of tomato products or lycopene is associated with a significantly lower risk of 74 

numerous cancers (Giovannucci 1999, Gann et al,. 1999). 75 
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 The biological activity of these carotenoids in the human body (Stahl and Sies 2003) 76 

and the increase in the number of human studies involving these compounds in recent decades 77 

(Krinsky and Johnson 2005, Fiedor and Burda 2014) highlight the importance of the 78 

knowledge of the contents of individual carotenoids in foods for a better understanding of 79 

their role in the relationship between diet and health. However, although there has been an 80 

increase in the number of food composition tables that provide data on the contents of these 81 

three carotenoids in foods (West and Poortvliet 1993, Holden et al,. 1999, Holden et al,. 1998, 82 

O'Neill et al,. 2001), to date, the specific intake of these compounds in relation to health status 83 

is evaluated at the population level in the USA.   84 

 In Spain, the Spanish Agency for Food Safety and Nutrition (AESAN) published the 85 

Encuesta Nacional de Ingesta Dietética [Spanish Dietary Intake Survey] (ENIDE) for 2009-86 

2010 (AESAN, 2011). For the assessment of micronutrient intake, the ENIDE relied on the 87 

Base de Datos Española de Composición de Alimentos (BEDCA) (Spanish Food Composition 88 

Database), which is included in the food databases of the EuroFIR association (European 89 

Food Information Resource).  The BEDCA does not include lutein, zeaxanthin or lycopene 90 

concentrations in the foods and, thus, the ENIDE report did not provide individual data on the 91 

dietary intake of those carotenoids.  92 

 In a previous paper (Beltran-de-Miguel et al,. 2015) we assessed the intake of 93 

provitamin A carotenoids using food consumption data from the ENIDE survey (AESAN 94 

2011) and a database of carotenoid content in foods designed by our group (Beltrán et al,. 95 

2012). The objective of the present study was to expand the information provided in the 96 

ENIDE by assessing the intake of lutein, zeaxanthin and lycopene; the non-provitamin-A 97 

carotenoids most frequently studied in terms of the relationship between diet and health, and 98 

identifying their major dietary sources in the Spanish population. The dietary intake of these 99 
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compounds was calculated for the diet as a whole and according to food groups, with the fruit 100 

and vegetable group broken down according to color.   101 

 102 

Subjects and methods 103 

 The dietary intake of non-provitamin carotenoids in the Spanish population was 104 

evaluated using the food consumption data provided by the ENIDE survey, part of a study 105 

conducted in 2009 and 2010 by the  AESAN, on behalf of the Spanish Ministry of Health, 106 

Social Services and Equality, to determine dietary intake patterns in the adult Spanish 107 

population. The ENIDE is a cross-sectional survey involving a sample of non-institutionalized 108 

individuals (n= 3000), aged 18-64 years, that was designed to be representative of the Spanish 109 

population (AESAN, 2012). Possible participants were randomly selected using a stratified 110 

approach that took into account demographic characteristics, and were invited to participate 111 

by phone call followed by a letter with the study information. All participants gave their 112 

written informed consent. The ENIDE study took into account demographic characteristics 113 

(gender, age, geographical zone, family size and level of education), lifestyle, diet and 114 

seasonal consumption, collecting data from the same number of participants in each of the 115 

four seasons of the year. The food consumption data were obtained from a 24-h recall 116 

completed by each participant with the aid of a trained interviewer, as well as a 3-day diary, 117 

which together constituted a record of more than 12000 days of consumption (AESAN, 118 

2012).  Using this information, the ENIDE survey revealed the distribution of daily 119 

consumption of foods (n>400), classified into 12 groups according to intake.  Each food (raw) 120 

is expressed in grams or mL (in the case of liquids) per person and per day, considering the 121 

overall population (consumers and nonconsumers) (AESAN, 2012). 122 

In this study, data on the mean consumption of foods (g/day) based on the ENIDE 123 

survey (AESAN, 2011) were used to calculate the intake of the non-provitamin A 124 
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carotenoids: lutein, zeaxanthin and lycopene. The ENIDE survey gathered information on the 125 

consumption of mixed meals (recipes), recording both the amounts consumed by the 126 

participants and the way in which the meals were prepared. This information was transformed 127 

into data on the foods and amounts in each recipe, and we used these data to assess the dietary 128 

intake of lutein, zeaxanthin and lycopene. The data on the foods and amounts consumed were 129 

introduced into a specific software application for carotenoids (Estévez-Santiago et al,. 2013) 130 

that includes a carotenoid database (Beltrán et al,. 2012). This carotenoid database contains 131 

information on the major dietary carotenoids present in foods, with data generated entirely by 132 

high-performance liquid chromatography (HPLC) (Beltrán et al,. 2012, Granado et al,. 1992, 133 

Olmedilla et al,. 1993) using an analytical procedure that is considered to be highly 134 

acceptable
 
(West and Poortvliet 1993). The foods included, mainly from the plant kingdom, 135 

are major contributors to the intake of carotenoids in Europe (Granado et al,. 2007, O'Neill et 136 

al,. 2001). The food groups included in the software are: fruit, vegetables, oils and fats, 137 

snacks, nonalcoholic beverages, milk and dairy products, eggs and egg products, sauces and 138 

herbs and spices. The individual carotenoid content of each of these items was multiplied by 139 

the amount consumed of edible portion (g/person/day) and this provided an estimate of the 140 

carotenoid contributed by the food. The sum of the carotenoid intakes from these foods 141 

enabled the calculation of individual and total carotenoid intakes, as well as their relative 142 

contribution. Data on the contribution of the different food groups to energy intake among the 143 

Spanish population (in the ENIDE) were previously assessed and published (Beltran-de-144 

Miguel et al,. 2015) and were used to assess said intake expressed in terms of dietary energy 145 

density (lutein, zeaxanthin and lycopene per 1000 kcal). The data on carotenoid 146 

concentrations were those corresponding to raw and cooked foods, depending on how they are 147 

usually consumed. 148 
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The major food sources of lutein, zeaxanthin and lycopene in the diet of the Spanish 149 

population were determined, and the contribution of the group comprised of fruits, vegetables 150 

and other foods of plant origin to the intake of these bioactive compounds is presented for 151 

individual items and grouped according to their color (white/yellow, green, red/orange). 152 

 153 

Results 154 

The contribution of lutein, zeaxanthin and lycopene in the total diet of the adult 155 

Spanish population, and the contribution of the different food groups to said intake are shown 156 

in table 1. The sum of these non-provitamin A carotenoids is also included, as are previously 157 

published data on the intake of provitamin A carotenoids (β-carotene, α-carotene and β -158 

cryptoxanthin) (Beltran-de-Miguel et al,. 2015) to assess the total intake of the major dietary 159 

carotenoids. In this table, the lutein and zeaxanthin columns provide intake data of these two 160 

carotenoids when they were determined separately, and the lutein-zeaxanthin column shows 161 

their combined values obtained from the literature (when a joint value was reported) (see 162 

database in Beltrán et al., 2012). The column total L+Z reports the total lutein and zeaxanthin 163 

intake. The mean total dietary intake of non-provitamin A carotenoids was 4290.8 µg/d 164 

(67.1% of the total carotenoids) and was mainly supplied by vegetables (3414.0 µg/d) and 165 

fruits (393.5 µg/d), followed by the group of oils and fats (204.0 µg/d). Eggs and egg products 166 

constitute the only source of these carotenoids of animal origin (170.0 µg/d).  167 

Dietary intakes of non-provitamin A carotenoids are shown in table 2. Dietary intake 168 

of lutein (704.0 µg/person/d) was higher than that of zeaxanthin (55.0 µg/d). The total intake 169 

of lutein and zeaxanthin (1235.2 µg/d) was approximately 2.5-fold lower than that of 170 

lycopene (3055.6 µg/d). Lycopene represented 71.2% of the non-provitamin A carotenoids 171 

analyzed in the Spanish diet and it was provided mainly by one vegetable – tomato (86.3% of 172 

the total lycopene intake) and a fruit, watermelon (10.6% of the total dietary lycopene).  The 173 
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main source of lutein and zeaxanthin are vegetables (62.9% of the total dietary intake) and the 174 

contribution of the groups of oils and fats and, to a lesser extent, that of eggs and egg products 175 

(16.5% and 5.2%, respectively). 176 

  The contribution of the different vegetables and fruits (g/d) to the intake of lutein, 177 

zeaxanthin and lycopene is shown in table 2, as are the amounts of total and individual non-178 

provitamin A carotenoids supplied daily by each of these foods. Spinach (182.7 µg/d, total 179 

L+Z) and curly kale (173.8µg/d, total L+Z) were the major sources of lutein and zeaxanthin 180 

which, together, provided 28.9% of the total intake of these carotenoids in the diet as a whole. 181 

Together peppers and Swiss chard, they constituted 35.4% of the total L+Z intake. Fruits 182 

provided 5.2% of the dietary lutein and zeaxanthin intake, with orange as the leading 183 

contributor by a small margin (33.4 µg/d of L+Z), as it was consumed in greater amounts 184 

(34.6 g/d), supplying 52.4% of the L+Z contributed by the group of fruits. 185 

 Finally, table 3 shows the lutein, zeaxanthin and lycopene intake provided by fruits 186 

and vegetables grouped according to their color as white/yellow, red/orange and green. When 187 

compared to foods of other colors, the red and orange fruits and vegetables were, by far, those 188 

that contributed the greatest amount of non-provitamin A carotenoids when considered as a 189 

whole (75.0 %), and all the dietary lycopene. However, considering non-provitamin A 190 

carotenoids individually, lutein and zeaxanthin were mainly supplied by green fruits and 191 

vegetables (51.1%), whereas red/orange colored items provided 13.2% and those of 192 

white/yellowish color (21.9%). The fruits and vegetables of red/orange color supplied 97.1% 193 

of the lycopene intake. 194 

 195 

Discussion  196 

 In this report, we present the first data on lutein, zeaxanthin and lycopene intakes in a 197 

Spanish population (a representative sample at the national level), which were calculated on 198 
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the basis of a direct dietary survey using a methodology for the analysis of the intakes of 199 

individual carotenoids. This survey methodology is of the type chosen by EuroFIR  (Martinez 200 

Burgos et al,. 2009) in the attempt to harmonize and standardize food consumption data from 201 

different countries. 202 

 Until now, information on the intakes of these carotenoids in Spain has been very 203 

limited, and the available data, national and international, have been provided by studies with 204 

considerable differences in methodology that affect the comparability of the results obtained. 205 

This is especially true for databases of carotenoid composition in foods and the types of 206 

dietary questionnaires employed, a circumstance that could explain the very different intake 207 

levels found in the literature (Kant et al,. 2015, USDA-ARS, 2012, O'Neill et al,. 2001). 208 

Previous data on the intake of non-provitamin A carotenoids in the Spanish population, from 209 

fruit and vegetable consumption (major contributors to their intake) but not from the total diet 210 

were based on calculations of consumption frequencies obtained from the household budget 211 

surveys carried out by the Spanish Institute of Statistics in 1964, 1980 and 1996 and from a 212 

food consumption survey carried out by the Ministry of Agriculture in 2004 (Granado et al,. 213 

2007) (table 4). The food composition data reported in their studies (Granado et al,. 1992, 214 

Olmedilla et al,. 1993) were included and expanded in the carotenoid database employed in 215 

the present study (Beltrán et al,. 2012).  216 

 To compare our data with those from Granado et al (Granado et al,. 2007), we 217 

consider only the fruit and vegetable intakes (476 g fruit+vegetables/p/d; 263 g 218 

vegetables/p/day and 213 g fruit/p/d) according to the Spanish food consumption reported by 219 

the ENIDE (AESAN, 2011) as contributors to lutein, zeaxanthin and lycopene intake.  The 220 

lutein and zeaxanthin intake (840.2 µg/p/d) and lycopene intake (2967.0 µg/p/d) are higher in 221 

the present study, in both cases, almost double the values obtained with the 2004 food 222 

consumption survey (453.1 µg lutein and zeaxanthin /p/d and 1162.0 µg lycopene/p/d)  223 
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(Granado et al,. 2007).  This difference may be due to the increase in the varieties of fruits 224 

and vegetables recorded in the ENIDE (around 30 vegetables and 20 fruits) compared to the 225 

12 vegetables and 16 fruits considered in the calculation of the survey of 2004, as well as to 226 

the availability of more data on carotenoid composition in the present study. For example, for 227 

the lycopene calculations, the 2004 survey did not take into account the contribution of sauces 228 

and juices (i.e., tomato sauce and tomato juice). In the survey of 2004, those items represented 229 

at least 89% of the total consumption of fresh fruit and vegetables in Spain (Granado et al,. 230 

2007).  231 

 The intake of non-provitamin A carotenoids from fruits and vegetables in proportion 232 

to the intake of total carotenoids (67.3%) in the Spanish population is higher than that 233 

reported with the data from the survey of 2004, in which it represented 50% of the total intake 234 

(Granado et al,. 2007). Fruits supply similar amounts of carotenoids with and without 235 

provitamin A activity, but vegetables are richer in non-provitamin A carotenoids (68.8 %) 236 

(Table 1). Lutein and zeaxanthin represent the 14.8% of the total carotenoids from fruits and 237 

vegetables, which is similar to the percentage obtained with the 2004 survey (14%). 238 

 Intakes from the U.S National Health and Nutrition Examination Survey (NHANES 239 

2009-2010) were 5260.0 µg/day for lycopene and 1360.0 µg /day for lutein + zeaxanthin 240 

(which, expressed in mg per 1000 kcal, are 2530.0 µg lycopene/1000 kcal and 650.0 µg lutein  241 

plus zeaxanthin/1000 kcal). The lycopene intake in the U.S. is much higher than in Spain 242 

(3055.6 µg/d) and the lutein+zeaxanthin intake (1235.2 µg/d) is slightly higher. These 243 

differences could be due to an underestimation of the lycopene and of the lutein+zeaxanthin 244 

intakes as the foods grouped as “others” were not taken into account in the estimation of these 245 

intakes. That group included prepared foods, which can include tomato or lycopene as a color 246 

additive and constitute relevant sources in some countries (e.g., Belgium) (Vandevijvere et 247 

al,. 2014), as well as foods derived from grains, which can contain lutein+zeaxanthin (e.g., 248 
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maize, although the consumption of these foods is of little importance in the Spanish diet). 249 

Although there are few data in Spain on the food composition of the many processed or 250 

ready-to-eat foods that are commercially available and the consumption of which is on the 251 

rise (Hoffman and Gerber 2015) their contribution should not be overlooked because it could 252 

result in the underestimation of the dietary carotenoid intake.   253 

 The lutein and zeaxanthin intake in this study in a Spanish population aged 18 - 64 254 

years (1230 µg/p/d) is similar to that found in a recent study in apparently healthy individuals 255 

(n=108; aged 20-35 and 45-65 years), in which the dietary intake was 1170 µg/p/d 256 

(Olmedilla-Alonso et al,. 2014), and was measured using 3-day food records. 24-h recalls and 257 

the same food database employed in the present study. However, the total dietary lutein and 258 

zeaxanthin intake is much lower in this study than that found in European subjects (n=400) 259 

more than a decade ago, where the intake in the Spanish subgroup (n=80) was 3250.0 µg /day 260 

(range: 1800.0 – 4300.0 µg/d) (Olmedilla et al,. 2001), which contrasts with the 1230.0 µg /d 261 

of this study. The opposite occurs with lycopene, the intake of which (3060.0 µg /p/d) is 262 

higher than in the aforementioned Spanish subgroup (median  1640.0 and range 500.0 to 263 

2640.0 µg /p/d). In the two studies, the food composition data was identical for most of the 264 

foods; however, the European study was based on a semiquantitative food frequency 265 

questionnaire (FFQ), whereas in the present study, 3-day food records were employed. FFQ’s 266 

have been reported to overestimate carotenoid intake (George et al,. 2012), especially that of 267 

lutein and zeaxanthin, when the findings with these two tools are compared (Granado-268 

Lorencio et al,. 2006). 269 

 In the present study, sources of lutein and zeaxanthin like the eggs and oils are 270 

included, but were not evaluated in the study of Granado et al (Granado et al,. 2007). 271 

Specifically, olive oil, widely used as a cooking oil in Spain (AESAN, 2011), provides 16.5% 272 

of the total lutein and zeaxanthin intake. However, it is important to stress the benefits of 273 
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fruits and vegetables in comparison to other sources of carotenoids, such as oils, because they 274 

have a high nutrient density, accompanied by a low energy density (defined as kcal per gram 275 

of food). Oil has an energy density 20 times higher than fruits and vegetables and, thus, the 276 

health recommendation for oil consumption (30-40 g/day) would detract from the importance 277 

of this food if compared with fruits and vegetables in any health campaign. In this respect, the 278 

lutein and zeaxanthin density (µg/1000 kcal) in vegetables is maximal (8.95 mg/1000 kcal), a 279 

fact that makes promotions of the consumption of this food group, which provides other 280 

bioactive components of interest, more convincing. Fruits and vegetables should be given 281 

priority in the design of balanced diets and preference over other carotenoid-rich foods 282 

(sauces and processed foods) (Vandevijvere et al,. 2014), the consumption of which should be 283 

limited because of the possible harmful effects of excessive amounts of some of their 284 

ingredients (salt, fat, cholesterol, etc.).  285 

 Among the fruits and vegetables, spinach and curly kale provide 46% of lutein and 286 

zeaxanthin intake, which corresponds to 28.9% of the total dietary intake. However, we must 287 

not overlook the contributions of other vegetables, although the consumption of some of them 288 

ranges from <1 g/day (e.g. watercress, lamb’s lettuce), because together they provide 7.1% of 289 

the lutein+zeaxanthin in the total diet. With respect to lycopene, one vegetable (tomato) and 290 

one fruit (watermelon) are its main sources, of which has also been reported in other studies 291 

(Granado et al,. 1996, Rodriguez Amaya 2001). 292 

 The mean dietary intake of fruits and vegetables in this study (392 g/day: 213 g/day 293 

fruit and 179 g/day vegetables [edible portion, excluding potatoes and tubers]) practically 294 

meets the amounts of fruits and vegetables recommended by the WHO (400 g/day, excluding 295 

potatoes and starchy tubers) (WHO/FAO, 2003). However, it does not meet the amounts 296 

recommended by the World Cancer Research Fund International (WCRF, 2007) for public 297 

health goals: 600 g/p/day of a range of non-starchy vegetables and fruits that comprises items 298 
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of different colors, including red, green, yellow, white, purple and orange. On the other hand, 299 

the different distributions of these carotenoids in fruits and vegetables grouped according to 300 

their color supports the need to explain to the general population the benefits derived from 301 

diets that include not only a high amount of fruits and vegetables, but that these foods should 302 

be of a variety of colors (Heber and Bowerman 2001); this recommendation is being issued 303 

by several organizations (WCRF 2007, USDA 2011).  304 

 There are no dietary reference intakes for the bioactive components, as their absence 305 

from the diet is presumably not deleterious to health (e.g., does not cause a deficiency 306 

syndrome) (Harper 1999), but, mainly on the basis of epidemiological and intervention 307 

studies and the biological activities of these compounds, suggestions for intake levels that 308 

could decrease the risk of several chronic diseases have been made. For lutein, an intake of 6 309 

mg/day has been suggested to decrease risk of some chronic diseases (Granado et al,. 2003). 310 

This level is much higher than the lutein intake of the Spanish population, which represents 311 

only 14% of this suggested intake. On the other hand, according to the observed safe level 312 

risk assessment method, the evidence of safety is strong at intakes up to 20 mg/d for lutein 313 

and 75 mg/d for lycopene (Shao and Hathcock 2006), amounts difficult to achieve by dietary 314 

means without the incorporation of fortified foods. 315 

 316 

Conclusions 317 

 The identification of the major sources of lutein, zeaxanthin and lycopene and their 318 

intakes in the Spanish population will be useful for decisions in the public health setting, as 319 

those carotenoids account for more than half of the total dietary carotenoid intake in said 320 

population. Moreover, it is of the utmost importance that the efforts around the world to 321 

harmonize the results continue, with a standardization of the methodology and databases 322 
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utilized in dietary studies. This would enable a more reliable approach to the establishment of 323 

adequate reference intake levels related to the physiological effect of these compounds. 324 

 To date, the recommendations of international organizations (WHO, WCRF) with 325 

respect to increasing the consumption of fruits and vegetables (with a variety of colors) is 326 

essential for a higher intake of lutein, zeaxanthin and lycopene in the Spanish population, as 327 

this food group provides nearly 90% of these carotenoids. The mean dietary intake of fruits 328 

and vegetables in the Spanish population meets the 400 g fruit and vegetable daily intake 329 

recommended by the WHO (WHO/FAO, 2003). Specifically, lycopene is ingested mainly 330 

from red/orange fruits and vegetables, almost exclusively tomato and watermelon; and lutein 331 

and zeaxanthin are found in green-colored foods, mainly spinach and curly kale. 332 
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Table 1. Daily lutein (L), zeaxanthin (Z), lycopene and energy intake from the different food groups in the Spanish adult population 509 

. Total 

intake 

(g) 

Edible 

portion  

(g) 

Energy 

(kcal) 

Lutein 

(µg) 

Zeaxanthin 

(µg) 

Lutein-

zeaxanthin 
c 
 

(µg) 

Total 

L+Z 

(µg) 

L+Z 

(per 

1000 

kcal) 

Lycopene 

(µg) 

Total 

carotenoids 

(µg) 

Non- 

provitamin 

carotenoids 

Non-provit 

carotenoids 

/1000 kcal 

Provitamin A 

carotenoids 
d
 

Milk & dairy products 307.0 306.0 271.0 0.0 0.0 0.0 0.0 0.0 0.0 28.7 0.00 0.0 28.7 

Meat & meat products 194.0 175.0 358.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Fish & seafood products 89.8 65.9 79.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Vegetables 261.1 221.1 86.7 461.2 35.1 280.0 776.4 8954.5 2637.6 4964.8 3414.0 39377.2 1495.0 

Fruits 231.0 182.0 130.0 39.1 19.7 5.0 63.8 490.6 329.7 687.9 393.5 3027.0 294.4 

Eggs & egg products 31.2 27.1 43.9 0.0 0.0 169.9 169.9 3868.9 0.0 173.4 169.9 3868.9 3.6 

Oils & fat 34.4 34.4 304.0 203.9 0.0 0.0 203.9 670.7 0.0 277.7 203.9 670.7 73.9 

Beverages 1992 1992.0 169.0 0.0 0.0 20.2 20.2 119.6 37.7 180.6 57.9 342.9 122.6 

Aperitifs & appetizers 
a
 11.0 10.3 42.6 0.0 0.0 0.0 0.0 0.0 0.0 5.9 0.0 0.0 5.9 

Sauces & herbs & spices 12.7 12.5 22.2 0.0 0.0 1.1 1.1 48.2 50.5 78.0 51.6 2322.6 26.4 

Others 
b
 227.8 227.8 723.0 n.a 

f
 n.a n.a n.a n.a n.a n.a n.a n.a n.a 

Total 3392.0 3254.0 2230.0 704.2 54.9 476.1 1235.2 
e
 553.9 3055.6 6397.0 4290.8 1924.1 2106.4 

 510 

a 
The appetizer group includes olives, a salt corn snack (crusts or "rinds"), cocktail crackers, a salted cheese snack (puffs or doodles), popcorn,  potato chips, pickles. 511 

b
 Grains and grain products, precooked meals, sugars, sweets and baked goods. 512 

c
 Lutein-zeaxanthin: dietary content of lutein and zeaxanthin analyzed jointly in certain foods for which separate values for these two carotenoids are not available.   513 

d
 Previously published data (Beltran-de-Miguel et al,. 2015) 514 

e
 Total theoretical intake is 0.0437 mg/kg body weight per day, considering mean body weight to be 70 kg. 515 

f  
n.a: no available data. 516 

 517 

 518 
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Table 2. Vegetable and fruit consumption (g/day) in the Spanish adult population and its contribution to daily lutein, zeaxanthin, lycopene and carotenoids intake 519 
(µg/day) 520 

Food Total intake  

g/d 

Non-provitamin A 

carotenoids  

µg/d 

Lutein 

µg/d 

Zeaxanthin 

µg/d 

Lutein-Zeaxanthin 

µg/d 

Total L+Z 

µg/d  

Total L+Z 

/g food  

Lycopene 

µg/d  

Lycopene 

/g food  

Total diet  3392 4290.8 704.2 54.9 476.1 1235.2 0.4 3055.6 0.9 

 

Vegetables 

 

261.1 

 

3414.0 

 

461.2 

 

35.1 

 

280 

 

776.3 

 

3.0 

 

2637.6 

 

10.1 

Artichoke 2.6 2.0 2.0   2.0 0.8 0.0 0.0 

Asparagus (wild) 1.8 5.5 5.5   5.5 3.0 0.0 0.0 

Broad bean (cooked) 1.2 7.8   7.8 7.8 6.5 0.0 0.0 

Broccoli 0.1 1.1 1.1   1.1 10.7 0.0 0.0 

Cabbage 1.1 0.6 0.5 0.1  0.6 0.5 0.0 0.0 

Carrot (raw and cooked) 10.1 24.8 24.8   24.8 2.5 0.0 0.0 

Celery (white, green) 0.7 3.1 3.1   3.1 4.4 0.0 0.0 

Corn 2.1 17.1 0.7 0.4 16.1 17.1 8.1 0.0 0.0 

Cucumber 5.4 0.6 0.6   0.6 0.1 0.0 0.0 

Curly kale 1.1 173.8   173.8 173.8 158.0 0.0 0.0 

Eggplant 3.38 25.9   25.9 25.9 7.7 0.0 0.0 

Green bean 9.1 30.9 30.9   30.9 3.4 0.0 0.0 

Lamb's lettuce 0.3 13.1 13.1   13.1 43.6 0.0 0.0 

Leek 1.9 0.5 0.5   0.5 0.3 0.0 0.0 

Lettuce 20.7 30.4 30.4   30.4 1.5 0.0 0.0 

Onion 23.3 0.4 0.4   0.4 0.0 0.0 0.0 

Pepper (red/green) 14.4 41.0 23.3 17.7  41.0 2.8 0.0 0.0 

Potato 68.9 8.2 6.1 2.1  8.2 0.1 0.0 0.0 

Pumpkin 2.2 10.7 10.7   10.7 4.9 0.0 0.0 

Rocket 0.2 16.1 16.1   16.1 80.6 0.0 0.0 

Scallion 0.3 0.7   0.7 0.7 2.2 0.0 0.0 

Spinach 5.2 182.7 167.8 15.0  182.7 35.1 0.0 0.0 
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Swiss chard 3 39.5 39.5   39.5 13.2 0.0 0.0 

Tomato (fresh tomato sauce) 65.9 2678.2 39.8   39.8 0.6 2638.5 40.0 

Turnip greens or tops  0.44 37.1   37.1 37.1 84.4 0.0 0.0 

Watercress 0.3 19.9   19.9 19.9 66.4 0.0 0.0 

Zucchini 7.1 6.1 6.1   6.1 0.9 0.0 0.0 

Vegetable group  (individual 

item: 1-3 g/day)  

 

16.9 205.7 19.6 0.1 186.0 205.7 12.2 0.0 0.0 

Vegetable group (individual 

item intake < 1 g/day) 

 

3.24 88.2 30.4  57.8 88.2 27.2 0.0 0.0 

Fruits 231  393.5 39.1 19.7 5.0 63.8 0.3 329.7 1.4 

Avocado 1 2.3 2.3   2.3 2.3 0.0 0.0 

Apple 41.4 2.0 2.0   2.0 0.0 0.0 0.0 

Banana 24.3 1.0 1.0   1.0 0.0 0.0 0.0 

Cherry 2 1.0 0.7 0.1  0.8 0.4 0.2 0.1 

Grapefruit 0.4 4.1     0.0 4.1 10.3 

Kiwifruit 7.1 3.2 3.2   3.2 0.5 0.0 0.0 

Orange 34.6 33.4 17.0 16.5  33.4 1.0 0.0 0.0 

Papaya  0.9 0.5   0.5 0.5 0.6 0.0 0.0 

Peach 15.3 5.0 1.7 3.2 0.1 5.0 0.3 0.0 0.0 

Pear 18.3 1.6 1.6   1.6 0.1 0.0 0.0 

Persimmon 0.6 5.1   4.3 4.3 7.1 0.8 1.4 

Strawberry 2.8 0.4 0.4   0.4 0.1 0.0 0.0 

Watermelon 17 329.9 5.3   5.3 0.3 324.6 19.1 

Yellow plum 3 2.3 2.3   2.3 0.8 0.0 0.0 

 521 

Items that contribute with less than 0.3 µg/day of non-provitamin A carotenoids: a) Vegetables:  beet (canned), cauliflower, mushroom, red cabbage, sweet potato; 522 

b) Fruits: apricot, blackberry, blueberry, fruit cocktail, grape, lemon, loquat, mango, melon, pineapple, tangerine. 523 

Blanck space mean no data reported. 524 



25 
 

Table 3. Lutein, zeaxanthin,  lycopene and carotenoids intake (µg/day) supplied by fruits and vegetables classified according to color. 525 

 526 

Fruit and 

vegetables grouped 

according to color 

Lutein 

 

Zeaxanthin 

 

Lutein-Zeaxanthin 

 

Total L+Z 

 

Lycopene 

 

Total carotenoids 

 

Non-provitamin A  

carotenoids 

 

% Total 

non-provitamin A carotenoids  

intake 

White/yellow 225.8 2.4 42.8 271.0 0.0 385.2 271.0 70.4 

Red/orange 100.1 37.5 26.1 163.7 2967.3 4806.4 3219.3 67.0 

Green 378.3 15.0 237.3 630.6 0.0 993.0 630.6 63.5 

 527 

 528 

 529 

 530 

 531 

 532 

 533 

 534 

 535 
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Table 4. Studies assessing dietary lutein, zeaxanthin and lycopene intakes performed in representative samples of the overall Spanish population. 536 

Year of the survey 

Sample (N) 

Spanish general population 

Dietary assessment 

method 

FCT used  / analytical 

method 

Non-provitamin A 

carotenoids assessed 

(µg/p/d) 

Reference 

 

1964 

(20800 households) 

 

 

Family Budget 

surveys 

 

 

Published food composition 

data (Olmedilla et al,. 1993, 

Granado et al,. 1992)  /  

HPLC 

 

 

Lutein   (534.0) 

 

Granado et al 2007 

Zeaxanthin  (108.7) 

Lycopene  (1039.6) 

1980 

(30311 households) 

 

 

Family Budget 

surveys 

 

Published food composition 

data (Olmedilla et al,. 1993, 

Granado et al,. 1992)  / 

HPLC 

 

Lutein   (676.3) Granado et al 2007 

 Zeaxanthin  (112.5) 

Lycopene  (1414.7) 

1990 

(21155 households) 

 

Family Budget 

surveys 

 

Published food composition 

data (Olmedilla et al,. 1993, 

Granado et al,. 1992)  / 

HPLC 

 

Lutein  (558.0) Granado et al 2007 

 Zeaxanthin  (100.1) 

Lycopene  (1436.6) 

2004 

(6000 househods) 

Food consumption 

survey  

Published food composition 

data (Olmedilla et al,. 1993, 

Granado et al,. 1992)  / 

HPLC 

Lutein  (380.1) Granado et al 2007 

Zeaxanthin  (73.0) 

Lycopene  (1162.7) 
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