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Background: The escalating prevalence of food consumption within collective catering
establishments in Morocco has been associated with unbalanced dietary patterns, thereby
contributing an increased risk of various chronic and degenerative diseases.

Aims: The study aimed to assess the overall nutritional quality of the food provided in selective
collective catering establishments (CCEs) located in the province of Al Hoceima, Northern Morocco.

Subjects and Methods: A descriptive cross-sectional survey was conducted; Data regarding food
offerings and management practices in six CCEs were collected using a structured questionnaire,
observations, and interviews with kitchen staff. Dietary diversity and variety were assessed using the
Food Diversity Score (FDS) and Food Variety Score (FVYS), respectively, calculated based on an
examination of menus and information collected during observations and discussion with chefs.

Results: The average daily FDS was 7.29 + 0.80 food groups (FGs). For the majority of dietary days
(78.6%), foods belonged to 7 to 8 FGs, with only 4.8% achieving the maximum FDS of 9 FGs.
Significant differences in both FDS and FVS were observed based on the kitchen management
method (p = 0.004 for FDS; p < 0.001 for FVS) and the involvement of health personnel (HP) in
menu development (p = 0.004 for FDS; p < 0.001 for FVS). The highest average FVS and FDS were
recorded for meals offered by CCEs employing external kitchen management and incorporating
health personnel in menu development. Furthermore, the FDS varied significantly across the days of
the week (p = 0.015), with a higher average observed on Friday (FDS = 8.33 + 0.52). Conversely,
FVS fluctuations across the days of the week were not statistically significant (p = 0.324).

Conclusion: The findings indicate that the diet provided by the assessed CCEs is moderately
diversified but demonstrates a low representation of key micronutrient-rich food groups. The study
suggests that outsourcing kitchen management, involving health professionals in menu planning,
and increasing the inclusion of micronutrient-rich food groups are recommended strategies to
enhance the nutritional quality of meals offered by the CCE.

Keywords: Collective Catering, Food Evaluation, Dietary Diversity Score, Dietary Variety Score, Al
Hoceima Province, Morocco.
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1 INTRODUCTION

The trend towards out-of-home catering has increased
significantly in recent years, reflecting global shifts in lifestyles
and dietary habits (Popkin, 2009; Sproesser ¢t al., 2019). In
Europe, over 16.4 million meals are served daily in collective
catering (CC) establishments (FoodService Europe, 2024).
Previous studies have demonstrated that meals offered by CC
can contribute up to half of the daily caloric intake of school-
aged children and adolescents (Cohen ez al, 2021) and
account for over than one-third of their daily caloric intake
(Bell & Swinburn, 2004; Haynes ez 4l., 2020). In Morocco,
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statistics show that the number of meals served by university
residences has increased from 5.8 million meals in the 2006—
2007 academic year, to 11.3 million in the 2021-2022
academic year (MESRSFC, n.d). This development raises
growing concerns about the nutritional quality of food
offered in CC establishments. Indeed, studies consistently
indicate that meals served in CC are usually characterized by
suboptimal nutritional quality, unbalanced, high caloric
density and a departure from healthy dietary patterns, such as
the Mediterranean-type Moroccan diet (Coli¢ Bari¢ ez 4l,
2003; Lavall er al, 2020; Marcotrigiano ez al., 2023;
Mekhancha et a/., 2017; Satali¢ et al., 2004). For instance, as
revealed by Bell and Swinburn (2004) study, over half of the
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energy intake provided by meals served in school canteens was
derived from five food groups, characterized by nutrient-poor
and energy-dense items such as bread, fast foods, fruit juice
and cordial drinks, biscuits and fat spreads. Similarly, analysis
of canteen menus (Haynes er a/. 2020) revealed that the
menus of all the schools included in the study contain food
items not recommended for inclusion due to their excessive
content of energy, saturated fat, sugar, and/or sodium
content, with a prevalence of 19.1% of all assessed items.
Such dietary patterns are associated with an increased risk of
numerous chronic diseases (Ness, 2004), including obesity
(WHO, 2021), type 2 diabetes (O'Hearn ez al., 2023; WHO,
2023), cardiovascular diseases (WHO, 2013) and certain
cancers (Anand et al, 2008; Heller er al, 2013;
Schwingshackl ez al, 2017). Furthermore, the increasing
adoption of these unhealthy dietary habits by young people is
considered a factor in the early onset of non-communicable
diseases, thereby contributing to future disease burdens and
increasing the strain on national healthcare systems. Obesity,
for instance, often caused by excessive consumption of
calories, particularly from foods high in fat and added sugars,
has become a major public health concern whose prevalence
in adults more than doubling since 1990 worldwide (WHO,
2021). Additionally, five million deaths associated with a
body mass index exceeding its optimal value were recorded in
2019 (Murray ez al., 2020). Moreover, studies have reported
that an unbalanced diet, particularly one characterized by low
intake in fruit, vegetables, and dietary fiber, and high
consumption of red and processed meat, significantly
increases the risk of several cancers (Anand ez a/., 2008; Heller
etal.,2013; IARC, 2018; Schwingshackl ez /., 2017; Sharma
et al., 2022), notably colorectal cancer, which is the third
leading cause of cancer death worldwide (Sharma ez al,
2022). In France, an unbalanced diet is responsible for 5.4%
of cancer cases (IARC, 2018). Furthermore, beyond the
prevention of numerous chronic diseases, a diet of optimal
nutritional quality is concurrently integrated into major
development projects, such as the Millennium Development
Goals (MDGs) and the Sustainable Development Goals
(SDGs) (Gérardin et al, 2016; United Nations, 2022).
Conversely, scholarly investigations have consistently
indicated that collective meal contexts, including collective
catering, possess a significant capacity to facilitate transitions
toward healthier and more sustainable dietary patterns
(Cohen et al., 2021; Graga et al., 2023).

Numerous studies within the extant literature have
systematically assessed the nutritional quality of meals served
in CC establishments across various countries (Cupertino ez
al., 2021) including Italy (Menis ez al., 2024), Australia
(Haynes ez al. 2020), Croatia (Gajdo$ Kljusuri¢ ez a/., 2016),
Spain (Lavall ez 4/, 2020), and Algeria (Mekhancha ez /.,
2017). However, there remains a noticeable scarcity of
research specifically evaluating the quality of the food supply
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within CC establishments in Morocco. In addition, FAO and
several studies consider dietary variety score and the dietary
diversity score as robust tools to assess the quality of the
individual and household diet (Kennedy er al, 2013;
Moustakim ez al., 2022; Ruel, 2003; VAM Resource Center,
2019).

In this context, the present study was undertaken to assess the
overall quality of the diet offered by CC establishments
through the application of food variety and diversity scores.

2 MATERIAL AND METHODS
2.1 Study Design and Population

This investigation employed a descriptive cross-sectional
survey design, conducted between November 2022 and April
2023. The study encompassed six collective catering
establishments (CCEs) situated within the province of Al
Hoceima, Morocco. The selection of participating CCEs was
based on feasibility considerations and the explicit consent of
their respective management teams. Given the limited
number of such establishments in the province, the inclusion
of six establishments was considered representative of the
local context. Access to these establishments for data
established
administrative  procedures, and formal authorizations
(reference #2123; 30/01/2023) were secured from their
directors following a comprehensive explanation of the

collection  necessitated  adherence  to

study’s objectives. Subsequent to authorization, a structured
schedule was developed to facilitate site visits.

2.2 Data Collection

Data were systematically collected from the managers of the
selected CCEs via a structured questionnaire. The
information gathered pertained to kitchen management
methodologies and other details essential for assessing food
quality. The evaluation of food quality was assessed based on
dietary diversity and variety, as determined by a meticulous
analysis of the dishes presented on the establishments'
menus. Complementary data, including the precise
composition of each dish, were additionally collected
through direct observations and in-depth interviews with
managers and chefs during the site visits. All collected data
were entered into a Microsoft Excel spreadsheet and
classified according to food groups for each observation day
enabling the calculation of scores to quantify the diversity
and variety of each establishment's offerings.

2.3 Definition of Food Groups

For the purpose of calculating the variety and diversity
scores, the food groups for inclusion were rigorously
predefined. It is recognized that, to date, no universal
international consensus exists regarding the precise number
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of food groups to be utilized for calculating scores that assess
overall diversity, variety or general dietary quality (Kennedy
et al, 2013). Nevertheless, the latest revision of the FAO
guide for measuring dietary diversity at both household and
individual levels (Kennedy ez al., 2013), recommends the use
of nine food groups, emphasizing the importance of
adapting the questionnaire to the local context and the
specific objectives of the study. In adherence to these
recommendations and drawing upon existing literature, nine
distinct food groups were considered and incorporated into
this study, ensuring compatibility with the study’s objectives
and the prevalent dietary practices of the population under
examination. These defined food groups are: starchy foods,
legumes, green leafy vegetables, vegetables and fruits rich in
vitamin A, other vegetables and fruits, meat-egg and fish,
milk and dairy products, added fats and sweets.

2.4 Definition of Scores
Daily Food Variety Score (dFVS)

The dFVS quantifies the number of different food items
served within a given day, irrespective of their categorization
into specific food groups.

Food Diversity Score

Food diversity was assessed in a representative manner for
the observed days (7 days), using the following two scores for
each establishment:

* The Daily Food Diversity Score (dFDS): This metric
corresponds to the number of distinct food groups
present across the three meals served during a specific
day. Its value is discrete, ranging from 0 to 9.

The Overall Food Diversity Score (wFDS): This score
provides an overall view of the establishment's food
diversity over a full week. The wFDS is derived by
calculating the average of the wFDS value recorded

throughout week for a particular establishment. This
value varies continuously between 0 and 9, thus
representing the average food diversity of the meals
presented by a given establishment over a complete
week.

2.5 Statistical Analyses

Data collection and the initial calculation of scores were
carried out using Microsoft Excel software. The subsequent
statistical analysis of the data was conducted using IBM
SPSS software for Windows, version 26. The general
characteristics of the diet were expressed as means + standard
deviation (SD) for quantitative variables and as frequencies
and percentages for categorical variables. The Kruskal-Wallis
test was employed to assess for significant differences in the
distributions of continuous variables across multiple groups,
followed by Dunn’s post hoc test to identify specific group

i,
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differences. The Mann-Whitney U test was utilized for
comparing means between two independent groups.
Statistical significance was set at a p-value < 0.05.

In the absence of established reference threshold values for
the scores, the analysis of the data on dietary diversity and
variety was conducted according to wFDS tertiles (Kennedy
et al., 2013). Within the adopted classification, the first
tertile (T'1) corresponds to establishments where wFDS < 7,
indicating that the diet of these establishments was
categorized as less diversified. Conversely, establishments
whose diet is qualified as the most diversified were classified
into the third tertile (T3), defined by the highest wFDS
values (WFDS 2 8). Establishments exhibiting average dietary
diversity were classified into the second tertile (T2; 7 <
wFDS < 8).

3 RESULTS

3.1 Description of the Study Sample

The findings revealed 1296 meals served across six CCEs in
the Al Hoceima Province of Morocco. During the study
period, a total of 3,024 individuals were served the examined
meals, based on a rate of three meals per day per person for
seven days per establishment.

As presented in Table 1, two-thirds (66.7%) of the meals
examined were served by establishments that delegate the
management of their canteens to an external company. These
establishments also involved at least one health professional (a
physician, nurse, and/or dietitian) in their menu development
process. The remaining one-third (33.3%) of the meals were
served by establishments operating under internal
management, overseen by administrative staff (the
establishment's director and the bursar), who possessed
foundational training in economics, management, or
administration.

3.2 Diet Assessment
3.2.1 Dietary Diversity Score (DDS)

The results concerning the daily Food Diversity Score
(dFDS) indicate the meals offered by the studied
establishments comprised, on average, 7.29 + 0.80 food
groups, with a minimum of 6 food groups per day and a
maximum of 9. The majority of the food days examined
included foods belonging to either 7 groups (42.9%) or 8
food groups (35.7%). Conversely, 16.7% of food days
featured only 6 food groups, while a mere 4.8% achieved the
maximum of 9 food groups.
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Table 1. Characteristics of the studied establishments

Establishment Customer Number of meals ~ Number of Management Involvement of HS during
Stablsments count/day served/day meals examined  method menu development
CCE_1 20 60 21 External Yes
CCE_2 75 225 21 Internal No
CCE_3 55 165 21 Internal No
CCE_4 120 360 21 External Yes
CCE_5 137 411 21 External Yes
CCE_6 25 75 21 External Yes
TOTAL 432 1296 126 - -
CCE: Collective catering establishments; HS: Health staff-
Based on the c%assif"lcation of dietary div.crsity according to vegetables and fruits group was present in all food days
weekly Food Diversity Score (WFDS) tertiles, the data reveal fered b blish lassified as T3 . di
that half (3 out of 6) of the CCEs exhibited an average OHCred Dy estab IShments classtiec as 19, yet It appeared In
i e ) o A only 29% of food days offered by T1 establishments.
flegéfyTgl)vegz flling (Vlvltg:z (e ;sz;dti“:t <8 Furthermore, nearly half (43%) of the food days offered by
’ ’ } establishments in T3 included foods belonging to the green
demonstrated limited dietary diversity, corresponding to the (88 g
g ile (WEDS < 7). Onl blish fehe 6 leafy vegetable group, whereas these food items were entirely
irst tertile (w < 7). Only one establishment out of the . .
absent from meals served by establishments classified as T1.
achieved a high or optimal dietary diversity, classified within Y
the third tertile (WFDS 28). Figure 2 depicts the frequency of daily presence of food
groups that were served daily by all establishments according
3.2.2 Food GrOUP Frequency of to the wFDS tertiles. The groups comprising other
Occurrence vegetables and fruits, meat-egg and fish, milk and dairy
, fi f i
Figure 1 illustrates the frequency of occurrence of food products .and sweets w.ere served a,t 2 re'quen?yo tW(,) mr?es
groups across the food days examined according to wFDS per day in the eswablishments with high dietary diversicy
T3). 1 , th d onl
tertiles. Starchy foods, meat-eggs and fish, other vegetables (T3) n. contras.t these same group s were. ser\.re ) on y.once
and fruits, added fats, sweets, and milk and dairy products per day in establishments classified possessing limited dietary
’ ’ ’ diversity (T1). Th hy food , h ,
were universally present in all 42 food days examined C::Srisslt?ml( )resemea:t:r(f:rey ue(:z Sofg rf}ilrze ti?nvzzverer :;V:S
(100%), irrespective of the establishment's dietary diversity : lly P mined £ (c-li dy recard] p ‘ thy
level. In contrast, the legume group was present in 71% of actolji ha t,exz' ° 100, a t'ays, e o ¢
food days in T1 and T3 establishments but in only 48% of cstablishments diversity classification.
food days in T2 establishments. The vitamin A-rich
Sweets 100%
Added fat 100%
Milk and dairy products 100%
Meat-eggs and fish 100%
Other vegetables and fruits 100% Tl
Starchy foods 100% T2
Vegetables and fruits rich in vitamin A TTTT——— 29%. 57% 100% T3
Legume Vir — ;11(%0
Green leafy vegetables 0% 29%. e 439
0% 20% 40% 60% 80% 100%

Proportion of examined food days (%)

Figure 1. Frequency of presence of food groups in the examined food days
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N

Daily frequency
=

Sweets Added fat

3
mT1
T2
II II II II .

0

Milk and dairy Meat-eggs and fish Other vegetables  Starchy foods

products

and fruits

Food groups

Figure 2. Daily frequency of presence of food groups whose foods are served daily according to the classes of dietary diversity

3.2.3 Food
Factors

Scores and Influencing

Table 2 presents the principal findings from the comparisons
of the calculated variety and diversity scores, stratified by the
explanatory variables investigated. As indicated in Table 2, a
significant difference in these food scores was observed
according to the restaurant management modality (for
dFDS, p = 0.004; for dFVS, p < 0.0001).

11.50). Similarly, the variety and diversity of food offerings
differed significantly based on the involvement of health care
staff member menu development. The mean food scores
obtained in establishments that included at least one
healthcare staff member in the development of their menus
were higher compared to those found in establishments that
did not involve any health care staff member (mean dFDS =
7.54 versus 6.79, p = 0.004; mean dFVS = 16.36 wversus
11.50, p < 0.0001).

Table 2. The mean food diversity and variety scores according to the variables studied.

ariables Mean dFDS
Management method
- Internal 6.79 + 0.69
- External 7.54 +0.74
Involvement of HS during menu development
- No 6.79 + 0.69
- Yes 7.54 +0.74
Days of the week
- Monday 6.83+0.75
- Tuesday 7.50 + 0.84
- ‘Wednesday 7.33 £0.82
- Thursday 6.67 +0.82
- Friday 8.33 £0.52
- Saturday 7.17 £ 0.41
- Sunday 7.17 +0.41

p-value Mean dFVS p-value

11.50 +1.45

- 0.004
’ 1636 £3.05

£ <0.0001

11.50 +1.45

- 0.004
’ 1636 £3.05

£ <0.0001

14.83 +2.93
14.17 +3.13
14.17 +3.92
13.83 + 2.64
18.50 +3.73
13.83 £3.97
13.83 £2.99

»=0015 p=0.324

Note: HS: Health staff; dFDS: daily food diversity score; daily food variety score

As further illustrated in both Figures 3 and Figure 4,
establishments that delegated their canteen management to
an external company exhibited significantly higher food
scores compared to those maintaining internal management
(mean dFDS = 7.54 versus 6.79; mean dFVS = 16.36 versus

226

Table 2 also illustrates a significant variation in dFDS across
the days of the week (p = 0.015). This trend is further
illustrated in Figure 5, which presents the distribution of
dFDS values throughout the week with the highest values
recorded on Friday (mean dFDS = 8.33 + 0.52) and the
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lowest on Thursday (mean dFDS = 6.67 + 0.82). As
presented in Table 3, pairwise comparisons of dFDS across
days of the week, revealed that, with the exception of
Tuesday (p = 0.115), Friday exhibited significantly higher
dFDS values compared to all other days (p < 0.05). No
statistically significant differences were observed between the
other days of the week, suggesting that the increase in dFDS
on Friday is particularly noteworthy. Regarding the variation
of dFVS across the days of the week, although fluctuations
were observed—with the highest mean recorded on Friday
(18.50 + 3.73) and values ranging between 13.83 and 14.83
on other days (Table 2),—this difference was not statistically
significant (p = 0.324).

dFDS

External Internal

Management method

Figure 3. Distribution of the daily food diversity scores
(dFDS) as a function of the management method (External
versus Internal)

28

dFVS

External Internal

Management method

Figure 4. Distribution of the daily food variety scores
(dFVS) as a function of the management method (External
versus Internal)

7 2
80 * ¥
70 —_ —
5
60

Monday Tuesday ~ Wednesda  Thursday Friday Saturday Sunday

dFDS

Days of the week

Figure 5. Distribution of daily food diversity scores
(dFDS) throughout the days of the week

Table 3. Pairwise comparisons of daily food diversity scores (dFDS) across days of the week

Tuesday
(7.50 + 0.84)

Days of the week

Monday
(mean dFDS) (6.83 £ 0.75)

Monday - h=-10.333
(6.83 £ 0.75) »=0.118
Tuesday — —
(7.50 + 0.84)

Wednesday - -
(7.33 + 0.82)

Thursday - -
(6.67 +0.82)

Friday = =
(8.33 +0.52)

Saturday — —
(7.17 £ 0.41)

Sunday - -
(7.17 +0.41)

Wednesday Thursday Friday
(7.33 + 0.82) (6.67 + 0.82) (8.33 £0.52)
h=-7.583 h=-2.083 h =-20.750
$=0.251 »=0753 »=0.002
h=2.750 h=6.250 h=-10.417
p=0.677 p=0.345 p=0.115

- h =-9.667 h=-13.167

p=0.144 2 =0.046
- - h=-22.833

2=0.001

EDS: daily food diversity score
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4 DISCUSSION

The data obtained in this study provide valuable insights
into the nutritional quality of food served in collective
catering establishments within a country experiencing
nutritional transition. Indeed, the reported data indicate that
the food provided by the six CCEs is moderately diversified,
as evidenced by the daily and weekly Food Variety Score
(FVS) and Food Diversity Score (FDS). Specifically, the
daily FDS (dFDS) for 78.6% of the examined food days
ranged between 7 and 8, with an average dFDS of 7.29 +
0.80. However, the maximum dFDS of 9 food groups per
day, corresponding to optimal diversity, was achieved in only
2 of the 42 food days examined.

In addition, the diversity and variety of meals served by these
establishments, determined by dFDS and dFVS, exhibited
day-to-day variations and were influenced by specific
determinants investigated in this study, including restaurant
management modalities and the involvement of health
personnel in menu development. On the other hand, across
all food days examined during the study period, six food
groups were included, irrespective of the food diversity
category in which the establishment was classified or the
other determining variables studied. These consistently
present food groups are starchy foods, meat-eggs and fish,
other vegetables and fruits, added fats, sweets and finally
milk and dairy products. These food groups also largely align
with the typical dietary patterns of the Moroccan
population. Indeed, the food groups identified in this study
have demonstrated consistency with those consumed by
populations residing in other extensive regions of the
country, namely the Rabat-Salé-Kenitra region (Barakat ez
al., 2022) and the provinces of Sidi Bennour (Moustakim ez
al., 2022) and El Jadida in the large region of Casa-Settat as
well as in the province of Tetouan (Mziwira et al., 2024),
which shares geographical proximity with the current study
province.

The consistent daily presence of foods from these food
groups can be explained, on the one hand, by their
fundamental role as dietary staples and preferred food
choices within the Moroccan population (FAO, 2011). On
the other hand, this pattern is influenced by the
Mediterranean  diet, given the study’s conduct in a
Mediterranean geographical area. Supporting this, a study
conducted in boarding schools across two Croatian regions,
—the Adriatic (coastal) and the continental—revealed that
meals predominantly comprised six food groups: cereals,
meat, fats, fruits, vegetables, and milk (Gajdo$ Kljusuri¢ ez
al., 2016). Notably, significant regional variation in daily
serving frequency was observed, with fruits, vegetables, and
milk exhibiting greater prevalence in the coastal region. This
disparity was attributed to the influence of the
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Mediterranean diet in the Adriatic region. These results by
Gajdo$ Kljusuri¢ et al. (2016), reinforce the hypothesis that
dietary habits within mass catering establishments may be
influenced by regional food traditions and geographical
location.

The food groups exhibiting the lowest prevalence in the
meals served were vegetables and fruits rich in vitamin A
followed by green leafy vegetables. These observations are
consistent with those reported by Moustakim ez al., (2022),
who also reported an extremely low consumption of green
leafy vegetables accounting for merely 1.3% of those
surveyed population. This outcome deviates from national
nutritional guidelines, which recommend a minimum daily
consumption of one green leafy vegetable (Ministére de la
Santé, 2016). These particular vegetables are indeed
recognized as high-quality sources of essential vitamins,
minerals, and phenolic compounds (Aboukhalaf ez al., 2023;
Kennedy ez al., 2013).

At the African continent level, a study conducted by
Yagoubi-Benatallah ez 2/ (2016) described the nutritional
quality of meals served in Algerian school canteens by
quantifying the contribution of each of the five food groups
to the average daily ration. This investigation revealed that
the daily average intake in these canteens was predominantly
composed of the starch group, followed by animal protein
products. However, fruits and vegetables ranked third in the
daily ration. This finding aligns with the results of the
present study, where identical patterns of food group
distribution is observed, with starchy foods being the most
prevalent, yet simultaneously underscoring a relative
underrepresentation of fruits and vegetables, particularly
those rich in vitamin A. The contrast between the
predominance of starchy foods and the lower presence of
nutrient-rich vegetables and fruits suggests potential avenues
for improving the dietary diversity of meals offered by CCEs
in both countries.

This study also highlighted the critical role of the
management modality in influencing the nutritional quality
of food served in CCEs. A comparison of the obtained data
revealed a difference based on the management method of
diversity and variety of food in the restaurants studied. By
comparing the average daily scores obtained for food
diversity (dFDS) and variety (dFVS) based on the
management method of the establishment, it became evident
that the meals served by CCEs which delegated the
management of their canteens to an external company were
more diversified and more varied compared to those served
in CCEs whose restaurant management is internal. Meals
provided by CCEs with subcontracted management
included, on average, 0.75 more food groups and 4.86 more
food items per day than those served by CCEs operating
under an internal management. These results may primarily
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be attributed to the presence, in the case of subcontracting,
of a Special Requirements Book (SRB) between the
administration and the subcontracting company. This SRB
delineates technical clauses governing the structure of a food
day, the composition of meals, the food plan, the quantity of
food as well as the frequencies of food distribution. In
addition, the administration often designates at least one
individual to ensure continuous monitoring of meals,
thereby confirming with the technical clauses of the SRB.
This oversight further contributes to enhancing the quality
of the meals served.

This work additionally emphasized the crucial impact of
involving health personnel in menu development on the
quality of the menus provided by the studied catering
establishments. The findings demonstrated that all
establishments employing the subcontracting management
mode involve at least one person from the health personnel
in the development of their menus. This can be explained by
the imperative to ensure adequate implementation of the
technical clauses of CPS, particularly concerning the
nutritional aspect and dietary balance, for which the
administration leverages individuals such as physicians,
nutritionists, and nurses who possess the required knowledge
and expertise. This staff contributes to enhancing the dietary
diversity and variety of the menus.

Furthermore, the results of this study also indicated that the
dietary quality of the CCEs varied significantly according to
the days of the week. A statistically significant variation in
the dFDS was revealed throughout the week with a notable
increase in this score on Friday. This phenomenon is
attributable to the traditional eating habits of Moroccans on
Friday. All CCEs included in the study sample generally
serve Couscous accompanied by fermented milk, locally
known as Lben (Royaume du Maroc, 2000), for Friday
lunch. This dish is widely prepared and consumed by the
majority of the population in both households and
restaurants (Merzouki, 2009). The typical composition of
this dish includes foods belonging to at least seven distinct
food groups identified in this study: (1) starchy foods (wheat
semolina), (2) meat-egg-fish (beef, sheep, chicken or turkey),
(3) legumes (chickpeas), (4) other vegetables and fruits, (5)
vegetables and fruits rich in vitamin A (carrots and/or
pumpkin), (6) added fats (butter, Smen [salted butter],
and/or vegetable oil [olive or seed], and (7) green leafy
vegetables (cabbage). Given that couscous is often
accompanied by Lben, the dietary diversity of the day on
which couscous is served would correspond to a minimum
dFDS of 8 food groups, a value consistent with our findings.
Moreover, some establishments also serve "Tfaya", a local
couscous accompaniment primarily composed of onions,
raisins, and either honey or sugar (Merzouki, 2009; Oubahli,
2008). Considering these additional ingredients, a food day

Nor. Afr. J. Food Nutr. Res. ® Volume 9 © Issue 19 © 2025

featuring couscous with both accompaniments could reach a
maximum dietary diversity score which is 9 food groups.
These characteristics of diversity and variety pertaining to
the couscous dish and its accompaniments thus warrant
consideration during nutritional surveys, particularly in
dietary assessment methodologies such as the 24-hour recall.
The day on which couscous is served, while significant
contributing to variety and dietary diversity, may not
accurately represent the typical dietary patterns of individuals
or households.

Limitations of the study

This study has yielded valuable information concerning the
overall nutritional quality of meals served in CCEs and has
identified key areas for potential improvement in meal
composition to enhance dietary quality.

However, the present investigation is subject to several
inherent limitations that should be acknowledged. Primarily,
the relatively modest sample size employed in this study
constrains the generalizability of the findings, as a larger
sample would facilitate more robust statistical analyses and
provide a more representative portrayal of dietary practices
within collective catering establishments.

Furthermore, the assessment of nutritional quality was
exclusively reliant upon the Dietary Diversity Score (FDS)
and the Dietary Variety Score (FVS). While these scores are
valuable indicators of dietary patterns, they do not afford a
comprehensive assessment of precise nutrient adequacy or
portion sizes. Consequently, the study did not incorporate
direct nutrient analysis, which would have enabled an
accurate quantification of the macro- and micronutrient
content of the provided meals. A more detailed dietary
assessment, integrating a rigorous analysis of nutrient
intakes, would strengthen the findings of the present study.

5 CONCLUSIONS

The data reported in this study unequivocally demonstrate
that the diet offered in most CCEs is moderately diversified.
However, a critical finding is the scarcity of key
micronutrient-rich food groups, specifically vegetables and
fruits rich in vitamin A as well as green leafy vegetables,
within the meals served by these establishments, particularly
those classified in the first tertile (T1). The limited
consumption of these food groups may contribute to
micronutrient deficiencies within the consuming population.
These results suggest the imperative to implement targeted
measures to encourage both CCEs and the broader
Moroccan population to include these essential foods in their
diets.

The findings additionally highlight the considerable

advantages of outsourcing restaurant management and
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integrating health professionals into menu planning as
strategic interventions for significantly improving the dietary
diversity and variety of meals served by CCEs.

Moreover, extending this type of investigation to other
regions of the country would prove instrumental in
deepening the understanding of dietary practices and
behaviors across diverse contexts. Furthermore, conducting
comparable research in varied settings that feature distinct
local food resources could provide a broader perspective on
the factors influencing dietary diversity and meal variety
provided by collective catering. Such a comprehensive
approach could significantly assist policymakers and
stakeholders in implementing more effective interventions
aimed at enhancing the overall nutritional the quality of the
food supply in CCEs.
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	1 Introduction
	The trend towards out-of-home catering has increased significantly in recent years, reflecting global shifts in lifestyles and dietary habits (Popkin, 2009; Sproesser et al., 2019). In Europe, over 16.4 million meals are served daily in collective catering (CC) establishments (FoodService Europe, 2024). Previous studies have demonstrated that meals offered by CC can contribute up to half of the daily caloric intake of school-aged children and adolescents (Cohen et al., 2021) and account for over than one-third of their daily caloric intake (Bell & Swinburn, 2004; Haynes et al., 2020). In Morocco, statistics show that the number of meals served by university residences has increased from 5.8 million meals in the 2006–2007 academic year, to 11.3 million in the 2021-2022 academic year (MESRSFC, n.d). This development raises growing concerns about the nutritional quality of food offered in CC establishments. Indeed, studies consistently indicate that meals served in CC are usually characterized by suboptimal nutritional quality, unbalanced, high caloric density and a departure from healthy dietary patterns, such as the Mediterranean-type Moroccan diet (Colić Barić et al., 2003; Lavall et al., 2020; Marcotrigiano et al., 2023; Mekhancha et al., 2017; Šatalić et al., 2004). For instance, as revealed by Bell and Swinburn (2004) study, over half of the energy intake provided by meals served in school canteens was derived from five food groups, characterized by nutrient-poor and energy-dense items such as bread, fast foods, fruit juice and cordial drinks, biscuits and fat spreads. Similarly, analysis of canteen menus (Haynes et al. 2020) revealed that the menus of all the schools included in the study contain food items not recommended for inclusion due to their excessive content of energy, saturated fat, sugar, and/or sodium content, with a prevalence of 19.1% of all assessed items. Such dietary patterns are associated with an increased risk of numerous chronic diseases (Ness, 2004), including obesity (WHO, 2021), type 2 diabetes (O'Hearn et al., 2023; WHO, 2023), cardiovascular diseases (WHO, 2013) and certain cancers (Anand et al., 2008; Heller et al., 2013; Schwingshackl et al., 2017). Furthermore, the increasing adoption of these unhealthy dietary habits by young people is considered a factor in the early onset of non-communicable diseases, thereby contributing to future disease burdens and increasing the strain on national healthcare systems. Obesity, for instance, often caused by excessive consumption of calories, particularly from foods high in fat and added sugars, has become a major public health concern whose prevalence in adults more than doubling since 1990 worldwide (WHO, 2021). Additionally, five million deaths associated with a body mass index exceeding its optimal value were recorded in 2019 (Murray et al., 2020). Moreover, studies have reported that an unbalanced diet, particularly one characterized by low intake in fruit, vegetables, and dietary fiber, and high consumption of red and processed meat, significantly increases the risk of several cancers (Anand et al., 2008; Heller et al., 2013; IARC, 2018; Schwingshackl et al., 2017; Sharma et al., 2022), notably colorectal cancer, which is the third leading cause of cancer death worldwide (Sharma et al., 2022). In France, an unbalanced diet is responsible for 5.4% of cancer cases (IARC, 2018). Furthermore, beyond the prevention of numerous chronic diseases, a diet of optimal nutritional quality is concurrently integrated into major development projects, such as the Millennium Development Goals (MDGs) and the Sustainable Development Goals (SDGs) (Gérardin et al., 2016; United Nations, 2022). Conversely, scholarly investigations have consistently indicated that collective meal contexts, including collective catering, possess a significant capacity to facilitate transitions toward healthier and more sustainable dietary patterns (Cohen et al., 2021; Graça et al., 2023).
	Numerous studies within the extant literature have systematically assessed the nutritional quality of meals served in CC establishments across various countries (Cupertino et al., 2021) including Italy (Menis et al., 2024), Australia (Haynes et al. 2020), Croatia (Gajdoš Kljusurić et al., 2016), Spain (Lavall et al., 2020), and Algeria (Mekhancha et al., 2017). However, there remains a noticeable scarcity of research specifically evaluating the quality of the food supply within CC establishments in Morocco. In addition, FAO and several studies consider dietary variety score and the dietary diversity score as robust tools to assess the quality of the individual and household diet (Kennedy et al., 2013; Moustakim et al., 2022; Ruel, 2003; VAM Resource Center, 2019).
	In this context, the present study was undertaken to assess the overall quality of the diet offered by CC establishments through the application of food variety and diversity scores.
	2 Material and Methods 
	2.1 Study Design and Population
	This investigation employed a descriptive cross-sectional survey design, conducted between November 2022 and April 2023. The study encompassed six collective catering establishments (CCEs) situated within the province of Al Hoceima, Morocco. The selection of participating CCEs was based on feasibility considerations and the explicit consent of their respective management teams. Given the limited number of such establishments in the province, the inclusion of six establishments was considered representative of the local context. Access to these establishments for data collection necessitated adherence to established administrative procedures, and formal authorizations (reference #2123; 30/01/2023) were secured from their directors following a comprehensive explanation of the study’s objectives. Subsequent to authorization, a structured schedule was developed to facilitate site visits.
	2.2 Data Collection
	Data were systematically collected from the managers of the selected CCEs via a structured questionnaire. The information gathered pertained to kitchen management methodologies and other details essential for assessing food quality. The evaluation of food quality was assessed based on dietary diversity and variety, as determined by a meticulous analysis of the dishes presented on the establishments' menus. Complementary data, including the precise composition of each dish, were additionally collected through direct observations and in-depth interviews with managers and chefs during the site visits. All collected data were entered into a Microsoft Excel spreadsheet and classified according to food groups for each observation day enabling the calculation of scores to quantify the diversity and variety of each establishment's offerings.
	2.3 Definition of Food Groups 
	For the purpose of calculating the variety and diversity scores, the food groups for inclusion were rigorously predefined. It is recognized that, to date, no universal international consensus exists regarding the precise number of food groups to be utilized for calculating scores that assess overall diversity, variety or general dietary quality (Kennedy et al., 2013). Nevertheless, the latest revision of the FAO guide for measuring dietary diversity at both household and individual levels (Kennedy et al., 2013), recommends the use of nine food groups, emphasizing the importance of adapting the questionnaire to the local context and the specific objectives of the study. In adherence to these recommendations and drawing upon existing literature, nine distinct food groups were considered and incorporated into this study, ensuring compatibility with the study’s objectives and the prevalent dietary practices of the population under examination. These defined food groups are: starchy foods, legumes, green leafy vegetables, vegetables and fruits rich in vitamin A, other vegetables and fruits, meat-egg and fish, milk and dairy products, added fats and sweets.
	2.4 Definition of Scores
	Daily Food Variety Score (dFVS) 
	The dFVS quantifies the number of different food items served within a given day, irrespective of their categorization into specific food groups.
	Food Diversity Score 
	Food diversity was assessed in a representative manner for the observed days (7 days), using the following two scores for each establishment:
	 The Daily Food Diversity Score (dFDS): This metric corresponds to the number of distinct food groups present across the three meals served during a specific day. Its value is discrete, ranging from 0 to 9.
	 The Overall Food Diversity Score (wFDS): This score provides an overall view of the establishment's food diversity over a full week. The wFDS is derived by calculating the average of the wFDS value recorded throughout week for a particular establishment. This value varies continuously between 0 and 9, thus representing the average food diversity of the meals presented by a given establishment over a complete week.
	2.5 Statistical Analyses
	Data collection and the initial calculation of scores were carried out using Microsoft Excel software. The subsequent statistical analysis of the data was conducted using IBM SPSS software for Windows, version 26. The general characteristics of the diet were expressed as means ± standard deviation (SD) for quantitative variables and as frequencies and percentages for categorical variables. The Kruskal-Wallis test was employed to assess for significant differences in the distributions of continuous variables across multiple groups, followed by Dunn’s post hoc test to identify specific group differences. The Mann-Whitney U test was utilized for comparing means between two independent groups. Statistical significance was set at a p-value < 0.05. 
	In the absence of established reference threshold values for the scores, the analysis of the data on dietary diversity and variety was conducted according to wFDS tertiles (Kennedy et al., 2013). Within the adopted classification, the first tertile (T1) corresponds to establishments where wFDS ≤ 7, indicating that the diet of these establishments was categorized as less diversified. Conversely, establishments whose diet is qualified as the most diversified were classified into the third tertile (T3), defined by the highest wFDS values (wFDS ≥ 8). Establishments exhibiting average dietary diversity were classified into the second tertile (T2; 7 < wFDS < 8).
	3 Results
	3.1 Description of the Study Sample
	The findings revealed 1296 meals served across six CCEs in the Al Hoceima Province of Morocco. During the study period, a total of 3,024 individuals were served the examined meals, based on a rate of three meals per day per person for seven days per establishment. 
	As presented in Table 1, two-thirds (66.7%) of the meals examined were served by establishments that delegate the management of their canteens to an external company. These establishments also involved at least one health professional (a physician, nurse, and/or dietitian) in their menu development process. The remaining one-third (33.3%) of the meals were served by establishments operating under internal management, overseen by administrative staff (the establishment's director and the bursar), who possessed foundational training in economics, management, or administration. 
	3.2 Diet Assessment
	3.2.1 Dietary Diversity Score (DDS)
	The results concerning the daily Food Diversity Score (dFDS) indicate the meals offered by the studied establishments comprised, on average, 7.29 ± 0.80 food groups, with a minimum of 6 food groups per day and a maximum of 9. The majority of the food days examined included foods belonging to either 7 groups (42.9%) or 8 food groups (35.7%). Conversely, 16.7% of food days featured only 6 food groups, while a mere 4.8% achieved the maximum of 9 food groups.
	Based on the classification of dietary diversity according to weekly Food Diversity Score (wFDS) tertiles, the data reveal that half (3 out of 6) of the CCEs exhibited an average dietary diversity falling within the second tertile (7 < wFDS < 8; T2). One-third (1 out of 3) of the establishments demonstrated limited dietary diversity, corresponding to the first tertile (wFDS ≤ 7). Only one establishment out of the 6 achieved a high or optimal dietary diversity, classified within the third tertile (wFDS ≥8).
	3.2.2 Food Group Frequency of Occurrence
	Figure 1 illustrates the frequency of occurrence of food groups across the food days examined according to wFDS tertiles. Starchy foods, meat-eggs and fish, other vegetables and fruits, added fats, sweets, and milk and dairy products were universally present in all 42 food days examined (100%), irrespective of the establishment's dietary diversity level. In contrast, the legume group was present in 71% of food days in T1 and T3 establishments but in only 48% of food days in T2 establishments. The vitamin A-rich vegetables and fruits group was present in all food days offered by establishments classified as T3, yet it appeared in only 29% of food days offered by T1 establishments. Furthermore, nearly half (43%) of the food days offered by establishments in T3 included foods belonging to the green leafy vegetable group, whereas these food items were entirely absent from meals served by establishments classified as T1.
	Figure 2 depicts the frequency of daily presence of food groups that were served daily by all establishments according to the wFDS tertiles. The groups comprising other vegetables and fruits, meat-egg and fish, milk and dairy products, and sweets were served at a frequency of two times per day in the establishments with high dietary diversity (T3). In contrast, these same groups were served only once per day in establishments classified possessing limited dietary diversity (T1). The starchy foods group, however, was consistently present at a frequency of three times per day across all examined food days, regardless of the establishment’s diversity classification.
	Food Scores and Influencing Factors
	Table 2 presents the principal findings from the comparisons of the calculated variety and diversity scores, stratified by the explanatory variables investigated. As indicated in Table 2, a significant difference in these food scores was observed according to the restaurant management modality (for dFDS, p = 0.004; for dFVS, p < 0.0001). 
	As further illustrated in both Figures 3 and Figure 4, establishments that delegated their canteen management to an external company exhibited significantly higher food scores compared to those maintaining internal management (mean dFDS = 7.54 versus 6.79; mean dFVS = 16.36 versus 11.50). Similarly, the variety and diversity of food offerings differed significantly based on the involvement of health care staff member menu development. The mean food scores obtained in establishments that included at least one healthcare staff member in the development of their menus were higher compared to those found in establishments that did not involve any health care staff member (mean dFDS = 7.54 versus 6.79, p = 0.004; mean dFVS = 16.36 versus 11.50, p < 0.0001).
	Table 2 also illustrates a significant variation in dFDS across the days of the week (p = 0.015). This trend is further illustrated in Figure 5, which presents the distribution of dFDS values throughout the week with the highest values recorded on Friday (mean dFDS = 8.33 ± 0.52) and the lowest on Thursday (mean dFDS = 6.67 ± 0.82). As presented in Table 3, pairwise comparisons of dFDS across days of the week, revealed that, with the exception of Tuesday (p = 0.115), Friday exhibited significantly higher dFDS values compared to all other days (p < 0.05). No statistically significant differences were observed between the other days of the week, suggesting that the increase in dFDS on Friday is particularly noteworthy. Regarding the variation of dFVS across the days of the week, although fluctuations were observed—with the highest mean recorded on Friday (18.50 ± 3.73) and values ranging between 13.83 and 14.83 on other days (Table 2),—this difference was not statistically significant (p = 0.324).
	4 Discussion
	The data obtained in this study provide valuable insights into the nutritional quality of food served in collective catering establishments within a country experiencing nutritional transition. Indeed, the reported data indicate that the food provided by the six CCEs is moderately diversified, as evidenced by the daily and weekly Food Variety Score (FVS) and Food Diversity Score (FDS). Specifically, the daily FDS (dFDS) for 78.6% of the examined food days ranged between 7 and 8, with an average dFDS of 7.29 ± 0.80. However, the maximum dFDS of 9 food groups per day, corresponding to optimal diversity, was achieved in only 2 of the 42 food days examined.
	In addition, the diversity and variety of meals served by these establishments, determined by dFDS and dFVS, exhibited day-to-day variations and were influenced by specific determinants investigated in this study, including restaurant management modalities and the involvement of health personnel in menu development. On the other hand, across all food days examined during the study period, six food groups were included, irrespective of the food diversity category in which the establishment was classified or the other determining variables studied. These consistently present food groups are starchy foods, meat-eggs and fish, other vegetables and fruits, added fats, sweets and finally milk and dairy products. These food groups also largely align with the typical dietary patterns of the Moroccan population. Indeed, the food groups identified in this study have demonstrated consistency with those consumed by populations residing in other extensive regions of the country, namely the Rabat-Salé-Kenitra region (Barakat et al., 2022) and the provinces of Sidi Bennour (Moustakim et al., 2022) and El Jadida in the large region of Casa-Settat as well as in the province of Tetouan (Mziwira et al., 2024), which shares geographical proximity with the current study province.
	The consistent daily presence of foods from these food groups can be explained, on the one hand, by their fundamental role as dietary staples and preferred food choices within the Moroccan population (FAO, 2011). On the other hand, this pattern is influenced by the Mediterranean diet, given the study’s conduct in a Mediterranean geographical area. Supporting this, a study conducted in boarding schools across two Croatian regions, —the Adriatic (coastal) and the continental—revealed that meals predominantly comprised six food groups: cereals, meat, fats, fruits, vegetables, and milk (Gajdoš Kljusurić et al., 2016). Notably, significant regional variation in daily serving frequency was observed, with fruits, vegetables, and milk exhibiting greater prevalence in the coastal region. This disparity was attributed to the influence of the Mediterranean diet in the Adriatic region. These results by Gajdoš Kljusurić et al. (2016), reinforce the hypothesis that dietary habits within mass catering establishments may be influenced by regional food traditions and geographical location.
	The food groups exhibiting the lowest prevalence in the meals served were vegetables and fruits rich in vitamin A followed by green leafy vegetables. These observations are consistent with those reported by Moustakim et al., (2022), who also reported an extremely low consumption of green leafy vegetables accounting for merely 1.3% of those surveyed population. This outcome deviates from national nutritional guidelines, which recommend a minimum daily  consumption of one green leafy vegetable (Ministère de la Santé, 2016). These particular vegetables are indeed recognized as high-quality sources of essential vitamins, minerals, and phenolic compounds (Aboukhalaf et al., 2023; Kennedy et al., 2013).
	At the African continent level, a study conducted by Yagoubi-Benatallah et al. (2016) described the nutritional quality of meals served in Algerian school canteens by quantifying the contribution of each of the five food groups to the average daily ration. This investigation revealed that the daily average intake in these canteens was predominantly composed of the starch group, followed by animal protein products. However, fruits and vegetables ranked third in the daily ration. This finding aligns with the results of the present study, where identical patterns of food group distribution is observed, with starchy foods being the most prevalent, yet simultaneously underscoring a relative underrepresentation of fruits and vegetables, particularly those rich in vitamin A. The contrast between the predominance of starchy foods and the lower presence of nutrient-rich vegetables and fruits suggests potential avenues for improving the dietary diversity of meals offered by CCEs in both countries.
	This study also highlighted the critical role of the management modality in influencing the nutritional quality of food served in CCEs. A comparison of the obtained data revealed a difference based on the management method of diversity and variety of food in the restaurants studied. By comparing the average daily scores obtained for food diversity (dFDS) and variety (dFVS) based on the management method of the establishment, it became evident that the meals served by CCEs which delegated the management of their canteens to an external company were more diversified and more varied compared to those served in CCEs whose restaurant management is internal. Meals provided by CCEs with subcontracted management included, on average, 0.75 more food groups and 4.86 more food items per day than those served by CCEs operating under an internal management. These results may primarily be attributed to the presence, in the case of subcontracting, of a Special Requirements Book (SRB) between the administration and the subcontracting company. This SRB delineates technical clauses governing the structure of a food day, the composition of meals, the food plan, the quantity of food as well as the frequencies of food distribution. In addition, the administration often designates at least one individual to ensure continuous monitoring of meals, thereby confirming with the technical clauses of the SRB. This oversight further contributes to enhancing the quality of the meals served.
	This work additionally emphasized the crucial impact of involving health personnel in menu development on the quality of the menus provided by the studied catering establishments. The findings demonstrated that all establishments employing the subcontracting management mode involve at least one person from the health personnel in the development of their menus. This can be explained by the imperative to ensure adequate implementation of the technical clauses of CPS, particularly concerning the nutritional aspect and dietary balance, for which the administration leverages individuals such as physicians, nutritionists, and nurses who possess the required knowledge and expertise. This staff contributes to enhancing the dietary diversity and variety of the menus.
	Furthermore, the results of this study also indicated that the dietary quality of the CCEs varied significantly according to the days of the week. A statistically significant variation in the dFDS was revealed throughout the week with a notable increase in this score on Friday. This phenomenon is attributable to the traditional eating habits of Moroccans on Friday. All CCEs included in the study sample generally serve Couscous accompanied by fermented milk, locally known as Lben (Royaume du Maroc, 2000), for Friday lunch. This dish is widely prepared and consumed by the majority of the population in both households and restaurants (Merzouki, 2009). The typical composition of this dish includes foods belonging to at least seven distinct food groups identified in this study: (1) starchy foods (wheat semolina), (2) meat-egg-fish (beef, sheep, chicken or turkey), (3) legumes (chickpeas), (4) other vegetables and fruits, (5) vegetables and fruits rich in vitamin A (carrots and/or pumpkin), (6) added fats (butter, Smen [salted butter], and/or vegetable oil [olive or seed], and (7) green leafy vegetables (cabbage). Given that couscous is often accompanied by Lben, the dietary diversity of the day on which couscous is served would correspond to a minimum dFDS of 8 food groups, a value consistent with our findings. Moreover, some establishments also serve "Tfaya", a local couscous accompaniment primarily composed of onions, raisins, and either honey or sugar (Merzouki, 2009; Oubahli, 2008). Considering these additional ingredients, a food day featuring couscous with both accompaniments could reach a maximum dietary diversity score which is 9 food groups. These characteristics of diversity and variety pertaining to the couscous dish and its accompaniments thus warrant consideration during nutritional surveys, particularly in dietary assessment methodologies such as the 24-hour recall. The day on which couscous is served, while significant contributing to variety and dietary diversity, may not accurately represent the typical dietary patterns of individuals or households.
	Limitations of the study
	This study has yielded valuable information concerning the overall nutritional quality of meals served in CCEs and has identified key areas for potential improvement in meal composition to enhance dietary quality.
	However, the present investigation is subject to several inherent limitations that should be acknowledged. Primarily, the relatively modest sample size employed in this study constrains the generalizability of the findings, as a larger sample would facilitate more robust statistical analyses and provide a more representative portrayal of dietary practices within collective catering establishments.
	Furthermore, the assessment of nutritional quality was exclusively reliant upon the Dietary Diversity Score (FDS) and the Dietary Variety Score (FVS). While these scores are valuable indicators of dietary patterns, they do not afford a comprehensive assessment of precise nutrient adequacy or portion sizes. Consequently, the study did not incorporate direct nutrient analysis, which would have enabled an accurate quantification of the macro- and micronutrient content of the provided meals. A more detailed dietary assessment, integrating a rigorous analysis of nutrient intakes, would strengthen the findings of the present study.
	5 Conclusions
	The data reported in this study unequivocally demonstrate that the diet offered in most CCEs is moderately diversified. However, a critical finding is the scarcity of key micronutrient-rich food groups, specifically vegetables and fruits rich in vitamin A as well as green leafy vegetables, within the meals served by these establishments, particularly those classified in the first tertile (T1). The limited consumption of these food groups may contribute to micronutrient deficiencies within the consuming population. These results suggest the imperative to implement targeted measures to encourage both CCEs and the broader Moroccan population to include these essential foods in their diets. 
	The findings additionally highlight the considerable advantages of outsourcing restaurant management and integrating health professionals into menu planning as strategic interventions for significantly improving the dietary diversity and variety of meals served by CCEs.
	Moreover, extending this type of investigation to other regions of the country would prove instrumental in deepening the understanding of dietary practices and behaviors across diverse contexts. Furthermore, conducting comparable research in varied settings that feature distinct local food resources could provide a broader perspective on the factors influencing dietary diversity and meal variety provided by collective catering. Such a comprehensive approach could significantly assist policymakers and stakeholders in implementing more effective interventions aimed at enhancing the overall nutritional the quality of the food supply in CCEs.
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		Background: The escalating prevalence of food consumption within collective catering establishments in Morocco has been associated with unbalanced dietary patterns, thereby contributing an increased risk of various chronic and degenerative diseases.

Aims: The study aimed to assess the overall nutritional quality of the food provided in selective collective catering establishments (CCEs) located in the province of Al Hoceima, Northern Morocco.

Subjects and Methods: A descriptive cross-sectional survey was conducted; Data regarding food offerings and management practices in six CCEs were collected using a structured questionnaire, observations, and interviews with kitchen staff. Dietary diversity and variety were assessed using the Food Diversity Score (FDS) and Food Variety Score (FVS), respectively, calculated based on an examination of menus and information collected during observations and discussion with chefs. 

Results: The average daily FDS was 7.29 ± 0.80 food groups (FGs). For the majority of dietary days (78.6%), foods belonged to 7 to 8 FGs, with only 4.8% achieving the maximum FDS of 9 FGs. Significant differences in both FDS and FVS were observed based on the kitchen management method (p = 0.004 for FDS; p < 0.001 for FVS) and the involvement of health personnel (HP) in menu development (p = 0.004 for FDS; p < 0.001 for FVS). The highest average FVS and FDS were recorded for meals offered by CCEs employing external kitchen management and incorporating health personnel in menu development. Furthermore, the FDS varied significantly across the days of the week (p = 0.015), with a higher average observed on Friday (FDS = 8.33 ± 0.52). Conversely, FVS fluctuations across the days of the week were not statistically significant (p = 0.324).

Conclusion: The findings indicate that the diet provided by the assessed CCEs is moderately diversified but demonstrates a low representation of key micronutrient-rich food groups. The study suggests that outsourcing kitchen management, involving health professionals in menu planning, and increasing the inclusion of micronutrient-rich food groups are recommended strategies to enhance the nutritional quality of meals offered by the CCE.

Keywords: Collective Catering, Food Evaluation, Dietary Diversity Score, Dietary Variety Score, Al Hoceima Province, Morocco.
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2 INTRODUCTION

The trend towards out-of-home catering has increased significantly in recent years, reflecting global shifts in lifestyles and dietary habits (Popkin, 2009; Sproesser et al., 2019). In Europe, over 16.4 million meals are served daily in collective catering (CC) establishments (FoodService Europe, 2024). Previous studies have demonstrated that meals offered by CC can contribute up to half of the daily caloric intake of school-aged children and adolescents (Cohen et al., 2021) and account for over than one-third of their daily caloric intake (Bell & Swinburn, 2004; Haynes et al., 2020). In Morocco, statistics show that the number of meals served by university residences has increased from 5.8 million meals in the 2006–2007 academic year, to 11.3 million in the 2021-2022 academic year (MESRSFC, n.d). This development raises growing concerns about the nutritional quality of food offered in CC establishments. Indeed, studies consistently indicate that meals served in CC are usually characterized by suboptimal nutritional quality, unbalanced, high caloric density and a departure from healthy dietary patterns, such as the Mediterranean-type Moroccan diet (Colić Barić et al., 2003; Lavall et al., 2020; Marcotrigiano et al., 2023; Mekhancha et al., 2017; Šatalić et al., 2004). For instance, as revealed by Bell and Swinburn (2004) study, over half of the energy intake provided by meals served in school canteens was derived from five food groups, characterized by nutrient-poor and energy-dense items such as bread, fast foods, fruit juice and cordial drinks, biscuits and fat spreads. Similarly, analysis of canteen menus (Haynes et al. 2020) revealed that the menus of all the schools included in the study contain food items not recommended for inclusion due to their excessive content of energy, saturated fat, sugar, and/or sodium content, with a prevalence of 19.1% of all assessed items. Such dietary patterns are associated with an increased risk of numerous chronic diseases (Ness, 2004), including obesity (WHO, 2021), type 2 diabetes (O'Hearn et al., 2023; WHO, 2023), cardiovascular diseases (WHO, 2013) and certain cancers (Anand et al., 2008; Heller et al., 2013; Schwingshackl et al., 2017). Furthermore, the increasing adoption of these unhealthy dietary habits by young people is considered a factor in the early onset of non-communicable diseases, thereby contributing to future disease burdens and increasing the strain on national healthcare systems. Obesity, for instance, often caused by excessive consumption of calories, particularly from foods high in fat and added sugars, has become a major public health concern whose prevalence in adults more than doubling since 1990 worldwide (WHO, 2021). Additionally, five million deaths associated with a body mass index exceeding its optimal value were recorded in 2019 (Murray et al., 2020). Moreover, studies have reported that an unbalanced diet, particularly one characterized by low intake in fruit, vegetables, and dietary fiber, and high consumption of red and processed meat, significantly increases the risk of several cancers (Anand et al., 2008; Heller et al., 2013; IARC, 2018; Schwingshackl et al., 2017; Sharma et al., 2022), notably colorectal cancer, which is the third leading cause of cancer death worldwide (Sharma et al., 2022). In France, an unbalanced diet is responsible for 5.4% of cancer cases (IARC, 2018). Furthermore, beyond the prevention of numerous chronic diseases, a diet of optimal nutritional quality is concurrently integrated into major development projects, such as the Millennium Development Goals (MDGs) and the Sustainable Development Goals (SDGs) (Gérardin et al., 2016; United Nations, 2022). Conversely, scholarly investigations have consistently indicated that collective meal contexts, including collective catering, possess a significant capacity to facilitate transitions toward healthier and more sustainable dietary patterns (Cohen et al., 2021; Graça et al., 2023).

Numerous studies within the extant literature have systematically assessed the nutritional quality of meals served in CC establishments across various countries (Cupertino et al., 2021) including Italy (Menis et al., 2024), Australia (Haynes et al. 2020), Croatia (Gajdoš Kljusurić et al., 2016), Spain (Lavall et al., 2020), and Algeria (Mekhancha et al., 2017). However, there remains a noticeable scarcity of research specifically evaluating the quality of the food supply within CC establishments in Morocco. In addition, FAO and several studies consider dietary variety score and the dietary diversity score as robust tools to assess the quality of the individual and household diet (Kennedy et al., 2013; Moustakim et al., 2022; Ruel, 2003; VAM Resource Center, 2019).

In this context, the present study was undertaken to assess the overall quality of the diet offered by CC establishments through the application of food variety and diversity scores.

3 MATERIAL AND METHODS 

3.1 Study Design and Population

This investigation employed a descriptive cross-sectional survey design, conducted between November 2022 and April 2023. The study encompassed six collective catering establishments (CCEs) situated within the province of Al Hoceima, Morocco. The selection of participating CCEs was based on feasibility considerations and the explicit consent of their respective management teams. Given the limited number of such establishments in the province, the inclusion of six establishments was considered representative of the local context. Access to these establishments for data collection necessitated adherence to established administrative procedures, and formal authorizations (reference #2123; 30/01/2023) were secured from their directors following a comprehensive explanation of the study’s objectives. Subsequent to authorization, a structured schedule was developed to facilitate site visits.

3.2 Data Collection

Data were systematically collected from the managers of the selected CCEs via a structured questionnaire. The information gathered pertained to kitchen management methodologies and other details essential for assessing food quality. The evaluation of food quality was assessed based on dietary diversity and variety, as determined by a meticulous analysis of the dishes presented on the establishments' menus. Complementary data, including the precise composition of each dish, were additionally collected through direct observations and in-depth interviews with managers and chefs during the site visits. All collected data were entered into a Microsoft Excel spreadsheet and classified according to food groups for each observation day enabling the calculation of scores to quantify the diversity and variety of each establishment's offerings.

3.3 Definition of Food Groups 

For the purpose of calculating the variety and diversity scores, the food groups for inclusion were rigorously predefined. It is recognized that, to date, no universal international consensus exists regarding the precise number of food groups to be utilized for calculating scores that assess overall diversity, variety or general dietary quality (Kennedy et al., 2013). Nevertheless, the latest revision of the FAO guide for measuring dietary diversity at both household and individual levels (Kennedy et al., 2013), recommends the use of nine food groups, emphasizing the importance of adapting the questionnaire to the local context and the specific objectives of the study. In adherence to these recommendations and drawing upon existing literature, nine distinct food groups were considered and incorporated into this study, ensuring compatibility with the study’s objectives and the prevalent dietary practices of the population under examination. These defined food groups are: starchy foods, legumes, green leafy vegetables, vegetables and fruits rich in vitamin A, other vegetables and fruits, meat-egg and fish, milk and dairy products, added fats and sweets.

3.4 Definition of Scores

Daily Food Variety Score (dFVS) 

The dFVS quantifies the number of different food items served within a given day, irrespective of their categorization into specific food groups.

Food Diversity Score 

Food diversity was assessed in a representative manner for the observed days (7 days), using the following two scores for each establishment:

· The Daily Food Diversity Score (dFDS): This metric corresponds to the number of distinct food groups present across the three meals served during a specific day. Its value is discrete, ranging from 0 to 9.

· The Overall Food Diversity Score (wFDS): This score provides an overall view of the establishment's food diversity over a full week. The wFDS is derived by calculating the average of the wFDS value recorded throughout week for a particular establishment. This value varies continuously between 0 and 9, thus representing the average food diversity of the meals presented by a given establishment over a complete week.

3.5 Statistical Analyses

Data collection and the initial calculation of scores were carried out using Microsoft Excel software. The subsequent statistical analysis of the data was conducted using IBM SPSS software for Windows, version 26. The general characteristics of the diet were expressed as means ± standard deviation (SD) for quantitative variables and as frequencies and percentages for categorical variables. The Kruskal-Wallis test was employed to assess for significant differences in the distributions of continuous variables across multiple groups, followed by Dunn’s post hoc test to identify specific group differences. The Mann-Whitney U test was utilized for comparing means between two independent groups. Statistical significance was set at a p-value < 0.05. 

In the absence of established reference threshold values for the scores, the analysis of the data on dietary diversity and variety was conducted according to wFDS tertiles (Kennedy et al., 2013). Within the adopted classification, the first tertile (T1) corresponds to establishments where wFDS ≤ 7, indicating that the diet of these establishments was categorized as less diversified. Conversely, establishments whose diet is qualified as the most diversified were classified into the third tertile (T3), defined by the highest wFDS values (wFDS ≥ 8). Establishments exhibiting average dietary diversity were classified into the second tertile (T2; 7 < wFDS < 8).

4 RESULTS

4.1 Description of the Study Sample

The findings revealed 1296 meals served across six CCEs in the Al Hoceima Province of Morocco. During the study period, a total of 3,024 individuals were served the examined meals, based on a rate of three meals per day per person for seven days per establishment. 

As presented in Table 1, two-thirds (66.7%) of the meals examined were served by establishments that delegate the management of their canteens to an external company. These establishments also involved at least one health professional (a physician, nurse, and/or dietitian) in their menu development process. The remaining one-third (33.3%) of the meals were served by establishments operating under internal management, overseen by administrative staff (the establishment's director and the bursar), who possessed foundational training in economics, management, or administration. 

4.2 Diet Assessment

4.2.1 Dietary Diversity Score (DDS)

[bookmark: _Toc113275540][bookmark: _Toc98237720]The results concerning the daily Food Diversity Score (dFDS) indicate the meals offered by the studied establishments comprised, on average, 7.29 ± 0.80 food groups, with a minimum of 6 food groups per day and a maximum of 9. The majority of the food days examined included foods belonging to either 7 groups (42.9%) or 8 food groups (35.7%). Conversely, 16.7% of food days featured only 6 food groups, while a mere 4.8% achieved the maximum of 9 food groups.





Based on the classification of dietary diversity according to weekly Food Diversity Score (wFDS) tertiles, the data reveal that half (3 out of 6) of the CCEs exhibited an average dietary diversity falling within the second tertile (7 < wFDS < 8; T2). One-third (1 out of 3) of the establishments demonstrated limited dietary diversity, corresponding to the first tertile (wFDS ≤ 7). Only one establishment out of the 6 achieved a high or optimal dietary diversity, classified within the third tertile (wFDS ≥8).[bookmark: Table3][bookmark: Table1]Table 1. Characteristics of the studied establishments

Establishments

Customer count/day

Number of meals served/day

Number of meals examined

Management method

Involvement of HS during menu development

CCE_1

20

60

21

External

Yes

CCE_2

75

225

21

Internal

No

CCE_3

55

165

21

Internal

No

CCE_4

120

360

21

External

Yes

CCE_5

137

411

21

External

Yes

CCE_6

25

75

21

External

Yes

TOTAL

432

1296

126

-

-

CCE: Collective catering establishments; HS: Health staff.







4.2.2 Food Group Frequency of Occurrence

Figure 1 illustrates the frequency of occurrence of food groups across the food days examined according to wFDS tertiles. Starchy foods, meat-eggs and fish, other vegetables and fruits, added fats, sweets, and milk and dairy products were universally present in all 42 food days examined (100%), irrespective of the establishment's dietary diversity level. In contrast, the legume group was present in 71% of food days in T1 and T3 establishments but in only 48% of food days in T2 establishments. The vitamin A-rich vegetables and fruits group was present in all food days offered by establishments classified as T3, yet it appeared in only 29% of food days offered by T1 establishments. Furthermore, nearly half (43%) of the food days offered by establishments in T3 included foods belonging to the green leafy vegetable group, whereas these food items were entirely absent from meals served by establishments classified as T1.[bookmark: Figure1]

[bookmark: _Hlk178933566]Figure 1.  Frequency of presence of food groups in the examined food days





Figure 2 depicts the frequency of daily presence of food groups that were served daily by all establishments according to the wFDS tertiles. The groups comprising other vegetables and fruits, meat-egg and fish, milk and dairy products, and sweets were served at a frequency of two times per day in the establishments with high dietary diversity (T3). In contrast, these same groups were served only once per day in establishments classified possessing limited dietary diversity (T1). The starchy foods group, however, was consistently present at a frequency of three times per day across all examined food days, regardless of the establishment’s diversity classification.

4.2.3 Food Scores and Influencing Factors[bookmark: Figure2]

Figure 2.  Daily frequency of presence of food groups whose foods are served daily according to the classes of dietary diversity





Table 2 presents the principal findings from the comparisons of the calculated variety and diversity scores, stratified by the explanatory variables investigated. As indicated in Table 2, a significant difference in these food scores was observed according to the restaurant management modality (for dFDS, p = 0.004; for dFVS, p < 0.0001). [bookmark: Table2]Table 2. The mean food diversity and variety scores according to the variables studied.

Variables 

Mean dFDS

p-value

Mean dFVS

p-value

Management method







· Internal

6.79 ± 0.69

p = 0.004

11.50 ±1.45

p < 0.0001

· External 

7.54 ± 0.74



16.36 ±3.05



Involvement of HS during menu development

· No

6.79 ± 0.69

p = 0.004

11.50 ±1.45

p < 0.0001

· Yes

7.54 ± 0.74



16.36 ±3.05



Days of the week 

· Monday

6.83 ± 0.75



14.83 ± 2.93



· Tuesday

7.50 ± 0.84



14.17 ± 3.13



· Wednesday

7.33 ± 0.82



14.17 ± 3.92



· Thursday

6.67 ± 0.82

p = 0.015

13.83 ± 2.64

p = 0.324

· Friday

8.33 ±0.52



18.50 ±3.73



· Saturday

7.17 ± 0.41



13.83 ± 3.97



· Sunday

7.17 ±0.41



13.83 ± 2.99



Note: HS: Health staff; dFDS: daily food diversity score; daily food variety score





As further illustrated in both Figures 3 and Figure 4, establishments that delegated their canteen management to an external company exhibited significantly higher food scores compared to those maintaining internal management (mean dFDS = 7.54 versus 6.79; mean dFVS = 16.36 versus 11.50). Similarly, the variety and diversity of food offerings differed significantly based on the involvement of health care staff member menu development. The mean food scores obtained in establishments that included at least one healthcare staff member in the development of their menus were higher compared to those found in establishments that did not involve any health care staff member (mean dFDS = 7.54 versus 6.79, p = 0.004; mean dFVS = 16.36 versus 11.50, p < 0.0001).

Table 2 also illustrates a significant variation in dFDS across the days of the week (p = 0.015). This trend is further illustrated in Figure 5, which presents the distribution of dFDS values throughout the week with the highest values recorded on Friday (mean dFDS = 8.33 ± 0.52) and the lowest on Thursday (mean dFDS = 6.67 ± 0.82). As presented in Table 3, pairwise comparisons of dFDS across days of the week, revealed that, with the exception of Tuesday (p = 0.115), Friday exhibited significantly higher dFDS values compared to all other days (p < 0.05). No statistically significant differences were observed between the other days of the week, suggesting that the increase in dFDS on Friday is particularly noteworthy. Regarding the variation of dFVS across the days of the week, although fluctuations were observed—with the highest mean recorded on Friday (18.50 ± 3.73) and values ranging between 13.83 and 14.83 on other days (Table 2),—this difference was not statistically significant (p = 0.324).[bookmark: Figure4][image: ]

Figure 4.  Distribution of the daily food variety scores (dFVS) as a function of the management method (External versus Internal)
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Figure 3.  Distribution of the daily food diversity scores (dFDS) as a function of the management method (External versus Internal)
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Figure 5.  Distribution of daily food diversity scores (dFDS) throughout the days of the week  











Table 3. Pairwise comparisons of daily food diversity scores (dFDS) across days of the week

Days of the week

(mean dFDS)

Monday

(6.83 ± 0.75)

Tuesday

(7.50 ± 0.84)

Wednesday

(7.33 ± 0.82)

Thursday

(6.67 ± 0.82)

Friday

(8.33 ±0.52)

Saturday

(7.17 ± 0.41)

Sunday

(7.17 ±0.41)

Monday

(6.83 ± 0.75)

· 

h = -10.333

p = 0.118

h = -7.583

p = 0.251

h = -2.083

p = 0.753

h = -20.750

p = 0.002

h= 4.167

p = 0.529

h= 6.250

p = 0.345

Tuesday

(7.50 ± 0.84)

· 

· 

h = 2.750

p = 0.677

h = 6.250

p = 0.345

h = -10.417

p = 0.115

h= -6.167

p =0.351

h= -6.167

p =0.351

Wednesday

(7.33 ± 0.82)

· 

· 

· 

h = -9.667

p = 0.144

h = -13.167

p = 0.046

h= 3.417

p =0.605

h= -3.417

p =0.605

Thursday

(6.67 ± 0.82)

· 

· 

· 

· 

h = -22.833

p = 0.001

h= -6.250

p = 0.345

h= 6.250

p = 0.345

Friday

(8.33 ±0.52)

· 

· 

· 

· 

· 

h= -16.583

p = 0.012

h= 16.583

p = 0.012

Saturday

(7.17 ± 0.41)

· 

· 

· 

· 

· 

· 

h= 0.000

p = 1.000

Sunday

(7.17 ±0.41)

· 

· 

· 

· 

· 

· 

· 

FDS: daily food diversity score













5 DISCUSSION

The data obtained in this study provide valuable insights into the nutritional quality of food served in collective catering establishments within a country experiencing nutritional transition. Indeed, the reported data indicate that the food provided by the six CCEs is moderately diversified, as evidenced by the daily and weekly Food Variety Score (FVS) and Food Diversity Score (FDS). Specifically, the daily FDS (dFDS) for 78.6% of the examined food days ranged between 7 and 8, with an average dFDS of 7.29 ± 0.80. However, the maximum dFDS of 9 food groups per day, corresponding to optimal diversity, was achieved in only 2 of the 42 food days examined.

In addition, the diversity and variety of meals served by these establishments, determined by dFDS and dFVS, exhibited day-to-day variations and were influenced by specific determinants investigated in this study, including restaurant management modalities and the involvement of health personnel in menu development. On the other hand, across all food days examined during the study period, six food groups were included, irrespective of the food diversity category in which the establishment was classified or the other determining variables studied. These consistently present food groups are starchy foods, meat-eggs and fish, other vegetables and fruits, added fats, sweets and finally milk and dairy products. These food groups also largely align with the typical dietary patterns of the Moroccan population. Indeed, the food groups identified in this study have demonstrated consistency with those consumed by populations residing in other extensive regions of the country, namely the Rabat-Salé-Kenitra region (Barakat et al., 2022) and the provinces of Sidi Bennour (Moustakim et al., 2022) and El Jadida in the large region of Casa-Settat as well as in the province of Tetouan (Mziwira et al., 2024), which shares geographical proximity with the current study province.

The consistent daily presence of foods from these food groups can be explained, on the one hand, by their fundamental role as dietary staples and preferred food choices within the Moroccan population (FAO, 2011). On the other hand, this pattern is influenced by the Mediterranean diet, given the study’s conduct in a Mediterranean geographical area. Supporting this, a study conducted in boarding schools across two Croatian regions, —the Adriatic (coastal) and the continental—revealed that meals predominantly comprised six food groups: cereals, meat, fats, fruits, vegetables, and milk (Gajdoš Kljusurić et al., 2016). Notably, significant regional variation in daily serving frequency was observed, with fruits, vegetables, and milk exhibiting greater prevalence in the coastal region. This disparity was attributed to the influence of the Mediterranean diet in the Adriatic region. These results by Gajdoš Kljusurić et al. (2016), reinforce the hypothesis that dietary habits within mass catering establishments may be influenced by regional food traditions and geographical location.

The food groups exhibiting the lowest prevalence in the meals served were vegetables and fruits rich in vitamin A followed by green leafy vegetables. These observations are consistent with those reported by Moustakim et al., (2022), who also reported an extremely low consumption of green leafy vegetables accounting for merely 1.3% of those surveyed population. This outcome deviates from national nutritional guidelines, which recommend a minimum daily  consumption of one green leafy vegetable (Ministère de la Santé, 2016). These particular vegetables are indeed recognized as high-quality sources of essential vitamins, minerals, and phenolic compounds (Aboukhalaf et al., 2023; Kennedy et al., 2013).

At the African continent level, a study conducted by Yagoubi-Benatallah et al. (2016) described the nutritional quality of meals served in Algerian school canteens by quantifying the contribution of each of the five food groups to the average daily ration. This investigation revealed that the daily average intake in these canteens was predominantly composed of the starch group, followed by animal protein products. However, fruits and vegetables ranked third in the daily ration. This finding aligns with the results of the present study, where identical patterns of food group distribution is observed, with starchy foods being the most prevalent, yet simultaneously underscoring a relative underrepresentation of fruits and vegetables, particularly those rich in vitamin A. The contrast between the predominance of starchy foods and the lower presence of nutrient-rich vegetables and fruits suggests potential avenues for improving the dietary diversity of meals offered by CCEs in both countries.

This study also highlighted the critical role of the management modality in influencing the nutritional quality of food served in CCEs. A comparison of the obtained data revealed a difference based on the management method of diversity and variety of food in the restaurants studied. By comparing the average daily scores obtained for food diversity (dFDS) and variety (dFVS) based on the management method of the establishment, it became evident that the meals served by CCEs which delegated the management of their canteens to an external company were more diversified and more varied compared to those served in CCEs whose restaurant management is internal. Meals provided by CCEs with subcontracted management included, on average, 0.75 more food groups and 4.86 more food items per day than those served by CCEs operating under an internal management. These results may primarily be attributed to the presence, in the case of subcontracting, of a Special Requirements Book (SRB) between the administration and the subcontracting company. This SRB delineates technical clauses governing the structure of a food day, the composition of meals, the food plan, the quantity of food as well as the frequencies of food distribution. In addition, the administration often designates at least one individual to ensure continuous monitoring of meals, thereby confirming with the technical clauses of the SRB. This oversight further contributes to enhancing the quality of the meals served.

This work additionally emphasized the crucial impact of involving health personnel in menu development on the quality of the menus provided by the studied catering establishments. The findings demonstrated that all establishments employing the subcontracting management mode involve at least one person from the health personnel in the development of their menus. This can be explained by the imperative to ensure adequate implementation of the technical clauses of CPS, particularly concerning the nutritional aspect and dietary balance, for which the administration leverages individuals such as physicians, nutritionists, and nurses who possess the required knowledge and expertise. This staff contributes to enhancing the dietary diversity and variety of the menus.

Furthermore, the results of this study also indicated that the dietary quality of the CCEs varied significantly according to the days of the week. A statistically significant variation in the dFDS was revealed throughout the week with a notable increase in this score on Friday. This phenomenon is attributable to the traditional eating habits of Moroccans on Friday. All CCEs included in the study sample generally serve Couscous accompanied by fermented milk, locally known as Lben (Royaume du Maroc, 2000), for Friday lunch. This dish is widely prepared and consumed by the majority of the population in both households and restaurants (Merzouki, 2009). The typical composition of this dish includes foods belonging to at least seven distinct food groups identified in this study: (1) starchy foods (wheat semolina), (2) meat-egg-fish (beef, sheep, chicken or turkey), (3) legumes (chickpeas), (4) other vegetables and fruits, (5) vegetables and fruits rich in vitamin A (carrots and/or pumpkin), (6) added fats (butter, Smen [salted butter], and/or vegetable oil [olive or seed], and (7) green leafy vegetables (cabbage). Given that couscous is often accompanied by Lben, the dietary diversity of the day on which couscous is served would correspond to a minimum dFDS of 8 food groups, a value consistent with our findings. Moreover, some establishments also serve "Tfaya", a local couscous accompaniment primarily composed of onions, raisins, and either honey or sugar (Merzouki, 2009; Oubahli, 2008). Considering these additional ingredients, a food day featuring couscous with both accompaniments could reach a maximum dietary diversity score which is 9 food groups. These characteristics of diversity and variety pertaining to the couscous dish and its accompaniments thus warrant consideration during nutritional surveys, particularly in dietary assessment methodologies such as the 24-hour recall. The day on which couscous is served, while significant contributing to variety and dietary diversity, may not accurately represent the typical dietary patterns of individuals or households.

Limitations of the study

This study has yielded valuable information concerning the overall nutritional quality of meals served in CCEs and has identified key areas for potential improvement in meal composition to enhance dietary quality.

However, the present investigation is subject to several inherent limitations that should be acknowledged. Primarily, the relatively modest sample size employed in this study constrains the generalizability of the findings, as a larger sample would facilitate more robust statistical analyses and provide a more representative portrayal of dietary practices within collective catering establishments.

Furthermore, the assessment of nutritional quality was exclusively reliant upon the Dietary Diversity Score (FDS) and the Dietary Variety Score (FVS). While these scores are valuable indicators of dietary patterns, they do not afford a comprehensive assessment of precise nutrient adequacy or portion sizes. Consequently, the study did not incorporate direct nutrient analysis, which would have enabled an accurate quantification of the macro- and micronutrient content of the provided meals. A more detailed dietary assessment, integrating a rigorous analysis of nutrient intakes, would strengthen the findings of the present study.

6 CONCLUSIONS

The data reported in this study unequivocally demonstrate that the diet offered in most CCEs is moderately diversified. However, a critical finding is the scarcity of key micronutrient-rich food groups, specifically vegetables and fruits rich in vitamin A as well as green leafy vegetables, within the meals served by these establishments, particularly those classified in the first tertile (T1). The limited consumption of these food groups may contribute to micronutrient deficiencies within the consuming population. These results suggest the imperative to implement targeted measures to encourage both CCEs and the broader Moroccan population to include these essential foods in their diets. 

The findings additionally highlight the considerable advantages of outsourcing restaurant management and integrating health professionals into menu planning as strategic interventions for significantly improving the dietary diversity and variety of meals served by CCEs.

Moreover, extending this type of investigation to other regions of the country would prove instrumental in deepening the understanding of dietary practices and behaviors across diverse contexts. Furthermore, conducting comparable research in varied settings that feature distinct local food resources could provide a broader perspective on the factors influencing dietary diversity and meal variety provided by collective catering. Such a comprehensive approach could significantly assist policymakers and stakeholders in implementing more effective interventions aimed at enhancing the overall nutritional the quality of the food supply in CCEs.



Acknowledgment:  Thank to the managers of the catering establishments for providing information and for their cooperation and participation in this study.

Source of funding: None.

Previous submissions: This manuscript has not been published and is not under consideration for publication elsewhere.

Authors' Contribution: Firdaous Friki carried out the research and wrote the paper. Soumaya Atouife, Halima Belaoufi, Imane Barakat, Hamid Chamlal, Khadija Sahel, Rachida Moustakim participated in the design of the research and the analysis of the results.  Imane Barakat, Hamid Chamlal, Khadija Sahel, Rachida Moustakim participated in data collection. Abdelaziz Fassouane, Abdellah El Habazi contributed to the discussion of the results and edited the manuscript. Rekia Belahsen supervised the research, contributed to the discussion of the results and revision of the manuscript. All authors approved the manuscript

Conflicts of Interest: None of the authors have any conflicts of interest to declare.

Preprint deposit: Authors did not share this manuscript as a preprint deposit. 

[bookmark: _References_1]REFERENCES

[bookmark: Aboukhalaf]Aboukhalaf, A., Moujabbir, S., El Amraoui, B., Naciri, K., Kalili, A., Essaih, S., Rocha, J., & Belahsen, R. (2023). Phytochemical screening, nutritional value, antioxidant and antimicrobial activities and acute toxicity of Scolymus hispanicus: A wild edible plant in Morocco. Food Science and Applied Biotechnology, 6(2), 372. https://doi.org/10.30721/fsab2023.v6.i2.248 [Crossref] [Google Scholar] [Publisher]  

[bookmark: Anand]Anand, P., Kunnumakkara, A. B., Sundaram, C., Harikumar, K. B., Tharakan, S. T., Lai, O. S., Sung, B., & Aggarwal, B. B. (2008). Cancer is a preventable disease that requires major lifestyle changes. Pharmaceutical Research, 25(9), 2097–2116. https://doi.org/10.1007/s11095-008-9661-9  [Crossref] [Google Scholar] [Publisher]   

[bookmark: Barakat]Barakat, I., Chamlal, H., El Fane, H., El-Jamal, S., Elayachi, M., & Belahsen, R. (2022). Mediterranean diet pyramid of an adult Moroccan population: Comparison with the recommendations of the updated Mediterranean diet pyramid. Annals of the University Dunarea de Jos Galati, 46, 74–88. [Crossref] [Google Scholar] [Publisher]

[bookmark: Bell]Bell, A. C., & Swinburn, B. A. (2004). What are the key food groups to target for preventing obesity and improving nutrition in schools? European Journal of Clinical Nutrition, 58(2), 258–263. https://doi.org/10.1038/sj.ejcn.1601775 [Crossref] [PubMed] [Google Scholar] [Publisher]   

[bookmark: Cohen]Cohen, J. F. W., Hecht, A. A., Hager, E. R., Turner, L., Burkholder, K., & Schwartz, M. B. (2021). Strategies to improve school meal consumption: A systematic review. Nutrients, 13(10), 3520. https://doi.org/10.3390/nu13103520 [Crossref] [PubMed] [Google Scholar] [Publisher] 

[bookmark: Colić]Colić Barić, I., Šatalić, Z., & Lukešić, Ž. (2003). Nutritive value of meals, dietary habits and nutritive status in Croatian university students according to gender. International Journal of Food Sciences and Nutrition, 54(6), 473–484. https://doi.org/10.1080/09637480310001622332 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Cupertino]Cupertino, A. F., Maynard, D. da C., Queiroz, F. L. N. de, Zandonadi, R. P., Ginani, V. C., Raposo, A., Saraiva, A., & Botelho, R. B. A. (2021). How are school menus evaluated in different countries? A systematic review. Foods (Basel, Switzerland), 10(2), 374. https://doi.org/10.3390/foods10020374 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: FAO2011]FAO. Organisation des Nations Unies pour l'Alimentation et l'Agriculture (2011). Profil nutritionnel de pays : Royaume du Maroc. [Publisher]

[bookmark: FSE2024]Food Service Europe. (2024). European Industry Overview. Available from  http://www.foodserviceeurope.org/en/european-industry-overview [Publisher]

[bookmark: Gajdoš]Gajdoš Kljusurić, J., Bosanac, V., Šanko, K., & Colić Barić, I. (2016). Establishing energy-nutritional variety of boarding school daily menus as a result of regional differences using multivariate analysis. Journal of Food Composition and Analysis: An Official Publication of the United Nations University, International Network of Food Data Systems, 51, 61–68. https://doi.org/10.1016/j.jfca.2016.06.010 [Crossref] [Google Scholar] [Publisher]

[bookmark: Gérardin]Gérardin, H., Dos Santos, S., & Gastineau, B. (2016). Présentation. Des Objectifs du Millénaire pour le développement (OMD) aux Objectifs de développement durable (ODD) : la problématique des indicateurs. Mondes En Developpement, n° 174(2), 7–14. https://doi.org/10.3917/med.174.0007 [Crossref] [Google Scholar] [Publisher]

[bookmark: Graça]Graça, J., Campos, L., Guedes, D., Roque, L., Brazão, V., Truninger, M., & Godinho, C. (2023). How to enable healthier and more sustainable food practices in collective meal contexts: A scoping review. Appetite, 187(106597), 106597. https://doi.org/10.1016/j.appet.2023.106597  [Crossref] [PubMed] [Google Scholar] [Publisher]

Haynes, A., Morley, B., Dixon, H., Scully, M., McAleese, A., Gascoyne, C., Busbridge, R., Cigognini, M., Regev, I., & Wakefield, M. (2020). Secondary school canteens in Australia: analysis of canteen menus from a repeated cross-sectional national survey. Public Health Nutrition, 24(4), 1–10. https://doi.org/10.1017/S1368980020003535 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Haynes][bookmark: Heller]Heller, M. C., Keoleian, G. A., & Willett, W. C. (2013). Toward a life cycle-based, diet-level framework for food environmental impact and nutritional quality assessment: a critical review. Environmental Science & Technology, 47(22), 12632–12647. https://doi.org/10.1021/es4025113 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: IARC2018]International Agency for Research on Cancer. (2018). Les cancers attribuables au mode de vie et à l'environnement en France métropolitaine [Cancers attributable to lifestyle and environment in metropolitan France]. World Health Organization, Institut National du Cancer. [Google Scholar] [Publisher]  

[bookmark: Kennedy]Kennedy, G., Ballard, T., Dop, M. C., & European Union. (2011). Guidelines for measuring household and individual dietary diversity. FAO. [Google Scholar] [Publisher]

[bookmark: Lavall]Lavall, M. J., Blesa, J., Frigola, A., & Esteve, M. J. (2020). Nutritional assessment of the school menus offered in Spain’s Mediterranean area. Nutrition (Burbank, Los Angeles County, Calif.), 78(110872), 110872. https://doi.org/10.1016/j.nut.2020.110872 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Marcotrigiano]Marcotrigiano, V., Stingi, G. D., Nugnes, P. T., Mancano, S., Lagreca, V. M., Tarricone, T., Salerno, G., Pasquale, P., Marchet, P., Sava, G. A., Citiulo, A., Tissi, M., Oliva, S., Cinquetti, S., & Napoli, C. (2023). Collective catering activities and official controls: Dietary promotion, sustainability and future perspectives. Healthcare (Basel, Switzerland), 11(9). https://doi.org/10.3390/healthcare11091347 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Mekhancha]Mekhancha, D.-E., Yagoubi-Benatallah, L., Mekaoussi, I., Dahel-Mekhancha, C. C., Badaoui, B., & Nezzal, L. (2017). Restauration universitaire en Algérie : place des sucres dans l’offre alimentaire. Nutrition Clinique et Métabolisme, 31(1), 76. https://doi.org/10.1016/j.nupar.2016.10.107 [Crossref] [Google Scholar] [Publisher]

[bookmark: Menis]Menis, D., Fiori, F., Cautero, P., Zago, D., Beorchia, Y., Dallan, L., Vettorazzo, P., Lesa, L., Conte, A., Scarpis, E., Brunelli, L., & Parpinel, M. (2024). Sustainability and nutritional composition of food offer and choices in three hospital canteens in Italy. Heliyon, 10(21), e39317. https://doi.org/10.1016/j.heliyon.2024.e39317  [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Merzouki]Merzouki, N. (2009). Marrakesh express: Recipes and memories of Morocco. In K. Monger (Ed.), (pp. 96-100) BookSurge Publishing.

[bookmark: Ministère2022]Ministère de l’Enseignement Supérieur, de la Recherche Scientifique et de l’Innovation. Royaume du Maroc Rapport. (n.d.). Rapport L’enseignement Supérieur en Chiffres 2022-2023. https://www.enssup.gov.ma/storage/statistique/2023/L'Enseignement%20sup%C3%A9rieur%20en%20chiffres%202022_2023.pdf

[bookmark: MinistèreSanté2016]Ministère de la Santé. (2016). Guide Marocain de Nutrition : A l’usage des professionnels de santé. Maroc : Ministère de la Santé. [Publisher]

[bookmark: Ministère2012]Ministère de l'Enseignement Supérieur, de la Recherche Scientifique et de la Formation des Cadres. Royaume du Maroc. (n.d.). Rapport Maroc Universitaire 2012-2013. https://www.enssup.gov.ma/storage/statistique/historique/Maroc%20Universitaire%20%202012-2013.pdf 

[bookmark: Moustakim]Moustakim, R., Mziwira, M., El Ayachi, M., & Belahsen, R. (2022). Dietary diversity score and the incidence of chronic kidney disease in an agricultural Moroccan adults population. Roczniki Panstwowego Zakladu Higieny, 73(3), 293–301. https://doi.org/10.32394/rpzh.2022.0221 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Murray][bookmark: Mziwira]Murray, C. J. L., Aravkin, A. Y., Zheng, P., Abbafati, C., Abbas, K. M., Abbasi-Kangevari, M., Abd-Allah, F., Abdelalim, A., Abdollahi, M., Abdollahpour, I., Abegaz, K. H., Abolhassani, H., Aboyans, V., Abreu, L. G., Abrigo, M. R. M., Abualhasan, A., Abu-Raddad, L. J., Abushouk, A. I., Adabi, M., … Lim, S. S. (2020). Global burden of 87 risk factors in 204 countries and territories, 1990–2019: a systematic analysis for the Global Burden of Disease Study 2019. Lancet, 396(10258), 1223–1249. https://doi.org/10.1016/s0140-6736(20)30752-2 [Crossref] [PubMed] [Google Scholar] [Publisher]

Mziwira, M., Elfane, H., El-Jamal, S., Barakat, I., Sahel, K., Kalili, A., Moustakim, R., El-Ouafi, R., El-Mahri, N., Naciri, K., Idrissi, L. A., Errabahi, N., Chamlal, H., El Afes, Z., Daif, H., Ahaji, A.-A., Elayachi, M., & Belahsen, R. (2024). Adherence to the Mediterranean diet in two Moroccan populations living at different distances from the Mediterranean Sea. Roczniki Panstwowego Zakladu Higieny, 75(1), 45–58. https://doi.org/10.32394/rpzh.2024.0296  [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Ness]Ness, A. (2004). Diet, nutrition and the prevention of chronic diseases. WHO technical report series 916. Report of a joint WHO/FSA expert consultation. International Journal of Epidemiology, 33(4), 914–915. https://doi.org/10.1093/ije/dyh209 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: OHearn]O’Hearn, M., Lara-Castor, L., Cudhea, F., Miller, V., Reedy, J., Shi, P., Zhang, J., Wong, J. B., Economos, C. D., Micha, R., Mozaffarian, D., & Global Dietary Database. (2023). Incident type 2 diabetes attributable to suboptimal diet in 184 countries. Nature Medicine, 29(4), 982–995. https://doi.org/10.1038/s41591-023-02278-8 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Oubahli]Oubahli, M. (2008). Le banquet d’Ibn ‘Ali Masfiwi, lexique, notes et commentaires. Approche historique et anthropologique. Horizons Maghrébins - Le droit à la mémoire, 59(1), 114–145. https://doi.org/10.3406/horma.2008.2682 [Crossref] [Google Scholar] [Publisher]

[bookmark: Popkin][bookmark: _Hlk200524196]Popkin B. M. (2009). Global changes in diet and activity patterns as drivers of the nutrition transition. Nestle Nutrition workshop series. Paediatric programme, 63, 1–268. https://doi.org/10.1159/000209967 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Royaume]Royaume du Maroc. (2000). Décret n°2-00-425 du 10 Ramadan 1421 (7 décembre 2000) relatif au contrôle de la production et de la commercialisation du lait et produits laitiers. Bulletin officiel n°4862, 04/02/2001, 121. [Publisher]

[bookmark: Ruel][bookmark: _Hlk200524316]Ruel, M. T. (2003). Operationalizing dietary diversity: A review of measurement issues and research priorities. The Journal of Nutrition, 133(11), 3911S-3926S. https://doi.org/10.1093/jn/133.11.3911s [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Šatalić][bookmark: _Hlk200524464]Šatalić, Z., Barić, I. C., Keser, I., & Marić, B. (2004). Evaluation of diet quality with the mediterranean dietary quality index in university students. International Journal of Food Sciences and Nutrition, 55(8), 589–597. https://doi.org/10.1080/09637480500086141  [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Schwingshackl]Schwingshackl, L., Schwedhelm, C., Galbete, C., & Hoffmann, G. (2017). Adherence to Mediterranean Diet and risk of cancer: An updated systematic review and meta-analysis. Nutrients, 9(10). https://doi.org/10.3390/nu9101063 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: Sharma][bookmark: Sproesser]Sharma, R., Abbasi-Kangevari, M., Abd-Rabu, R., Abidi, H., Abu-Gharbieh, E., Acuna, J. M., Adhikari, S., Advani, S. M., Afzal, M. S., Aghaie Meybodi, M., Ahinkorah, B. O., Ahmad, S., Ahmadi, A., Ahmadi, S., Ahmed, H., Ahmed, L. A., Ahmed, M. B., Al Hamad, H., Alahdab, F., … Zoladl, M. (2022). Global, regional, and national burden of colorectal cancer and its risk factors, 1990–2019: a systematic analysis for the Global Burden of Disease Study 2019. The Lancet. Gastroenterology & Hepatology, 7(7), 627–647. https://doi.org/10.1016/s2468-1253(22)00044-9   [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: _Hlk200524786]Sproesser, G., Ruby, M. B., Arbit, N., Akotia, C. S., Alvarenga, M. D. S., Bhangaokar, R., Furumitsu, I., Hu, X., Imada, S., Kaptan, G., Kaufer-Horwitz, M., Menon, U., Fischler, C., Rozin, P., Schupp, H. T., & Renner, B. (2019). Understanding traditional and modern eating: the TEP10 framework. BMC Public Health, 19(1), 1606. https://doi.org/10.1186/s12889-019-7844-4 [Crossref] [PubMed] [Google Scholar] [Publisher]

[bookmark: UN2022]United Nations. (2022). Transforming our world: the 2030 Agenda for Sustainable Development. (2022). In Sustainable Development Goals. Nomos/Hart. [Publisher] 

[bookmark: VAM]VAM Resource Center.  (2019). Wfp.org. Food Consumption Score. Retrieved from https://resources.vam.wfp.org/data-analysis/quantitative/food-security/food-consumption-score 

[bookmark: WHO2023]World Health Organization. (2023, April 5). Diabetes. https://www.who.int/news-room/fact-sheets/detail/diabetes

[bookmark: WHO2021]World Health Organization. (2021, June 9). Obesity and Overweight. [Publisher]

[bookmark: WHO2013]World Health Organization. (2013). Regional Office for the Eastern Mediterranean. Diet, nutrition and hypertension. https://applictions.emro.who.int/docs/Fact_Sheet_WHD_2013_EN_14873.pdf 

[bookmark: Yagoubi]Yagoubi-Benatallah, L., Mekhancha, D.-E., Dahel-Mekhancha, C. C., Badaoui, B., & Nezzal, L. (2016). Qualité nutritionnelle de la restauration scolaire en Algérie. Cahiers de Nutrition et de Diététique, 51(6), 315–321. https://doi.org/10.1016/j.cnd.2016.09.004 [Crossref] [Google Scholar] [Publisher]











T3	

Green leafy vegetables	Legume	Vegetables and fruits rich in vitamin A	Starchy foods	Other vegetables and fruits	Meat-eggs and fish	Milk and dairy products	 Added fat	Sweets	0.42899999999999999	0.71399999999999997	1	1	1	1	1	1	1	T2	
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T1	

Sweets 	Added fat	Milk and dairy products	Meat-eggs and fish	Other vegetables and fruits	Starchy foods	1	3	1	1	1	3	T11	

Sweets 	Added fat	Milk and dairy products	Meat-eggs and fish	Other vegetables and fruits	Starchy foods	1	3	1	1	1	3	T2	

Sweets 	Added fat	Milk and dairy products	Meat-eggs and fish	Other vegetables and fruits	Starchy foods	1	2	2	1	1	3	T22	
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Sweets 	Added fat	Milk and dairy products	Meat-eggs and fish	Other vegetables and fruits	Starchy foods	1	2	2	2	1	3	T3	

Sweets 	Added fat	Milk and dairy products	Meat-eggs and fish	Other vegetables and fruits	Starchy foods	2	3	2	2	2	3	Food groups



Daily frequency
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