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Abstract

Background: Functional foods have been proposed as vehicles to prevent
diseases in response to disease increase throughout the world. Methods:
Descriptive cross-sectional study. The nutritional labeling of processed
functional foods (PFF) commercially available in Honduras was examined to
consider health benefits based on functionality according to the Central
American Technical Regulation (CATR) and critical nutrient content
according to the profile of the Panamerican Health Organization (PAHO).
Results: Out of a national sample of 631 commercial processed foods (CPF),
144 were defined as functional; sweetened and flavored yogurts and cereal
bars reached the highest proportions (70% and 66%) of products available in
their respective categories. None of the categories was on average “low in
calories” according to criteria of CATR; sweetened breakfast cereals were the
most caloric (180 kcal) and only sweetened juices had “calorie free” products
(15%). Prepared meat did not meet the criterion of “low cholesterol” even
though all the products in this category were the reduced fat version of the
original CPF. All categories of cereal-based products met the “source of dietary
fiber” criteria and 64% of baked products were “high in dietary fiber”. More
than 70% of PFF exceeded the sugar recommendation of the PAHO profile,
mainly sweetened breakfast cereals (100%) and sweetened juices (93%). 49% of
the products exceeded the sodium recommendation, particularly baked products
(100%) and cheeses (86%); 100% of the later exceeded the recommendation of
total fats. More than 60% of products simultaneously exceeded between 2 and
3 of PAHO profile criteria; 5% exceeded all the criteria and 4% met all the
PAHO profile criteria. The average price of PFF was $2.34, while that of
conventional products was $1.87; sweetened breakfast cereals were the most
expensive ($3.49 and $3.28) and sweetened juices were the cheapest ($1.79
and $1.89) for both CPF and PFF. Conclusions: PFF marketed in Honduras
have an excessive content of critical nutrients. These results demonstrate the
need for a rigorous and mandatory regulation in the production, advertising
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and sale of functional and conventional processed foods.
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1. Introduction

To date there is a high availability of dense foods in energy, fat, sugar and salt at
low cost, which, accompanied by a sedentary lifestyle, have contributed to an in-
crease in the prevalence of obesity and chronic diseases throughout the world.
The treatment of these diseases is extremely costly and represents a significant
economic and social burden for countries [1]-[5].

For this reason, it has been necessary to identify strategies to reduce the con-
sumption of these critical nutrients, preventing diseases through food. Hence,
the food industry has proposed “functional foods” as a vehicle to improve the
health of the communities [1] [3].

Thus, in recent years, the science of nutrition has undergone significant
changes due to growing evidence of the effectiveness of dietary components and
bioactive compounds present in foods with specific physiological functions
through the adoption of healthy eating patterns [1] [2] [3] [6] [7] [8] [9].

The wide media coverage of this phenomenon has led to consumers being in-
creasingly aware of their health, recognizing the direct influence of food in the
prevention of diseases. As a result, there is a greater demand for food products
that meet a balanced content of macronutrients and also provide additional
health benefits [1] [2] [3] [7] [9].

The concept of functional food was developed initially in Japan as a means for
the prevention of chronic diseases linked to old age in that country, whose life
expectancy is increasingly high. Japan is also the only country with legislation
for functional food denominated Food with Specified Health Uses (FOSHU) [1]
(5] [8] [10].

Worldwide, there is no standardized definition of functional foods. Different
organizations and health institutions such as the International Food Information
Council (IFIC), Codex Alimentarius and the Expert Panel Report of the Institute
of Food Technology (IFT) differ very little in their definitions, expressing the
basic idea that food is functional when in addition to meeting nutritional needs,
it offers other beneficial health properties [3] [11] [12].

These can be natural or processed, either because a certain substance has been
removed to produce a health benefit, such as reducing sugar and sodium, or due
to adding a food component that has scientific evidence of producing a benefi-
cial effect on health when consumed in normal amounts within the regular diet
[1] [11]. This represents a challenge to the food industry since the consumer also

demands certain sensory and organoleptic attributes, such as sweet and salty
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flavors [2].

There is no international regulation to monitor the composition of functional
foods, as a result, their preparation is subject only to recommendations that vary
from one country to another [10]. The main objective of this study will be to
characterize commercially available functional foods in Honduras and evaluate
their critical nutrient content according to the criteria of the Central American
Technical Regulation (CATR) [13], and the Nutrient Profile Model of the Pan
American Health Organization (PAHO) [14] in order to consider their health
benefits, both by functionality and critical nutrient content.

2. Materials and Methods

The study has a descriptive cross-sectional design based on the review of nutri-
tional labeling in commercially processed and ultra-processed foods (hereinafter
referred to as processed commercial foods) available in Honduras, distinguish-
ing those that could be considered as functional. Descriptive statistics measures
were used such as the mean, standard deviation, standard error, coefficient of
variation and minimum value, maximum value and range for the analysis of the
information. The results are presented in the frequency distribution tables.

The study was developed in the Human Nutrition Laboratory of Zamorano
Panamerican Agricultural School from April 2018 to May 2019.

Convenience sampling was carried out according to the inclusion and exclu-
sion criteria. The sample was composed of processed commercial foods (PCF),
and functional processed functional foods (FFP), that were acquired by trained
personnel in international supermarket chains with a greater national presence.
The personnel exhaustively reviewed the different shelves with available PFF.
The packaging and nutritional labeling of each product was photographed to
create a photographic database. No electronic product searches were conducted
to ensure its availability in the Honduran market.

The inclusion criteria for the selection of the products included the following:
processed or ultra-processed foods offered to audiences over three years of age;
that the list of ingredients indicating the presence of at least one functional in-
gredient and/or the declaration of modifications to the nutrient content and
food additives; that had nutritional labeling and place of origin. The exclusion
criterion for the selection of the products included the following: processed or
ultra-processed foods offered to audiences under three years of age and repeated
products.

To characterize the FFP, the caloric, cholesterol and fiber content was eva-
luated according to the CATR.

2.1. Central American Technical Regulation

CATR on its 67.01.60:10 version, establishes the guidelines to prepare the nutri-
tional labeling of pre-packaged food products for human consumption for the

population from 3 years of age [13]. The parameters described below were used

DOI: 10.4236/fns.2019.107053

721 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2019.107053

A. H. Santana et al.

to evaluate the content of calories, cholesterol and fiber in the sampled products:

1) Calories: foods “low” in calories are those that do not contain more than 40
kcal per serving of product. “Calorie free” foods are those that contain no more
than 5 kcal per serving of product.

2) Cholesterol: foods “low in cholesterol” are those that contain no more than
20 mg per serving of product. “Cholesterol free” foods are those that contain no
more than 2 mg per serving of product.

3) Fiber: foods “source of dietary fiber” are those that contain a minimum of 3
g per 100 g of product. Foods “high in dietary fiber” are those that contain a
minimum of 6 g per 100 g of product. Grams of dietary fiber per 100 g of prod-
uct were calculated for this parameter.

The CATR also provides criteria for classifying foods as “reduced in calories”
and “reduced in cholesterol”, however, due to information limitations at the
time of the study, these criteria were not used.

The products were grouped into nine categories dictated by the PAHO nu-
trient profile model [14], (cheeses, cookies, sweetened juices, sweetened break-
fast cereals, cereal bars, prepared meats, baked products, sweetened and flavored
yogurts and seasonings). The characterization was carried out according to the
study by Sunkara and Verghese [3], grouping these categories according to their
basic ingredient in the following groups: functional dairy products, functional
carbohydrate-based products, functional beverages, functional fat based prod-
ucts and functional protein-based products.

The PAHO nutrient profile was used to identify the number of products that
comply with the recommendations on critical nutrient content (sodium, swee-

teners, sugar, fats).

2.2. PAHO Nutrient Profile Model

The nutrient profile model is a tool for identifying foods and beverages that
contain excessive amounts of free sugars, salt, total fats, saturated fats and trans
fatty acids [14]. Excessive amounts of critical nutrients analyzed in this study
were identified with the following criteria:

1) Sodium: if the ratio between the amount of sodium (mg) in any given
quantity of the product and the energy (kcal) is equal to or greater than 1:1.

2) Free sugars: if in any given quantity of the product the amount of energy
(kcal) coming from the free sugars (grams of free sugars x 4 kcal) is equal to or
greater than 10% of the total energy (kcal).

3) Total fats: if in any given quantity of the product the amount of energy
(kcal) from the total fats (grams of total fats x 9 kcal) is equal to or greater than
30% of the total energy (kcal).

4) Saturated fats: if in any given quantity of the product the amount of energy
(kcal) from saturated fats (grams of saturated fats x 9 kcal) is equal to or greater
than 10% of the total energy (kcal).

5) Contains other sweeteners: if the list of ingredients includes artificial or

non-caloric natural sweeteners or caloric sweeteners (polyalcohols).
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Based on this information, a database was created in Excel (Microsoft, Red-
mond, WA, USA) with 20 variables: product name, country of origin, manufac-
turing company, list of ingredients, portion size, number of servings, calories,
total fat (g), percentage of total fat, saturated fat (g), percentage of saturated fat,
cholesterol (mg), sodium (mg), ratio of sodium: calories, protein (g), total car-
bohydrates (g), free sugars (g), percentage of sugar, dietary fiber (g), fiber in 100
g, presence of sweeteners and price.

In addition, an evaluation was made of products containing sugar or other
sweeteners and sodium within the first five positions in the list of ingredients.
Price per product and price differences between CPF and PFF were analyzed by

product category.

3. Results

631 processed food products were evaluated, of which 144 were defined as func-
tional, representing 23% of the available processed foods. The categories with the
greatest presence of functional products were sweetened and flavored yogurts
(70%), and cereal bars (66%), while the categories with less presence of func-
tional products were prepared meats (6%) and cheeses (7%). Table 1 presents
the number of foods per category that were included in the study. Products were
identified from ten countries and 49 companies, mostly from the United States
(47%). This is due to the extensive commercial relationship that the United
States maintains with Honduras as a result of free trade agreements that facilitate
the flow of products and goods between countries [15] [16]. 21% of products
were of Costa Rican origin and 13% of Mexican origin; 16% were of Central
American origin and 2% of these of Honduran origin.

PFF categories were further characterized according to Sunkara and Verg-

hese’s study [3], based on the products base ingredient. Table 2 presents how

Table 1. A number of functional food products included in the study and percentage that
they represent compared to conventionally processed products by category of the PAHO
nutrient profile.

Food Category Total Available = Total Functional  PFF Percentage
Sweetened and flavored yogurts 33 23 70%
Cereal bars 32 21 66%
Sweetened juices 64 27 42%
Sweetened breakfast cereals 64 25 39%
Baked products 82 14 17%
Cookies 135 17 13%
Seasonings 46 5 11%
Cheeses 94 7 7%
Prepared meat 81 5 6%
Total 631 144 23%
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Table 2. Categorization of products according to Sunkara and Verghese [3].

Categorization (Sunkara and Verghese) N Sample Percentage
Functional dairy products 30
Cheeses 7 21%
Sweetened and flavored yogurts 23
Functional carbohydrate-based products 77
Baked products 14
Cereal bars 21 53%
Sweetened breakfast cereals 25
Cookies 17
Functional beverages 27
19%
Sweetened juices 27
Functional fat based products 5
3%
Seasonings 5
Functional protein-based products 5
Prepared meats 5 %
Total 144 100%

PAHO categories where characterized, the number of products each group and
what percentage of the sample each group represents. Functional carbohy-
drate-based products were the largest group, composed of four PAHO categories
and representing 53% of the total sample, followed by functional dairy products
composed of two PAHO categories and representing 21% of the total sample.

The CATR indicates that the “low calorie” products are those that contri-
bute less than 40 kcal per serving of product; however, no category met this
criterion when its average calorie content was calculated. The sweetened
breakfast cereals, as can be seen in Table 3, present the highest caloric intake
with an average per product portion of 180 kcal, followed by cookies (130 kcal)
and sweetened and flavored yogurts (124 kcal), with maximum values of 378
kcal, 170 kcal and 198 kcal, respectively. Sweetened breakfast cereals also have
the lowest average regarding fiber content (3 g).

100% of products in the categories of sweetened juices, baked products and
sweetened breakfast cereals met the “cholesterol free” criteria. Likewise, the
categories of cereal bars (86%), cheeses (71%), and cookies (71%) presented a
high percentage of products that met this criterion. None of the products in
the prepared meats category were “cholesterol free”.

Only 15% of products in the category of sweetened juices met the “calorie
free” criterion. The category with the highest percentage of products that met
the criterion of “high in dietary fiber” was that of baked products (64%), fol-
lowed by cereal bars (43%), cookies (29%) and sweetened breakfast cereals
(8%).
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Table 3. Mean, standard deviation, standard error, coefficient of variation, minimum maximum and range value of caloric con-

tent, cholesterol and fiber per product portion of each category of processed foods, pursuant to criteria of the CATR.

Criteria CATR Food Category N Avg. SD SE Ccv Min Max Range
Low in calories Sweetened juices 27 84 kcal 49kcal  9kcal 0.6kcal S5kcal 160 kcal 155 kcal
(<40 keal) Seasonings 5 43kcal  2lkcal  9kcal 0.5kcal 10kcal 75kcal 65 kcal

Baked products 14 71kcal 15 kcal 4kcal 0.2kcal 50kcal 101 kcal 51 kcal
Cheeses 7 59kcal 24 kcal  9kcal 0.4kcal 25kcal 98kcal 73 kcal
Sweetened and flavored yogurts 23 124 kcal 46kcal 10kcal 0.4kcal 50kcal 198 kcal 148 kcal
Cereal bars 21 117 kcal  33kcal ~ 7kcal 0.3 kcal 70kcal 180kcal 110 kcal
Prepared meat 5 67 kcal 17 kceal 8kcal  0.3kcal 35kcal 82kcal 47 kcal
Sweetened breakfast cereals 25 180 kcal 97 kcal ~ 19kcal 0.5kcal 90kcal 378 kcal 288 kcal
Cookies 17 130 kcal 26 kcal ~ 6kcal  0.2kcal 85kcal 170kcal 85 kcal
Low cholesterol Seasonings 5 2mg 2mg 1 mg 1.2 mg 0 mg 5mg 5mg
(20 mg) Baked products 14 0 mg 1 mg 0 mg 1.5 mg 0 mg 3 mg 3 mg
Cheeses 7 6 mg 9 mg 3 mg 1.5 mg 0 mg 21 mg 21 mg
Sweetened and flavored yogurts 23 5mg 6 mg 1 mg 1.1 mg 0 mg 20mg  20mg
Cereal bars 21 4 mg 9 mg 2 mg 2.7 mg 0 mg 37 mg 37 mg

Prepared meat

m m m; ./ m m; m m
5 1l6mg 192mg 8 mg 17mg 15mg 500mg 485 mg

Cookies 17 1.5mg 2 mg 1 mg 1.5 mg 0 mg 5mg 5mg
Source of dietary fiber® Baked products 14 78 2g lg 03g 3g 10g 7g
(=3¢) Cereal bars 21 6g 4g lg 0.6g 2g 17 g 15¢g

Sweetened breakfast cereals 25 3g 2g 0g 06¢g Og 10g 10g

Cookies 17 4g 3g lg 08g 0g 10g 10g

*per standardized portion of 100 g of product.

Prepared meats presented the highest cholesterol content with an average of
116 mg per serving of product and a maximum value of 500 mg, followed by
cheeses and sweetened and flavored yogurts with maximum values of 21 mg and
20 mg respectively.

Table 4 presents food by category and the percentage that exceeded each of
the criteria of the PAHO nutrient profile model™.

100% of products in the category of cheeses exceeded the amount of total fats,
71% exceeded the limit of saturated fats and 86% exceeded the limit of sodium.
80% of products in the categories of seasonings and prepared meats exceeded the
limit of total fats, saturated fats and sodium. 59% of cookies exceeded both the
total fat content and the saturated fat content.

100% of baked products exceeded the recommended sodium limit, while
100% of sweetened breakfast cereals exceeded the recommended sugar content
and more than 70% also exceeded the recommendation for sodium. The catego-
ry of sweetened juices presented an excess of sugar in 93% of products and 22%

also contained other sweeteners. More than 60% of cookies surpassed the sugar
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Table 4. Number and percentage of products that exceed the criteria of the PAHO Nu-
trient Profile Model.

Food Category Total Fats Saturated fat Sodium  Sugar Sweeteners
Sweetened juices (n = 27) 8 (30%) 1 (4%) 13 (48%) 25(93%) 6 (22%)
Seasonings (n = 5) 4 (80%) 4 (80%) 4(80%) 1(20%) 0 (0%)
Baked products (n = 14) 1 (7%) 2 (14%) 14 (100%) 4 (29%) 0 (0%)
Cheeses (n =7) 7 (100%) 5(71%) 6 (86%) 3 (43%) 0 (0%)

Sweetened and fl d t
weetened and flavored yogurts 3(13) 10 (43%) 4(17%) 15 (65%) 6 (26%)

(n=23)
Cereal bars (n = 21) 9 (43%) 8 (38%) 3(14%) 18 (86%) 2 (9%)
Prepared meat (n = 5) 4 (80%) 4 (80%) 4(80%) 2 (40%) 0 (0%)
Sweetened breakfast cereals (n =25) 0 (0%) 1 (4%) 18 (72%) 25 (100%) 0 (0%)
Cookies (n = 17) 10 (59%) 10 (59%) 4 (24%) 11 (65%) 1 (6%)
Total sample (n = 144) 46 (32%) 36 (25%) 70 (49%) 104 (72%) 15 (10%)

limit and 6% also showed the presence of other sweeteners such as sucralose and
acesulfame K.

In Table 5 it can be observed that seasonings presented the highest average of
calories derived from fat (73%) with a maximum value of 100%, followed by
cheeses whose average total fat content was 53%. Cheeses presented the highest
average saturated fats of the whole sample (29%). Prepared meats presented 51%
of calories derived from fat and a maximum value of 64%. Sweetened juices pre-
sented a maximum value of 75% regarding total fat content. The average of sa-
turated fats, both in seasonings (12%) and in prepared meats (11%), exceeds the
recommended levels.

Prepared meats have the highest sodium ratio (5.2 mg/kcal) with a maximum
value of 8.1 mg/kcal, followed by seasonings with an average of 3.6 mg/kcal and
a maximum value of 12 mg/kcal. Cheeses (2.4 mg/kcal) and baked products (2
mg/kcal) also presented high means for sodium content with maximum values
of 7.2 mg/kcal and 2.8 mg/kcal, respectively.

Sweetened juices presented the highest average for caloric content derived
from sugar (72%) with a maximum value of 100%, followed by sweetened and
flavored yogurts with an average of 35% and a maximum value of 69%. Swee-
tened breakfast cereals presented an average of 28% and a maximum value of
42%. Cereal bars had a maximum value of 58%.

Table 6 shows that six products of the whole sample (4%), meet all the criteria
of the nutrient profile and half of them are in the cookie category. 30% of prod-
ucts in the complete sample exceed one of the criteria, mainly in the categories
of baked products (57%) and sweetened juices (44%). 53% of the total sample ex-
ceeds two criteria of the nutrient profile, mainly sweetened breakfast cereals (68%).

24% of products in the sample exceed 3 criteria of the nutrient profile, where 71%
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Table 5. Mean, standard deviation, standard error, coefficient of variation, minimum, maximum and range value of critical nu-

trient content per product portion of each food category processed according to the PAHO profile.

Critical Nutrient Food Category N Avg. SD SE Cv Min Max Range
Total fat (<30%) Sweetened juices 27 13% 20% 3.8% 1.5% 0% 75% 75%
Seasonings 5 73% 37% 16.5% 0.5% 0% 100% 100%
Baked products 14 14% 6% 1.6% 0.4% 7% 33% 26%
Cheeses 7 58% 23% 8.7% 0.4% 17% 88% 71%
Sweetened and flavored yogurts 23 15% 11% 2.3% 0.7% 0% 38% 38%
Cereal bars 21 28% 12% 2.6% 0.4% 15% 60% 45%
Prepared meat 5 51% 17% 7.6% 0.3% 19% 64% 45%
Sweetened breakfast cereals 25 9% 4% 0.8% 0.4% 0% 17% 17%
Cookies 17 29% 10% 2.4% 0.3% 11% 41% 30%
Saturated fat (<10%) Sweetened juices 27 2% 5% 1.0% 2.5% 0% 27% 27%
Seasonings 5 12% 7% 3.1% 0.6% 0% 20% 20%
Baked products 14 6% 4% 1.1% 0.7% 0% 17% 17%
Cheeses 7 29% 21% 7.9% 0.7% 0% 64% 64%
Sweetened and flavored yogurts 23 9% 7% 1.5% 0.8% 0% 24% 24%
Cereal bars 21 9% 6% 1.3% 0.7% 0% 19% 19%
Prepared meat 5 11% 6% 2.7% 0.5% 0% 19% 19%
Sweetened breakfast cereals 25 2% 3% 0.6% 1.5% 0% 15% 15%
Cookies 17 8% 6% 1.5% 0.8% 0% 17% 17%
Sodium (1 mg:1 kcal) Sweetened juices 27 1.4 1.5 0.3 1.0 0.0 5.7 5.6
Seasonings 5 3.6 44 1.9 1.2 0.0 12.0 12.0
Baked products 14 2.0 0.3 0.1 0.2 1.5 2.8 1.3
Cheeses 7 2.4 2.0 0.8 0.8 0.8 7.2 6.4
Sweetened and flavored yogurts 23 0.7 0.3 0.1 0.4 0.4 1.3 0.9
Cereal bars 21 0.7 0.3 0.1 0.4 0.1 1.2 1.0
Prepared meat 5 5.2 2.7 1.2 0.5 0.1 8.1 8.0
Sweetened breakfast cereals 25 1.3 0.4 0.1 0.3 0.5 2.3 1.9
Cookies 17 0.9 0.6 0.1 0.6 0.0 2.2 2.2
Sugar (<10%) Sweetened juices 27 72% 34% 6.5% 0.5% 0% 100% 100%
Seasonings 5 10% 15% 6.7% 1.5% 0% 40% 40%
Baked products 14 8% 4% 1.1% 0.5% 0% 14% 14%
Cheeses 7 6% 7% 2.6% 1.2% 0% 16% 16%
Sweetened and flavored yogurts 23 35% 24% 5.0% 0.7% 0% 69% 69%
Cereal bars 21 25% 14% 3.1% 0.6% 0% 58% 58%
Prepared meat 5 4% 5% 2.2% 1.3% 0% 10% 10%
Sweetened breakfast cereals 25 28% 8% 1.6% 0.3% 12% 42% 30%
Cookies 17 16% 9% 2.2% 0.6% 0% 28% 28%
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Table 6. Number and percentage of products by category that exceed one or more criteria
of the PAHO Nutrient Profile Model.

Exceed 4
Meet all Exceed1 Exceed2 Exceed 3

Food Category L R L L or more
criteria criterion criterion criterion

criteria

Sweetened juices (n = 27) 0(0%) 12 (44%) 4 (15%) 11 (41%) 0 (0%)
Seasonings (n = 5) 0 (0%) 0 (0%) 2 (40%) 3 (60%) 0 (0%)
Baked products (n = 14) 0 (0%) 8 (57%) 5(36%) 1 (7%) 0 (0%)
Cheeses (n =7) 0 (0%) 0 (0%) 1 (14%) 5(71%) 1 (14%)

Sweetened and flavored yogurts (n = 23) 2 (9%) 7 (30%) 11 (48%) 3 (13%) 0 (0%)
Cereal bars (n = 21) 0 (0%) 8 (38%) 8 (38%) 2 (10%) 3 (14%)

Prepared meat (n = 5) 1 (20%) 0 (0%) 0 (0%) 2 (40%) 2 (40%)
Sweetened breakfast cereals (n = 25) 0 (0%) 7 (28%) 17 (68%) 1 (4%) 0 (0%)
Cookies (n = 17) 3(18%) 1(6%)  5(29%)  7(41%) 1 (6%)

Total sample (n = 144) 6(4%) 43 (30%) 53 (37%) 35(24%) 7 (5%)

of cheeses have this characteristic. 5% of products in the whole sample exceed four
or all of the criteria of the nutrient profile, mainly prepared meats (40%) and ce-
real bars (14%).

Although one of the most sweetened categories was sweetened juices, this
characteristic is only observed in 44% of its products, since in many of them the
composition of the fruit concentrate, which contains large amounts of sugar, is
not described.

12% of products in the sample presented sodium within the first five positions
in the list of ingredients, mainly the categories of cheeses (86%) and prepared
meats (40%). 5% of the products contained sugar or other sweeteners and so-
dium within the first five positions of the list of ingredients, mainly in prepared
meats (40%) and sweetened breakfast cereals (16%).

An evaluation was made of the price of 126 processed food products, of which
63 were functional and 63 conventional (Table 7). The categories of sweetened
juices, seasonings, baked products, cheeses, cereal bars, prepared meats, swee-
tened breakfast cereals and cookies were evaluated in family presentation, while
the category of sweetened and flavored yogurts was evaluated in its individual
presentation. However, standardization of the price per product portion is rec-
ommended for future studies. T-Student test and ANOVA variation analysis
were applied, showing a statistically significant difference (P = 0.025) between
CPF and PFF prices, with the PFF price being significantly higher (P = 0.025).
The average price of PFF was $2.34 and $1.87 for conventional foods, excluding
sweetened and flavored yogurts in both. Sweetened breakfast cereals were the
most expensive category and sweetened juices were the cheapest, for both PFF
and conventional foods. The categories with the highest price difference were
cereal bars ($1.22) and cheeses ($0.90).
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Table 7. Price and price difference in U.S. dollars between PFF and conventional
processed foods by food category.

Functional Conventional Price

Food Category* Average Price Average Price Difference

(n =63)¢ (n = 63)

Sweetened juices (n = 15)° $1.79 $1.39 $0.40
Seasonings (n = 8)° $1.90 $1.62 $0.28
Baked products (n = 17)° $1.88 $1.51 $0.36
Cheeses (n = 14)° $2.52 $1.62 $0.90
Sweetened and flavored yogurts (n = 16)° $0.77 $0.69 $0.08
Cereal bars (n = 9)° $3.01 $1.79 $1.22
Prepared meat (n = 9)® $2.33 $2.18 $0.14
Sweetened breakfast cereals (n = 16)® $3.49 $3.28 $0.21
Cookies (n = 22)° $1.80 $1.59 $0.21
Total (n = 126) $2.34 $1.87 $0.47

“Exchange rate of L. 24.44 (Central Bank of Honduras); "Categories evaluated in family presentation;
“Categories evaluated in individual presentation; ‘The sweetened and flavored yogurt category was not in-
cluded when calculating the average and the lowest price because of the notable price difference on the in-
dividual and family size presentation.

4. Discussion

Honduras and the rest of the Central American countries have a high prevalence
of chronic diseases and, at the same time, diseases due to deficiencies of essential
nutrients, as a consequence of the consumption of highly caloric foods with li-
mited nutrient content [17] [18] and other associated factors. During 2016 in the
Latin America and the Caribbean region, a 6% increase was reported in the pre-
valence of undernourishment, and at the same time, overweight and obesity in
7% of children under the age of five. Particularly in Tegucigalpa, 54.2% of adults
were overweight or obese [19] [20] [21]. As a potential strategy to contribute to
the solution of this problem, functional foods have been introduced to the mar-
ket in order to promote the prevention and control of diseases associated with
poor eating habits [22].

Despite being a new concept for the population, the production of functional
foods constitutes an emerging market with significant promise. The demand for
functional products continues to increase worldwide and its supply grows as new
research develops [23]. The understanding of their benefits and their capacity to
contribute to public health has managed to influence food policies. In 2011, the
General Law of Food Fortification was enacted in Honduras [24], as an instru-
ment for the prevention of nutritional deficiencies.

However, the obsession with health makes consumers vulnerable to deceptive
and even fraudulent advertising pressure of some products whose beneficial ef-
fects are speculative [25] [26], while they provide an excessive amount of critical

nutrients. Given the lack of regulation, both for the composition and marketing
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of processed foods, more than 95% of PFF evaluated, exceed one or more critical
nutrients simultaneously, being marketed at a higher price for the alleged func-
tional properties they confer. Even the reduced versions of the products ex-
ceeded the recommended quantities. The excessive consumption of these nu-
trients is widely associated with the increased risk of suffering from chronic dis-
eases, such as cardiovascular disease, diabetes, hypertension, metabolic syn-
drome and some types of cancer [4].

Honduras does not have previous studies on the composition or categoriza-
tion of PFF, however, studies have been conducted on the content of critical nu-
trients in conventional processed foods, obtaining similar results [19] [27] [28],
where more than 70% of products exceeded the recommendation of added su-
gars and 37% exceeded the sodium limit; a figure that is even lower than that

found in the present study.

4.1. Functional Dairy Products

The inclusion of functional ingredients in dairy-based processed products, such
as yogurt and cheese, is increasingly common due to their nutritional, physical
and chemical properties, constituting an effective mean for transporting vita-
mins and minerals, as well as other functional ingredients [26] [29] [30]. These
include probiotics and prebiotics, whose health effects include decreased risk of
intestinal cancer, relief of symptoms of irritable bowel syndrome, increased fecal
excretion and reduced blood cholesterol [5] [26] [29] [30].

In recent years, yogurt has gained popularity establishing itself as a product of
regular consumption in many countries of the world, however, the results show
that most exceed the content of one or more critical nutrients, mainly sugar and
saturated fats. Although the main characteristic observed in the cheeses a reduc-
tion in the fat content, all the products exceeded the recommendation of total
fats and more than 70% exceeded three criteria of the nutrient profile, mainly
total fats, saturated fats and sodium. Previous studies show that more than 90%
of conventionally processed cheeses also exceeded the recommended content of
both sodium and total fat [19].

4.2. Functional Carbohydrate-Based Products

Due to the increase in cases of overweight and obesity, new foods have been in-
troduced, such as those made from whole grains including wheat, oats and rice,
whose function is to help the consumer maintain an adequate weight, providing
a satiating effect and increasing fiber consumption, which is usually below the
recommended value [23] [26] [31]. Wheat has a high content of insoluble fiber,
anthocyanins and vitamin E, which contribute to the prevention of degenerative
diseases, while rice contains anti-inflammatory properties, and oats, due to its
content of beta-glucans, can lower blood cholesterol [32] [33] [34] [35].

The majority of baked products made from these cereals exceed the content of

one or two critical nutrients, mainly sodium, as well as sweetened breakfast ce-
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reals, which also exceed the recommendation of sugar, compared to 90% of
conventional sweetened breakfast cereals that also exceed the recommendation
of added sugars, reported by other previous studies. Cereal bars and cookies
showed an excessive content of all the critical nutrients; this is linked with the
results of some studies that relate the consumption of these snacks with the in-
crease in the epidemic of overweight, obesity and chronic diseases, mainly in
children [36] [37].

4.3. Functional Beverages

Due to their abundant content of phenolic compounds, sweetened juices made
from blueberries, grapes, strawberries, almonds, soybeans and rice reduce the
risk of cardiovascular diseases [26] [38], however, the excess of sugar in these
beverages has been widely reported in processed products where more than 95%
exceeded this recommendation; a finding similar to that of the present study has
found 93% of sweetened juices high in sugar [19] [27] [28]. Many of these prod-
ucts claim to be sugar-free and contain one or more non-caloric sweeteners such
as acesulfame K and sucralose in 22% of the juices in the sample. Some studies
show an excess of sugar content in more than 90% of sweetened juices [19],
coinciding with the results obtained in this study, in which more than 40% ex-
ceed the recommendation of the content of three critical nutrients, mainly sugar,

sodium and total fats, particularly in almond, soy and rice beverages.

4.4. Functional Fat Based Products

Mayonnaises with added lemon and olive oil were identified; lemon provides
abundant vitamin C protecting against cellular oxidation, while olive oil is re-
lated to prevention of cardiovascular diseases due to its content of oleic acid, vi-
tamin E and phenolic compounds [26] [38]. As in previous studies, even in its
reduced fat version, more than 80% of mayonnaise products exceeded the rec-
ommended content of total fats and saturated fats; these products were also

identified as having triple the recommendation of sodium content [19].

4.5. Functional Protein-Based Products

Meat products are often considered unhealthy; however, the creation of
functional versions represent an opportunity to change that perception [39]. The
main characteristic observed in this category was the reduction of fat content
which is considered an effective strategy to maintain an adequate weight and
prevent obesity [31], however, as in packaged condiments, 80% of the products in
this category, simultaneously exceeded the content of total fat, saturated fat and

sodium with an average more than five times higher than the recommendation.

5. Conclusions

Processed functional foods marketed in Honduras have an excessive content of
critical nutrients in most of the products analyzed, which would lessen the poss-
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ible benefits of a functional ingredient or the modification of the content of the
product if any ingredient was reduced. The overall composition of a functional
product, including the contribution of critical nutrients, will determine if it is
truly convenient, justifying the additional cost they represent.

The present study demonstrates the need for rigorous and mandatory regula-
tion in the production, advertising and sale of functional and conventional
processed foods. A specific legal framework is required for this type of product
to protect the consumer from the excessive content of critical nutrients and in-
creased unjustified prices, as well as from publicity and health claims, guaranteeing
that the products are strictly based on scientific evidence to ensure contribution to
public health and not to a greater imbalance of diet and out-of-pocket expenses to
the detriment of health and the economy.

6. Limitations

Because very few products provide information on their trans-fat content, this
criterion from the PAHO nutrient profile model was not considered. In addi-
tion, due to time limitations, the price per serving was not calculated, but size
standardization is recommended for future studies to calculate the sample’s av-
erage price. The sample was taken from only one supermarket chain since it is
one of the most affordable to the majority of the population, however, there are
several supermarket chains in different cities of the country, which offer a great-

er variety of functional products but at higher prices.
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