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&runmy: This study presents data on dietary 
/ idake of specific carotenoids in the Nerher- 

lands, based on u recently devkloped$od com- 
posirion dambase for carotcdds. Regularly 
eaten vegetables, the main dietary source of 
carotenoids, were sampled comptehendvely 
and analysed with .modem analytic methods. 
The database was complemented with datafrom 
recent lirerarure and information frorr food 
manufacturers. In addition, data on inrake of vi- 
tamin A are presented, which,are based on the 
mast TeCmt upda& of the Dutch Food Compo- 
sition Tkable. Intake of vitamin A was calculated 
for adult participanrs of zhe second Dutch Na- 
tional Food Consumption Survey in 1992, 
whewas intake of camerwids was calculated 
for participants of the Dutch Cohort Study on 
diet and cunce~ aged 55 to 69 in 1986. Mean in- 
take of vitamin A amounted to 1.1 and 0.9 mg 
RUday for men and women, respecriVely; the 
contributions of meat, fars and oils, vegetables 
and dairy products to total intake were 3S%* 
246 it%, and 16% respectively. Mean intake 
of a-carvtene, &carotene and lute&t plus zea- 
xanthin was O-7,3.0, and 2.5 m&&y respecrive- 
ly for both men and women, while mean intake 
of lycopene was 1.0 mg/day for men and 1.3 
mg/&y for women. The most important foods 
contributing to intake of &carotene a& huein 
plus zeaxanthin were carrots (&cnrotene only), 
spinach, endive and Me. 
@ 1998 l io@e & Huber Publishas 

Xairoducti&i 

kecenr interest in potential health effects of sev- 
eral carotenoids other than theii contribution to 
vitamin A activity has stimulated the develop- 
ment of accurktc dat&ases for carotenoids in 
several countries, including the USA [I] and 
Finland [2, 31. Since comprehensive data on 
carotenoids in Dutch foods - in paxticuk veg- 
etables as major sources -were lacking, we de- 
veloped such a database for the Net&rlands by 
1. sampling and analysing the regularly con- 
sumed vegetables and 2. completiug the data- 
base wirh recent data from the litetature and in- 
formation from food manufacturers. This paper 
presents da& on intake of carotenoids in the 
JVetherlands based on the new carotenoid data- 
base. For the sake of completeness, data ou in- 
take of vitamin A are also presented. 

Representative food consumption data were 
available from the Dutch National Food Con- 
sumption Survey (DNFCS), while relatively E- 
cent vitamin A values of foods ww av&& 
from the Dutch FoodCompositionTable (4). in- 
take of specific carotenoids, however, could not 
be calculated with &Dutch Food Composition 
Table, as it does not yet ‘include the newly de- 
rived values for specsfic carotenoids. Therefore, 
we calculated carotenaid intake from data avail- 
able in the Dutch Cohort Study on r>iet and Can- 
cer (NLCS), for which a more iii food con- 
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Subjects and methods 

For the calct+tion of oarotenoid intake, we used a m&m 
wple (1525 men and 1598 women) from the parMpams of 
&eiULCS [7). which was derived from a random sample from 
&C DIJHI popularioa aged S5 co 69 in 1986. The parxlcliams 
completed a 150-item semiquamitadve toad fmqm ques- 
riopnain (FFQ). which asses~cd habimal food consumption 
durtOg the yeas preceding September 1986 181. The FFQ cw- 
e& vinuaUy all vege@blts CWD W@IK~Y in rkc Ne&eri~~ 
a.5 well a5 fnosr of the regularly uzcn fruits. 

FOC$ ~~mposirion t&es: For calculations of vitamin A intake. 
from the pNFCS in 1992 we used the Dumb Food Composi- 
&XI r&de of 1996 [4], becrruse in W 1996 t+k Ihe t&d 
values for liver and liver producr~ were updared cad missing 
values were completed. The vitamin A v&e for all foods in 
~JC table is based on rhc al@thn~ @&tol+ &~8rotenJa] and 
“pressed as mtinol equivaieats (R& I iE is 1 f@ vitamin A 
or 6 pg P-w=‘@. 

For caIcuiacio~s of inrake of specific carotenoids, we made 
anenti,&y ucw foodcomposirion table. The foe+ mainly COW 
~~u~g~theinulrcofcarowr~idr,i.r.vegetablc~wertsam- 
plcdpndanalyscdfotCr-Md~uolurc,lut~~teaxsa~~d 
lycopcpe. Some other relatively impormm foods, such as mar- 
geriw. were also atafdysd to check \he dam su#ed by me 
manufacmrem. Vahre.5 for a\l &or foods were mosxiy derived 
froID recenl liwan~~ based on the wnc mefhods of analysis 
as we wed. Mangeis ef oh paper (11 wa5 used to see whether 
a specjfu food contained a specific carotenoid. Variws other 
sources was atso used, in pBnicular Heinonen era/ (2.3). Hen 
et al 191, Bureau CI OI [IO]. and Holland tf a! (I J]. 

The vegembles enaiysed erc listed in Table I Each type of 
vegetable was sampled in wo 9 fhree differem periods across 
a yesr (199Sll996): for each vegetable the choice of the peri- 
ods was based OP size of supply end avaiiabie Wiefies. For 
each eamplieg period, a pooled spmple of the vegaable. a& 
teinodfmmserurdifforencretailers. wasassembled.Thissam- 
pie was cleaned and cut according U) me& appiiod by most 
M~~umers andcooked vegetables were prepared according to 
cookery book guidelines, Samples were cooled down to O°C, 
homogenized for 20-30 s. immediam~y followed by freezing 
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?hbk 1: VegcCPbh snmplad fog caroreeoicf analysis, NC&C- 
lendt, I9!W1996 
Beetfoot &dive 

8 spe c breed Et 
French Lcmucc 
Pmau Spinash fresh 

Cabbage oaheert frozen 

CIx 
SW~~peppers green 

red 
caRof fmb TO- 

winter 

in liquid aitrogeu. Samp~ were ~Wmd at -80°C until ana- 
lysis. Afrer &awing, sampler were exmxxed with methand/ 
tetmhydro~mn (I: 1; v/v) usinp the “EC MAT’ common 
procedure* (121. For analysis (which did not involve sa- 
ponification) carotenoids were sopmated by reversed-phase 

*” 
CoIcula~tlwr of inrake md of fiwd gmtp contriburi~g to in- 
r&s- For rhe DNFCS, intake of viumiR A in RE (or cIB/day) 
was akuhd from rheconsumptlon of foods averal@ acfvss 
the two mcord days, Far the conaibutiou of food groups to vi- 
faminAincake.asrondiudWg~ping~a~uml(4]. For the 
purpose of comparison, viramin A intake was also c&u&d 
with rhe I993 Food Composition Tibre which did not yet in+ 
elude updated retiol values for liver aud liver producrs (L3). 

For the NLCS, man usud hake of u- and &cruoteoe, ly- 
copate sud ‘turdn plus zeuranthin was calculated in IlaJday. 
LumineudzeuxantWiwereUkentogeihtrbecausomoatofrhe 
lireramre sourcea used did not provide separate va&s for oa& 
of these eamcenoids. Vegetables. ho*ever. comeiu primarily 
luteinandoalyvayminorqu~ti~~ofzc?xPartrin.Astsaderd 
food grouping siaiilu to the grouping ueod for DNFCS was 
used to caicuhte Ihe contribution of foods co vitamin A intake. 

RfSUItS 

Mean total vitamin A intake was 1.1 and 0.9 xng/ 
d&y for men and women respectively. Figure 1 
displays the xnain food groups conqibuting to 

Table Il: Mean daily caroren%d intake (mg/day) in men and 
women aged S-69. NLCS 1986 

Ma uknal 
mean SD aam SD 

- a-carorare 0.69 0.56 0,7t 0.66 
2.98 1.56 2.97 1.61 

Lwcin + zcaxanthin 255 1.12 2.4 1.05 
Lycopene 1 -05 1.56 l-33 I.88 
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I F&we I: Contaibution of food 
a 200 400 000 eoa 

vitamin A intake. Meat accounted for one third 
of 10~11 intake and fats and oils for about a quar- 
ter. Other impomnt contributing .foods were 
vegetables and dairy products (each about 16%). 
Absolute vitamin A intake from meat ,was 
382 pglday for men and 324 pglday for women. 
Using the outdated 1993 food table, these fig- 
ures were 160 and 140 j&lay respectively, i. e. 
less than half of the true intake from meat. 

Total intake of carotenoids is presented in 
Table II. The main carotenoids were p-carotene 
and lutein plus zeaxanthin, with a mean intake 
of 3.0 and 2.5 mg/day for both men and women 
respectively. The third carotenoid waslycopene, 
witi a mw intake of 1.0 r&day for men and 
1.3 m,g/day forwomen. Intake of u-carotene was 
lower at 0.7 m&lay. Smoking StatUs was (non- 
significantly) associated with P-caroteneintake: 
theinrakewas3.3mg/day(men)~d3.1mg/day 
(women) for aever-smokers, 2.9 &day (men) 

.* 
and 2;8 mg/day (women).. fO~‘current smokers 
and 3.0 ~&day (men) and 2.9 m@ay (women) 
for former smo@xs. As’the proption of never.- 
smokers was much h!gheramong wOrnen (65%} 
than among men (lO%), iverage intake was the 
same in men and women. 

Table III shows the contribution of food 
groups to the intake. bf carotenoids. Vegetables 
accounted for two thirds or more of total intake 
for each of the carotenoids. O&r substantial 
sources appeared to be soups. for which the 
recipes used prescribed stibs,tantial amounts ,of 
vegetables including carrots. Fresh comacoes 
used for soups were included in the vegetable 
*group, however. Tomato juice wq an important 
source of lycopcne. 

The cofitribution of specific vegetables to the 
incake of &carotene and lutein from vegetables 
is displayed in Figures 2 and 3 respectively. Car- 
rots were the main source of p-carotene, fol- 

j%bk III: Conuibutior of feed groups to hake of camtenoids (mg/day). NLCS 1986. men and women 
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Figure 2: Gm&Iburion of 6Du5fic 

10wed by green leafy vegetables such as spinach. 
endive and kale. These leafy vegetables were al- 
so the main sources of lutein (I?& 3). AlJ orher 
vegetables contributed little (19%) to intake of 
&carotene and somewhat more (33%) to the in- 
take of lutein from vegetables. Of the intake of 
u-carotene and lycopene from vegetables, 92% 
was derive& from carrots (cooked, 71%; raw, 
2 1%) and tomatoes respectively. 

Finally, we compared the int&e of pcwotene 
as calculared from our new caxotenoid table with 
that based on vitamin A values derived from the 
Dutch Food Composition Table (Table IV). To 
make this comparison possibie, we calculated 
the contribution of foods of vegetable otigin (REi 
multiplied by 6). Although the intake of &caro- 
tene appears to be higher when calculati from 
the new carorenoid cable (3.0 versus 2.5 mg/ 
day), the mean difference is limited, while the 
correlation between the old and new data is I& 
atively high 

Discussion 

According to the updated Food Composition 
Table 141, mean daify intake of vitamin A ex- 
ceding 1.1 mg for men and more than 0.9 mg 
for women is higher than the Dutch recom- 
mended daily allowance (WA) of 1 and 0.8 mg 
for adult men and adult women respectively. 
Some further increase in the estimate of vitamin 
A intake is to be expected after updaring of the 

Dutch Food Composition Table for the @care- 
tene values of vegetables. ; 

The data presented on inpke of carotenoids 
are the first data in the Netherlands calculat+d 
on the basis of a food composition table based 
on extensively sampled foods and modern meth- 
0~48 of analysis. It is surprising that the intake of 
fhxrome calculated on the basis of the regu- 
lar Dutch Food Composition Table, which was 
based on old data and old-fashioned methods of 
analysis, correMed rather well with the new 
data and only underestimated mean intake by 
0,5 xngiday. 

The estimated mean intake of carosenoids 
should be interpreted with some caution: it was 
.based OR a population aged 55 to 69 in 1986 and 
thus may not fully represent, intake of today’s 
popdation at large. Furthermore, a food fre- 
quency method, which slightly overestimated 
vegetable intake, was used to assess dietary pat- 
terns. Nevertheless. the data do ally5 global 
comparison with data on intake of &oJenoids 
in other countries. In the USA, &&ample, Q 

2kbl.e .M Intakes OF &czrorene @g/day1 and tbir comltion 
acading CO the old food coqx&tiov tabable and the new 
carotmoid dmbsse , 

Old. Neu r 
man SO swm SD spumiu 

Me-II 2.4 1.4 3.0 1.6 0.88 
WOlWl 2.6 1.4 3.0 1.6 0.89 
* Cakulated from conUibucion of foods from vegetable origin 

toviwniaAiocakt(Rti,x6)basuionhtrchFoodCompo- 
sition lkble 1986. 
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F&m 3: (.hmibution of speoifie 
vegetabias 10 bueia intake. NLCS 
(1986). 

where a carotenoid table of similar quality is 
available [I, 141, intake in a representative pop- 
ulation amounted to 1.5,0.8, and 3.5 rag/day for 
&camtme, lutein plus zeaxauthin, and lycapene 
respectively [X5]. lit&e of /hwotene and 
lutein was much lower, whereas intake of ly- 
copene was much higher than in the Nerher- 
lands. Using the same database, selected popu- 
lations of nurses and health professionals had an 
intake of 5, 4, and 11 mg/day of ~carotene, 
lutein plus zeaxarxhia, and Iycopene respec 
tively [ 161, i. e. much higher than in the Nether- 
hds. In parricular, lycopene intake is much 
lower in the Netherlands, apparently due to low 
consumption levels for romato sauces, ketchup 
and Italian foods in the elderly population. 

AS expected, vegetables were the main 
sources of @carotene and lutein, Besides car- 
rots (&carotene only) and spinach (both 
carotenoids), endive and kale appeart$ to be im- 
porcanc sources of p-Carotene and lutein in the 
Dutch population. Endive is a moderate source 
of both carotenoids but is eaten frequently. Kale 
contains large amounts of @xxrotene and lutein 
but is eaten less f?equen~y. 

We have presented accurate data on dietary 
intake of carotenoids in the Netherlands. ,Fu- 
ture research activities should include exren- 
sion of the present carotenoid database to the 
complete Dutch Food Composition Table. Fur- 
rhea-more, more data are needed to obtain good 
estimates of the bioavailability of each of the 
carotenoids. 
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