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ABSTRACT
Objectives The objective of this study was to describe 
the compliance to dietary fibre recommendations of 
the Swiss population and to investigate the association 
between dietary fibre intake and ultraprocessed food (UPF) 
consumption.
Methods Data were obtained from the cross- sectional 
Swiss National Nutrition Survey menuCH. We summarised 
the sociodemographic, lifestyle and anthropometric 
parameters as well as dietary data collected with two 
24- hour dietary recalls for the whole population and 
subgroups according to absolute and relative dietary fibre 
intake. We analysed the associations between dietary fibre 
intake and UPF consumption by fitting multinomial logistic 
regression models. Data were weighted according to the 
menuCH weighting strategy to achieve a representation of 
the Swiss population.
Results Data obtained from 2057 adults were included 
in the analysis, of which 87% had a dietary fibre intake of 
<30 g/day. Participants with high UPF consumption had 
lower odds of being in the medium or high dietary fibre 
intake groups than participants with low UPF consumption. 
The odds of being in the medium or high dietary fibre 
intake groups decreased linearly across quartiles of UPF 
consumption (p for trend ≤0.004).
Conclusions Dietary fibre intake is insufficient in all 
population groups in Switzerland. UPF consumption is 
inversely and dose dependently associated with dietary 
fibre intake. To increase dietary fibre intake, public health 
measures should discourage UPF consumption and 
increase dietary fibre intake via unprocessed or minimally 
processed foods.

INTRODUCTION
Since the discovery of the association 
between diets low in dietary fibre and poor 
health outcomes almost half a century 
ago, numerous studies have investigated 
the impact of dietary fibre on chronic 
non- communicable diseases, mostly 

cardiometabolic disease and its risk factors, 
gastrointestinal diseases, and cancer.1 
Western countries have aimed to increase 
fibre intake in their populations and recom-
mend an intake of approximately 25–35 g/
day for adults.1 Some countries indicate that 
recommendations refer to naturally occur-
ring dietary fibre from foods such as fruits, 
vegetables, legumes, and grains.1 However, 
there is little further guidance beyond 
the total amount of dietary fibre to be 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Scientific evidence has long emphasised the im-
portance of dietary fibre, traditionally sourced from 
minimally processed or unprocessed foods, in pro-
moting overall health. However, the rise of industri-
ally manufactured ultraprocessed foods (UPFs) has 
introduced new challenges, as these products often 
incorporate dietary fibre due to market demands 
and various regulatory frameworks, even though 
their impact on health remains a concern.

WHAT THIS STUDY ADDS
 ⇒ Dietary fibre intake remains insufficient in 87% of 
the overall Swiss population and across all sociode-
mographic groups. In addition, dietary fibre intake 
shows an inverse and dose- dependent association 
with UPF consumption.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Achieving the recommended dietary fibre intake 
presents significant challenges and necessitates 
consumer- friendly guidelines promoting fibre- 
rich foods; UPFs are not effective sources for this. 
Therefore, strategies to enhance the appeal of un-
processed foods over UPFs are crucial to elevate 
fibre intake.
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consumed, such as types of dietary fibres or the propor-
tions of different food sources that contain dietary fibre 
to achieve optimal intake.1

Industrially manufactured foods are processed in 
varying degrees. This includes fractioning whole foods 
into substances, physical modifications such as heat treat-
ments or high pressure, chemical modification, assembly 
of foods, and frequent use of additives with the aim of 
producing highly profitable, convenient and extremely 
hyperpalatable products.2 Ultraprocessed foods (UPFs) 
are ‘formulations of ingredients, mostly of exclusive 
industrial use, that result from a series of industrial 
processes’.2 The NOVA classification categorises foods 
according to the extent and purpose of food processing: 
group 1 consists of unprocessed or minimally processed 
foods; group 2 consists of processed culinary ingredients; 
group 3 consists of processed foods; and group 4 consists 
of UPFs.3 UPFs typically have a high energy density and 
low satiating capacity, and their consumption is accom-
panied by an increased intake of added sugar and salt, 
hydrogenated/saturated fats, flavourings and preserva-
tives.4–7 Hence, UPFs lower the nutritional quality of the 
overall diet5 6 8 and have been associated with all- cause 
mortality, overweight and obesity, high waist circumfer-
ence, low high- density lipoprotein cholesterol, meta-
bolic syndrome, cardiovascular disease, cerebrovascular 
disease, cancer, and depression.9–11 In Switzerland, UPF 
consumption is similar to the European average, where 
daily UPF consumption assessed as average of dietary 
surveys conducted in the European adult population of 
22 countries amounts to 328 g (12% of the total weight 
of daily food consumption) and 562 kcal (27% of energy 
intake).7 12 13

Food manufacturers often incorporate various forms 
of isolated dietary fibres or processed dietary fibre- rich 
foods to UPFs owing to their sales- promoting effect.14 
The European Commission and European Food Safety 
Authority have authorised a number of health claims 
for some dietary fibre types related to bowel function, 
reduction of postprandial glycaemic responses and 
maintenance of normal blood cholesterol concentra-
tions.15 16 These health claims underscore the perceived 
health benefits of specific isolated dietary fibre types. In 
addition, front- of- pack labels, such as the increasingly 
common Nutri- Score, consider dietary fibre content as 
a positive criterion.17 Despite these considerations, the 
consumption of UPFs remains a risk factor for obesity, 
a concern that persists irrespective of the dietary fibre 
content within these products.18 19

From a public health perspective, it is important to 
gain further insights into how the population covers its 
dietary fibre needs in order to derive possible interven-
tions and recommendations. Consequently, we aimed to 
analyse the compliance to dietary fibre recommendations 
of the overall Swiss population and describe the sociode-
mographic, anthropometric, lifestyle and dietary charac-
teristics of the study population overall and by absolute 
and relative dietary fibre intake groups. Furthermore, 

we aimed to investigate the association between UPF 
consumption and dietary fibre intake.

METHODS
This work is reported using the Strengthening the 
Reporting of Observational Studies in Epidemiology—
Nutritional Epidemiology guidelines.20

Study design and study population
We analysed data from the national nutrition survey 
menuCH, a population- based cross- sectional survey 
conducted among residents of Switzerland aged 18–75 
years from January 2014 to February 2015.21 22 The strat-
ified random sample from the national sampling frame 
for person and household surveys was intended to be 
representative of seven major areas in Switzerland and 
five predefined age categories. A detailed description of 
participant recruitment and a flow diagram have been 
published elsewhere.21 23 Of the 13 606 individuals invited 
to participate, 2086 agreed to participate and 2057 had 
a complete dietary assessment and were included in the 
analyses.21

Dietary assessment
Trained dieticians assessed food consumption through 
two non- consecutive 24- hour dietary recalls.22 23 The 
interviews were distributed across weekdays and seasons.21 
The food consumption of participants was recorded 
using the trilingual Swiss version (V.0.2014.02.27) of the 
GloboDiet software (formerly EPIC- Soft, International 
Agency for Research on Cancer IARC, Lyon, France,24 
adapted for Switzerland by the Federal Food Safety and 
Veterinary Office, Bern, Switzerland). Data were cleaned 
after completion of data collection using an updated 
version (V.0.2015.09.28). Food group- specific descrip-
tors included in the GloboDiet software allowed for 
standardised descriptions of foods and recipes.21 Food-
CASE software (Premotec GmbH, Winterthur, Switzer-
land) matched foods, recipes and ingredients from the 
GloboDiet software with the most appropriate item from 
the Swiss Food Composition Database (https://naehrw-
ertdaten.ch/de/). The dietary fibre content of 2% of food 
items in the menuCH dataset was missing. We completed 
dietary fibre content using the Swiss Food Composition 
Database (https://naehrwertdaten.ch/de/) or manufac-
turer’s nutrition facts label, the German Nutrient Data-
base, or dietary fibre content of a similar product. Quality 
controls assessing compliance with survey- specific stan-
dard operating procedures and data cleaning have been 
described elsewhere.21 23 Intake from dietary supplements 
was not considered.

Dietary fibre intake groups
We categorised the menuCH population into groups of 
low, medium, and high dietary fibre intake using abso-
lute dietary fibre intake (<15 g/day, 15–30 g/day, and 
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≥30 g/day, respectively) and dietary fibre intake relative 
to energy intake (<10 g/1000 kcal/day, 10–14 g/1000 
kcal/day, and ≥14 g/1000 kcal/day, respectively). We 
selected the cut- offs for dietary fibre intake according to 
the DACH (Germany, Austria, Switzerland) Reference 
Values for Nutrient Intake, reporting a reference value 
for dietary fibre of 30 g/day,25 26 and according to the U.S. 
Food and Nutrition Board, reporting an adequate intake 
of 14 g/1000 kcal/day of dietary fibre.27 The cut- offs for 
low- dietary fibre diets were based on the distribution of 
dietary fibre intake in the study population.

Food processing classification
The NOVA food classification system by Monteiro et al 
was used to classify food items according to the extent 
and purpose of food processing.3 We categorised the 
menuCH food items into non- UPFs and UPFs (NOVA 4 
category). The classification was based on the food and 
recipes included in each of the GloboDiet subcategories 
and using food group- specific descriptors. If the degree 
of processing was unclear, a conservative approach 
was adopted (ie, foods were classified as non- UPFs). 
A description of the menuCH food items categorised as 
UPFs has been published elsewhere.13 We conducted 
the analyses using quartiles of UPF weight percentage 
(weight percentage of UPFs relative to the total weight of 
food consumed) and quartiles of UPF energy percentage 
(calorie percentage of UPFs relative to the total calories 
consumed).

Sociodemographic, lifestyle, and anthropometric 
characteristics
Participants completed a questionnaire providing infor-
mation on sociodemographic and socioeconomic char-
acteristics, education, self- reported health status, eating 
habits, smoking and physical activity behaviours.22 Nation-
ality was categorised into Swiss only, Swiss binational, and 
non- Swiss; net household income into <6000, 6000 to 13 
000, and above 13 000 Swiss Francs/month; and general 
self- reported health into very bad to medium and good 
to very good. Physical activity was assessed using the 
short- form International Physical Activity Questionnaire 
(IPAQ) and categorised into low, moderate and high 
according to the IPAQ classifications.28 The language 
region was determined based on the residency address.

During face- to- face interviews, body weight, height, waist 
circumference, and hip circumference were measured in 
a standardised manner.22 We used measured body weight, 
height and waist circumference in our analyses, except for 
pregnant and lactating women or when measurements 
were impossible. Self- reported weight (before pregnancy, 
if applicable) was used in these cases. Body mass index 
(BMI) was calculated using body weight and height. We 
then divided the participants into four groups according 
to WHO definitions (underweight <18.5 kg/m2, normal 
weight 18.5–24.9 kg/m2, overweight 25.0–29.9 kg/m2, 
obese >30.0 kg/m2). We grouped waist circumference 
group into no increased risk (males ≤94 cm, females 

≤80 cm), increased risk (males 94.1–101.9 cm, females 
80.1–87.9 cm), and substantially increased risk (males 
≥102 cm, females ≥88 cm).29

Dietary habits
The alternate healthy eating index (AHEI) was calculated 
as an index of overall diet quality.30 The components 
included in the AHEI score were vegetables, fruits, whole 
grains, sugar- sweetened beverages and fruit juice, nuts 
and legumes, red and processed meat, trans fat, fish (as 
a proxy for long- chain n-3 fatty acids), polyunsaturated 
fatty acids, sodium and alcohol. A detailed description of 
the AHEI calculations for menuCH participants has been 
published previously.31

We used the four dietary patterns identified by Krieger 
et al32 in our analysis. The Swiss traditional pattern was 
characterised by minimal variation to the average of the 
menuCH population, except for increased chocolate, milk 
and dairy consumption. Both Western patterns were char-
acterised by a high intake of red and processed meat, with 
a high intake of soft drinks (Western- soft drinks) or high 
intake of alcoholic drinks and cereals and starchy food 
(Western alcohol). The prudent dietary pattern was char-
acterised by a high intake of fruits, vegetables, white meat 
and fish.32

We distinguished between levels of meat consumption 
using subgroups published by Steinbach et al.33 No- meat 
eaters reported meat avoidance according to the ques-
tionnaire and were corrected by intake recorded from 
the 24- hour dietary recalls. Low, medium and high meat 
eaters had an energy contribution from meat of 0%–2.4%, 
2.4%–18.7% and 18.7%–48.4%, respectively.33

Statistical analysis
We calculated the mean food and nutrient intake of the 
two dietary recalls for each participant and subsequently 
used the mean for all statistical analyses. We explored 
the compliance to dietary fibre recommendations of the 
overall Swiss population and described the sociodemo-
graphic, anthropometric, lifestyle and dietary characteris-
tics of the overall menuCH population as well as by absolute 
and relative dietary fibre intake groups using descriptive 
statistics. We fitted multinomial logistic regression models 
to examine the association between absolute and relative 
dietary fibre intake groups and quartiles of UPF consump-
tion (weight percentage and energy percentage). The 
models were adjusted for sex, age, education, BMI, phys-
ical activity, smoking, recall season, and recall weekday. 
We calculated p values for trends using the medians of 
UPF quartiles as continuous variables in multinomial 
logistic regression models.

To make menuCH data representative of the general 
Swiss population, we applied the menuCH weighting 
strategy, as detailed elsewhere.34 We weighted all statistical 
analyses for age, sex, marital status, major area of Switzer-
land based on home address, nationality and household 
size to consider the sampling design and non- response. 
We additionally weighted analyses of food and nutrient 
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intake for the recall season and weekday. For multinomial 
logistic regression models, we imputed missing data using 
multivariate imputation by chained equations (m=35). 
We calculated the variance inflation to detect potential 
multicollinearity in the regression models.

Statistical analyses were performed using R V.4.1.335 
with the following packages: questionr (V.0.7.7) for 
weighted frequencies,  spatstat. geom (V.2.3- 1) for weighted 
median and IQR, mice (V.3.14.0) for multivariate imputa-
tion by chained equations, nnet (V.7.3- 17) for multinomial 
logistic regression models, and car (V.3.1.0) for variance 
inflation factors. The significance level was p≤0.05 for all 
analyses.

RESULTS
The data obtained from 2057 individuals were included 
in the analysis. Figure 1 shows the distribution of abso-
lute and relative dietary fibre intake. The absolute dietary 
fibre intake recommendation of 30 g/day25 26 was met 
by 13% of the population, and the relative dietary fibre 
intake recommendation of 14 g/1000 kcal/day27 was 
met by 11% of the population. Table 1 shows the socio-
demographic, lifestyle and anthropometric characteris-
tics of the overall population and stratified by absolute 
and relative dietary fibre intake. Additional participant 
characteristics are shown in online supplemental table 
1. Compared with the overall study population, partici-
pants in the high absolute and relative dietary fibre intake 
groups tended to be Swiss, have tertiary education, be of 
normal weight, highly physically active, and non- smokers. 
In the high absolute dietary fibre intake group, partici-
pants tended to be male and between 30 and 59 years old, 
and participants in the high relative dietary intake group 
tended to be female and above 60 years old.

Table 2 shows the dietary parameters of the overall 
population, as well as the absolute and relative dietary 
fibre intake groups. Participants in the high absolute 
dietary fibre group tended to have a higher food intake 
(in weight and in energy) compared with the overall study 
population. Additionally, they tended to score higher on 
the AHEI and follow a prudent or Swiss traditional dietary 
pattern rather than a Western dietary pattern. They also 
tended to consume more fruits and nuts, vegetables, and 
cereals, and less meat. Additional dietary parameters are 
listed in online supplemental table 2.

The linear relationship between dietary fibre intake 
(absolute and relative) and UPF consumption (weight 
percentage and energy percentage) is displayed using 
scatter plots, shown in online supplemental figure 1. 
Table 3 shows the results of multinomial logistic regres-
sion models investigating the associations between 
dietary fibre intake (absolute and relative) and quartiles 
of UPF consumption (weight percentage and energy 
percentage). Participants consuming a high amount of 
UPFs had lower odds of being in the medium and high 
dietary fibre intake groups compared with participants 
consuming a low amount of UPFs. The magnitude of the 
OR was similar for UPF weight and energy percentage. 
The odds of being in the medium or high dietary fibre 
intake group decreased linearly across quartiles of UPF 
consumption (p for trend ≤0.004).

DISCUSSION
Based on the population- representative Swiss National 
Nutrition Survey menuCH, a large part of the Swiss popu-
lation (87%) does not reach the national recommenda-
tion of 30 g dietary fibre intake per day. When considering 
dietary fibre intake relative to individual energy intake, 

Figure 1 Density plots of absolute (A) and relative (B) dietary fibre intake. The density plot is a smoothed representation of a 
histogram and shows the distribution of a variable with a total area under the curve of 1. The density is weighted for age group, 
sex, marital status, major region of Switzerland, nationality, household size, season and weekday according to the menuCH 
weighting strategy.34 Solid vertical lines represent the Swiss and DACH (Germany, Austria, Switzerland) reference value for 
dietary fibre of 30 g/day25 26 and the adequate intake of total dietary fibre of 14 g/1000 kcal/day reported by the U.S. Food and 
Nutrition Board.27 Dashed vertical lines represent 15 g/day and 10 g/1000 kcal/day.
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similar results were obtained. UPF consumption was 
inversely associated with dietary fibre intake in a dose- 
dependent manner, showing that dietary fibres mainly 
stem from non- UPFs.

The dietary fibre intake in the menuCH study (19 g/
day) is comparable to that reported in other European 
national nutrition surveys. Overall, the recommendation 
of 30 g dietary fibre per day is hardly reached at the popu-
lation level.1 36 For example, the median dietary fibre 
intake of adults is 24 g/day in Germany37 and 19 g/day 
in the UK.38 In addition, we analysed dietary fibre intake 
relative to energy intake and found similar results. Even 
with potentially lower recommendations or recommen-
dations relative to energy intake, a large proportion of 
the population in our study would still have had insuffi-
cient dietary fibre intake.

Altogether, we found that participants with a higher 
overall food intake and a generally healthy lifestyle were 
more represented in the group with a high dietary fibre 
intake. For example, male and younger participants were 
more likely to be in the high absolute dietary fibre intake 
group; however, this is mainly attributed to their higher 
overall food consumption. In contrast, when looking 
at the relative dietary fibre intake, women and older 
participants consumed more dietary fibre. Our results 
suggest that especially people with a low education level, 
obesity, smokers and, in general, people with a particu-
larly unhealthy lifestyle belong to the group with low fibre 
intake. Studies that investigated the determinants of low 
dietary fibre intake reported results consistent with our 
findings.39 40

We observed an inverse and dose- dependent relation-
ship between UPF consumption and dietary fibre intake, 
suggesting that dietary fibres are mainly consumed via 
non- UPFs. In the analyses of relative dietary fibre, we 
observed small OR for the extreme groups (ie, UPF quar-
tile 4 and dietary fibre intake ≥14 g/1000 kcal/day), which 
must be interpreted with caution. We built these groups 
despite a rather small n (see table 2), caused by the large 
variability in dietary fibre intake between participants, 
as we aimed to reflect the recommendations for dietary 
fibre intake. Using tertiles instead of cut- off values in line 
with recommendations increased the number of partici-
pants in the groups, but did not influence the magnitude 
of the OR, suggesting the robustness of our findings (data 
not shown). Nevertheless, when interpreting our results, 
the focus should be on the overall negative association 
between UPF consumption and dietary fibre intake. Our 
results are not aligned with those of a previous ecological 
study from Europe, which found no association between 
UPF consumption (in terms of energy percentage) 
and dietary fibre intake.12 However, this study analysed 
country- level data rather than individual consumption 
data, possibly leading to an ecological fallacy and results 
not directly comparable to ours.

To improve the intake of dietary fibres in the popula-
tion, public health measures may aim to increase dietary 
fibre intake through unprocessed or minimally processed 
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foods. Our results suggest that population groups with a 
low socioeconomic status or unhealthy lifestyle need to 
be particularly targeted. Therefore, it would be useful to 
develop alternative or complementary recommendations 
with practical implications for these groups. Further-
more, recommendations for dietary fibre intake need to 
be translated into advice that can be easily realised. In 
fact, it is difficult for consumers to estimate their dietary 
fibre intake. The benefit of a recommendation without 
advice on how to achieve an intake of 30 g dietary fibre 
per day is questionable, and recommendations on the 
food group level may be more practical. For example, 
foods with a particularly high dietary fibre content can 
be promoted by recommending starchy fibre- rich foods 
such as legumes and whole grains, nuts and seeds, in addi-
tion to five portions of fruit and vegetables per day. At the 
same time, discouraging UPF consumption, for example, 
through food taxation/subsidisation or labelling of UPFs, 
might be beneficial to increase consumption of minimally 
processed or unprocessed foods.

Since 2019, the Swiss Federal Food Safety and Veterinary 
Office has supported the Nutri- Score, a food- labelling 
system with a coloured scale from A (green=balanced) 
to E (red=unbalanced). The score is determined using a 
scientifically validated formula, in which positive criteria 
include the content of fruits, vegetables, legumes, nuts, 
certain oils, dietary fibre, and protein, and negative 
criteria include sugar, salt, saturated fat and energy.17 
Therefore, adding dietary fibre leads to a ‘greener’ Nutri- 
Score,17 providing an incentive for food manufacturers 
to add isolated dietary fibres or ultraprocessed fibre rich 
foods to their products. However, increasing the dietary 
fibre content by adding dietary fibre at the cost of higher 
UPF consumption is not likely to benefit consumers. 
For example, a previously published study reported that 
adding dietary fibre to ultraprocessed cereal flakes did 
not affect total postprandial blood glucose or satiety in 
a healthy population.41 Currently, the widely used Nutri- 
Score does not consider the degree of food processing,17 
and UPFs can be found in all Nutri- Score categories. 
More than a quarter of Nutri- Score A products and more 
than half of Nutri- Score B products belong to NOVA class 
4.42 Front- of- pack labelling with the Nutri- Score could be 
complemented with an indicator for the processing level, 
such as the new graphically modified Nutri- Score recently 
tested by Srour et al.43 Finally, dietary fibre content 
should be included in the nutrition facts labels to allow 
consumers identifying fibre- rich products and estimate 
dietary fibre intake (eg, 5–8 g fibre/100 g).

Strengths and limitations
The association between UPFs and dietary fibre intake 
has been poorly studied. We used individual consump-
tion data, and due to the applied weighting strategy, the 
sample is representative of the Swiss population aged 
18–75 years. The 24- hour dietary recalls allowed for a 
more accurate classification of non- UPFs versus UPFs 
than food frequency questionnaires. Furthermore, we 

conducted data analysis with both UPF energy and weight 
percentage, taking energy- free UPFs into account.

Besides the cross- sectional design and residual 
confounding, the study might be limited by participation 
bias, since participants might have been more interested 
in health- related topics than the general population. If 
our results were affected by participation bias, we may 
have overestimated dietary fibre intake and underesti-
mated UPF consumption. 24- hour dietary recalls can be 
limited by under- reporting or over- reporting and recall 
bias. Furthermore, the degree of food processing was 
sometimes unclear, leading to potential misclassification 
of some food items within the ultraprocessed and non- 
ultraprocessed groups. In instances of uncertainty, we 
adopted a conservative approach which would lead to an 
underestimation of the observed association.

CONCLUSION
Based on the recommendation of consuming 30 g of dietary 
fibre per day, our study showed that dietary fibre intake is 
insufficient in the Swiss population. Similarly, dietary fibre 
intake relative to energy intake was also insufficient. The 
recommendation of 30 g of dietary fibre per day is difficult 
to implement and needs to be translated into consumer- 
friendly advice for foods that are particularly high in dietary 
fibre. Our results showed that UPFs are not a good source 
of dietary fibre. By increasing the proportion of minimally 
processed or unprocessed products and correspondingly 
decreasing UPF consumption, we expect an increase in 
fibre intake. Therefore, it is desirable to make unprocessed 
products more attractive than UPFs. This could be achieved 
through public health measures such as food taxation/subsi-
disation or labelling of UPFs and educational approaches 
about dietary fibre intake and UPF consumption in schools 
and the community.
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