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ABSTRACT

Diet modelling is one of the important steps in developing food-based dietary
guidelines (FBDGs). However, this component remains uncommon in the FBDGs
of many low-and middle-income countries. A diet modelling package (DietSolve)
provided by the Food and Agriculture Organization (FAQO) was used to formulate a
healthy diet based on estimating the daily proportions of food groups that best
meet the dietary goals established for the FBDGs for Ghana. Input data for the
modelling included a list of commonly eaten foods across the agreed food groups,
nutrient and energy content of the foods, current energy and nutrient consumption,
and energy and nutrient constraints linked to the dietary goals, as determined by
the FBDG multi-Sectoral Technical Task Team (MTTT). The modelling was based
on assumptions and constraints including a total daily dietary energy target of 2000
kcal/day; the percentage contribution (energy targets) of the macronutrients as
follows: carbohydrates (55-70%), protein (10-20 %), and fat (20-30%) to the total
energy target; and calcium (1100 mg/day), iron (20 mg/day), and zinc (11 mg/day)
constraints. The situation analysis and evidence review carried out as a prior step
guided the diet modelling constraints. Energy contributions were also set for a
serving of each food group. The final recommendations were based on food
groups with each food group consisting of a variety of commonly consumed foods.
The total weight of the optimized diet was estimated at 1514 g/day, including
144g/day of animal-source foods, 41.5g/day of discretionary choices, 226g/day of
fruit, 227g/day of vegetables, 6g/day of healthy fats and oil, 198g/day of legumes,
nuts, and seeds, and 672¢g/day of staples. This food group composition will provide
an estimated 2639 kcal/day, a deviation of about 32% above the energy target set,
made up of ~59% from carbohydrates, ~15% from protein and ~25% from fat, and
meeting/exceeding the micronutrient targets set. The Optimised diet is healthier
compared to the present dietary patterns of the population; its lower ASF
component is known to impact less on the environment.

Key words: Food-based dietary guidelines, linear programming, diet modelling,
healthy diet, infood-graphic, Ghana
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INTRODUCTION

Consuming healthy diets throughout the life-course helps to prevent malnutrition in
all its forms [1]. However, the current food system in Ghana does not ensure
adequate and healthy food intake. The country is presently experiencing an
increasing triple burden of malnutrition (coexistence of protein-energy
undernutrition, overweight and obesity and micronutrient deficiencies) and diet-
related chronic diseases [2-4]. Close to 43% of Ghanaian adults are either
overweight or obese and the trend of overweight and obesity is increasing; women
have a higher prevalence of overweight (27.8% vs 21.8%) and obesity (21.9% vs
6.0%) compared with men [4]. A recent systematic review and meta-analysis
reported that 19% of children and adolescents in Ghana are either overweight or
obese [5]. Depending on the classification system used, the prevalence of
metabolic syndrome, in presumably healthy Ghanaian adults ranges between 6%
and 21% [3].

The triple burden of malnutrition, coupled with diet-related chronic diseases is a
serious public health issue. Undernutrition has intergenerational effects on foetal
development limitation, which eventually leads to small gestational age and low
birth weight for babies [6]. Overweight and obesity are also associated with
diabetes, hypertension, stroke, ischemic heart, and obstructive sleep apnoea in
later life [7]. Obese women are at higher risk of gestational diabetes, as well as
giving birth to babies who are either overweight or obese and are more likely to
become obese or prone to non-communicable diseases in later life [8,9]. Available
evidence indicates that non-communicable diseases account for 43% of all deaths
in Ghana [10].

The triple burden of malnutrition and diet-related chronic diseases may be
attributed to increased consumption of highly processed foods and rapid
urbanization accompanied by a shift in dietary patterns, persistent food insecurity,
and an increasingly sedentary lifestyle [11-13]. Dietary habits in Ghana are
evolving away from traditional foods towards more refined foods, ready-to-eat
foods, that are low-nutrient and energy-dense. These dietary habits are
characterised by low consumption of fruits and vegetables, especially in urban
areas [12].

The local food environment increasingly offers highly processed packaged foods
[12,14]. Fast-food franchises and restaurants are proliferating across the length
and breadth of the country, particularly in major cities [15]. In a systematic review
and meta-analysis, Rousham and colleagues [16] found that only a half of the
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population in Ghana and Kenya consume fruit and vegetables daily; a third
consumed unhealthy foods, and more than a third consumed sugar-sweetened
beverages daily. Those in low socioeconomic groups are more likely to consume
cheaper processed energy-dense foods [17]. Ultra-processed food consumption
has been cited for the rise of the triple-burden of malnutrition in Africa [18]. Besides
the nutrition transition, sedentary lifestyle is increasing with the majority of
Ghanaian adults minimally sedentary, especially in urban areas [19].

Food-based dietary guidelines (FBDGs) are an important tool for improving
individual and population diets and promoting healthier lifestyles [20]. Food-based
dietary guidelines are currently lacking in many African countries. This is because,
the consultation process for formulating FBDGs can be difficult, time-consuming,
and even biased [21]. Previous attempts to formulate FBDGs in Ghana have been
limited to vulnerable population groups with limited geographical scope [22,23].

One important step in FBDG development is the situation analysis and evidence
review (SAER), which provides information for diet modelling. Based on the SAER
findings, diet goals and targets are set, to address the observed nutrition and diet-
related problems. The diet modelling is used to obtain models of recommended
daily dietary patterns which fulfil these diet goals, in addition to any other
constraints set (for example acceptability and cost of the diet). The optimised diet
model is also used to develop food selection guides for various population groups,
in order to communicate the amounts (serve sizes and number of serves) and
types of foods to consume each day. The food group proportions in the optimised
diet model are used to develop a FBDG graphic for educating the general
population. However, the use of diet modelling as part of the FBDGs development
process is still uncommon in LMICs.

The School of Public Health of the University of Ghana partnered with the Ministry
of Food and Agriculture to establish a national multi-Sectoral Technical Task Team
(MTTT) with technical support from the Food and Agriculture Organization (FAO).
The MTTT which included selected key stakeholders from government and non-
government partner institutions, and academic and research institutions
spearheaded the development of FBDGs for Ghana. The present study reports the
process followed to develop an optimized daily dietary pattern for the Ghanaian
population, which met diet goals set to address observed nutrition and diet-related
problems in the country while being culturally acceptable and feasible for
consumers to follow.
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MATERIALS AND METHODS

Study design

Input data for the modelling included a list of commonly eaten foods across the
agreed food groups, nutrient and energy content of the foods, current energy and
nutrient consumption, and energy and nutrient constraints linked to the dietary
goals, based on the SAER and as agreed on by the FBDGs MTTT. The target
population for the diet modelling included adolescents and the adult population in
Ghana.

Definition of key terms
Portion size: The amount of food that is actually put on the plate that can be eaten
at a sitting. A portion may be larger or smaller than a food guide serving.

Serving size: Serving size is a reference amount of food, usually expressed in
terms of calories. In other words, it is the energy target per food group serving. For
example, one slice of bread is about 40g and ~120kcal in energy.

Sentinel foods: Commonly consumed foods that are taken to represent each food
group, to define the serving size (in calories). For example, if bread is the most
commonly consumed food in the cereals group, it would be set as the sentinel
food. It is possible to have more than one sentinel food per food group.

Input data requirements and preparation

In this paper, a diet modelling package (DietSolve) [24] provided by the FAO was
used for diet modelling. The package was developed by a service provider, MS-
Nutrition [25], in close cooperation with the FAO. The purpose of the modelling was
to generate an optimal diet for persons living in Ghana based on food groups
(which contained foods that are typically consumed within each group) and the
relative proportions of consumption across the groups. The FAO DietSolve was a
Microsoft Excel application which used linear programming to search for diet
solutions using a set of decision variables (Box 1). The modelling works within
agreed constraints such as nutrient thresholds (that is energy target, percentage
contribution from the various macronutrients to total caloric energy intake, and
micronutrient targets), acceptability constraints (upper and lower limits of food in
grams to include from each food group), and cost constraints. It was also possible
to specify the energy contribution from a “discretionary choices” food group which
contained foods that are commonly consumed but not recommended for
daily/frequent consumption. The optimization process either minimizes or
maximizes a function of the decision variables while meeting the constraints,
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linearly. It determines the weight (or the number of servings) of each food group
necessary to meet the specified nutritional requirements within the set constraints.

The FAO DietSolve requires data on representative foods and their relative
percentage contribution (by weight) to the respective food group, in terms of
population-level consumption. Since national food consumption data is lacking for
Ghana, a food list was generated (Table S1) and was based on data from dietary
intake studies conducted among diverse population groups in the country [22,26].
Descriptive statistics such as frequencies and percentages were used to
summarise the dietary intake data. The MTTT reviewed the food list based on a
priori knowledge of the Ghanaian food culture and the list of foods was generated;
for instance, additional food items were added based on nutrient density even
when consumption data was not available. Likewise, the relative percentage
contribution (by weight) of foods to their food group was revised based on the
MTTT’s a priori knowledge of the customary diet in Ghana.

Box 1: Input data included in the Diet modelling

*

D)

» Food list with nutrient values (from food composition table).

L)

*

D)

» Population dietary energy goals and Acceptable Macronutrient Distribution
Ranges (AMDRs) for percentage energy from protein, fats and carbohydrates
(Determined by MTTT).

+¢+ Population micronutrient goals for problem micronutrients and reference values
to use, for example FAO/WHO Recommended Nutrient Intakes (RNIs).

L)

¢ Food groups (determined by MTTT).

¢ Representative foods in each food group, with relative percentage contribution
of the food (by wight) to the food group, according to consumption (obtained
from review of dietary data and MTTT recommendation).

An average dietary energy target of 2000kcal/day was specified for Ghanaians,
based on a systematic review of energy intake among apparently healthy
adolescents and adults in Ghana [16]. Energy intake of 2000kcal/day was
expected to minimise the risk of the increasing burden of overweight and obesity in
the Ghanaian population and meet caloric needs. The percentage energy
contribution (targets) of the macronutrients were determined by the MTTT as:
carbohydrates (55-70%), protein (10-20%) and fat (20-30%) in conformity with the
FAO/WHO/UNU recommendations [27]. The minimum and maximum percentage
contributions of discretionary choices to the energy target were set between 1%
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and 10%, respectively based on the MTTT's recommendations. Micronutrient
constraints were included for calcium (1100 mg/day), iron (20 mg/day), and zinc
(10 mg/day) based on the WHO/FAQO recommendations for 15% iron
bioavailability, and a moderate bioavailability of zinc [28]; these micronutrients
were found to have public health significance for Ghana, based on the SAER and
the MTTT’s recommendations. The constraint for iron reflects the recommended
nutrient intake (RNI) for menstruating females while that of zinc corresponds with
the RNI for pregnant women in their third trimester; these requirements are the
highest in the population.

The Food composition table (FCT) was based mainly on the 2012 West African
Food Composition Table [29], which is the default table with the FAQO Diet Solver
Package. This was supplemented with data on additional foods using the
Ten2Twenty-Ghana FCT [30], with care being taken to ensure the data were
compatible. From December 2020 to June 2021, monthly meetings of the MTTT
were held to discuss the food list and constraints and obtain consensus decisions
where evidence was lacking; this approach was utilized throughout the modelling
process. Food items were classified into seven groups based on recommendations
from the MTTT. These included staples, animal-sourced foods (ASFs), fruits,
vegetables, legumes, nuts and pulses, healthy fats and oil and discretionary
choices. The discretionary choices food group included nutrient-poor, energy-
dense snacks and beverages, such as biscuits and pastries, as well as sugar-
sweetened beverages and sweets. The staples group included cereals, grains,
roots, tubers and plantain.

One of the first steps involved selecting “sentinel foods” for each food group. When
setting these, the typical portion sizes (that people consume in one sitting), were
also taken into consideration. For example, a cooked fermented maize dumpling
popularly called “Banku” in Ghana was the sentinel food in the staples food group,
as it was the most commonly consumed food in the group. The first three food
items with the highest weighting (percentage weight) in each food group were
selected after sorting the foods in descending order (highest to lowest weight)
except for the legumes, pulses and nuts food group, in which 6 foods with equal or
highest weighting were selected; these foods were assessed based on the SAER
to have a similar consumption weighting in the population. Subsequently, energy
intake from a single serving of a food group corresponding to a typical household
measure [31] of the food item in the Ghanaian population was estimated, using the
FAO DietSolve. The household measures included small tomato puree tin size (TT.
Sz), small tomato puree tin round full (TT rd.), full cream evaporated milk tin
(E.T.Sz), dessert/tablespoon round full (dsp.rd), dessert/tablespoon level full (dsp
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L), soup spoon/ladle (Sp.Sp.L), teaspoon level full Level (TT.L), average orange
size (Org. Sz), sardine tin (peeled) (Srd. T. Sz), and stewing spoon round full (St.
Sp. Rd) [31].

The average energy of typical servings of the sentinel foods in the group was then
used as the energy from one serving of that food group. Table 1 shows the
selected sentinel foods and the estimated energy target, by food group. In the
Solver, the weight of each food was then adjusted to obtain the energy target set
for a serving from that food group. For example, 128g of macaroni, boiled will
provide ~200kcal, which corresponds to the serving size (in energy) set for staples.

Diet modelling approach

The FAO DietSolve has 6 sheets (layers); sheet 1 (input food composition) is the
input interface for the FCT. Sheet 2 (food selection) is used to define the food list,
food grouping, weighting and serving size for each listed food. Sheet 3 is for
defining food group energy contributions (that is energy contribution from a serving
size of each food group). Sheet 4 is used for setting constraints for energy and
nutrients, as well as the acceptability constraints, that is, minimum and maximum
servings/day for each food group. There is also an option to set a constraint for
cost, which was not used in the current modelling because of the unavailability of
cost data. Optimization of the modelling is performed in sheet 5. The unit of
variation for the modelling was set as half (0.5) of the serving size; this meant that
the resulting solution could be expressed in terms of either whole units or 0.5 units
of the handy measure quantity. The optimization function used was to minimize the
deviation from the energy target. The optimized results were interpreted in both
sheets 5 and 6 of the Solver. Sheet 5 produced the optimized serving sizes of each
food group and the contribution of food groups to energy and nutrient intake. Sheet
6 produced a visualisation of the contribution of each food group to the total
amount of calories/day in the model. In discussions and meetings with the diet
modelling team and the MTTT, several optimized models were compared;
revisions in model parameters were made until the modelling team and MTTT
observed that the optimized models satisfied most of the specified constraints.

RESULTS

Only the final optimized diet model is presented in this paper. The estimated
energy intake/day in the selected optimized diet was 2638.9 kcal/day, about 32%
higher than the energy target of 2000 kcal/day. The total mass of food proposed in
the final optimized model was roughly 1500 g/day, as shown in Table 1. The
optimized diet included 144g/day of ASFs, which is approximately 1.5 servings
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daily or around 2 small tomato puree tin size servings of beef or chicken thigh per
day. The optimised diet also included an average of half a serving of discretionary
choice daily (42g). This is equivalent to 2 dessert spoons of sugar. Fruit and
vegetable averaged 225.7g and 227.3g per day, respectively in the optimised diet.
The daily fruit servings were equivalent to 1.5 average orange-sized servings,
while the daily vegetable servings were equivalent to 7.5 servings (stewing spoon)
of shredded raw cabbage or 4.5 servings (stewing spoons) of boiled cocoyam
leaves (kontomire).

The proposed optimised diet’s average daily intake of healthy fats and oil was

6.2g, which is similar to 1 dessert spoon level full serving/day of healthy fats and
oil. The model also contained roughly 200g of legumes, nuts, and seeds per day,
which equated to about 2 full-cream evaporated milk tin serves of legumes (for
example white beans/cowpeas) daily or about 4 small tomato puree tin sizes of
dried nuts (for example roasted groundnuts) per day. Furthermore, the average
daily staple intake (672g) was similar to 4 full-cream evaporated milk tin servings of
banku or around 38 dessert spoon round full serves of polished rice daily.

Figure 1a demonstrates that staples accounted for about 44% of total intake
(g/day), whereas legumes, pulses, and nuts accounted for 13%. In addition, fruits
and vegetables each contributed around 15% of total daily intake, while ASFs
contributed about 10%. Discretionary choices made up roughly 2.7% of total daily
intake (g/day), whereas healthy fats and oils made up only 0.4 % of the total daily
intake (g/day). When examining the contribution of each food group to overall
energy intake per day (Figure 1b), staples accounted for about half (49%) of the
total, while legumes, nuts, and seeds accounted for nearly a quarter (24%). ASFs
represented around a tenth of total daily calorie consumption, whereas fruits and
vegetables each contributed 6% and 4.4% respectively, being low in energy. In
addition, discretionary choices accounted for around 5% of total energy
consumption, with healthy fats and oils accounting for about 2% of total energy
intake per day. Table 3 demonstrates that the optimized diet model met the
calcium, iron, and zinc restrictions, as well as the energy constraints for
carbohydrates, fats, and protein.
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Figure 1: (a) Visualisation showing the percentage contribution of each food
group to the estimated total amount intake (g); (b)
Visualization showing the estimated percentage of energy intake
from each food group; ASF, animal sourced-foods

DISCUSSION

Diet modelling was conducted diet modelling to obtain recommended daily dietary
patterns for Ghana’s FBDGs. The optimized diet determined the proportions of
food groups that were depicted in the FBDGs food guide/graphic for Ghana. The
diet modelling provided a basis for the recommendation of amounts of foods to
consume based on food groups rather than specific food items which may be more
difficult to adhere to. Food group recommendations allow for the consumption of
more varied food items, which is known to improve nutrient adequacy and health
[32,33]. Although the daily energy intake in the optimised diet was about 32%
above the energy target, it remained within the plausible energy intake limit for
women (500-3,500 kcal/day) and men (800—4,000 kcal/day) [34]. Moreover, the
estimated daily energy intake of the proposed diet was similar to the average daily
energy intake in the Ghanaian population [35] and about 139kcal/day ( ~ 5.6%)
above the daily calorie target for a planetary healthy diet (2500kcal/day) as
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proposed by the EAT-Lancet commission [36]. Importantly, the constraints for
carbohydrates, fats and protein were fulfilled in the optimized diet and the diet also
ensured nutrient adequacy for iron, calcium and zinc. Although a 15%
bioavailability for iron was assumed, the optimized diet meets the requirements of
dietary patterns with even a 10% iron bioavailability. Overall, the optimized diet
when adhered to would ensure nutrient adequacy, thereby reducing the risk of
micronutrient deficiencies while also limiting the risk of overweight and obesity, and
their resultant consequences.

In conformity with the dietary patterns in Ghana [35,37], the proportion of staples
remains highest in the diet although lower than the prevailing population pattern.
The share of staples in the proposed diet also conforms with the recently
developed Ethiopia FBDGs [38]. The EAT-Lancet Commission recommends that
about one-third of the total daily calorie intake should come from whole grains [36];
however, such a dietary pattern would deviate greatly from the population pattern
as staples, which primarily provide calories, account for around two-thirds of most
Ghanaians' dietary intake [12,37]. This would possibly make the FBDGs unrealistic
and difficult to adhere to. Root tubers and their products (that is yam, cassava,
cocoyam, tarrow, ‘gari’-fermented roasted cassava), plantains, and cereals and
their products (that is rice, maize, millet, sorghum) are commonly consumed
staples in Ghana. Wheat and wheat products are also increasingly popular among
Ghanaians.

Within the given constraints for the contribution of carbohydrates to energy intake,
staples provided nearly a half of total dietary intake (gram), and close to a half of
daily calorie intake in the optimal diet model. Both high- and low-carbohydrate diets
are linked to an increased risk of death, with the lowest risk found around 50-55 %
carbohydrate intake [39]. Therefore, the aim was to minimise the share of staples
in the overall dietary intake, which was achieved in the optimised diet by increasing
the quantity of legumes, nuts and seeds consumed. The increased consumption of
plant proteins, primarily from legumes, nuts, and seeds compensates for any
possible deficit in the total protein requirements of the population from ASFs. In the
optimized diet, legumes, nuts, and seeds accounted for nearly a quarter of total
daily calorie intake. Consumption of legumes and nuts is an important aspect of a
dietary strategy for the primary prevention of cardiovascular disease [40] and
energy consumption that favours plant-derived protein and fat from sources such
as vegetables and nuts is linked to lower mortality [39].

The optimized diet proposes that fruits and vegetables should make up one-third of
the daily diet. While this falls short of the EAT-Lancet recommendation that a
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planetary healthy diet should contain about half of a plate of fruits and vegetables
by volume [36], it represents an improvement in terms of Ghana's current
consumption patterns of fruits and vegetables [35]. More so, the total intake of
fruits and vegetables (453 g/day) in the optimized model was slightly higher than
the recommended [41] daily intake of fruits and vegetables for the prevention of
cancer and cardiovascular diseases by the population. In reality, because the
intake of fruits and vegetables in Ghana [42] is slightly below the optimized level,
our results are aspirational, and seek to promote increased consumption of fruits
and vegetables, as these foods are known to have beneficial effects in reducing
overweight and obesity and improving cardiovascular health [43]. Fruits and
vegetables are high in fibre, vitamins, minerals and other phytochemicals and
evidence from systematic reviews indicates that a dietary pattern rich in fruits and
vegetables ensures adequate micronutrient intake which enhances health [43, 44].

The aim was for an optimized diet which considers the independent contribution of
vegetables and fruits to the daily energy and nutrient intake, informing the decision
to have separate food groups for fruits and vegetables. Although the independent
effects of fruits and vegetables on weight are inconclusive in the literature, it was
anticipated that, compared to fruits, a higher vegetable intake may in the short to
long-term reduce the prevalence of overweight and obesity, thereby reducing the
burden of diet-related chronic diseases. A higher proportion of energy consumed
as vegetables was associated with a significantly higher weight loss after 3
months, among overweight and obese Australian adults [45]. In the dietary model,
for instance, the average energy content per 100g of fruits was 108.5 + 105.0 kcal
(range 29.0-332.8 kcal) while that for vegetables was 60.1 + 70.1 kcal (range 15-
296.0 kcal). However, customary cooking methods may rather increase energy
intake with increased vegetable intake; among Chinese adults, for example,
increased intake of vegetables was associated with a higher risk of obesity due to
the use of oil for stir-frying vegetables, highlighting the importance of choosing the
right cooking methods [46)].

Fruit consumption in Ghana is low compared to vegetables [47] as consumers are
more likely to spend on vegetables than fruits [48]. Although the preference for
vegetables is partly attributed to the high cost of fruits [48,49], it also relates to the
customary dietary patterns of consuming starchy staples with vegetable soups and
stews [50]. Including fruits as a separate food group, therefore, ensures that
specific recommendations which promote the consumption of fruits are made.

Animal-sourced foods are a good source of high-quality proteins, and they help to
prevent micronutrient deficiencies [51]; however, ASFs are also high in saturated
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fats, which have been linked with an increased risk of cardiovascular and other
chronic diseases. Animal-sourced foods contributed about 10% of total calorie
intake. Importantly, dairy products were combined with meat, fish and eggs as
ASFs in the modelling; while this may limit the consumption of dairy products, it
conformed with the customary dietary pattern in Ghana as there is low
consumption of dairy products in the population compared to fish, meat and eggs
[12,16,22]. The recommendation, however, includes consuming a variety of foods
from animal sources. The main limitation is that in Ghana, ASFs are relatively more
expensive compared to other foods [52], limiting the ability of most households to
consume adequate amounts, especially in rural parts of the country.

In the optimized diet, healthy fats and oil were limited to no more than 1 dessert
spoon full as a serving per day but this does not include fats and oil from other
food groups such as ASFs, legumes, nuts and seeds. Unsaturated fats are
preferred to saturated fats because they are associated with a lower risk of
cardiovascular morbidity [1]. Red palm oil and numerous types of pre-packaged
vegetable cooking oils are among the most regularly consumed oils in Ghana.
However, there is a need to raise public awareness and education about low-fat
cooking methods and recipes. In most Ghanaian recipes requiring oil or fat, the
oil/fat is usually heated to a high temperature, which increases the consumption of
saturated and trans-fats. Steaming or boiling should be promoted over frying to
reduce fat and oil consumption. Substituting polyunsaturated fats such as soybean,
canola (rapeseed), corn, safflower, and sunflower oils for butter, lard, and ghee;
consuming reduced-fat dairy foods and lean meats; or removing visible fat from
meat are some of the suggested methods for reducing fat intake. Furthermore,
limiting fried foods, as well as pre-packaged snacks and foods that contain
industrially-produced trans-fats ( for instance doughnuts, cakes, pies, cookies,
biscuits, and wafers), has also been suggested as a way of reducing saturated fat
and industrially-produced trans-fat intake [1].

The optimized diet discriminated against the consumption of discretionary choices
with an average intake of half a serving which was equivalent to two dessert
spoons of sugar (~ 42 g/day). Although it is healthier to exclude discretionary
choices from the diet, the consumption of these foods in the population is common,
notably, bakery products, deep-fried snacks, sugar, sweets, and sugar-sweetened
beverages [16]; excluding discretionary choices would consequently be a deviation
from the customary or usual dietary pattern of the population. It was recommended
in the FBDGs that discretionary choices should be consumed infrequently which is
similar to the EAT-Lancet commission’s recommendation on a low amount of
added sugar.
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Although the food list was not based on a national food survey, it included a
comprehensive list of the commonly consumed foods from different studies across
the country [22,26,35], validated by the MTTT. In the FAO DietSolvePackage, a
food item with a higher percentage weighting contributes more to the energy and
nutrient profile of its food group. However, the percentage weighting of foods was
based on limited dietary intake studies. Thus, the estimates based on the food list
may not adequately represent the population's behaviour. For that reason, the
main limitation of the optimized diet was the percentage weighting assigned to
foods in each food group. This limitation can only be addressed by gathering
consumption data from a comprehensive nationally-representative survey.

The cost of adhering to the optimized diet model was not estimated due to
constraints in accessing food price data. However, it is presumed the cost of
adhering to the optimized diet is feasible since ASFs which are the most expensive
contributed only a tenth of the total dietary and calorie intake. It is also reasonable
to speculate that the cost of adhering to the proposed FBDGs would be relatively
cheaper compared to the Eat-Lancet diet which cost about $2.84 (~ GHc24 ) daily
[53] since the proposed FBDGs contain lesser quantities of the more costly fruits
and ASF. Future modelling should include data based on a comprehensive market
survey to inform the cost data in the modelling process.

Lastly, there is a low likelihood that the optimized diet model has been influenced
by the quality of the FCT data; the energy and nutrient estimates in the FAO
DietSolve included the 2012 edition of the West African FCT [29] and likewise the
data from the Ten2Twenty-Ghana study [30]. The FCT data also accounted for the
cooking process and retention factors. All newly included FCT data in the Package
were peer-reviewed by nutrition specialists with expertise in using the FAO
DietSolve. The Ghana FCT was last updated in 1992, informing the decision to
exclude it from the energy and nutrient intake data.

There are only a few countries in sub-Saharan Africa which have developed
FBDGs, and even fewer have included diet modelling. The involvement of the
MTTT, which included representatives from several public sector agencies such as
health, education, agriculture, and others as well as representatives from civil
society, academia, and UN agencies in the decisions that informed the modelling
for the FBDG enhanced the validity of the results.
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CONCLUSION

In the present paper, the recommended daily dietary patterns for Ghana's FBDGs
were obtained in a diet modelling approach. The optimized diet determined the
proportions of food groups that constituted an optimal diet. The diet modelling
ensures the feasibility of the technical recommendations and qualitative estimates
of what should be consumed; the findings give consumers a practical guide to
choosing foods that would help them stay healthy. Adherence to the optimized diet
by the population would ensure nutrient adequacy for iron, calcium and zinc which
are of public health relevance in Ghana while also following the recommended
energy intake from each of the macronutrients, thereby limiting the risk of
malnutrition in all its forms and diet-related chronic diseases. The recommended
diet is healthier compared to the present dietary patterns of the population; its
lower ASF component is known to impact less on the environment. Given the
important role of agricultural diversification, food insecurity, poverty, and
sensitization and education in dietary quality, it would be important to consider
these as a fundamental part to promote the proposed FBDGs based on the
optimised diet in the present study.
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Table 1: Selected sentinel foods and the estimated energy contribution from
a serving, by the food group

- Average
Description of - \yeiontof ~ Edible  Estimated  energy (&cal)
Food Group  Food item p%r(t)ll?;é#;gg Serving Portion size energy for 1 serving of
: (gram) (gram) (Kcal) the food group
units
(rounded up)

Animal- Chicken, thigh, meat & skin, 1TT. Sz 51.8 51.8 135.8 150.0
sourced food  fresh, fried

Egg, chicken, whole, fried 2 Egg Size 103 103.0 161.7

Beef, medium fat, fresh, boiled 1 TT. Sz 50.7 50.7 148
Staples Banku, fermented maize dough  1*E.T.Sz 170.3 170.3 183.9 200.0

boiled

Rice, white, polished, boiled 9* dsp.rd 157.5 157.5 204.75

Yam tuber, boiled* (without salt) 2.5* TT. Sz 148.25 148.25 1994
Discretionar ~ Sugar 2* dsp. rd. 284 284 113.6 110.0
y choices Creamer non-dairy powder 3*dsp.rd. 21 21 112.5

Biscuits, basic recipe, baked 1/2*Small size 25 25 111.5

ack

Fruits Orange, raw F())rg. Sz 218.1 163.6 72.7 75.0

Mango, pale flesh, raw Org. Sz 160 144 75.5

Watermelon, fruit, raw 2.5*Srd. T. Sz. 275 275 80.3
Vegetables  Other green leaves, fresh,raw 2 *St. Sp. rd. 80.74 80.74 275 30.0

Okro fruit raw boiled 4*TTrd. 108 108 35.6

Carrots, fresh, raw 2 *St. Sp. rd. 34 34 33.1

(cut up, raw)

Legumes, Beans, white, boiled* (without 1*ETL 1134 113.4 140.3 140.0
pulses, nuts'  salt)

Cowpeas, dried, boiled T*ETL 113.4 113.4 131.5

Groundnuts, dried, roasted 12*TT Sz 27 27 158

Groundnuts, paste, raw *boiled*  3.5*TT.L 24.885 24.885 147

Melon seeds, slightly salted, 2%dsp. L 25.2 25.2 1494

raw

Neri (wrewre) roasted and 1/2*Sp.Sp.L 30.45 30.45 130.5

boiled
Healthy fats ~ Vegetable oil, unspecified dsp L 6 6 53 55.0
and oil brand, raw

Palm oil, refined dspL 6.3 6.3 95.7

Coconut oil dspL 6 6 54

TT. Sz, Small tomatoes puree tin size; E.T.Sz, Full cream evaporated milk tin; dsp.rd, dessert/tablespoon round full; Org. Sz,
Average orange size; Srd. T. Sz., Sardine tin (peeled); St. Sp. rd., Stewing spoon round full; TT rd., Small tomato puree tin round
full; ETL, Full cream evaporated milk tin level; TT.L, Teaspoon level full Level; dsp. L, Dessert/tablespoon level full; Sp.Sp.L, Stewing
spoon level full; 'For legumes, nuts and seeds, 6 food items with equal highest weighting were used and the average computed
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Table 2: Food group amounts (g/d) and frequencies

Food Group Serving Size Amount Number of
(9) (g/d) servings /day

Animal-sourced foods 96.1 144.2 1.9

Discretionary choices 83.1 41.5 0.5

Fruits 150.4 225.7 1.5

Vegetables 90.9 227.3 2.5

Healthy fats and oil 6.2 6.2 1

Legumes, pulses, nuts 65.9 197.6

Staples- Cereals, roots and tubers 1344 671.8 5

Total 1514.2

Table 3: Total optimized intake for the macronutrients and selected

micronutrients

Nutrient Constraints specified Content in Optimized
model

Ca (mg/day) 1100.0 1105.6

Fe (mg/day) 20.0 34.8

Zn (mg/day) 10.0 15.0

Protein (% energy) 10-20 14.7

Fat (% Energy) 20-30 25.3

Carbohydrate (% Energy) 95-70 99.0
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Table S1: The food list and its food grouping, weighting and portion size for

the modelling
Weighted L
Food Item percentage Portion size Energy (Kcal)
consumption (@)
No Animal source foods (ASF)
1 Chicken, Drumstick, Meat & Skin, Fresh, RTboiled 18.0 75.0 153.0
2 Egg, Chicken, Whole, RTfried 11.0 95.0 149.2
3 Beef, Medium Fat, Fresh, RTboiled 8.0 51.0 148.4
4 Fish, Nile Perch (Type3), Fresh, RTroasted 7.2 129.0 150.9
5  Goat, Medium Fat, Fresh, Raw RTboiled 7.0 135.0 147.2
6  Milk, Cow, Canned, Evaporated 5.0 110.0 149.2
7 Milk, Cow, Powder, Whole 5.0 30.0 148.3
8  Anchovy, Fillet, RTgrilled* (Without Salt and Fat) 5.0 95.0 151.1
9  Shrimp/Prawn, RTboiled 5.0 151.0 149.5
10  Fish, Nile Perch (Type3), Fresh, RTboiled 4.3 158.0 148.5
11 Egg, Chicken, Whole, RThoiled 4.0 97.0 150.4
12 Tuna, RTgrilled (Without Salt and Fat) 4.0 85.0 150.1
13 Fish, Nile Perch (Type3), Fresh, RTfried 4.0 128.0 149.8
14 Sardines In QOil, Canned (Drained Solids with Bone) 2.5 68.0 149.8
15 Tilapia, Steamed*(Without Salt) 2.5 128.0 150.0
16  Pork, Medium Fat, Fresh, Raw RTboiled 2.0 75.0 150.0
17 Mackerel, Boiled* (Without Salt) 2.0 80.0 150.1
18  Chicken, Gizzard, Fresh, RTboiled 2.0 72.0 110.9
19  Fish, Silver Fish (Mukene), Dried, RTboiled 1.0 75.0 151.5
20 Chicken, Thigh, Meat & Skin, Fresh, RTfried 0.5 57.0 149.3
Discretionary choices

1 Biscuits, Basic Recipe, RTbaked 8.0 24.0 107.0
2 Sugar White, Brown 7.1 27.0 108.0
3 Creamer Non-Dairy Powder 6.5 20.0 107.2
4 Sausage, Beef Reduced Fat, RTfried 6.5 40.0 107.6
5  Soda (Coca, Fanta Etc.) 5.4 271.0 108.4
6  Cake, Basic Recipe, RTbhaked 5.0 30.0 107.1
7 Candy 5.0 28.0 108.9
8  Honey 5.0 34.0 110.8
9  Pito Beverage Recipe 5.0 220.0 107.8
10  Chocolate Drink Powder (Chocolate) 5.0 26.0 106.6
11 Cheese Raw RTfried 4.0 39.0 109.6
12 Ice Cream 4.0 53.0 109.7
13  Sobolo Beverage Recipe 4.0 182.0 109.2
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14 Zinkom Beverage Recipe 4.0 74.0 109.5
15 Maasa Recipe 4.0 26.0 107.6
16 Soya Khebab Recipe 4.0 23.0 109.3
17 Kulikuli Recipe 3.5 18.0 102.4
18  Doughnut, Basic Recipe, RTfried 3.0 25.0 106.5
19  Sausage, Wiener (Beef, Pork, Chicken) Canned 2.2 48.0 109.0
20  Short Bread 2.0 21.0 105.4
21 Coffee, Liquid 2.0 800.0 16.0
22 Sugar Cane Immature 2.0 400.0 108.0
23 Wheat Flour, Refined, Raw *RTfried* 1.9 41.0 109.1
24  Coffee, Instant Powder 1.0 31.0 110.1
Fruits
1 Orange, Raw 11.3 170.0 75.5
2 Mango, Pale Flesh, Raw 10.7 144.0 75.5
3 Pineapple, Pulp, Raw 8.4 140.0 76.3
4 Papaya, Fruit, Ripe, Raw 8.1 215.0 77.0
5  Watermelon, Fruit, Raw 8.0 260.0 75.9
6 Banana, Yellow Flesh, Raw 6.3 70.0 741
7 Fruit, Unspecified, Fresh, Raw 6.3 128.0 76.8
8  Avocado, Pulp, Raw 9.5 40.0 61.7
9  Guava, Fruit, Raw 5.0 135.0 76.9
10  Grapefruit, Pulp, Raw 5.0 230.0 76.6
11 Tangerine, Fresh, Raw 5.0 145.0 76.9
12 Cashew Apple, Pulp, Raw 4.0 135.0 751
13 Apple, With Skin, Raw 3.3 144.0 76.7
14 Shea Fruit Pulp, Raw 3.0 75.0 73.4
15 Melon Yellow Fresh 3.0 255.0 74.0
16 Tamarind, Dried, Raw 2.0 26.0 71.5
17  Blackberries Fresh 2.0 210.0 79.8
18  African Locust Bean, Flour from Fruit, Pulp 1.0 22.0 73.2
19  Dates, Dried 1.0 23.0 704
20 Baobab, FruitMonkey Bread, Pulp, Raw 1.0 20.0 60.4
Healthy Fats and Oil

1 Vegetable Oil, Unspecified Brand, Raw 20.0 6.3 55.7
2 Palm Oil, Refined 15.0 6.0 54.0
3 Coconut Oil 12.0 6.0 54.0
4 Soya Oil 12.0 6.0 54.0
5  Margarine, Fortified 10.0 7.0 51.1
6 Palm Oil, Red 10.0 6.0 54.0
7 Animal Fat, Cow Ghee (Muzigo), Raw 8.0 6.0 52.6
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8  Groundnut Oil 7.0 6.0 54.0
9  SheaButter 5.0 6.0 54.0
10  Butter, From Cow's Milk (Without Salt) 1.0 8.0 57.6
Legumes, Pulses and Nuts
1 Beans, White, RTboiled(Without Salt) 9.5 112.0 138.5
2  Cowpeas, Dried, RThoiled 8.5 120.0 139.2
3 Groundnuts, Paste, Raw RTboiled 8.0 20.0 117.6
4 Groundnuts, Dried, RTroasted 7.0 20.0 117.0
5  Melon Seeds, Slightly Salted, Raw 7.0 20.0 118.5
6  Neri Roasted RThoiled 7.0 33.0 141.2
7 Koose RTfried 7.0 90.0 139.5
8  Pigeon Pea, RThoiled* (Without Salt) 7.0 125.0 139.1
9  Coconut, Immature Kernel, Fresh, Raw 6.0 86.0 139.0
10  African Yam Bean, RTboiled* (Without Salt) 6.0 120.0 138.0
11 Bambara Groundnut, Combined Varieties, Dried, 6.0 38.0 140.2
RTboiled(Ghana)
12 Sesame Seeds Roasted RTboiled 6.0 20.0 115.2
13  Soya Bean, Combined Varieties, RTboiled* (Ghana) 5.0 80.0 143.8
(Without Salt)
14 Tiger Nut, Raw 5.0 46.0 139.8
15  Africa Locust Bean (Dawadawa) Dried RTboiled 3.0 24.0 106.8
16 Cashew Nut, Dried, RTroasted 2.0 20.0 114.8
Staples-Cereals, Roots and Tubers
1 Rice, White, Polished, RThoiled 11.5 155.0 201.5
2 Banku, Fermented Maize Dough Boiled 8.8 185.0 199.8
3 Yam Tuber, Boiled* (Without Salt) 7.0 149.0 200.3
4 Maize Flour, White Variety, Unrefined, Raw RTboiled 5.7 56.0 202.2
5  Cassava Flour, Raw RThoiled 5.6 64.0 201.0
6  Kenkey (Ga) 5.6 177.0 203.6
7 Cassava, Fresh, RTboiled 5.4 178.0 199.4
8  Banana, Matooke, Green, Fresh, RTboiled 5.0 171.0 198.4
9  Cocoyam (Bukupa), Fresh, Raw RTboiled 4.5 177.0 198.2
10  Rice Local Brown Unpolished Raw RTboiled 4.4 58.0 204.2
11 Cassava, Flour, Raw RTFried 4.4 64.0 201.0
12 Maize, Yellow, Soft Porridge* (Without Salt) 3.5 415.0 198.8
13  Plantain, RTfried 3.3 90.0 200.7
14 Bread, Wheat, Refined Flour, RThaked 3.1 75.0 199.5
15 Millet, Whole Grain, RTboiled Without Salt) 3.1 140.0 199.4
16 Sweet potato, Yellow, Wo/Skin, Fresh, RTboiled 2.0 175.0 199.5
17  Oats RTboiled 2.0 48.0 204.0
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18  Porridge, Maize and Guinea Corn Recipe 2.0 57.0 46.7
19 Maize On Cob, Yellow Variety, Fresh, RTroasted 2.0 90.0 201.6
20 Macaroni, Boiled* (Without Salt) 1.6 128.0 200.1
21 Bread, Wheat, Bun, Refined Flour, Type 1, RThaked 1.6 75.0 199.5
22 Wheat, Whole Grains, Raw 1.2 62.0 201.9
23 Baby Cereal, Mixed Cereal, Dry, Tom Brown 1.0 55.0 199.7
24 Osino Kenkey With Sugar 1.0 155.0 198.4
25 Maize On Cob, White Variety, Fresh, RThoiled 1.0 96.0 198.7
26 Maize On Cob, White Variety, Fresh, RTRoasted 1.0 90.0 201.6
27  Maize On Cob, Yellow Variety, Fresh, RTboiled 1.0 97.0 199.8
28 Millet Flour, Raw RTboiled 0.9 53.0 198.2
29 Bread/Rolls, White 0.7 76.0 201.0
30 Rice, White, Polished, RTfried 0.3 114.0 200.6
Vegetables
1 Other Green Leaves, Fresh, Raw 4.8 90.0 30.6
2 Okro Fruit Raw RTboiled 4.5 90.0 29.7
3 Carrots, Fresh, Raw 41 79.0 324
4  Cabbage, Green, Fresh, RTfried 4.0 70.0 30.1
5  Tomato, Ripe, Red, Fresh, RTboiled 4.0 165.0 29.7
6  Tomato, Ripe, Fresh, Raw *RTfried* 4.0 165.0 29.7
7 Onion, Large Bulb, Fresh, Raw 4.0 74.0 29.6
8  Cocoyam, Leaves, RTboiled (Without Salt) 4.0 80.0 29.1
9  Lettuce, Raw 4.0 165.0 29.5
10 Roselle Leaves, RTboiled (Without Salt) 4.0 72.0 30.2
11 Okro Soup 3.5 72.0 31.0
12 Jute (Bush-Okra) Leaves, RTboiled (Without Salt) 3.5 50.0 30.9
13 Spinach, RTboiled (Without Salt) 3.3 110.0 31.7
14 Amaranth Leaves, Fresh, Raw RTboiled 3.0 125.0 28.8
15 Tomato, Ripe, Fresh, Raw 3.0 165.0 29.7
16 Pumpkin Leaves, RTboiled (Without Salt) 3.0 105.0 30.3
17  Bitter Leaf, Fresh RTboiled (Veronica Leaves) 3.0 53.0 30.7
18  Ayoyo Leaves Raw, RTboiled 3.0 50.0 29.5
19  Ginger Fresh RTboiled 3.0 39.0 31.6
20 Pepper, Sweet, Red, RTboiled (Without Salt) 2.5 80.0 30.7
21 Baobab Leaves, Dried RTboiled 2.5 11.0 29.9
22 Eggplant, Thick &Short (Type3), W/Skin, Fresh, 2.5 120.0 28.8
RTboiled

23 Cucumber, Raw 2.3 195.0 29.2
24 Pepper, Sweet, Green, Raw 2.1 112.0 28.7
25 Pepper, Sweet, Orange, Raw 2.0 115.0 29.4
26 Baobab, Leaves, RThoiled (Without Salt) 2.0 43.0 31.9
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27 Cassava, Leaves, RThoiled (Without Salt) 2.0 30.0 304
28 Dandelion Leaves Raw, RTboiled 2.0 65.0 30.6
29  Okro Leaves Dried, RTboiled 2.0 15.0 444
30  Okro Leaves Raw, RThoiled 2.0 75.0 30.0
31 Cowpea, Leaves, RTboiled (Without Salt) 2.0 67.0 29.2
32  Turkey Berries Raw, RTboiled 2.0 100.0 30.0
33 Moringa Leaves, Fresh, Raw RTboiled 1.5 86.0 29.2
34 Okro Fruit Dried Powder, RTboiled 1.0 12.0 30.1
RT, retention factor
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