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Abstract: The aim was to characterise the extent of processing and nutritional composition of the
street foods offered in Maputo, Mozambique. A cross-sectional study was conducted in October—
November 2014 in the urban district of KaMpfumu. Twenty public transport stops were randomly
selected, around which 500 meters buffers were drawn. All streets within these buffers were can-
vassed to identify all street food vending sites. Street food offer was assessed through interviews.
Nutritional composition was estimated using standardised recipes (for homemade foods), food labels
(for industrial products) and food composition tables (for in natura foods). The processing extent
was classified using the “NOVA” food classification. A total of 810 vending sites were assessed.
Unprocessed /minimally processed foods were available at 70.5% of vending sites (mainly fruit,
water, and tea) and ultra-processed foods at 59.0% (mostly cakes, cookies, confectionery, and soft
drinks). Energy content per 100 g of unprocessed or minimally processed foods was significantly
lower than in all other food groups. In all food groups, contribution to total energy value was
highest for carbohydrates (range: 33.1-51.2%), followed by fats (range: 29.3-36.0%) and protein
(range: 6.8-18.6%). Public health policies targeting the improvement of this urban food environment
should consider not only the nutritional composition but also the processing extent of the foods and
beverages available.

Keywords: street food; nutritional value; processing degree; nutrition transition; Africa

1. Introduction

Nutrition transition can be defined as a set of “large shifts in diet and activity patterns,
especially their structure and overall composition”, as a consequence of demographic and
socioeconomic changes, namely urbanisation [1]. In urban areas of developing countries
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that are under nutrition transition, the intake of non-processed or minimally processed
foods, which tend to be richer in vitamins, minerals, and fibre (e.g., fruit, vegetables,
legumes, and whole grains), has been declining. On the other hand, the consumption of
highly processed foods, which generally have higher energy and fat density, and are richer
in saturated and trans fatty acids, sugars, and sodium, has been increasing [2-5]. These
trends may have consequences on the nutritional and health status of the populations,
contributing to an increase in the prevalence of overweight or obesity, as well as other
diet-related non-communicable diseases (NCD) [1,4,6].

Results from a survey conducted in Mozambique under the Stepwise Approach to
Chronic Disease Risk Factor Surveillance (STEPS) research project showed very low fruit
and vegetables consumption [7]. A study conducted in 20122013 on a convenience sample
of adults in Maputo also reported that ultra-processed food products, namely chicken-
powdered stocks and sugar-sweetened beverages, were frequently used [8]. These findings
suggest a shift towards a more westernised food consumption pattern in the country, which
have been strongly associated with urbanisation and growing income [9], also having dele-
terious consequences to this population’s health. In Mozambique, total mortality by NCD
was 22.8% in 2010, increasing to 28.5% in 2019. Total deaths attributable to cardiovascular
diseases grew from 9.4% in 2010 to 12.0% in 2019, and the proportion of cancer deaths
increased from 3.7% to 5.1% in the same time period [10]. Adult prevalence of overweight
and obesity in Mozambique has also suffered a steep increase in recent years, ranging
from 18.3% to 30.5% in women and from 11.7% to 18.2% in men, between 2005 and 2014~
2015 [11]. On the other hand, the prevalence of anaemia among women of reproductive
age was high and rising (51.0% in 2016), stunting in children under 5 years of age (although
slowly declining) remained very frequent (42.3% in 2015) [12], and undernourishment
affected 38% of total population in 2005-2007 [13], denoting the existence of a double
burden of malnutrition.

Other significant aspects related with lifestyle changes have been associated with
modifications in the dietary patterns of urban societies. Shifts in employment structure
associated with urbanisation have resulted in a drastic reduction in the time dedicated
to the preparation and cooking of homemade meals, and the consequent increase in the
consumption of away-from-home food [14,15]. In low- and middle-income countries,
street food constitutes an increasingly popular food option, mostly due to its low cost
and convenience [16,17], contributing significantly to the daily dietary intakes of urban
populations [18]. As such, urban street food environments are expected to reflect the
nutrition transition process occurring in those settings [19]. Data from the African Food Se-
curity Urban Network [20], showed that, in Maputo, whereas the proportion of households
using supermarkets as their primary source of food is small (with only 8% of the surveyed
households using this source weekly), the proportion of households obtaining their foods
from informal/street food markets on a weekly basis is very high (92%). However, some
public health concerns have been raised regarding street food in Maputo, related to the
unsatisfactory quality of some foods, both at the microbiological [21] and at the nutritional
level [22].

The assessment of the processing extent of the foods available in urban settings under
nutrition transition may contribute to defining future public health policies towards NCD
prevention. However, such information is limited, and, to the best of our knowledge, no
data are available for Mozambique. Therefore, the present research aims to characterise
street food offered in Maputo, Mozambique, specifically with respect to the extent of
processing and nutritional composition. For this purpose, we used the “NOVA” food
classification, which is an internationally recommended methodology for classifying foods
based on the extent and purpose of food processing [23,24].
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2. Methods

A cross-sectional assessment of street food vending sites in Maputo, Mozambique, was
conducted between October and November 2014, as described in a previously published
protocol [25].

2.1. Street Food Vending Sites Selection

Street food was defined, according to the Food and Agriculture Organization and
WHO, as “ready-to-eat foods and beverages prepared and/or sold by vendors and handlers
especially in streets and other similar public places, for immediate consumption or con-
sumption at a later stage without further processing or preparation” [26,27]. Venues selling
street food, including facilities such as carts, trucks, stands, or a variety of improvised
informal setups (e.g., shopping carts, trunks of cars, sides of vans, buckets, coolers, etc.), as
well as “in-transit” vending sites, were considered eligible for this analysis. Food establish-
ments within four permanent walls, permanent storefront businesses, vending sites selling
exclusively non-food products or raw foods not ready-to-eat, sites operating in closed
public spaces (e.g., markets) or organised entities (e.g., farmers’ markets, food fairs), as
well as food stalls and carts that were part of permanent stores or licensed establishments,
were excluded.

All eligible street food vending sites operating in a predefined area (as detailed below)
were selected for this study.

2.2. Sampling Procedure

Maputo municipality is divided into seven districts. This study was conducted within
the urban district of KaMpfumu, located in the southern region of the city, since this area
was expected to present the highest concentration of street food vending sites among all
districts in Maputo [28].

Using data from the Government of Mozambique on the public transport stops’ distri-
bution in the KaMpfumu district [28], as well as other maps from the Maputo Municipal
Council (Conselho Municipal Cidade de Maputo) [29], 134 public transport stops were
identified, from which 20 were randomly selected. Within each stop selected, the study
area was defined considering a 500 meters buffer around each selected stop. Areas falling
outside the administrative borders of the municipal district were excluded.

2.3. Data Collection

Within the selected area, field researchers worked in pairs, moving through every
street accessible to the public and identifying all eligible street food vending sites.

Interviews were performed during business days, between 9:00 and 16:00. A struc-
tured questionnaire was applied in Portuguese by trained interviewers to collect infor-
mation on the food offered, namely the type of foods and beverages available for sale, as
well as portions sizes. Vending sites were then classified into mobile (if they changed their
position, continuously or not, throughout the day or week) or stationary (if they had a
fixed location).

To ensure that street food vendors were not interviewed twice, the questionnaire began
with a control question asking if the vendor had already been interviewed. Furthermore,
each vendor received a sticker with the logo of the research project, this way indicating to
other researchers that this street food vending site has already participated in the study.

2.4. Nutritional Composition Estimation

The nutritional composition of the foods and beverages identified was estimated
using different strategies, depending on their nature. For homemade foods and beverages,
standardised recipes were used to estimate their nutritional composition. For each culinary
preparation, the ingredients and respective portions used were defined according to results
from a study which assessed food intake and cooking practices in adults from Maputo,
which also provided specific insights regarding traditional eating habits within the Mozam-



Foods 2021, 10, 2561

4 of 14

bican context [8]. The recipes were then simulated by two Mozambican nutritionists, while
the quantities of all ingredients used were measured. The conversion of those ingredients
into nutrients was performed using the Food Processor Nutrition Analysis® software, ver-
sion 11.1 for Windows® (ESHA Research, Salem, OR, USA). In the case of industrial food
products, nutritional information was retrieved from Mozambican food labels whenever
those were available, or using Portuguese food labels otherwise, in which case the selected
products were as similar as possible as those sold in Mozambique. For in natura foods
(e.g., fruit, cassava, nuts), the Mozambican food composition table [30] was used whenever
possible. For foods whose nutritional data were not available, nutritional composition was
estimated using the food composition tables from Brazil [31] and South Africa [32].

Estimated nutritional data included energy and macronutrients (total fat, carbohy-
drates and protein) contents, and were expressed both per serving and per 100 g. For each
food, contributions of macronutrients to the total energy value (TEV) were computed by
converting their contents (in grams) to energy values (in kcal), using the Atwater general
factors (4 kcal/g for protein and carbohydrates, and 9 kcal/g for total fat), and then by
dividing these by the total energy content.

2.5. Processing Extent Classification

Based on the “NOVA” food classification [24], foods and beverages were classified
according to their processing extent into three groups: (1) unprocessed or minimally
processed foods; (2) processed foods; and (3) ultra-processed foods. The first group
included edible parts of plants (e.g., seeds, fruits, leaves, roots) or animals (e.g., muscle,
eggs, milk, viscera), fungi, algae, and water, as well as unprocessed foods which are mildly
altered by processes that include removal of inedible or unwanted parts and that do not
involve the addition of other ingredients, such as salt, sugar, or fats (e.g., drying, milling,
pasteurization, refrigeration, freezing, boiling, or packaging). Culinary preparations based
on one or more unprocessed or minimally processed food items were also included in this
group. The second group is essentially made up of industrial products resulting from the
addition of processed culinary ingredients (e.g., salt, sugar, oil) to unprocessed or minimally
processed foods, by using various preservation or cooking methods, such as fermentation,
smoking, or canning (e.g., bread, canned fish, cheese). The third group is composed of food
products resulting from industrial processing methods with no domestic equivalent, usually
with five or more ingredients, including additives, such as dyes, artificial sweeteners,
flavours, and /or emulsifiers.

2.6. Statistical Analysis

Statistical analysis was performed using the software Statistical Package for Social
Sciences (SPSS®), version 22.0 for Windows® (SPSS Inc., Chicago, IL, USA). Descriptive
statistics were computed for street food availability, energy, and macronutrient contents.
The Pearson’s chi-square test was used to compare stationary and mobile street food
vending sites regarding the foods and beverages offered. The Mann—Whitney test was
used to compare food groups regarding their energy and macronutrient content. Results
were considered statistically significant when the critical level of significance (p) was less
than 0.05.

3. Results

A total of 968 street food vending sites was identified within the selected area, of
which 810 (83.7%) were available for interviews and thus were assessed.

Data on the availability of foods and beverages from mobile and stationary street food
vending sites, according to processing degree, are presented in Table 1. Unprocessed or
minimally processed foods (including culinary preparations using them as base) were the
most commonly available, in 70.5% of the street food vending sites evaluated, especially
fruit (35.7%) and water and tea (30.0%). Ultra-processed foods were available in 59.0%
of the vending sites, mostly cakes and cookies (63.0%), confectionery (57.2%), and soft
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drinks (52.6%). Processed foods were available less often, and were mostly bread (68.1%),
sandwiches (48.7%), and fermented alcoholic beverages (23.5%). A predominance of
unprocessed or minimally processed foods was observed in mobile street food vending sites
(86.1% vs. 65.8%, p < 0.001), while stationary street food vending sites sold predominantly
ultra-processed foods (71.6% vs. 17.1%, p < 0.001). Processed foods were also more
frequently available in stationary vending sites (16.5% vs. 8.6%, p = 0.004).

Table 1. Ready-to-eat foods and beverages available in mobile and stationary street food vending sites in KaMpfumu,
Maputo, Mozambique, according to degree of processing (n = 810, available for interview).

Mobile SF Vendin Stationary SF Vendin,
N* Total n = 810 Sitesn=187 Sitesnz 623
n (%) n (%) n (%)

UnProcessed or m.inimall'y processed foods b(including 7 571 (70.5) 161 (86.1) 410 (65.8)
culinary preparations using them as base)

Rice 1 47 (8.2) 0(0.0) 47 (11.5)
Corn © 4 52 (9.1) 0(0.0) 52 (12.7)
Wheat 4 5 75 (13.1) 25 (15.5) 50 (12.2)
Beef © 2 46 (8.0) 0(0.0) 46 (11.2)
Pork © 2 15 (2.6) 0(0.0) 15 (3.7)
Poultry © 4 56 (9.8) 0(0.0) 56 (13.7)
Goat © 1 9 (1.6) 0(0.0) 9(2.2)
Liver © 1 2(0.3) 0(0.0) 2(0.5)
Fish/seafood f 5 69 (12.0) 3(1.9) 66 (16.1)
Eggs © 2 88 (15.4) 34 (21.1) 54 (13.2)
Milk 8 3 17 (3.0) 0(0.0) 17 (4.1)
Beans h 2 102 (17.8) 24 (14.9) 78 (19.0)
Nuts' 4 62 (10.8) 4(2.5) 58 (14.1)
Cassava 2 7(1.2) 5(3.1) 2(0.5)
Vegetables (except leaves) ¥ 2 25 (4.4) 0(0.0) 25(6.1)
Leaves ! 4 16 (2.8) 0(0.0) 16 (3.9)
Potatoes 2 63 (11.0) 2(1.2) 61 (14.9)
Fruit 25 204 (35.7) 70 (43.5) 134 (32.7)
Water and tea 2 172 (30.0) 1(0.6) 171 (41.7)
Processed foods P 8 119 (14.7) 16 (8.6) 103 (16.5)
Sandwiches 1 58 (48.7) 11 (68.8) 47 (45.6)
Bread 2 81 (68.1) 16 (100.0) 65 (63.1)
Canned fish 1 3(2.5) 0(0.0) 3(29)
Ham 1 1(0.8) 0 (0.0 1(1.0)
Cheese 1 11 (9.2) 0(0.0) 11 (10.7)
Fermented alcoholic beverages 2 28 (23.5) 0(0.0) 28 (27.2)
Ultra-processed foods P 27 478 (59.0) 32(17.1) 446 (71.6)
Bun 1 4(0.8) 2(6.3) 2(0.4)
Fast food dishes ™ 4 30 (6.3) 0(0.0) 30 (6.7)
Cakes and cookies 3 302 (63.0) 309.4) 299 (66.9)
Fried snacks ™ 2 198 (41.3) 5 (15.6) 193 (43.2)
Confectionery °© 4 274 (57.2) 10 (31.3) 264 (59.1)
Industrial popcorn 1 3(0.6) 1(3.1) 2(0.4)
Sausages 2 48 (10.0) 12 (37.5) 36 (8.1)
Soft drinks 4 252 (52.6) 2(6.3) 250 (55.9)
Sugar-free soft drinks 2 11 (2.3) 0(0.0) 11 (2.5)
Distilled alcoholic beverages 2 14 (2.9) 0(0.0) 14 (3.1)
Milk products P 2 21 (4.4) 1(3.1) 20 (4.5)

SF, street food. * Number of different foods that were included in each food category/group; ® The sum of all food categories may be higher
than the total N of the respective food group, because the same SF vending site can have more than one food available; ¢ Includes massaroca
(grilled corn cob), xima (side dish made with corn flour and water), and homemade popcorn; 9 Includes homemade wheat-based cakes and
biscuits, as well as pasta dishes; ¢ Includes different culinary preparations (e.g., stewed, fried); f Includes fried fish, stewed squid, and
fish samosas; 8 Includes milk, tea with milk and reconstituted powdered milk; " Includes badjias (fried dumplings made with beans or
bean flour, with onion and garlic) and stewed beans; ' Includes peanut curry dishes, peanuts and cashews; ) Includes cassava (raw) and
molina/lifete (homemade sweet made with cassava flour as a base ingredient, with roasted peanuts and sugar); * Includes salad (lettuce and
tomato) and vegetables soup; ! Includes matapa, m’boa, and cacana (main dishes made with leaves as a base ingredient, with coconut and
peanuts); ™ Includes industrial pizza, hamburgers, and hot-dogs; ™ Includes pre-fried samosas and chips; © Includes industrial ice-cream,
chocolates, and other candies; P Includes milk-based industrial drinks and sweetened or flavoured yogurt.
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Table 2 shows the energy content and macronutrient distribution of the foods and
beverages available, according to processing degree. A high variability in terms of energy
content and macronutrient values was observed. Mean energy content per 100 g ranged
from 156 kcal in unprocessed or minimally processed foods to 281 kcal in ultra-processed
foods. Regarding macronutrients, carbohydrates were the major contributors to TEV
in all food groups (ranging from 33.1% in processed foods to 51.2% in ultra-processed
foods), followed by fats (ranging from 29.3% in processed foods to 36.0% in unprocessed or
minimally processed foods). Proteins presented the lowest energy contribution in all food
groups (ranging from 6.8% in ultra-processed foods to 18.6% in processed foods). Energy
per serving was found to be the highest in nuts and culinary preparations based on nuts
and leaves (e.g., matapa), whereas the most energy-dense foods (kcal/100 g) were industrial
popcorn, cakes, and cookies. The highest contributions to TEV of carbohydrates were
observed in soft drinks, the richest sources of protein were ham and culinary preparations
based on goat, and the highest contributions of total fat were observed in cheese and
canned fish.

Table 2. Estimated energy content and macronutrient distribution of the ready-to-eat food products available from street
food vending sites in KaMpfumu, Maputo, Mozambique, according to degree of processing (1 = 810, available for interview).

Energy (kcal) Contribution to TEV (%)

Serving Size

n? ® /Serving /100 g Carbohydrates Protein Fats
Mean Mean Mean Mean Mean Mean
(Min-Max) (Min-Max) (Min-Max) (Min-Max) (Min-Max) (Min-Max)

Unprocessed or
minimally processed
foods (including 73 212 (11-679) 278 (0-1305) 156 (0-589) 49.5 (2.5-100) 14.3 (1.3-48.5) 36.0 (0.0-89.4)
culinary preparations
using them as base)
Rice 1 141 476 338 74.2 5.7 18.3
Corn ¢ 4 248 (75-530) 243 (111-341) 176 (61-454)  79.0 (645-90.7)  7.5(3.5-13.0)  12.1(2.6-31.4)
Wheat ¢ 5 108 (11-262) 251 (49-427) 319 (163-438)  51.3(38.7-69.8)  8.1(4.2-11.6)  38.9 (18.3-55.7)
Beef © 2 220 (169-271) 394 (341-446) 184 (165-203) 57 (4.1-7.3)  27.1(24.8-294)  66.8 (66.4-67.3)
Pork © 2 226 (182-271) 408 (360-455) 183 (168-198) 33(25-41)  32.0(285-35.6) 652 (62.7-67.8)
Poultry © 4 429 (273-679) 479 (438-511) 127 (75-187) 8.0 (2.6-12.8)  39.3(29.6-47.2)  52.1 (38.7-65.6)
Goat © 1 291 303 104 6.8 46.2 46.3
Liver © 1 217 359 165 7.5 33.2 58.7
Fish/seafood f 5 219 (59-528) 251 (129-444) 164 (78-265) 14.8 (7.4-25.0)  30.7 (11.6-48.5)  53.6 (43.4-66.0)
Eggs © 2 220 (56-383) 279 (93-465) 143 (121-164) 7.2 (2.9-11.5) 24.7 (19.4-30.0)  67.9 (67.7-68.2)
Milk 3 228 (200-283) 119 (62-170) 51 (31-62) 359 (30.3-46.9) 19.1(16.1-20.7)  45.1 (36.6-49.4)
Beans ! 2 129 (29-229) 238 (80-395) 226 (173-280)  17.9 (7.3-28.5)  12.9(2.3-23.5)  67.5 (45.7-89.4)
Nuts ! 4 224 (38-657) 556 (127-926) 411 (141-589) 20.1 (6.1-44.9) 14.5(9.4-18.6)  64.5 (44.2-75.3)
Cassava) 2 100 312 (153-471) 312 (153-471)  71.0 (453-96.7) 5.8 (1.8-9.7) 22.4 (1.2-43.5)
Z‘;%‘j;bkles (except 2 382 (124-641) 111 (64-158) 38(25-51)  40.3(263-542) 103 (8.4-122)  45.6(30.0-612)
Leaves ! 4 371 (300-438) 977 (838-1306) 263 (235-298)  10.9 (8.5-124)  13.3 (12.5-14.9)  72.7 (69.9-76.1)
Potatoes 2 289 (280-299) 305 (218-392) 105 (78-131) 65.0 (49-81) 7.2 (4.6-9.7) 22.3 (1.2-43.4)
Fruit 25 155 (60-500) 128 (25-964) 78 (13-375) (11.78;2%0.0) 5.7 (1.3-12.0) 12.4 (0.0-84.0)
Water and tea 2 200 0 0 - - -
Processed foods P 8 85 (10-165) 170 (21-386) 237 (85-400) 33.1(0.2-80.6)  18.6(0.3-56.1)  29.3 (0.0-74.6)
Sandwiches 1 165 336 204 59.2 18.4 20.0
Bread 2 55 (10-100) 147 (40-253) 327 (253-400)  75.3(70.0-80.6)  11.1(10.0-12.1)  14.8 (7.1-22.5)
Canned fish 1 125 386 309 1.3 25.9 72.8
Ham 1 20 21 107 6.7 56.1 37.0
Cheese 1 10 37 374 0.2 25.1 74.6
Fermented alcoholic 2 125(100-150) 142 (124-160)  125(85-165)  23.6(13.0-342)  0.4(0.3-0.5) 0.0 (0.0)

beverages
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Table 2. Cont.

Serving Size Energy (kcal) Contribution to TEV (%)
n? ® /Serving /100 g Carbohydrates Protein Fats
Mean Mean Mean Mean Mean Mean

(Min-Max) (Min-Max) (Min-Max) (Min-Max) (Min-Max) (Min-Max)
g(:;as processed 27 151 (15-375) 292 (1-873) 281(0-610)  51.2(0.0-100.0)  6.8(0.0-222)  29.7 (0.0-72.8)
Bun 1 50 171 341 63.3 11.7 23.8
Fast food dishes ™ 4 239 (158-375) 546 (282-784) 234 (179-298)  33.6 (22.4-42.0) 17.1(14.0-19.9) 47.2 (36.2-57.1)
Cakes and cookies 3 110 (40-189) 513 (177-873) 466 (442-491)  53.0 (46.9-62.5) 5.3 (4.6-5.9) 40.8 (30.6-47.9)
Fried snacks ™ 2 100 (40-160) 454 (72-836) 351 (180-521)  50.9 (40.6-61.1) 3.9 (3.3-4.6)  43.3 (32.5-54.1)
Confectionery °© 4 77 (43-100) 326 (160-520) 419 (236-527)  57.4 (44.3-86.6) 3.6 (1.2-5.5) 38.8 (12.2-49.9)
Industrial popcorn 1 100 522 522 48.3 43 44.8
Sausages 2 28 (15-40) 93 (92-94) 423 (235-610) 7.1(6.8-7.3) 21.3(20.4-22.2)  68.1 (63.4-72.8)
Soft drinks 4 245 (200-330) 140 (113-198) 61 (41-99) (94 59_81})0 0) 0.1 (0.0-0.5) 0.1 (0.0-0.5)
Sugar-free soft drinks 2 290 (250-330) 5 (1-10) 2 (0-4) 100.0 0.0 0.0
Milk products P 2 225 (200-250) 151 (65-238) 64 (33-95) 703 (68.9-71.6)  87(8.5-8.8)  21.0(20.0-22.2)
bD istilled alcoholic 2 40 103 (100-105) 257 (250-263)  0.1(0.0-0.2) 0.0 0.0

everages

SF, street food; TEV, total energy value. ® Number of different foods that were included in each food category/group; b The sum of
all food categories may be higher than the total N of the respective food group, because the same SF vending site can have more than

one food available; ¢ Includes massaroca (grilled corn cob), xima (side dish made with corn flour and water) and homemade popcorn;

d

Includes homemade wheat-based cakes and biscuits, as well as pasta dishes; ¢ Includes different culinary preparations (e.g., stewed, fried); f
Includes fried fish, stewed squid and fish samosas; & Includes milk, tea with milk and reconstituted powdered milk; h Includes badjias (fried
dumplings made with beans or bean flour, with onion and garlic) and stewed beans; ! Includes peanut curry dishes, peanuts, and cashews;
J Includes cassava (raw) and molina/lifete (homemade sweet made with cassava flour as a base ingredient, with roasted peanuts and sugar);
K Includes salad (lettuce and tomato) and vegetables soup; ! Includes matapa, m’boa, and cacana (main dishes made with leaves as a base
ingredient, with coconut and peanuts); ™ Includes industrial pizza, hamburgers, and hot-dogs; " Includes pre-fried samosas and chips; °
Includes industrial ice-cream, chocolates, and other candies; P Includes milk-based industrial drinks and sweetened or flavoured yogurt.

Comparison of energy content and macronutrient distribution of the three food groups
according to degree of processing are presented in Figures 1 and 2, respectively. Energy den-
sity of unprocessed or minimally processed foods was significantly lower than processed
foods (156 vs. 237 kcal /100 g, p = 0.044) and ultra-processed foods (156 vs. 281 kcal /100 g,
p = 0.003). No significant differences were found regarding energy content per serving.
The contribution of protein to TEV in ultra-processed foods was significantly lower than in
processed foods (6.8% vs. 14.3%, p = 0.041) and unprocessed /minimally processed foods
(6.8% vs. 18.6%, p = 0.001). No significant differences regarding carbohydrates and fats
were observed.
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Figure 1. Estimated energy content per 100 g (a) and per serving (b) of the unprocessed /minimally

processed, processed, and ultra-processed foods available (1 = 810, vending sites available for interview).
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Figure 2. Estimated proportion of total energy value (%TEV) of carbohydrates (a), protein (b) and
total fat (c) of the unprocessed /minimally processed, processed, and ultra-processed foods available
(n = 810, vending sites available for interview).

4. Discussion

The present study presents relevant data on the nutritional composition and processing
degree of the street foods available in Maputo, Mozambique. There was an abundant offer
of street food in this setting, as shown by the several hundreds of street food vending sites
in only one of its districts. The coexistence of highly processed industrialised food products
with natural foods and homemade dishes reflects the nutrition transition phenomenon that
Mozambique is currently undergoing.

Considering the nutrition transition model proposed by Popkin [1], in which this
phenomenon is divided into five stages, evidence suggests that Mozambique is passing
from stage 3 (Receding famine) to stage 4 (Degenerative disease) [3], and food processing
is considered to be one of the main aspects of this phenomenon. Stage 3 is characterised by
an increasing consumption of animal sources of protein, vegetables and fruits, as well as
a reduction in the intake of starchy staples, in a context of urban growth and increasing
income and life expectancy. On the contrary, stage 4 is characterised by a raising availability
and consumption of processed foods and beverages rich in sugar, salt, and fat, due to
the development of food-transforming technology. Our results regarding the processing
degree of the street food offered in Maputo seem to be consistent with the Mozambican
position regarding this nutrition transition model. From a morbidity point of view, this
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represents a shift away from the predominance of communicable diseases and maternal
and child nutrition deficiencies (stage 3), towards an increasing prevalence of diet-related
NCD (stage 4) [1].

Regarding the processing degree of the street foods available, unprocessed or min-
imally processed foods (including culinary preparations using them as base) were the
most frequently available. Within this group, homemade cooked foods prevailed in both
stationary and mobile vendors. Although these homemade dishes were classified within
the lowest degree of processing, they might also contain processed ingredients in their
composition. A previously published work by Sousa et al. 2018, reporting on analysis of
photographic records of the street food vending sites in KaMpfumu, Maputo, showed that
processed ingredients, mainly chicken powdered stocks, composed mostly of sodium, were
often available for use in culinary preparations [33], and that the homemade dishes most
frequently available as street food had concerning values of sodium to potassium ratio,
ranging from 1.89 in fried cakes to 11.95 in stewed liver dishes [22]. Findings from this
setting also showed that, although traditional culinary practices were still well rooted [8],
high consumption of processed ingredients was observed [8,9]. This highlights the im-
portance of implementing public health policies and awareness programs towards the
reduction in the use of processed ingredients, not only by street food vendors but also by
the general population.

The second most frequently available food products fall within the category of ultra-
processed foods. Similar results have been reported by recent studies from the WHO in
cities of Central Asia and Eastern Europe, where it was observed a high availability of
highly industrialized food products, namely soft drinks, confectionery, fried snacks, and
pastries [34-38]. Studies using the food classification based on the extent of food processing
showed that the high availability and consumption of ultra-processed food was associated
with a lower dietary quality, with higher intakes of energy, saturated fat, added sugar and
sodium, as well as lower intakes of fibre, thus having a likely harmful effect on human
health [39,40]. Frequent consumption of foods from this group have also been linked to
higher body mass index values and greater odds of being overweight or obese, in both
adolescents and adults [41]. Considering the potential harmful effects of ultra-processed
foods, research on its availability and consumption is of great interest, in the context of
prevention of non-communicable diet-related morbidities.

Energy density (kcal/100 g) was significantly higher for ultra-processed foods when
compared to unprocessed /minimally processed foods, which was in line with what was
found in other settings [35,36]. Although this difference was expected, it was not observed
when we compared energy content per serving. These results might be directly explained by
the variations on the portion sizes sold. Furthermore, some beverages are classified as ultra-
processed, namely alcoholic beverages and soft drinks, which may also contribute to lower
the mean energy value per serving of the whole food group. Furthermore, beverages and
solid foods do not act as interchangeable items since they are usually consumed together
and for that reason their nutritional content should not be compared. Foods included in the
unprocessed /minimally processed food group were mostly main courses, which usually
presented large serving sizes. On the contrary, ultra-processed foods were most commonly
individually packaged, which helps to explain the smaller portions. However, fast food
dishes (which are ultra-processed foods, but usually consumed as main courses) showed
higher values of energy per serving than most homemade dishes.

The macronutrient profile of the foods assessed in this study showed a widespread
predominance, in terms of contribution to energy, of carbohydrates and fats over proteins,
as documented in other African settings, namely Benin and Uganda [42,43]. A systematic
review on nutritional contribution of street food in developing countries showed that street
food presented a high contribution to the daily intakes of fat, trans fat, and sugar [18].
Another work in India showed that snacks sold by street vendors had high contents of total
fat, as well as saturated and trans fatty acids [44]. This is of great concern considering the
role of those nutrients in the development of obesity and other NCD [45-48]. The energy



Foods 2021, 10, 2561

110f 14

and macronutrient contents of the foods and beverages available was widely variable. This
was a reflection of the highly heterogeneous street food environment found, including food
products with a different number and type of ingredients and degrees of processing, as
well as methods of preparation and/or cooking of varying nature and complexity [49].

The main limitation of this study was that the estimation of nutritional composition
does not allow us to obtain reliable values of fatty acids within total fat, as well as sugars
within carbohydrates, which would be important to understand the nutritional quality of
the street foods available. Data from chemical analysis of street foods collected from this
setting were recently published [22]. However, it refers only to homemade foods, which
are almost all classified as unprocessed or minimally processed foods, whereas, in the
present work, the nutritional value was estimated for all the foods and beverages available,
both homemade and industrially-produced, thus allowing the comparison between the
various groups of processing extent. Detailed nutritional data on street foods with different
degrees of processing would be an important recommendation for future work. Finally,
although these results are of great relevance to the urban food environment of this setting,
their generalizability is limited due to local cultural specificities.

The relationship between the consumption of industrialised foods and beverages
and the current pandemics of obesity and NCD is widely accepted [2,50]. In fact, it is
currently recognised by the scientific community the importance of considering the extent
and purpose of food processing in the context of nutritional and epidemiological studies, in
order to strengthen evidence linking food and health [23]. Nonetheless, most of the research
addressing dietary changes on developing countries under nutrition transition tend to
examine energy and macronutrient intake and/or food groups consumption, frequently
not including processed foods as a target [23,39]. Furthermore, evidence suggests that
consumption of processed foods will continue to increase in developing countries, if
effective measures do not take place [51]. As such, estimating the processing degree of
the foods and beverages available for consumption in these countries can be the first step
towards the identification of targets for policy intervention.

5. Conclusions

In conclusion, street food availability in the district of KaMpfumu, Maputo was
high, with unprocessed or minimally processed foods being the most commonly available,
followed by ultra-processed foods. In all groups of food processing, carbohydrates were
the major contributors to total energy content of the street food available, followed by
fats, whereas proteins presented a minor energy contribution. Unprocessed or minimally
processed foods presented the lowest energy density, and ultra-processed foods the lowest
protein content, when compared to the other food groups. Mobile vending sites sold mostly
unprocessed /minimally processed foods, whereas processed and ultra-processed foods
were mostly found in stationary vending sites. To our knowledge, this is the first study to
provide a characterisation of the street food offered in Mozambique taking into account its
extent of processing and nutritional value. Since street food seems to present a significant
contribution to the daily intakes of many urban dwellers in this setting, our findings
highlight the importance of public health action towards the improvement in the foods and
beverages available for consumption on the streets. Integrated information regarding both
the nutritional value and processing degree of the foods and beverages being sold should
be taken into account when developing and implementing public health strategies targeted
at diet-related NCD prevention in this setting. Examples of these strategies may include
pricing policies, such as financial support to sellers who use healthier and less processed
ingredients, or the application of taxes to ultra-processed foods with lower nutritional
density; incentives to the food industry to product reformulation, in order to improve the
quality of the processed products available; and nutritional education, to raise awareness of
both street food vendors and consumers regarding the health implications of the frequent
consumption of highly-processed food products, as well as the frequent inclusion of these
foods in culinary preparations. In terms of future research, chemical analyses of the most
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frequently available foods from all the processing extent groups (including, for example,
information on fatty acids, simple sugars, and some micronutrients) would be important
in providing more detailed data regarding their nutritional value considering processing
degree. The improvement of nutritional data available, especially in food labels (namely
on fatty acids, sugar, and sodium contents), would also be an important progress, not
only for their use in research, but also towards adequate nutrition information provided
to consumers.
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