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Estimated intake of intense sweeteners from non-alcoholic beverages in Denmark 2005

Introduction

In 2007 the National Food Institute published an investigation from 1999 about intense sweeteners in non-alcoholic beverages showing an estimated intake of cyclamate in 1-3 years old over the ADI value for more than 10% of the children [START_REF] Leth | Estimated intake of intense sweeteners from non-alcoholic beverages in Denmark[END_REF]. Since then the EU on the advice of the European Food Safety Authority (EFSA) and on the behest of several member states has reduced the maximum permitted level (MPL) for cyclamate from 400 mgl -1 to 250 mgl -1 in soft drinks (EU 2004).

The ADIs of sweeteners are: 15 mg kg -1 bw day -1 for acesulfame-K, 40 mg kg -1 bw day -1 for aspartame, 7 mg kg -1 bw day -1 for cyclamate and 5 mg kg -1 bw day for saccharin. Other intense sweeteners like sucralose or neohesperidinedihydrochalcone are not found on the Danish market in 2005. The Danish Dietary Survey [START_REF] Andersen | The Danes dietary habits 1995. Main results[END_REF] provides extensive information on the intake of foodstuffs in a representative part of the population aged 1 to 80 years, and it is so far the only Danish source for information of the food intake of small children. With this survey an estimation of the intake of specific compounds is possible if the level of the compound in all potential foodstuffs is known. The Danish monitoring programme for food additives samples foodstuffs for chemical analysis. The primary objective is to check that the additives are used legally and within the maximum permitted levels, and the results are continuously sent to EU to fulfil our legal duties according to EU directives, but the analyses are also utilized to survey the intake of food additives. Non-alcoholic beverages, which are the major source of intake for intense sweeteners [START_REF] Bergsten | Intake of artificial sweeteners. Acesulfame-K, aspartame, cyclamate and saccharin[END_REF]) and confirmed by the Danish monitoring programme, were monitored in 1999 and again in 2005. In a recent review of intake estimations of intense sweeteners (Renwick 2006) it appears that very few intake estimations based on large representative parts of the population have been carried out and none at all after the reduction in EU of the MPL for cyclamate from 400 to 250 mgl -1 . Thus it was the purpose of this investigation to determine the intake of intense sweeteners with nonalcoholic beverages in different age groups of the Danish population based on the monitoring results from 2005 and to compare the results with the similar investigation based on the results from 1999 [START_REF] Leth | Estimated intake of intense sweeteners from non-alcoholic beverages in Denmark[END_REF].

Materials and methods

Monitoring programme

In 2005, the project "Monitoring of additives: Intense sweeteners, colouring agents and preservatives in non-alcoholic beverages" was carried out as part of the Danish Veterinary and Food Administrations programme for monitoring of additives [START_REF] Jensen | Monitoring and control of food additives: Intense sweeteners, colouring agents and preservatives in non-alcoholic beverages[END_REF]. A total of 177 samples were taken by the local authorities all over Denmark from producers, importers and wholesalers from June 2005 to July 2006, and the samples were stored in a refrigerator at 4ºC until analysis. All the samples were analysed, but only 76 samples had a declared content of intense sweeteners, so-called "light" soft drinks, with 56 samples in the category of light soft drinks with carbon dioxide and 20 samples in the category of light soft drinks without carbon dioxide. The 101 sugar sweetened soft drinks with and without carbon dioxide and without a declared content of intense sweeteners were also analysed. Apart from the intense sweeteners the samples were also analysed for the preservatives sorbic and benzoic acid, coffein and synthetic coulorants, if there presence were suspected. However these results will not be presented here. A total of 142 samples were of Danish origin and 35 were imported. 

Chemical analysis

The chemical analysis for acesulfame-K, aspartame, cyclamate and saccharin was carried as described earlier [START_REF] Leth | Estimated intake of intense sweeteners from non-alcoholic beverages in Denmark[END_REF]. In short the analytical samples were diluted, if necessary, with deionised water to bring the concentrations of intense sweeteners within the calibration range of the method. Acesulfame-K, aspartame and saccharin were separated by HPLC on a C-18 column and measured at 220 nm, while cyclamate was derivatized with sodium hypochlorite to N,Ndichlorocyclohexylamine, separated by HPLC on a C-18 column and measured at 314 nm. The laboratory was accredited to perform these methods according to ISO 17025 (ISO 2005). Also the quality control was carried out as described earlier [START_REF] Leth | Estimated intake of intense sweeteners from non-alcoholic beverages in Denmark[END_REF]) with a duplicate and a recovery experiment in each series of analysis. The results showed that the methods had been under control at all times with no values exceeding the control limits for double determinations or for recoveries.

Dietary survey

The survey was conducted in 1995 on a random sample of Danes aged from 1 to 80 years drawn from the Central Populations Register and stratified by sex and age [START_REF] Andersen | The Danes dietary habits 1995. Main results[END_REF] as described earlier [START_REF] Leth | Estimated intake of intense sweeteners from non-alcoholic beverages in Denmark[END_REF]. Dietary data was based on recording on 7 consecutive days. The questionnaire included 20 beverages (e.g. different types of milk, beer, wine soft drinks and fruit juices). Sweetened beverages included two types of beverages with carbon dioxide: soft drinks "light" and soft drinks sugar sweetened; and two types of beverages without carbon dioxide: soft drinks "light" and soft drinks sugar sweetened including fruit juices. This survey, although more than 10 years old, is the only Danish survey with data for the most critical group of 1-3 years old children and must therefore be used again for the intake estimation. 

Estimated intake calculation

The 177 samples of beverages analysed were aggregated into four different types of beverages for which intake data was present: with carbon dioxide, light (average intake 24 mlday -1 ) and sugar sweetened (average intake 108 mlday -1 ) and without carbon dioxide, light (average intake 71 mlday - 1 ) and sugar sweetened (average intake 136 mlday -1 ). For each person the registered average daily intake of the four categories was multiplied with the content of intense sweetener, and a calculation of basic statistic parameters of the intake distribution was carried out in the form of mean, standard error of mean (not shown in the paper) and percentiles including the median with the persons divided in age groups, males, females and the total population. For the content of intense sweetener was used two scenarios: One with the analytical determined mean value for all the light samples with content of the specific sweetener called "high intake" to simulate situations for brand-loyal consumers and one with the analytical determined mean value for all the light samples in the category called "average intake", which will be lower than "high intake", since many of the light samples were not sweetened with all the four artificial sweeteners. The variability in the levels of sweeteners inside the four categories of soft drinks has not been used in the estimated intake calculation.

Results

Concentration of intense sweeteners in non-alcoholic beverages

Insert table 1 here

Table I gives the average and range of sweeteners in the light categories with and without carbon dioxide and the number of samples in each category, both average of all the samples in the category for the average intake estimation, and the average of only the samples with content of the specific sweetener for high intake estimation.

It could be assumed that the reduction in the use of cyclamate will lead to increased use of the other intense sweeteners. The development from 1999 to 2005 is also illustrated in table I for light soft drinks without and with carbon dioxide. No illegal use of the four examined sweeteners was found, that is sweeteners used in food for which they are not allowed, and the contents for cyclamate as well as for the other sweeteners exceeded in no cases the maximum permitted levels shown in table I. Only three faulty declarations for sweeteners were found (4% of the samples), two samples with an intense sweetener declared but not present and one sample with an intense sweetener not declared but present, compared to 19 faults in 1999 (23% of the samples).

No sugar sweetened soft drinks contained intense sweeteners, which means, that the two sugar sweetened categories, soft drinks with and without carbon dioxide, do not contribute to the intake of intense sweeteners in contrast to the 1999 investigation, where a few sugar sweetened samples also contained aspartame and acesulfame-K.

Pattern of intense sweetener use in non-alcoholic beverages

Insert figure 1 and2 here.

The sum of all the intense sweeteners in the light products is shown in Figures 1 and2 for soft drinks without carbon dioxide and with carbon dioxide, respectively. When used at all, cyclamate is most often added in amounts over 150 mgl -1 , however the content does not exceed the MPL of 250 mgl -1 in any sample, and average values are about 100 mgl -1 lower than in 1999. For the other sweeteners the content is usually much lower than the maximum permitted levels. To replace the cyclamate the producers have used both acesulfame-K and aspartame in soft drinks without carbon dioxide. However, in soft drinks with carbon dioxide only the content of aspartame increases,while acesulfame-K decreases, but the levels of both aspartame and acesulfame-K are still much higher in soft drinks with carbon dioxide than in soft drinks without carbon dioxide (see table I).

In soft drinks without carbon dioxide cyclamate is still like in 1999 the dominating sweetener. In soft drinks with carbon dioxide, a mixture of aspartame and acesulfame-K is more often used to sweeten the products. Cyclamate is not used by the large soft drinks companies like Coca-cola, Pepsi-cola and Faxe.

Estimated intake of intense sweeteners from non-alcoholic beverages

Two intake calculations were carried out. One using an average only of the samples with a content of the specific sweetener called high intake (Figure 3) in light soft drinks with (n=29) and without (n=12) carbon dioxide, and another with an average of all samples in light soft drinks with (n=56) and without (n=20) carbon dioxide called average intake (Figure 4). Estimated intake in mgkg - 1 bwday -1 was calculated from an average for each age group of the actual body weights registered during the food survey.

Insert Fig. 3 and 4 about here.

Both high intake and average intake of all four sweeteners are shown in 

Discussion

To take into account the possibility of people being faithful towards their usual brands [START_REF] Leclercq | Stochastic modelling of human exposure to food chemicals and nutrients within the Montecarlo project. An exploration of the influence of brand loyalty and market share on intake estimates of intense sweeteners from sugar-free soft drinks[END_REF] we have found it relevant to carry out a high intake calculation by averaging only the samples with the analytical determined content of intense sweeteners. Even higher estimated intakes could be found under the assumption that a person only drinks a beverage with the highest found content of intense sweetener, but that would be a different brand for each of the four sweeteners and therefore not a very likely scenario. However, it could also be argued that the average for all samples in each of the four categories of beverages is a more reasonable figure to put into the intake calculation, so that extremes do not dominate the intake calculation. Therefore this calculation has also been carried out.

The dietary survey used for the intake estimation is from 1995, as this is the only Danish data available for the small children of 1-3 years old, which was shown to be the most critical group in the 1999 investigation. A new dietary survey for children is under way in the National Food Institute but with no data yet. It can not be excluded that the pattern of soft drink intake has changed over the last 10 years, for instance with higher intake of soft drinks with intense sweeteners in view of the often discussed increasing obesity in the society. However, unpublished data from our new Dietary Survey 2000-2004 show in the group 4-6 years old a small increase in the average intake of light soft drinks with carbon dioxide from 12 to 18 mlday -1 but a much larger decrease for light soft drinks without carbon dioxide from 115 to 75 mlday -1 suggesting an overall decrease in the intake of intense sweeteners. A similar development could be assumed for the group 1-3 years old as a result of a health-wave now leading to an overall increase in the intake of non-sweetened juice. The results for cyclamate are presented in Figure 3 and4 and for all the sweeteners in Table II. The difference between the estimated high and average intake is not so great, since especially in soft drinks without carbon dioxide, which is responsible for 75% of the intake of artificially sweetened soft drinks, a mixture of the sweeteners is often used. In soft drinks with carbon dioxide a mixture of only aspartame and acesulfame-K is more often used. In 2005 no sugar sweetened soft drinks contained intense sweeteners, which has caused the high intake of especially aspartame to be decreased significantly compared to 1999, where just one sugar sweetened sample with aspartame got to represent the whole category in the intake calculations [START_REF] Leth | Estimated intake of intense sweeteners from non-alcoholic beverages in Denmark[END_REF]). The 99 th percentile of the estimated intakes of acesulfame-K, aspartame and saccharin are as in 1999 far below the ADI values and give no cause for alarm.

After the reduction of the MPL for soft drinks from 400 to 250 mgl -1 the high estimated intake of cyclamate is almost halved compared with 1999. Only in the group of 1-3 year olds is the 99 th percentile of the intake just over the ADI value of 7 mgkg -1 bwday -1 . For all the groups the 90 th percentile is half or less of the ADI value (see figure 3). For the average calculation of the estimated intake is also the 99 th percentile well below the ADI value in all the groups (see figure 4). The child with the highest cyclamate intake gets 9.5 mgkg -1 bwday -1 in contrast to 18 mg in 1999. For cyclamate the estimated intake is still closer to the ADI value and in a few cases even over the ADI value, than for any of the other intense sweeteners used in soft drinks.

As in 1999 boys 7-10 year old have a significantly higher intake of cyclamate and the other intense sweeteners than girls in the same age group. With the same dietary survey used for the intake calculation it is not so surprising that the same conclusion as in 1999 is reached, although the intake in 2005 has decreased for both boys and girls.

The other significant source of intense sweeteners is tabletop sweeteners. High consumers of cyclamate based tabletop sweeteners ate 230 mg/day corresponding to 35% of the ADI [START_REF] Bergsten | Intake of artificial sweeteners. Acesulfame-K, aspartame, cyclamate and saccharin[END_REF]). However, tabletop sweeteners are typically not used by healthy children, and will therefore not increase the cyclamate intake in children to any large extent.

Thus, it has been demonstrated with this first publication of intake data for cyclamate after the reduction of the MPL value from 400 to 250 mgl -1 that the estimated intake of cyclamate for small children is now decreased to a level well below the ADI value. However, the Codex still recommends 400 mgl -1 and an ADI of 11 mgkg -1 bwday -1 (Codex 2006), so the cyclamate intake outside EU probably remains high.

Conclusions

In an investigation from 2005 on 177 samples of non-alcoholic beverages, 76 of these light soft drinks with content of intense sweeteners, it was demonstrated that the estimated intake of cyclamate after reduction of the maximum permitted level in EU from 400 to 250 mgl -1 in soft drinks was decreased to a level well below the ADI value also in small children with only the 99 th percentile for 1-3 year olds a little over the ADI value of 7 mgkg -1 bwday -1 . The estimated intake of acesulfame-K, aspartame and saccharin was far below their respective ADI values. I. Intense sweeteners in light non-alcoholic beverages: Average concentration levels, (average from 1999 99 ), (range) and (number of samples) in each category Table II. Average and high intake estimation of intense sweeteners in the whole population and in children from 1 to 10 years (mgkg -1 bwday -1 ), 50 th , 90 th and 99 th percentiles. Data for cyclamate corresponds to data in figure 3 and4. 

  R. 2006. The intake of intense sweeteners -an update review. Food Additives and Contaminants 23:327-338.

Figure 1 .

 1 Figure 1. Intense sweeteners in light soft drinks without carbon dioxide Figure 2. Intense sweeteners in light soft drinks with carbon dioxide Figure 3. High estimated intake of cyclamate from light non-alcoholic beverages -males and females Figure 4. Average estimated intake of cyclamate from light non-alcoholic beverages -males and females
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  Table II for all persons, four of the age groups of the intake distribution and for boys and girls in one age group based on the values from table I. Only the intake for boys and girls, and for the whole group of 1-80 year olds males and females for comparison, is shown in the table, as it is only for young people with low bodyweight that the intake appears high compared to ADI values.
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	Sex	Age	Percen-	Acesulfame-K,	Aspartame,	Cyclamate,	Saccharin,
		(years)	tile	average and high	average and high	average and high	average and high
	Soft drinks		Acesulfame-K (mgkg -1 bwday -1 )	Aspartame (mgkg -1 bwday -1 )	Cyclamate (mgkg -1 bwday -1 )	Saccharin (mgkg -1 bwday -1 )
	All	1-80	50		(mgl -1 ) 0.02			(mgl -1 ) 0.03	(mgl -1 ) 0.04	(mgl -1 ) 0.01
	With carbon dioxide, light		48 (49 99 ) 0.04		197 (152 99 ) 0.04	60 (152 99 ) 0.06	12 (15 99 ) 0.01
	All samples	90		0.35			0.52	0.78	0.10
	n = 56				0.60			0.64	0.93	0.17
			99		1.35			1.77	2.65	0.40
	With carbon dioxide, light		93 (129 99 ) 2.34		212 (159 99 ) 2.11	151 (245 99 ) 3.58	24 (29 99 ) 0.64
	Samples with sweetener		(17 -166)		(31 -560)	(21 -240)	(13 -60)
	F o r No carbon dioxide, light All samples n = 20 All 1-3 50 F 90 o r 99	(n = 29) 65 (42 99 ) 0.35 0.60 1.40 2.42 2.79		(n = 52) 64 (36 99 ) 0.40 0.50 1.61 2.08 3.26	(n = 22) 132 (152 99 ) 0.60 0.91 2.42 3.68 4.88	(n = 27) 19 (26 99 ) 0.11 0.16 0.41 0.65 0.85
	No carbon dioxide, light Samples with sweetener Maximum permitted level MPL All 4-6 50 90 99	P e e r 108 (62 99 ) (35 -260) (n = 12) 350 4.83 P 0.24 e 0.42 1.14 e 1.96 r 2.30	85 (56 99 ) (11 -310) (n = 15) 600 4.28 0.29 0.40 1.43 1.76 2.80	165 (333 99 ) (87 -225) (n = 16) 250 7.37 0.44 0.64 2.14 2.99 4.19*	31 (37 99 ) (10 -54) (n = 12) 80 1.30 0.07 0.11 0.35 0.53 0.67
	Boys Girls	7-10 7-10	50 90 99 50		3.98 0.25 0.43 1.12 1.93 2.27 3.94 0.20	R e v i e w 3.81 R 0.29 e 0.40 1.22 v 1.62 i 2.63 e 3.37 w 0.26	6.09# 0.53 0.66 2.45* 2.95* 4.95* 6.00* 0.45	1.09 0.07 0.11 0.34 0.52 0.69 1.05 0.06
			90 99		0.35 0.83 1.45 1.35 2.34			0.34 1.02 1.30 1.73 2.21	O n l 0.53 1.92* 2.22* O 2.98* n l 3.59*	0.10 0.26 0.40 0.40 0.64
	ADI				15			40	y y 7	2.5
	*The t-test shows a significant difference between boys and girls at the 99.9% probability level with
	highest intake for boys.				
	#The t-test shows a significant difference between boys and girls at the 95% probability level with
	highest intake for girls.				
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