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Abstract 23 

Many African diets are low in fat, but are changing because of nutrition transition. We studied fat and 24 

fatty acid (FA) intake and essential FA (EFA) status of adolescent girls (age 14–19 y, n=262) in Zambezia 25 

province, central Mozambique. A cross-sectional study was carried out in a city as well as in district towns 26 

and rural villages of a coastal and an inland district. Dietary intake and FA sources were studied in a 24-27 

hour dietary recall. FA compositions of cholesterol esters and phospholipids of non-fasting serum samples 28 

were analysed by gas-liquid chromatography. Fat intake was low (13–18 % of energy) in all areas. 29 

Coconut or palm oil were the main sources of fat and soybean oil and maize the main sources of 30 

polyunsaturated FAs (PUFA). Compared to FAO/WHO 2010 recommendations, intake of linoleic acid 31 

(18 : 2n-6) was inadequate in the coastal district and intakes of n-3 PUFA were inadequate in all areas. FA 32 

compositions of serum lipids differed between areas. The proportions of linoleic acid tended to be the 33 

highest in the city and the lowest in the rural areas. The phospholipid mead (20 : 3n-9) to arachidonic acid 34 

(20 : 4n-6) ratio did not indicate EFA insufficiency. Linoleic acid proportions in phospholipids were low 35 

but those of long-chain n-6 and n-3 PUFAs high in comparison with western adolescents. To conclude, fat 36 

sources, FA intake and EFA status differed between adolescent girls living in different types of 37 

communities. Fat intake was low but EFA insufficiency was not indicated. 38 

  39 
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Introduction 40 

Fatty acids are a central source of energy for the body, but also needed for various structural and 41 

signalling functions. Polyunsaturated fatty acids (PUFA) from the n-6 and n-3 families, linoleic acid (LA, 42 

18 : 2n-6) and alphalinolenic acid (ALA; 18 : 3n-3), are essential fatty acids (EFA) and serve as precursors 43 

for functionally essential long-chain PUFAs (LC-PUFA) arachidonic acid (AA, 20 : 4n-6), 44 

eicosapentaenoic acid (EPA, 20 : 5n-3) and docosahexaenoic acid (DHA, 22 : 6n-3).  45 

The proportions of n-3 and n-6 PUFAs in cell membranes and circulating lipid fractions are modified not 46 

only by the dietary intake, but also by the activities of the desaturases and elongases needed for LC-PUFA 47 

synthesis, and the enzymes that incorporate fatty acids into lipids (1, 2). Desaturase activities are modified 48 

e.g. by genetic polymorphisms (3) and nutritional status. Inadequate intakes of protein as well as several 49 

micronutrients decrease the activity of the rate-limiting enzyme delta-6 desaturase (4). Furthermore, 50 

disturbed fat absorption due to inflammatory intestinal diseases or helminth infections may affect fatty 51 

acid absorption and EFA status (5, 6). Many of these modifying factors may be relevant in low-income 52 

settings.  53 

African diets, especially in rural areas, are often very rich in carbohydrates and low in fat. Very low 54 

intakes of fat may compromise sufficient intake of EFAs. On the other hand, increasing consumption of 55 

high-LA foods and oils (e.g. corn, peanut, safflower or sunflower oils), combined with small intakes of 56 

ALA and preformed n-3 LC-PUFAs, could weaken the n-3 LC-PUFA status. This again could be 57 

detrimental during pregnancy, lactation and early childhood (7). There are major study gaps concerning fat 58 

and fatty acid intake and fatty acid status in African populations and more information is needed on 59 

vulnerable groups such as pregnant and lactating women as well as infants (7, 8).  60 

Differences between rural and urban living conditions and diets may be marked in populations facing 61 

nutrition transition. The increased intakes of sugar, processed foods and animal products and the 62 

decreased intake of fibre-rich foods, all markers of transition from the receding famine to degenerative 63 

disease stage, are first seen in urban areas (9–13). Mozambique in eastern sub-Saharan Africa is at an early 64 

stage of nutrition transition (14). Adolescent pregnancies are common in Mozambique.  65 

We have studied the intakes and dietary sources of fat and fatty acids, as well as serum fatty acid 66 

composition, in a cross-sectional sample of 262 adolescent girls in Zambezia province, central 67 

Mozambique. Our focus was on EFA intake and status. The participants were girls from five different 68 

areas and the type of community ranged from rural villages to neighbourhoods of the principal town of the 69 

province. We expected to find differences between diets and fatty acid status of girls living in different 70 

settings. We also hypothesized that very low fat intake could be associated with compromised intake and 71 

status of EFAs.  72 

 73 

SUBJECTS AND METHODS 74 

Subjects 75 

This cross-sectional study includes a subsample of the total number of 551 girls who participated in a 76 

study focusing on the diet, nutrient intakes and nutritional status of adolescent girls living in different 77 
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types of communities in Zambezia province, central Mozambique. The study was carried out in two 78 

stages: during the lean and post-harvest seasons. The present sample was collected in January-February 79 

2010, during the lean season. Girls aged 14 to 19 years (median 16 years) were studied in the principal 80 

town of Zambezia, Quelimane (city), as well as in the district towns and rural villages of coastal Maganja 81 

da Costa district (about 140 km to north-east from Quelimane) and inland Morrumbala district (about 200 82 

km to north-west from Quelimane). The sampling and recruitment are described in detail elsewhere (15). 83 

Majority of the population of the districts live in rural villages. Thus, the numbers studied in the district 84 

towns are smaller than in Quelimane or in the rural villages. The present sample includes all the girls 85 

studied in January-February from whom we were able to collect an adequate serum sample (262 out of 86 

284 girls).  87 

This study was conducted according to the guidelines laid down in the Declaration of Helsinki and all 88 

procedures involving human subjects were approved by the National Ethical Committee at the Ministry of 89 

Health in Mozambique. Written informed consent was obtained from all the girls and either their parent, 90 

husband or guardian.  91 

 92 

Background and diet 93 

Background data was collected by interviews. The questionnaire included questions on e.g. education, 94 

marital status, and household assets. The diet was studied through a 24-hour dietary recall using food 95 

photographs for portion size estimation. A Mozambican food composition database was compiled for the 96 

purposes of this study (16) and nutrient intakes were calculated by Nutrisurvey software (update Oct 29th, 97 

2007) (17).  98 

Weight and height were measured by standardized methods (18). Z-scores for BMI and height were 99 

calculated with the SPSS macro provided by WHO (WHO Reference 2007 SPSS macro package) (19). Cut-100 

offs for overweight and thinness were BMI-for-age z-score ≥ 1 and ≤ –2, respectively (19, 20). A girl was 101 

classified moderately or severely stunted (chronic undernutrition) if her height-for-age z-score was –2 or 102 

less.  103 

 104 

 105 

Blood sampling and laboratory measurements 106 

Non-fasting venous blood samples were drawn from the antecubital vein in the laboratory of the health 107 

centre or hospital by local laboratory technicians. The samples were taken with 21 g needles in plastic 108 

serum (10 ml) and K3EDTA (3 ml) tubes (BD Vacutainer®, Becton Dickinson International, 109 

Erembodegem, Belgium). Blood samples were processed on site. The serum tubes were allowed to stand 110 

at room temperature (22-36˚C) for 30 minutes before centrifugation (Labnet Spectrafuge 6C, Labnet 111 

International, USA) at 4500 rpm for 10 minutes at room temperature. Aliquots of serum were frozen at –112 

20 °C in the laboratory, and transported to Maputo by car (–15 °C) in a portable freezer. In Maputo they 113 

were packed in dry ice and shipped to Finland where they were stored at –70˚C. The maximum time for 114 

storage at –20˚C was 2 months.  115 
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Before blood sampling, the local laboratory technician asked the girl whether she consents to the blood 116 

sampling and the testing for HIV, malaria and pregnancy. The laboratory technicians performed one-step 117 

malaria (Plasmodium falciparum) tests (SD BIOLINE Malaria Ag P.f., Standard Diagnostics, Korea) and 118 

HIV tests (Determine® HIV-1/2, Inverness Medical Japan, Japan and Uni-Gold™ HIV, Trinity Biotech, 119 

Ireland if needed for confirmation) from EDTA blood samples. They also performed pregnancy tests 120 

(Insight-HCG, Tulip Diagnostics, India or Onsite HCG Combo Rapid Test, CTK Biotech, USA) from spot 121 

urine samples and examined stool samples for intestinal helminths under microscope by direct faecal 122 

smear exam. Permissions for HIV antibody and pregnancy tests were given by 70% of the girls. Almost all 123 

girls (96%) consented malaria tests. Faecal samples were provided by 63% of the girls. Pregnancy was 124 

defined as having a positive urine test result or being visibly pregnant (4 untested girls). A girl was 125 

classified as non-pregnant if the urine test result was negative or, if test result was not available, she had 126 

reported herself “not pregnant” in the background interview.  127 

Serum total cholesterol and triacylglycerols were analysed at the Disease Risk Unit of the National 128 

Institute for Health and Welfare, Finland with automated analyser (Architect ci8200 analyser, Abbott 129 

Diagnostics).  130 

 131 

Fatty acid analyses 132 

Fatty acid analyses were carried out at the Department of Public Health and Caring Sciences, Uppsala 133 

University, Sweden. Serum cholesterol ester and phospholipid fractions were separated by thin layer 134 

chromatography and fatty acid composition was measured by gas-liquid chromatography on a 30-m glass 135 

capillary column coated with Thermo TR-FAME (Thermo Electron Corporation, USA) (21). The CV 136 

between successive GLC runs ranged from 0.5 to 5%, with the exception of 15 : 0 and 18 : 0 in the 137 

cholesterol esters with a CV between 5 and 10%. The relative amounts of fatty acids were expressed as 138 

percentages of the total amount of fatty acids reported (w/w% of the total fatty acids). The ratio of the 139 

proportions of mead acid (MA, 20 : 3n-9) to AA in phospholipids (triene/tetraene ratio or Holman index) 140 
(22) was calculated as a marker of EFA status. The rationale for the index is that notable formation of 20 : 141 

3n-9 (MA) from 18 : 1 n-9 occurs only when the intakes of both LA and ALA are inadequate. 142 

Phospholipid MA/AA -ratio larger than 0.2 (23) was used as the biochemical marker of EFA insufficiency. 143 

Such values have been reported in serum phospholipids of fat malabsorption patients (5, 24, 25). The ratio of 144 

phospholipid AA to DHA was calculated to compare the proportions of n-6 and n-3 LC-PUFA.  145 

 146 

Statistical analysis  147 

All statistical analyses were performed using the PASW Statistic 18 for Windows software or IBM SPSS 148 

version 21 for Mac (SPSS Inc.). The results were expressed as medians and IQR; means and SDs; and 149 

categorical data were expressed as percentages and frequencies.  150 

Depending on the normality of the variable, one-way analysis of variance (ANOVA) and Tukey test or the 151 

non-parametric Kruskal-Wallis one-way ANOVA and Mann-Whitney U-test were used to compare the 152 

data between the areas. Since pregnancy modifies the EFA status (26, 27), statistical comparisons between 153 
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fatty acid compositions in different areas were also carried out excluding the pregnant girls. Furthermore, 154 

comparisons between groups divided by malaria status in rural Maganja da Costa and helminth status in 155 

Quelimane were carried out with independent samples t-test or Mann-Whitney U-test. In all analyses, p 156 

values smaller than 0.05 were considered to be statistically significant.  157 

The contribution of different foods to the intake of energy, fat and fatty acids were assessed by calculating 158 

population proportions (28) from the 24-hour dietary recall data. 159 

 160 

 161 

RESULTS 162 

Background characteristics 163 

Most of the girls were within normal weight (Table 1). Overweight girls were found in the city of 164 

Quelimane (n=11, 13.4%) and the district town of Morrumbala (n=3, 13.6%). Four girls in the rural areas 165 

were classified as thin (n=1 in rural Maganja da Costa and n=3 in rural Morrumbala). The proportions of 166 

girls categorized as moderately or severely stunted were 9.8% in Quelimane, 22.2% in Maganja da Costa 167 

district town, 15.0% in rural Maganja da Costa, 13.6% in Morrumbala district town and 22.7% in rural 168 

Morrumbala.  169 

In the majority of rural households (74% in Maganja da Costa, 80% in Morrumbala) the head of the 170 

household was occupied in farming or fishing. In the district towns of Maganja da Costa and Morrumbala 171 

and in the city of Quelimane farming or fishing was the occupation of the household head in 50%, 32% 172 

and 16% of households, respectively. Literacy rate of the girls varied from 88% in Quelimane to 13% in 173 

rural Morrumbala (Table 1). Rural girls were married or pregnant more often than girls living in urban 174 

environments. In all areas, 16 to 20% of the girls had given birth.  175 

Malaria was frequent only in rural Maganja da Costa. Helminths were most prevalent in Quelimane and 176 

rural Morrumbala (Table 1). The proportion of girls tested as HIV positive was the largest in Quelimane 177 

and the smallest in rural Morrumbala. 178 

 179 

Diet 180 

The median energy (4.1 to 6.8 MJ/d) and fat (13 to 18 % of energy, en%) intakes were low (Table 2). 181 

Carbohydrates were the most important source of energy in all areas, providing 68 to 76 en%. The median 182 

intake of PUFA ranged from 1.2 to 3.4 en%. LA intake was the lowest in rural Maganja da Costa and 183 

intake of n-3 LC-PUFAs was the lowest in the Morrumbala district.  184 

Maize, rice, cassava and mango were the most important sources of carbohydrates and energy (Table 3). 185 

The main staple foods were rice and maize in Quelimane, cassava and rice in Maganja da Costa, and 186 

maize and rice in Morrumbala. Mango provided about one third of energy in the Maganja da Costa district 187 

during the study period. Coconut and palm oil were the most important sources of fat and saturated fatty 188 

acids (SFA) in all areas except for rural Morrumbala, where maize provided 20% of total fat. However, 189 

palm oil was the main source of SFA in rural Morrumbala also (Table 3). Soybean oil and maize were the 190 

main sources of PUFA and LA. Mango and soybean oil, and in rural Morrumbala maize, provided the 191 
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most of ALA. Fish and shellfish provided noticeable amounts of PUFA in Quelimane and Maganja da 192 

Costa district while meat and poultry were marked sources of fat and fatty acids only in rural Morrumbala.  193 

 194 

Fatty acids 195 

Differences were found in the proportions of all fatty acids between the study areas. Serum cholesterol 196 

esters (Table 4) and phospholipids (Table 5) reflected mainly similar differences. The girls living in 197 

Quelimane had the highest proportion of LA and the lowest proportion of ALA and MA in their serum 198 

lipids. Also the phospholipid MA/AA -ratio was the lowest in this group. In comparison to Quelimane, the 199 

fatty acid compositions of the girls living in rural Maganja da Costa were mostly on the other end of the 200 

distribution. The lowest proportion of LA and the highest proportion of ALA in serum lipids characterized 201 

these girls. The proportion of MA was high in comparison to other areas and MA/AA -ratio was the 202 

highest in rural Maganja da Costa. Rural Morrumbala was another area with low LA and high MA 203 

proportions in serum lipids. In this area, the proportions of EPA and DHA were the smallest and that of 204 

AA the highest. The phospholipid AA/DHA -ratio was the highest in rural Morrumbala. The fatty acid 205 

profiles of the girls living in the district towns stood, in most cases, between the profiles of the girls living 206 

in the respective rural areas and Quelimane. Phospholipid MA/AA -ratio ranged from 0.007 to 0.192 207 

(Table 5). None of the girls had the ratio over 0.2.  208 

The statistical comparisons were repeated using only the data from non-pregnant girls. There were some 209 

alterations in the post hoc comparisons (for example in the differences between rural villages and 210 

respective district town) but the main conclusions remained unaltered. For instance, phospholipid LA, AA, 211 

DHA, MA and AA/DHA showed exactly the same patterns of significant differences between areas as 212 

indicated in the Table 4 (data not shown).  213 

Comparisons between malaria positive or negative girls in rural Maganja da Costa showed significant 214 

differences in cholesterol ester 16 : 0, 17 : 0 and 18 : 0 and phospholipid 20 : 3 n-6 (the proportions were 215 

higher in the malaria positive group). Comparisons between groups divided by helminth status in 216 

Quelimane indicated no significant differences.   217 

 218 

DISCUSSION 219 

Our results show that sources and intake of EFAs as well as serum fatty acid compositions differed 220 

between adolescent girls living in different types of communities in central Mozambique. Fat and EFA 221 

intakes were generally low. Serum phospholipid MA/AA did not, however, indicate the presence of 222 

biochemical EFA insufficiency. 223 

FAO/WHO (29) recommends that fat intake should be at least 20 en% for women of reproductive age especially 224 

in developing countries to ensure sufficient amounts of EFAs. In the present study, most of the adolescent 225 

females had lower than recommended fat intake. Furthermore, coconut and palm oil, both high in SFAs and low 226 

in EFAs, were the main sources of fat. The median intakes of total PUFA and LA were below the acceptable 227 

intakes (AIs, 2.5–3.5 and 2–3 en%, respectively) (29) in the Maganja da Costa district. Median intake of ALA 228 

did not reach the lower end of the acceptable macronutrient distribution range (L-AMDR, 0.5 en%) in any area. 229 
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Furthermore, the median EPA+DHA intakes were below the 0.25 or 0.3 g/d recommended (29) for adult non-230 

pregnant/non-lactating and pregnant/lactating females, respectively. Our anticipation that EFA intake could be 231 

compromised in this population appears justified. Our results are in line with the calculations of Michaelsen et 232 

al. (8). They used FAO food balance sheets from 4 low-income sub-Saharan African countries (Malawi, 233 

Ethiopia, Ghana, Burkina Faso) and found that total fat availability in three out of the four countries was less 234 

than 20 en%. N-6 PUFA supply was adequate but in all four countries, n-3 PUFA supply was below the L-235 

AMDR (8).  236 

The areas in the present study differed from each other in many ways. The rural communities had the 237 

highest burden of stunting, illiteracy as well as early marriages and pregnancies while overweight was 238 

seen only in more urban settings, and HIV and helminths were most prevalent among girls living in the 239 

city of Quelimane. These background characteristics could explain some of the differences seen in serum 240 

fatty acid compositions between the study areas (6, 27, 30). However, we have no indication that pregnancy, 241 

helminth infestation or presence of malaria antigens markedly modified the results. Thus, the different 242 

serum fatty acid profiles are most probably due to dietary differences between the study areas. 243 

The samples from the district towns are small and therefore more emphasis should be put on dietary and 244 

fatty acid data collected in Quelimane and the rural villages of Maganja da Costa and Morrumbala. These 245 

three areas have their own characteristics. 246 

The most important energy sources for girls living in rural Maganja da Costa were mango (only available 247 

for 2-3 months per year as a main energy source) and cassava. Coconut provided 48% of fat. All these 248 

foods are low in PUFA. Consequently, median intakes of total PUFA and LA were below the AI. Girls 249 

living in rural Maganja da Costa also had the lowest LA proportions and the highest MA/AA ratios in 250 

serum lipids. Nevertheless, the MA/AA values in phospholipids did not exceed the cut-off value 0.2 251 

indicating that there was no biochemical EFA insufficiency. The intake of LA needed to prevent EFA 252 

deficiency is very small, around 1 en% (22, 29) or, if ALA intake is adequate, possibly even lower (31). 253 

Apparently the intake of EFAs even in rural Maganja da Costa was enough to prevent biochemical 254 

insufficiency. However, as there were some high MA/AA values, we suppose that some girls could benefit 255 

from increased EFA intake at least during the lean season. This could be achieved for example if some 256 

soybean oil, or another oil containing both LA and ALA, could be added in the diet. EFA intake would be 257 

increased also if maize (a source of LA) and ALA-rich traditional green vegetables (32) could replace some 258 

cassava in the diet.  259 

The phospholipid ratio of AA to DHA, an indicator of n-6 to n-3 LC-PUFA ratio, was the highest among 260 

girls living in rural Morrumbala. The small serum lipid proportions of EPA and DHA in this inland area, 261 

compared to the other areas, probably reflected lower intakes of n-3 LC-PUFA. However, we also noticed 262 

that the dietary LA to ALA intake ratio was the highest in rural Morrumbala. Excessive LA intake 263 

combined with limited intake of n-3 PUFAs may weaken n-3 LC-PUFA status by decreasing the 264 

desaturation of ALA and reducing the incorporation of EPA and DHA into phospholipids (33). Maize was a 265 

major source of energy and fat in rural Morrumbala and the median intake of LA met the AI. However, 266 

the proportion of LA in serum lipids was comparatively low while those of n-6 LC-PUFAs were high. 267 
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These results suggest that LA was efficiently desaturated and elongated in the girls living in this area. The 268 

intake of preformed AA may also have been comparatively high since poultry and meat contributed 269 

markedly to the PUFA intake in rural Morrumbala.  270 

Girls living in the neighbourhoods of Quelimane consumed more wheat, sugary products, juice, oil and 271 

margarine and less green leafy vegetables (data not shown) than the rural girls. This may be a 272 

manifestation of nutrition transition, which includes an increased consumption of processed foods, sweet 273 

beverages and edible oils (9, 34). Rice and maize were the most important sources of energy and PUFA-rich 274 

soybean oil was an important source of fat in Quelimane. Consequently, the absolute intake of LA and the 275 

proportions of LA in serum lipids were higher than in the rural areas. The intake of n-3 LC-PUFAs was 276 

also higher in Quelimane than in the rural areas and this was reflected in high proportion of n-3 LC-277 

PUFAs in serum lipids. The results indicate that the LA did not markedly disturb n-3 LC-PUFA 278 

incorporation.    279 

There are studies focusing on serum or red blood cell fatty acid compositions of some population groups 280 

in Eastern Africa (e.g. 35-37). We are, however, not aware of comparable serum cholesterol ester or 281 

phospholipid fatty acid data of adolescent girls in Africa. One recent study reports marked differences 282 

between serum cholesterol ester fatty acid compositions of adult men and women from five Tanzanian 283 

ethnic groups (38). In that study, the diet of the inhabitants of the Island of Chole had similarities 284 

(consumption of coconut, fish and fruit) with the diet in the Maganja da Costa region in the present study. 285 

The serum cholesterol ester fatty acid composition of adult Chole islanders was also quite similar to the 286 

corresponding fatty acid composition of girls living in rural Maganja da Costa (38).  287 

Serum phospholipid fatty acid composition of adolescent Swedish girls has been analysed in the same 288 

laboratory as our samples (39). Compared to those results, the mean proportions of LA in our study (14.9 to 289 

18.7%) were markedly lower than in the Swedish study (22.7%). The mean proportions of ALA (0.13–290 

0.24%) and EPA (0.61–1.27%) in our data were fairly comparable to those reported in the Swedish girls 291 

(0.23 and 1.04% for ALA and EPA, respectively). However, the proportions of AA (10.2–13.5%) and 292 

DHA (4.7–6.3%) were clearly higher in our study than in the Swedish data (9.2 and 4.0% for AA and 293 

DHA, respectively) (39). A study among normal-weight American adolescent boys and girls (40) reports 294 

mean LA, ALA, AA, EPA and DHA proportions in serum phospholipids to be 24.7, 0.20, 10.6, 0.43 and 295 

2.28%, respectively, indicating higher proportion of LA and lower proportions of EPA and DHA than in 296 

our data. These comparisons suggest that the low intakes of fat and PUFAs among adolescent 297 

Mozambican girls do not compromise AA status and even possibly enhance DHA status in comparison to 298 

western adolescents. One explanation for this could be the low total fat intake in our study. Intervention 299 

studies (41, 42) have shown that low-fat diets increase the proportion of AA and DHA in phospholipids 300 

compared with moderate or high-fat diets, apparently due to increased desaturase activity. Furthermore, 301 

low PUFA intake may enhance DHA synthesis from ALA (43). In mouse experiments, the maximal 302 

accumulation of DHA in phospholipids was achieved with LA+ALA intakes smaller than 3 en% (43). 303 

Genetic polymorphisms of fatty acid metabolizing enzymes may also explain part of the differences 304 
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between Mozambican and western adolescents. African populations have high frequencies of a fatty acid 305 

desaturase gene variant that favours LC-PUFA synthesis (44).  306 

The rural-urban differences in the dietary fat sources and serum fatty acid compositions may reflect on-307 

going transition from low-fat, low-LA diets to higher intakes of fat and LA. Although the EFA status 308 

seems to be fairly good, the situation may change in the future. Increased use of high-LA vegetable oils 309 

like sunflower oil may undermine the balance between n-6 and n-3 fatty acids. Soybean oil, although not 310 

ideal as a source of ALA, would be a better alternative than high-LA oils poor in ALA (8). Furthermore, it 311 

would be important to maintain or increase the intake of fish and shellfish because they are significant 312 

sources of n-3 LC-PUFA. Green leafy vegetables could be a valuable source of ALA (32).  313 

A limitation of the present study is that the cross-sectional data was collected only from the end of the lean 314 

season when the intake of PUFA-rich foods like nuts and maize was lower than during the post-harvest 315 

season (unpublished observation). Thus, the conclusions cannot be extended for the entire year. Energy 316 

and nutrient intake was assessed by a single 24-hour dietary recall, which does not allow us to draw 317 

conclusions at the individual level. Since the number of participants from district towns is small the results 318 

on dietary intake among those girls should be interpreted with caution.  It is challenging to measure fatty 319 

acid intake in Mozambique where e.g. vegetable oils are sold in small, unlabelled batches on the market 320 

places. The girls did not necessarily know what kind of oil (palm oil, soybean oil) they had consumed. 321 

Furthermore, we relied on published fatty acid composition values of some key foods such as mango. The 322 

girls were not requested to fast before blood sampling, as this was considered unfeasible. However, the 323 

fact that serum cholesterol ester and phospholipid fractions were used in the fatty acid composition 324 

analyses diminishes the impact of possible recent meal on the results.  325 

 326 

In conclusion, dietary intakes and serum proportions of EFA differ between adolescent girls living in 327 

different communities in central Mozambique. No biochemical EFA insufficiency is indicated and LC-328 

PUFA proportions in serum phospholipids of Mozambican girls are good in comparison with western 329 

adolescents. The rural-urban differences in fat sources and serum fatty acid compositions may reflect on-330 

going transition from low-fat, low-LA diets to higher intakes of fat and LA. More studies are needed to 331 

evaluate how nutrition transition modifies serum fatty acid compositions in different population groups in 332 

Mozambique and elsewhere in sub-Saharan Africa. 333 

 334 
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Table 1. Background characteristics of the adolescent girls (n=262) in the five study areas. (The values are mean (SD), % [n], or % [n/N]) 

 Quelimane  Maganja da Costa  Morrumbala 

Variable n=83  District town n=18  Rural villages n=73  District town n=22  Rural villages n=66 

 mean SD  mean SD  mean SD  mean SD  mean SD 

Age (y) 16.2  1.3  16.6  0.9  16.3  1.3  15.8  1.2  15.8  1.1 

BMI* (kg/m2) 21.1  2.7  20.1  1.7  20.0  2.2  21.3  2.5  19.5  1.9 

BMI-for-age* (z-

score) 

–0.03  0.84  –0.35  0.62  –0.41  0.91  0.13  0.81  –0.51  0.76 

Height-for-age (z-

score) 

–0.94  0.85  –1.35  0.62  –1.35  0.62  –1.22  0.80  –1.44  0.93 

Serum total 

cholesterol (mmol/L) 

4.30  0.75  3.99  0.62  3.91  0.73  3.66  0.72  3.25  0.68 

Serum 

triacylglycerols 

(mmol/L)  

0.93  0.36  1.03  0.33  1.14  0.43  0.97  0.40  1.03  0.42 

 %  n   %  n   %  n   %  n   %  n  

Literate † 87.8  72  62.5  10  34.3  24  38.1  8  12.5  8 

Married 6.0  5   5.6  1   26.0  19   4.5  1   23.4  15  

Has given birth  17.1  14  17.6  3  16.4  12  18.2  4  20.0  13 

Pregnant  8.5  7   5.6  1   18.3  13   4.5  1   15.2  10  

 %  n/N  %  n/N  %  n/N  %  n/N  %  n/N 

HIV-positive‡ 11.6  5/43  6.3  1/16  6.7  3/45  6.7  1/15  3.1  2/65 

Malaria‡ 1.3  1/77  11.1  2/18  30.4  21/69  4.5  1/22  0  0/66 

Intestinal helminths‡ 28.6  12/42  0  0/15  12.0  6/50  5.9  1/17  22.0  9/41 

* Only non-pregnant girls are included (n=229).  

† The girl is able to read a test sentence written in Portuguese.  

‡ Tests were performed if the girl allowed, values are % [n/total number of compliant girls]. 
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Table 2. Calculated energy, macronutrient and fatty acid intakes of the adolescent girls (n=259) in five study areas in central Mozambique. (The values are median and 25th–75th 

percentile)*.  

 Quelimane  Maganja da Costa  Morrumbala   

 n=82†  District town n=18  Rural villages n=71  District town n=22  Rural villages n=66   

Nutrient median 25th–75th 

percentile 

 median 25th–75th 

percentile 

 median 25th–75th 

percentile 

 median 25th–75th 

percentile 

 median 25th–75th 

percentile 

 p-value 

‡ 

energy (MJ/d) 5.77 b 4.22–7.25   4.99 ab 3.67–9.41   5.31 b 3.62–7.29   6.75 b 4.57–9.25   4.08 a 3.09–5.83   0.001 

protein (en%) 10.3 b 8.8–12.0   7.6 a 6.2–10.1   7.2 a 6.1–8.6   9.6 b 7.6–10.9   10.8 b 9.1–13.1   <0.001 

carbohydrate 

(en%) 

67.9  a 62.8–75.2  76.2 b 67.4–78.7   72.0 b 64.9–78.0   73.3  b 69.5–77.2  73.0 b 65.6–78.8   0.032 

fat (en%) 18.0 c 12.3–23.0   14.2 abc 8.6–19.7   16.4 bc 11.3–23.6   14.7 ab 11.0–17.0   12.8 a 7.7–19.8   0.004 

Fatty acids                 

SFA (en%) 7.24 b 4.61–9.57   6.71 bc 3.42–9.67   8.95 c 5.92–12.52   5.81 b 4.77–8.74   3.64 a 1.39–6.29   <0.001 

MUFA (en%) 4.40 b 2.76–6.43   2.39 a 1.85–4.73   2.55 a 1.22–4.31   3.28 ab 2.17–4.47   3.48 ab 1.91–6.22   0.002 

PUFA (en%)  3.22 b 2.20–5.07   2.20 a 1.46–3.77   1.21 a 0.73–2.54   2.90 ab 1.86–4.09   3.40 b 2.32–4.37   <0.001 

LA (en%) 2.82 c 1.79–4.46   1.69 ab 1.08–3.08   0.95 a 0.49–2.17   2.62 bc 1.47–3.70   3.05 c 1.95–3.98   <0.001 

 (g/d)  4.15 c 2.45–7.83   2.82 b 1.38–4.31   1.22 a 0.64–3.46   3.61 bc 2.74–6.20   3.24 b 2.19–5.11   <0.001 

ALA (en%) 0.19  0.14–0.49  0.22  0.16–0.39  0.18  0.13–0.25  0.19  0.16–0.33  0.22  0.13–0.32  0.440 

 (g/d)  0.35 b 0.16–0.72   0.41 ab 0.17–0.58   0.24 ab 0.14–0.53   0.40 b 0.26–0.57   0.23 ab 0.13–0.48   0.013 

n-3 LCPUFA 

(en%) 

0.16 c 0.05–0.39   0.21 bc 0.05–0.28   0.09 b 0.04–0.18   0.04 a 0.01–0.09   0.05 a 0–0.13   <0.001 

 (g/d) 0.23 c 0.09–0.55   0.22 bc 0.11–0.56   0.13 b 0.05–0.29   0.08  a 0.02–0.12  0.06 a 0–0.16   <0.001 

LA/ALA 10.7 b 8.1–16.8   8.0  a 5.4–10.6  5.9  a 3.4–9.4  10.1 b 7.8–16.1   13.1 b 9.1–20.7   <0.001 

en%, percent of total energy; SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; LA, undifferentiated 18 :  2 fatty acids; ALA, 

undifferentiated 18 : 3 fatty acids; n-3 LCPUFA, sum of 20 : 5, 22 : 5 and 22 : 6; LA/ALA the ratio of LA to ALA 
a,b,c Median values within a row with unlike superscript letters were significantly different (Kruskal-Wallis one-way ANOVA and Mann-Whitney U-test). 

* Data were calculated from 24-hour dietary recalls.  
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† 24-hour dietary recall is missing from one girl.   

‡ p-value of Kruskal-Wallis one-way ANOVA.  
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Table 3. Main dietary sources of energy, fat and fatty acids in different study areas. 

(The values indicate the population proportions (%) of energy, fat or fatty acids provided by the source calculated from 

24-hour dietary recall data.) 

Energy/nutrient Quelimane  Maganja da Costa  Morrumbala 

Most important 

sources of 

energy/nutrient* 

 

n=82 

 District town 

n=18 

 Rural villages 

n=71 

 District town 

n=22 

 Rural villages 

n=66 

 %  %  %  %  % 

Energy          

mango 10.3  35.6  29.9  17.4  19.0 

maize 15.1  6.6  4.0  20.0  35.4 

rice 22.3  12.7  12.1  11.2  2.5 

cassava 0.9  7.8  19.2  2.4  6.4 

sweet potato 4.1  10.5  5.5  8.5  4.8 

coconut 5.2  7.3  9.9  4.1  3.0 

Fat          

coconut 22.5  39.9  48.4  22.9  16.5 

palm oil 15.3  14.5  14.9  22.1  22.3 

maize 6.7  3.7  2.0  11.9  19.9 

meat, poultry 4.7  0.0  3.2  5.8  14.3 

soybean oil 13.4  10.3  9.2  7.5  5.3 

SFA          

coconut 45.2  63.2  72.3  44.2  36.8 

palm oil 17.9  13.4  13.0  25.4  28.6 

meat, poultry 3.7  0.0  1.6  3.9  10.8 

margarine, butter 9.8  8.5  1.5  6.8  1.0 

PUFA          

soybean oil 36.3  38.9  38.3  21.3  13.4 

maize 14.0  10.7  6.6  26.2  38.9 

meat, poultry 2.9  0.0  5.3  5.0  12.9 

palm oil 6.7  8.8  10.0  10.1  9.0 

fish, shellfish 7.4  9.8  8.0  2.6  3.3 

LA          

soybean oil 37.8  43.3  41.9  21.4  13.3 

maize 16.0  13.1  7.9  28.9  42.7 

meat, poultry 2.8  0.0  5.6  4.6  12.6 

palm oil 7.7  10.9  12.1  11.3  10.0 

ALA          

soybean oil 53.4  39.3  38.9  28.3  21.1 

mango 9.9  41.9  33.0  22.6  24.2 

maize 5.3  2.8  1.7  8.9  15.7 
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SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; LA, 

undifferentiated 18 : 2 fatty acids; ALA, undifferentiated 18 : 3 fatty acids 

* Food sources providing at least 10% of the nutrient at least in one of the areas are listed.   
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Table 4. Plasma cholesterol ester fatty acid compositions [% (w/w)] of adolescent girls (n=262) in five study areas in central Mozambique. (The values are mean and SD by area or 

range in the total population).  

 

 Quelimane  Maganja da Costa  Morrumbala  All 

Fatty acid  n=83  District town n=18  Rural villages n=73  District town n=22  Rural villages n=66  n=262 

 Mean SD  Mean SD  Mean SD  Mean SD  Mean SD  Range 

12 : 0 0.14 c 0.08  0.22 d 0.09  0.24 d 0.12  0.09 b 0.05  0.04 a 0.05  0.01–0.65 

14 : 0 1.31 c 0.50  1.99 d 0.61  1.94 d 0.63  1.00 b 0.27  0.79 a 0.24  0.39–3.87 

15 : 0 0.17 a 0.04  0.21 b 0.06  0.25 c 0.04  0.23 bc 0.04  0.25 c 0.06  0.11–0.51 

16 : 0 13.28 a 0.98  13.27 a 1.19  14.25 b 1.05  13.68 ab 1.04  14.18 b 1.02  10.93–17.24 

17 : 0 0.08 a 0.02  0.09 a 0.03  0.11 b 0.03  0.12 b 0.02  0.14 c 0.03  0.04–0.21 

18 : 0 0.66 a 0.12  0.77 b 0.17  0.79 b 0.20  0.77 b 0.16  0.75 b 0.15  0.36–1.85 

14 : 1 0.03 a 0.02  0.05 b 0.02  0.07 c 0.03  0.04 b 0.01  0.04 b 0.03  0.005*–0.17 

16 : 1n-7  3.52 a 1.33  4.92 b 1.86  7.55 c 2.24  4.66 b 1.08  5.48 b 1.85  1.46–13.64 

18 : 1 19.02 a 2.02  20.70 ab 2.13  23.93 c 2.82  21.22 b 1.84  22.91 c 3.02  14.56–32.52 

20 : 3n-9 0.06 a 0.06  0.13 b 0.08  0.24 d 0.10  0.16 c 0.04  0.23 d 0.13  0.005*–0.95 

18 : 2n-6 48.82 d 4.05  44.98 c 5.37  37.28 a 4.40  43.95 c 3.49  40.27 b 4.77  28.26–57.31 

18 : 3n-6 0.85 a 0.31  1.20 b 0.39  1.01 ab 0.36  1.13 b 0.41  1.16 b 0.50  0.26–3.28 

20 : 3n-6 0.90 a 0.16  0.89 a 0.11  0.89 a 0.15  1.05 b 0.15  1.06 b 0.17  0.47–1.51 

20 : 4n-6 8.49 ab 1.29  7.68 a 1.21  8.34 a 1.55  9.45 bc 1.86  10.51 c 1.98  4.41–14.84 

18 : 3n-3 0.49 a 0.15  0.68 b 0.23  0.97 c 0.31  0.75 b 0.16  0.69 b 0.26  0.23–1.68 

20 : 5n-3 1.07 c 0.41  1.26 c 0.54  1.12 c 0.40  0.76 b 0.20  0.64 a 0.23  0.11–2.68 

22 : 6n-3 1.11 c 0.25  0.97 abc 0.29  1.03 bc 0.26  0.93 ab 0.27  0.85 a 0.22  0.33–1.89 
a,b,c, d Mean values within a row with unlike superscript letters were significantly different [one-way ANOVA (almost in all cases p<0.001, p-values not shown) and post hoc Tukey 

or Kruskal-Wallis one-way ANOVA (almost in all cases p<0.001, p-values not shown) and Mann-Whitney U-test]. 

* Samples with peaks under detection level were given value 0.005 % (14 : 1 n=20, 20 : 3n-9 n=17) 
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Table 5. Plasma phospholipid fatty acid compositions [% (w/w)] as well as mead to arachidonic acid and arachidonic to docosahexaenoic acid ratios of adolescent girls (n=262) in 

five study areas in central Mozambique. (The values are mean and SD by area or range in the total population).  

 

 Quelimane  Maganja da Costa  Morrumbala  All 

Fatty acid or fatty 

acid ratio 

n=83  District town n=18  Rural villages n=73  District town n=22  Rural villages n=66  n=262 

 Mean SD  Mean SD  Mean SD  Mean SD  Mean SD  Range 

12 : 0 0.05 c* 0.03  0.07 d 0.03  0.06 d 0.03  0.03 b 0.01  0.02 a 0.01  0.005*–0.18 

14 : 0 0.55 c 0.19  0.75 d 0.22  0.68 d 0.20  0.42 b 0.11  0.33 a 0.07  0.20–1.42 

16 : 0 32.05 b 1.42  31.30 ab 1.12  32.46 c 1.55  31.37 a 1.44  31.13 a 1.81  28.04–37.84 

17 : 0 0.37 a 0.07  0.39 a 0.07  0.40 a 0.07  0.46 b 0.07  0.58 c 0.09  0.22–0.84 

18 : 0 14.17 a 1.24  14.48 ab 1.18  13.98 a 1.37  14.52 ab 1.27  14.94 b 1.53  9.97–17.84 

16 : 1n-7 0.47 a 0.17  0.68 b 0.23  1.05 d 0.33  0.75 bc 0.20  0.82 c 0.24  0.18–2.33 

18 : 1n-9 9.66 a 1.13  10.92 c 1.13  12.67 d 1.95  10.64 bc 1.09  11.31 c 1.82  7.40–18.13 

20 : 3n-9 0.19 a 0.09  0.36 bc 0.17  0.60 d 0.32  0.30 b 0.12  0.46 c 0.28  0.005*–1.52 

18 : 2n-6 18.74 c 2.37  18.44 bc 3.09  14.93 a 2.13  17.00 b 2.30  15.21 a 1.99  10.27–24.68 

18 : 3n-6 0.06 a 0.05  0.13 bc 0.05  0.11 b 0.04  0.12 bc 0.05  0.14 c 0.05  0.005*–0.36 

20 : 3n-6 3.67 a 0.73  3.66 a 0.49  3.55 a 0.60  4.25 b 0.48  4.23 b 0.70  1.92–5.84 

20 : 4n-6 10.92 a 1.25  10.15 a 1.24  10.85 a 1.58  12.15 b 1.64  13.50 c 2.11  6.93–18.49 

22 : 4n-6 0.47 a 0.09  0.48 a 0.10  0.57 b 0.12  0.64 c 0.11  0.81 d 0.14  0.005*–1.30 

18 : 3n-3 0.13 a 0.05  0.15 b 0.04  0.24 c 0.11  0.18 b 0.07  0.17 b 0.07  0.005*–0.61 

20 : 5n-3 1.04 c 0.39  1.27 c 0.48  1.06 c 0.36  0.77 b 0.20  0.61 a 0.21  0.16–2.62 

22 : 5n-3 1.13 b 0.23  1.11 ab 0.31  1.00 a 0.22  1.10 ab 0.28  1.03 ab 0.22  0.41–1.75 

22 : 6n-3 6.34 c 1.17  5.66 bc 1.38  5.78 b 1.25  5.2 ab 1.23  4.72 a 1.02  2.21–10.19 

20 : 3n-9/20 : 4n-6 

(MA/AA) 

0.019 a 0.009  0.036 c 0.018  0.059 d 0.039  0.026 b 0.013  0.037 bc 0.031  0.007–0.192 
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20 : 4n-6/22 : 6n-3 

(AA/DHA) 

1.78 a 0.37  1.87 ab 0.39  1.94 b 0.39  2.38 c 0.46  2.98 d 0.70  1.16–5.98 

a,b,c, d Mean values within a row with unlike superscript letters were significantly different [one-way ANOVA (almost in all cases p<0.001, p-values not shown) and post hoc Tukey 

or Kruskal-Wallis one-way ANOVA (almost in all cases p<0.001, p-values not shown) and Mann-Whitney U-test]. 

* Samples with peaks under detection level were given value 0.005 % (12 : 0 n=2, 20 : 3n-9 n=2, 18 : 3n-6 n=29, 22 : 4n-6 n=1, 18 : 3n-3 n=1) 
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