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Abstract

We evaluated whether novel portion size and consistency indicators can identify chil-

dren with low complementary food energy intake in southern Ethiopia. We con-

ducted 24-h dietary recalls with caregivers of 548 children aged 6–13 months;

additionally, caregivers estimated their child's usual portion size using uncooked rice

and selected which of five photographs of porridges of varying consistencies most

closely matched the food their child usually ate. Complementary food energy and

density from the 24-h recall were used as reference values. We computed correlation

coefficients and areas under receiver operating characteristic curves (AUC) and con-

ducted sensitivity and specificity analyses to classify children with low complemen-

tary food energy intake. The median complementary food energy intakes for children

6–8, 9–11 and 12–13 months were 312, 322 and 375 kcal; median estimated portion

sizes were 50, 58 and 64 ml, respectively. Estimated portion size correlated with total

complementary food energy intake and with average energy and quantity consumed

per feeding (r = 0.42, 0.46 and 0.45, respectively, all p < 0.001). Reported food con-

sistency was weakly correlated with total complementary food energy intake

(r = 0.18) and density (r = 0.10), and energy density of porridge only (r = 0.24, all

p < 0.05). Predicted energy intake combining feeding frequency and portion size

predicted inadequate energy intake better than did feeding frequency alone in

infants 6–8 months [ΔAUC = 0.16, 95% confidence interval (CI) 0.04, 0.28] and 9–

11 months (ΔAUC = 0.09, 95% CI 0.04, 0.14). Caregiver estimates of portion size can

improve identification of infants with low complementary food energy intake when

more robust dietary assessment is not feasible.
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1 | INTRODUCTION

Complementary food energy intake is a function of feeding

frequency, amount consumed per feeding, and energy density

(PAHO/WHO, 2003; World Health Organization, 1998). The most

precise methods for estimating energy intake are expensive, time-

consuming, require skilled data collectors and impose a high

respondent burden. Estimating intake of infants and young children in
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low- and middle-income countries is especially challenging (Foster &

Adamson, 2014; Paintal & Aguayo, 2016; Quandt, 1987; Shankar

et al., 2001). The World Health Organization (WHO) developed indi-

cators of infant and young child feeding (IYCF) to enable population-

level IYCF assessment for monitoring, evaluation and research (Ruel,

Brown, & Caulfield, 2003) where more robust methods of assessment

are resource-prohibitive. The WHO IYCF indicator definitions were

published in 2008, with an ensuing implementation guide in 2010

(WHO, 2008, 2010). The indicators have since been widely adopted

but are limited in their scope (Ruel, 2017).

Feeding frequency, the number of meals and snacks consumed

in a 24-h period, was previously evaluated as an indicator of energy

intake using 10 data sets from nine countries in Africa, Asia and

Latin America (Working Group on Infant and Young Child Feeding

Indicators, 2006, 2007) and is currently the only IYCF indicator of

complementary food energy intake. Portion size and energy density

are difficult to estimate using questionnaire-based approaches.

Weighing food is the gold standard for measuring intake but is

impractical for large surveys. A number of portion size estimation

aids have been developed and evaluated, including food photo-

graphs (Amougou et al., 2016; Bouchoucha et al., 2016; Flax

et al., 2019; Foster et al., 2017; Harris-Fry et al., 2016; Huybregts,

Roberfroid, Lachat, Van Camp, & Kolsteren, 2008; Korkalo, Erkkola,

Fidalgo, Nevalainen, & Mutanen, 2013; Lazarte, Encinas, Alegre, &

Granfeldt, 2012; Naska et al., 2016; Nichelle et al., 2019; Nissinen

et al., 2018; Tueni, Mounayar, & Birlouez-Aragon, 2012; Turconi

et al., 2005; Venter, MacIntyre, & Vorster, 2000), playdough or

uncooked rice (Nightingale et al., 2016), and a cube system called

the ‘International Food Unit’ (Bucher et al., 2017). However, the

validity of these portion size estimation aids has only been assessed

for estimating portions of a specific food at a specific meal and/or

in the context of dietary recall (such as 24-h recall or food fre-

quency questionnaires). However, there are no validated methods

for assessing average or usual portion size. Complementary food

consistency has been used as a proxy of energy density. Detailed

methods for assessing complementary food consistency in surveys

are often not described in detail, but results have been reported as

adjectives such as liquid/gruel-like/solid (Chapagain, 2013; Chauhan,

Bala, Nandan, & Misra, 2007; Kamenju et al., 2016; Kamenju

et al., 2017; Mishra, Kumar, Basu, Rai, & Aneja, 2014; Oliveira,

Castro, & Jaime, 2014). However, in southern Ethiopia, caregivers

verbally overestimated complementary food thickness compared

with observed consistencies (Alive & Thrive, 2010), suggesting that

use of descriptive adjectives may be unreliable. Aggarwal, Verma,

Faridi and Dayachand (2008) used drawings from a WHO training

slide to assess consistency of complementary foods, whereas

Jones (2015) used photographs of porridges of varying consistencies

in the context of a 24-h dietary recall.

The objective of the present research was to estimate the added

value of low-burden field methods for indicators of portion size and

complementary food consistency when screening children at risk of

low complementary food energy intake in a sample of children

6–13 months old in southern Ethiopia.

2 | METHODS

2.1 | Study setting and population

Data for this study were collected as part of a cluster-randomized

nutrition-sensitive agriculture project evaluation in the Sidama and

Gedeo zones in the Southern Nations, Nationalities, and Peoples'

Region (SNNPR), Ethiopia. The trial consisted of a control group

(n = 235), a partial intervention group (n = 143) and a full interven-

tion group (n = 170). Both intervention groups received agricultural

inputs and support for orange-fleshed sweet potato agriculture as

well as community-based nutrition education that includes messag-

ing on age-appropriate portion size and complementary food con-

sistency. The full intervention group also received a feeding bowl

and spoon designed to promote age-appropriate portion sizes and

complementary food consistency (Collison et al., 2015; Kram

et al., 2016).

2.2 | Data collection

Caregivers with infants less than 6 months completed a baseline sur-

vey in January 2018, immediately prior to the initiation of

community-based nutrition education in intervention communities.

Households were considered eligible if they had an infant under

6 months without a serious health condition and (for intervention

groups) if they were enrolled in implementation activities. A sample

size of 600 households was sought at the baseline survey for ade-

quate power to detect increases in energy intake of 100–150 kcal.

Households completed a follow-up survey in August 2018; at this

time, households in the intervention group were nearing their

‘graduation’ from intervention activities, though activities were being

scaled to other households within those communities. Because infants

were all under 6 months at baseline, only data from follow-up are

Key messages

• Energy intake from complementary foods is a function of

feeding frequency, energy density of complementary

foods and amount consumed per feeding.

• Caregivers' estimate of usual portion size using uncooked

rice is correlated with complementary food intake and

energy intake.

• A five-photograph indicator of complementary food con-

sistency is weakly correlated with complementary food

energy intake and energy density.

• Portion size and feeding frequency combined better pre-

dict young children with inadequate energy intake from

complementary foods, compared with feeding frequency

alone.
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used in these analyses. The exception is caregiver education, which

was only assessed at baseline.

At follow-up, all infants were at least 6 months of age, but not

more than 13 months. Therefore, we group the sample by the follow-

ing age groups: 6–8, 9–11 and 12–13 months. The follow-up survey

included WHO IYCF indicators (WHO, 2008, 2010), novel indicators

of usual portion size and complementary food consistency, and 24-h

dietary recall of infant diets using the methodology described by

Gibson and Ferguson (2008). Food composition, recipe and conver-

sion factor databases were developed using primary data collection

and/or pre-existing data from Uganda (Hotz, Abdelrahman, Sison,

Moursi, & Loechl, 2012), Ethiopia (Ethiopian Health and Nutrition

Research Institute, 1968–1997) or, where necessary, the United

States Department of Agriculture (U.S. Department of

Agriculture, 2019).

Survey enumerators with university education, who spoke

English, Amharic and at least one of the two local languages of the

study area underwent a 1-week training prior to the baseline survey

and a 2-week training prior to the follow-up survey. Training included

conducting pilot surveys. Data were collected on paper question-

naires. Survey data were then doubly entered into CSPro 7.1 with any

discrepancies resolved by a survey supervisor or member of the

research team. Data from the multiple-pass 24-h dietary recall were

entered into CSDietary software (HarvestPlus, 2020), with a member

of the research team then visually inspecting to verify the accuracy of

data entry.

Written informed consent was obtained from caregivers prior to

each survey, and enumerators received training in research ethics.

2.3 | Reference intakes

Multiple-pass 24-h dietary recall was used to estimate total energy

intake from complementary foods, average energy intake per feeding,

average quantity (in grams) of complementary food consumed per

feeding, average energy density of complementary foods and average

energy density of porridges/gruels. If a child consumed no comple-

mentary food or liquid (other than water), then, his or her energy

intake was set to 0 kcal, but energy density was considered missing.

Thresholds for classifying children as having low complementary food

energy intake were as follows: <202 kcal for 6 to 8 months, <307 kcal

for 9 to 11 months, and <548 kcal for 12 months and older (Dewey &

Brown, 2003).

2.4 | Test indicators

To estimate portion size, caregivers were first asked whether their

child normally eats from a shared dish or receives his or her own dish.

For children who receive their own dish, caregivers used uncooked

rice to estimate a typical portion served to the child; this volume of

uncooked rice was then transferred to a graduated cylinder and the

volume recorded to the nearest millilitre (ml). The caregiver was asked

if the child typically leaves any food remaining, and if so, was asked to

use uncooked rice to estimate the amount of food uneaten, such that

the amount consumed could be calculated as the volume remaining

subtracted from the volume served. If the caregiver answered that the

child typically eats from a shared dish, then the caregiver used the

uncooked rice to estimate the amount consumed. To estimate com-

plementary food consistency, caregivers were shown five numbered

photographs of porridges with varying consistencies (Figure 1) and

were asked to select which photograph most closely resembled the

consistency of complementary foods eaten by their child. The five

photographs depicted porridges with energy densities of 0.1, 0.4, 0.7,

0.9 and 1.3 kcal/g, respectively. Each photograph depicts a porridge

prepared with maize flour and vegetable oil, which are locally available

and were identified through formative research as common ingredi-

ents for porridge. Each ingredient was weighed, mixed with boiling

water and stirred, then allowed to cool for 5 min before the final por-

ridge was weighed (so that the energy density could be calculated)

and photographed. These methods of assessing portion size and com-

plementary food consistency are considered test indicators.

We computed predicted energy intake (PEI) as the product of

portion size (millilitre per feeding) and feeding frequency (feedings per

day), while assuming an energy density of 1.0 kcal/g and a

F IGURE 1 Photographs of porridge with energy densities (1) 0.1,
(2) 0.4, (3) 0.7, (4) 0.9 and (5) 1.3 kcal/g, used to assess usual
complementary food consistency in a household survey in Southern
Nations, Nationalities, and Peoples' Region (SNNPR), Ethiopia
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complementary food density of 1.05 g/ml, which is the density of por-

ridge prepared with maize flour according to the INFOODS Density

Database Version 2.0 (FAO/INFOODS, 2012). We also computed a

modified predicted energy intake (PEI-M) as the product of portion

size (millilitre per feeding), feeding frequency (feedings per day) and

the energy density of the photograph selected by the caregiver.

2.5 | Analytical approach

We assessed the distributions of continuous variables for normality

based on skewness, kurtosis and visual inspection of histograms.

We computed correlation coefficients between references and

test indicators. For portion size, references were total energy intake

from complementary food, average energy intake per feeding and

average amount of complementary food, in grams, consumed per

feeding. For consistency, the references were total energy intake from

complementary foods, average energy density of complementary

foods and average energy density of porridges/gruels. We also

assessed the correlations between feeding frequency and total energy

intake from complementary foods and number of feeding episodes

reported during the 24-h recall.

We used Pearson's correlation coefficients for normally distrib-

uted continuous variables and Spearman's rank correlation coeffi-

cients for non-normally distributed variables. Feeding frequency was

treated as a continuous variable. Consistency was treated as an ordi-

nal variable, for which we used polyserial correlation coefficients.

We computed correlations for the full sample and for subgroups

of children whose caregiver reported that the child had consumed

solid, semi-solid or soft foods in the previous day; by age category

(6 to 8, 9 to 11 and 12–13 months); whether the child eats from a

shared dish versus his/her own dish; by intervention group; by Sidama

versus Gedeo zone; whether or not the child had been sick in the pre-

vious day; whether or not anyone in the household had fasted in the

previous day; and whether or not the caregiver had completed pri-

mary school. We used Fisher's r-to-z-transformation to test whether

correlation coefficients differed between these strata.

Using the conversion of 1.05 g/ml (FAO/INFOODS, 2012), we

converted caregivers' estimates of usual portion size to grams to

assess agreement between estimated portion size and

average amount of food consumed per episode, both in grams, using a

Bland–Altman plot.

We computed sensitivity, specificity and area under the receiver

operating characteristic (ROC) curve (AUC) to assess the ability of the

indicators to identify children whose total complementary food

energy intake, as measured by 24-h recall, was low. For the sensitivity

and specificity of portion size, we used 10-ml increments. We used

the ROCCONTRAST statement in SAS 9.4 (SAS Institute Inc., Cary,

NC, USA) to test whether any of the indicators' AUC was significantly

different from feeding frequency. We then classified children as either

at risk or not at risk of low complementary food energy intake based

on whether the child met thresholds for portion size and consistency

that were identified through sensitivity and specificity analyses. Using

this dichotomous classification, we computed sensitivity and specific-

ity for identifying children with low complementary food energy

intake. Sensitivity, specificity and ROC curves were estimated sepa-

rately for each age group (6–8, 9–11 and 12–13 months).

A p value less than 0.05 was considered statistically significant.

All analyses were conducted in SAS 9.4 (SAS Institute Inc., Cary,

NC, USA).

2.6 | Ethical considerations

Ethical approval for this work was obtained from Emory University's

Institutional Review Board, and from the Southern Nations, Nationali-

ties and Peoples' Regional Bureau of Health Ethical Review Commit-

tee. The trial for which the data were collected is registered with

ClinicalTrials.gov, ID NCT03423472.

3 | RESULTS

In total, 548 caregiver–child dyads completed the follow-up survey

and were eligible for the analyses described here. General characteris-

tics of the sample are shown in Table 1. Children ranged in age from

6 to 13 months (mean 10.0 ± 1.7 months), and 18.3% were reportedly

sick in the previous day. A minority (6.4%) of households had a mem-

ber who had fasted in the previous day, and 18.1% of caregivers had

completed primary school. Only one child was not breastfed, and

96.2% of caregivers said their child received ‘solid, semi-solid or soft

foods’ in the previous day. The mean number of feeding episodes was

3.6 ± 1.7. A majority of caregivers (87.3%) reported that the child

typically receives his or her own feeding dish. Most children (65.1%)

reportedly consume complementary food of medium consistency,

matching the third photograph (0.7 kcal/g); almost 20% of children

consumed thin complementary foods (photograph 1 or 2), and just

over 15% consumed thicker complementary foods (photograph

4 or 5).

The median [interquartile range (IQR)] portion size for infants

6–8 months was 50 (IQR 35, 70) ml; for infants 9–11 months, it was

58 (IQR 39, 80) ml and for children over 12 months, it was 64 (IQR

45, 80) ml (n = 125, 307 and 116, respectively). Just over half (50.7%)

of the sample had adequate energy intake from complementary foods,

but this proportion was highest in infants 6–8 months (68.8%) and

lowest in children over 12 months (26.7%). The median energy density

of complementary foods was 1.5 (IQR 1.2, 1.9) kcal/g, and a high pro-

portion (95.5%) consumed complementary foods with an average

energy density of at least 0.8 kcal/g (PAHO/WHO, 2003). Portion

size, energy intake from complementary foods, average energy intake

per feeding episode, amount of food consumed per eating episode

and energy density were all right-skewed.

Estimated portion size correlated positively with total energy

intake from complementary foods (r = 0.42), average energy intake

per feeding episode (r = 0.46) and average quantity consumed per

feeding episode (r = 0.45, all p < 0.001; Table 2). Despite some
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heterogeneity in the strength, portion size correlations were signifi-

cant in every subgroup with the exception of the correlation with

total complementary food energy intake among children who had

been sick in the previous day, where the sample size was only 97

children (r = 0.14, p > 0.05). The Bland–Altman plot revealed that

portion size estimates became less precise with increasing intake

(Figure S1). The mean bias (estimated portion size minus average

amount consumed per feeding episode) was 5.8 g (95% limits of

agreement −60.3, 72.0 g).

The complementary food consistency photograph number was

weakly correlated with total complementary food energy intake

(r = 0.18, p < 0.001), average energy density of complementary foods

TABLE 1 Characteristics and feeding practices of young children 6–13 months at follow-up, residing in Southern Nations, Nationalities, and
Peoples' Region (SNNPR), Ethiopia, overall and by age category

Characteristic

Total 6–8 months 9–11 months 12–13 months

(N = 548) (n = 125) (n = 307) (n = 116)

Age (months) 10.0 ± 1.7 7.5 ± 0.6 10.1 ± 0.8 12.2 ± 0.5

Female 50.0 50.4 49.8 50.0

Sick in previous day 18.3 19.2 19.9 12.9

Zone

Sidama 40.9 40.0 39.1 46.6

Gedeo 59.1 60.0 60.9 53.5

Anyone in household fasted in

previous day

6.4 8.8 4.9 7.8

Caregiver completed primary

schoola
18.1 19.5 19.9 12.1

Infant and young child feeding

practicesb

Breastfed 99.8 100.0 99.7 100.0

Received solid, semi-solid or

soft foods

96.2 96.8 94.8 99.1

Feeding frequency 3.6 ± 1.7 3.4 ± 1.5 3.5 ± 1.8 3.8 ± 1.7

Consistency

Photograph 1 (thinnest) 2.4 4.3 2.2 0.9

Photograph 2 17.1 25.0 16.3 10.9

Photograph 3 65.1 59.5 65.6 70.0

Photograph 4 11.6 9.5 10.9 15.5

Photograph 5 (thickest) 3.8 1.7 5.1 2.7

Receives own feeding dish 87.2 90.2 83.3 94.0

Portion size, ml [median

(IQR)]

55 (40, 80) 50 (36, 70) 58 (39, 80) 64 (45, 80)

Estimated nutrient intake from complementary foods

Energy intake, kcal [median

(IQR)]

331 (190, 490) 312 (172, 447) 322 (187, 502) 375 (250, 571)

Adequate energy from

complementary foodsc
50.7 68.8 52.4 26.7

Energy density, kcal/g

[median (IQR)]

1.5 (1.2, 1.9) 1.6 (1.2, 1.9) 1.5 (1.2, 1.9) 1.6 (1.3, 1.9)

Adequate energy density of

complementary foodsd
95.5 97.5 94.7 95.7

Note. Values are mean ± standard deviation or percentage, unless otherwise noted.

Abbreviation: IQR, interquartile range; SD, standard deviation.
aCaregiver education was assessed only at the baseline survey.
bBreastfeeding status, receipt of solid, semi-solid or soft foods, and feeding frequency are based on recall of previous day using World Health Organization

methodology [CITATION], whereas receipt of own feeding dish, consistency and portion size are based on usual practice as reported by a caregiver.
cEnergy intakes greater than or equal to 202, 307 and 548 kcal for children ages 6–8, 9–11 and 12–13 months, respectively, are considered adequate.
dAn average energy density greater than or equal to 0.8 kcal/g is considered adequate.

FAERBER ET AL. 5 of 11bs_bs_banner



(r = 0.10, p < 0.05) and average energy density of only porridges/

gruels (r = 0.24, p < 0.001). Correlation of the consistency photograph

number with total complementary food energy was significantly

greater in the partial (n = 164) compared with the full intervention

group (n = 133), and among households in which no member fasted in

the previous day (n = 470) compared with those who did (n = 32).

Reported feeding frequency was significantly correlated with

both total complementary food energy intake (r = 0.41, p < 0.001) and

with actual number of feeding episodes as reported in the 24- dietary

recall (r = 0.66, p < 0.001). The strength of the correlations differed in

some subgroups, but with few exceptions where strata sample sizes

were small, remained significant in every group.

Each of the individual indicators, as well as PEI and PEI-M, signifi-

cantly predicted low complementary food energy intake (Table 3).

When compared with the AUC of feeding frequency, the AUC of por-

tion size was similar in each age group, whereas the consistency indi-

cator performed significantly worse among children 9–11 months

(n = 276, ΔAUC = −0.12, 95% CI −0.20, −0.04) and 12–13 months

(n = 110, ΔAUC = −0.19, 95% CI −0.32, −0.07). Both PEI and PEI-M

performed significantly better than feeding frequency among infants

6–8 months (n = 118, ΔAUC = 0.16, 95% CI 0.04, 0.28 and n = 112,

ΔAUC = 0.21, 95% CI 0.10, 0.33, respectively) and 9–11 months

(n = 305, ΔAUC = 0.09, 95% CI 0.04, 0.14 and n = 276, ΔAUC = 0.07,

95% CI 0.01, 0.13, respectively). Among children 12–13 months of

age, the AUC of PEI and PEI-M were similar to the AUC of feeding

frequency alone.

Portion size cut-offs of <50, <60 and <70 ml among children 6–8,

9–11 and 12–13 months, respectively, yielded sensitivities and speci-

ficities that were both at least 0.60 for classifying children with low

complementary food energy intake (Table S1). No clear cut-off in con-

sistency was identified (Table S2). In each age group, the second pho-

tograph was highly specific (0.77–1.0) but not sensitive (0.16–0.43).

However, the third photograph was sensitive (0.84–0.97) but not spe-

cific (0.15–0.23). The cut-off of minimum meal frequency resulted in

low sensitivity (0.18–0.33) and high specificity (0.88–1.0; Table 4).

A dichotomous indicator of whether children met both feeding

frequency and portion size cut-offs identified above resulted in

higher sensitivity (0.75–0.86) but lower specificity (0.54–0.65)

TABLE 2 Correlation coefficients between the following: portion size indicator and total complementary food energy, complementary food
energy per episode and quantity of complementary food consumed per episode; consistency indicator and total complementary food energy,
average complementary food energy density and average porridge energy density; and feeding frequency indicator and total complementary food
energy and number of meals/snacks reported in 24-h recall, for 548 young children from SNNPR, Ethiopia

Note. Brackets show where correlations differ significantly by subgroup, based on Fisher's r-to-z transformation.

Abbreviations: CF, complementary food; CFE, complementary food energy; SNNPR, Southern Nations, Nationalities, and Peoples' Region.
aSpearman's rank correlation coefficients.
bPolyserial correlation coefficients.

*p < 0.05.

**p < 0.01.

***p < 0.001.
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TABLE 3 Areas under receiver
operating characteristic curves for
individual and combined complementary
food energy indicators predicting low
complementary food energy intake
among 548 young children in SNNPR,
Ethiopia, by age category

Age category n AUC 95% CI ΔAUC 95% CI

6–8 months (<202 kcal)

Feeding frequency 123 0.65** 0.54, 0.76 Ref.

Consistency 116 0.63** 0.54, 0.73 0.00 −0.16, 0.16

Portion size 120 0.72*** 0.62, 0.83 0.10 −0.08, 0.28

PEI 118 0.78*** 0.69, 0.88 0.16** 0.04, 0.28

PEI-M 112 0.84*** 0.76, 0.93 0.21*** 0.10, 0.33

9–11 months (<307 kcal)

Feeding frequency 307 0.69*** 0.63, 0.74 Ref.

Consistency 276 0.56* 0.50, 0.62 −0.12** −0.20, −0.04

Portion size 305 0.69*** 0.63, 0.75 0.00 −0.08, 0.09

PEI 305 0.78*** 0.73, 0.83 0.09*** 0.04, 0.14

PEI-M 276 0.75*** 0.70, 0.81 0.07* 0.01, 0.13

12–13 months (<548 kcal)

Feeding frequency 115 0.79*** 0.70, 0.87 Ref.

Consistency 110 0.60* 0.51, 0.68 −0.19** −0.32, −0.07

Portion size 115 0.73*** 0.64, 0.83 −0.06 −0.19, 0.07

PEI 114 0.84*** 0.77, 0.92 0.06 0.00, 0.12

PEI-M 108 0.85*** 0.78, 0.92 0.07 0.00, 0.13

Abbreviations: AUC, area under the curve; CI, confidence interval; PEI, predicted energy intake; PEI-M,

modified predicted energy intake; Ref, Reference; SNNPR, Southern Nations, Nationalities, and Peoples'

Region.

*p < 0.05.

**p < 0.01.

***p < 0.001.

TABLE 4 Sensitivity/specificity analysis of complementary feeding indicators for low complementary food energy intake for 548 young

children in SNNPR, Ethiopia, by age category

Age category n Sensitivity Specificity PPV NPV % misclassified

6–8 months (<202 kcal)

≤1 feeding episodes 123 0.18 0.99 0.88 0.72 26.8

Portion size (<50 ml) 120 0.77 0.62 0.46 0.87 33.3

≤photo 2 116 0.43 0.77 0.44 0.76 33.6

≤1 feeding episodes or <50 ml 118 0.86 0.61 0.48 0.91 31.4

≤1 feeding episodes or <50 ml or ≤photo 2 112 0.91 0.45 0.42 0.92 41.1

9–11 months (<307 kcal)

≤2 feeding episodes 307 0.33 0.88 0.72 0.59 38.1

Portion size (<60 ml) 305 0.66 0.61 0.60 0.66 37.0

≤photo 2 276 0.23 0.85 0.55 0.58 42.4

≤2 feeding episodes or <60 ml 305 0.79 0.54 0.61 0.74 33.8

≤2 feeding episodes or <60 ml or photo 2 276 0.78 0.46 0.53 0.72 39.9

12–13 months (<548 kcal)

≤2 feeding episodes 115 0.20 1.00 1.00 0.32 58.3

Portion size (<70 ml) 115 0.67 0.65 0.84 0.42 33.9

≤photo 2 110 0.16 1.00 1.00 0.31 60.9

≤2 feeding episodes or <70 ml 114 0.75 0.65 0.85 0.49 28.1

≤2 feeding episodes or <70 ml or ≤photo 2 108 0.76 0.63 0.84 0.50 27.8

Abbreviations: PPV, positive predictive value; NPV, negative predictive value; SNNPR, Southern Nations, Nationalities, and Peoples' Region.
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compared with individual indicators. The proportions of children in

each age group who were misclassified using this dichotomous

indicator ranged from 28.1% to 33.8%. The dichotomous indicator

that also included having a consistency matching photograph 3 or

higher had improved sensitivity (0.76–0.91) but lower specificity

(0.45–0.63), and the proportions of children misclassified ranged from

27.8% to 41.1%.

4 | DISCUSSION

We found that caregiver estimates of portion size were correlated

with their recall of complementary food intake and energy intake and

that when combined with minimum meal frequency, these estimates

aided in the identification of children with low complementary food

energy intake. A five-photograph indicator of complementary food

consistency added little to the ability to identify children with low

complementary food energy intake.

The methods described and evaluated here provide a means to

assess usual portion size and complementary food consistency as a

proxy of energy density that would not require the resources of a

more robust method of dietary assessment. Multiple-pass 24-h die-

tary recall, as described by Gibson and Ferguson (2008) is burden-

some and expensive. Caregivers are asked to attend an introductory

meeting 2 days before the recall, and based on our experience in this

survey, the total time required for the caregiver training and dietary

recall can exceed 2 h in addition to caregivers' travel time. Further-

more, dietary recall requires extensive formative research to under-

stand details of the local diet for the development of probing

questions for each food consumed, as well as community-based col-

lection of common recipes and conversion factors. This formative

research, as well as the 24-h dietary recall itself, requires highly skilled

and trained data collectors. Training of data collectors for this survey

exceeded 2 weeks. The time burden that dietary recall carries means

fewer can be done in a day, and high-maintenance equipment is

required (food models, modelling clay, scales, batteries and utensils),

all leading to considerably higher costs and longer duration of data

collection. In comparison, the survey-based methods described here

require relatively few materials (a graduated cylinder and uncooked

rice or other pourable, food-grade material that will not spoil). Data

collectors can be effectively trained in less than 1 day. The indicators

required only approximately 5 min to administer in a survey, placing

less time burden on respondents and reducing duration and costs of

data collection. A comparison of training time, resources/materials

and respondent burden for multiple-pass 24-h dietary recall and for

the indicators described here is shown inTable S5.

There is limited research with which to compare these findings.

Previous research on portion size estimates has been limited to recall

of specific meals and has been conducted primarily in adolescents or

adults and in high-income countries. Nevertheless, the observation

that portion size estimates become less precise with increasing intake

is consistent with previous research on portion size estimation using

photographs (Ovaskainen et al., 2008; Turconi et al., 2005; Vereecken,

Dohogne, Covents, & Maes, 2010). The mean difference between

average portions consumed and caregivers' estimate showed a small

overestimation of portion size and wide limits of agreement. Wide

limits of agreement have been noted in other attempts to validate

portion size estimation of specific meals (Flax et al., 2019; Turconi

et al., 2005).

It is also important to note that there were some differences in

indicators' performance by intervention group. Caregivers in the full

intervention group were eligible to receive a feeding bowl and spoon

designed to promote age-specific portion sizes and thick complemen-

tary foods, which could influence caregiver awareness and/or report.

Indeed, portion size estimates were more strongly correlated with

complementary food energy and quantity per episode in the full inter-

vention group. On the contrary, the consistency indicator was not cor-

related with total complementary food energy intake in the full

intervention group.

Complementary food consistency has previously been assessed

in surveys, though methods are not well described. To our knowl-

edge, the validity of survey-based consistency indicators has not

been assessed, and little is known about the relationship between

consistency and energy intake outside of controlled feeding trials. It

has previously been established that the consistency of grain-based

porridges, as measured via a viscometer, is correlated with energy

density (Treche & Mbome, 1999). However, viscosity is also impacted

by temperature and other ingredients (Black, Pahulu, & Dunn, 2009;

Mouquet & Treche, 2001). This could explain why the consistency

indicator was only weakly correlated with complementary food

energy intake and why it added little value to the identification of

children with low complementary food energy intake. The correlation

with energy density was somewhat stronger when restricted only to

porridges/gruels, likely because the photographs themselves depicted

porridges/gruels, but porridges/gruels were not commonly consumed

in this sample, while fried and baked dough products were more com-

mon. Other possible explanations include that there was insufficient

variation in the indicator responses and/or that foods of low energy

density were not a driver of low energy intake in this sample. A vast

majority (95.5%) of children in this sample consumed complementary

foods with more than 0.8 kcal/g, and the median energy density of

complementary foods was 1.5 kcal/g. A photographic indicator

depicting porridges/gruels of various consistencies may perform bet-

ter in populations where a greater proportion of the complementary

diet is composed of porridges/gruels and/or where there is more var-

iability in energy density of complementary foods.

The AUC of feeding frequency for identifying children with low

complementary food energy intake in this sample was similar to

those analysed by Dewey, Cohen, Arimond and Ruel (2006). Despite

high specificity, minimum meal frequency lacked sensitivity for iden-

tifying children with low complementary food energy intake. A

dichotomous indicator identifying children with both minimum meal

frequency and age-specific minimum portion size yielded improved

sensitivity. It should be noted that these cut-offs are not intended

to act as recommended portion sizes and were chosen based on

sensitivity and specificity analyses of portion size in 10-ml
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increments. Adding the criterion of having complementary food con-

sistent match photograph 3 or higher caused a large reduction in

specificity among infants under 12 months, with only minimal

increase in sensitivity.

4.1 | Strengths and limitations

There are important limitations of this research. First, the sample is

limited in its generalizability to older ages and contexts outside of

southern Ethiopia. When feeding frequency was originally evaluated

as a potential indicator of energy intake from complementary foods, it

was done so in 10 data sets from nine countries, and some heteroge-

neity between sites was observed (Working Group on Infant and

Young Child Feeding Indicators, 2006). Therefore, replication of these

findings in other populations and older ages is important. No other

methods of assessing portion size were tested, but other methods

may be more predictive or may yield stronger correlations. It may be

useful to develop several potential methods of estimating portion size

in order to compare the performance of each. Similarly, the consis-

tency indicator depicts porridges/gruels only, which may have been

inappropriate in a population where porridges/gruels comprised less

of the overall complementary diet than was expected. Furthermore,

both dietary recall and the indicators tested here rely on caregiver

recall and self-report and are susceptible to biases. Future research

should assess the performance of these indicators against gold stan-

dard dietary assessment methods such as weighed food record and/or

doubly labelled water.

It should also be emphasized that the present research does not

identify an optimal portion size for infants and young children and is

not meant to guide portion size recommendations. Though reducing

rates of childhood undernutrition is an important goal, it should not

come at the expense of promoting excessive energy intake or overrid-

ing an individual child's hunger and fullness cues. The Guiding

Principles for Complementary Feeding of the Breastfed Child encourages

caregivers to respond to a child's feeding cues when determining how

much to feed (PAHO/WHO, 2003).

Despite the limitations, there are also strengths of the research

presented here. We have evaluated simple indicators for assessing

two complementary feeding practices for which no valid indicators

have previously been established by comparing them with multiple-

pass 24-h dietary recalls. We have assessed the correlations in sev-

eral subgroups, to identify circumstances in which the indicators

may lack relative validity. Caregivers' estimate of usual portion size

appears to be a valid indicator of complementary food and comple-

mentary food energy intake and has added value for identifying chil-

dren with low complementary food energy intake. The utility of the

photographic consistency indicator is less clear. Indicators of com-

plementary food consistency may be more useful in populations

where children consume low energy dense foods, particularly por-

ridges/gruels.

Important knowledge gaps remain, however. The performance of

these indicators should be assessed in more diverse populations,

particularly among older children and in multiple low- and middle-

income countries in Africa, Asia and Latin America. Gold standard ref-

erences, including doubly-labelled water or weighed food records,

should be used to establish indicator validity.

ACKNOWLEDGMENTS

Financial support for this work was provided by Emory University and

the International Potato Center via a grant from the European Union.

The authors wish to thank the International Potato Center and People

in Need SNNPR offices for their support with field work. We

acknowledge Abdelrahman Lubowa for his support with dietary recall

data collection and management.

CONFLICTS OF INTEREST

The authors declare that they have no conflicts of interest.

CONTRIBUTIONS

ADS, AWG and ECF formulated the research question; ECF and AWG

led study design. ECF led the data collection and analysis; ADS and

AWG provided input on the analysis and interpretation. ECF wrote

the first draft of this manuscript and led manuscript revisions. All

authors approved the final version.

ORCID

Emily C. Faerber https://orcid.org/0000-0003-3817-4180

Aryeh D. Stein https://orcid.org/0000-0003-1138-6458

Amy Webb Girard https://orcid.org/0000-0003-4414-720X

REFERENCES

Aggarwal, A., Verma, S., Faridi, M. M. A., & Dayachand (2008). Comple-

mentary feeding—Reasons for inappropriateness in timing, quantity

and consistency. Indian Journal of Pediatrics, 75(1), 49–53. https://doi.
org/10.1007/s12098-008-0006-9

Alive & Thrive. (2010). IYCF practices, beliefs, and influences in SNNP

region, Ethiopia. Retrieved from Addis Ababa, Ethiopia.

Amougou, N., Cohen, E., Mbala, M. L., Grosdidier, B., Bernard, J. Y., Said-

Mohamed, R., & Pasquet, P. (2016). Development and validation of

two food portion photograph books to assess dietary intake among

adults and children in Central Africa. The British Journal of Nutrition,

115(5), 895–902. https://doi.org/10.1017/S0007114515005401
Black, C. T., Pahulu, H. F., & Dunn, M. L. (2009). Effect of preparation

method on viscosity and energy density of fortified humanitarian

food-aid commodities. International Journal of Food Sciences and

Nutrition, 60(Suppl 7), 219–228. https://doi.org/10.1080/

096374809012950605

Bouchoucha, M., Akrout, M., Bellali, H., Bouchoucha, R., Tarhouni, F.,

Mansour, A. B., & Zouari, B. (2016). Development and validation of a

food photography manual, as a tool for estimation of food portion size

in epidemiological dietary surveys inTunisia. Libyan Journal of Medicine,

11, 32676. https://doi.org/10.3402/ljm.v11.32676

Bucher, T., Weltert, M., Rollo, M. E., Smith, S. P., Jia, W., Collins, C. E., &

Sun, M. (2017). The international food unit: A new measurement aid

that can improve portion size estimation. International Journal of

Behavioral Nutrition and Physical Activity, 14(1), 124. https://doi.org/

10.1186/s12966-017-0583-y

Chapagain, R. H. (2013). Complementary feeding practices of Nepali

mothers for 6 months to 24 months children. JNMA; Journal of the

Nepal Medical Association, 52(191), 443–448.

FAERBER ET AL. 9 of 11bs_bs_banner



Chauhan, M., Bala, R., Nandan, D., & Misra, S. K. (2007). Complementary

feeding practices in rural area of district Agra. Indian Journal of Public

Health, 51(1), 66–67.
Collison, D. K., Kekre, P., Verma, P., Melgen, S., Kram, N., Colton, J., …

Girard, A. W. (2015). Acceptability and utility of an innovative feeding

toolkit to improve maternal and child dietary practices in Bihar, India.

Food and Nutrition Bulletin, 36(1), 24–32. https://doi.org/10.1177/

156482651503600103

Dewey, K. G., & Brown, K. H. (2003). Update on technical issues

concerning complementary feeding of young children in developing

countries and implications for intervention programs. Food and

1Nutrition Bulletin, 24(1), 5–28. https://doi.org/10.1177/

156482650302400102

Dewey, K. G., Cohen, R. J., Arimond, M., & Ruel, M. T. (2006). Developing

and validating simple indicators of complementary food intake and

nutrient density for breastfed children in developing countries.

Retrieved from Washington, DC.

Ethiopian Health and Nutrition Research Institute. (1968–1997). Food

composition tables for use in Ethiopia part III.

FAO/INFOODS. (2012). FAO/INFOODS Density Database Version 2.0.

Flax, V., Thakwalakwa, C., Schnefke, C., Stobaugh, H., Phuka, J., Coates, J.,

… Muth, M. (2019). Validation of a digitally displayed photographic

food portion size estimation aid among women in urban and rural

Malawi (P13-012-19). Current Developments in Nutrition, 3(Suppl 1),

nzz036-P13. https://doi.org/10.1093/cdn/nzz036.P13-012-19

Foster, E., & Adamson, A. (2014). Challenges involved in measuring intake

in early life: Focus on methods. The Proceedings of the Nutrition Society,

73(2), 201–209. https://doi.org/10.1017/S0029665114000020
Foster, E., Hawkins, A., Barton, K. L., Stamp, E., Matthews, J. N., &

Adamson, A. J. (2017). Development of food photographs for use with

children aged 18 months to 16 years: Comparison against weighed

food diaries—The Young Person's Food Atlas (UK). PLoS ONE, 12(2),

e0169084. https://doi.org/10.1371/journal.pone.0169084

Gibson, R. S., & Ferguson, E. L. (2008). An interactive 24-hour recall for

assessing the adequacy of iron and zinc intakes in developing countries.

Washington, DC and Cali: International Food Policy Research Institute

(IFPRI) and International Center for Tropical Agriculture (CIAT).

HarvestPlus

Harris-Fry, H., Paudel, P., Karn, M., Mishra, N., Thakur, J., Paudel, V., …
Saville, N. (2016). Development and validation of a photographic food

atlas for portion size assessment in the southern plains of Nepal. Public

Health Nutrition, 19(14), 2495–2507. https://doi.org/10.1017/

S1368980016000537

HarvestPlus, S. S. A. (2020). CSDietary software program. Retrieved from

https://www.intake.org/index.php/resource/csdietary-software-

program

Hotz, C., Abdelrahman, L., Sison, C., Moursi, M., & Loechl, C. (2012). A food

composition table for central and eastern Uganda. Washington, DC:

Harvest Plus.

Huybregts, L., Roberfroid, D., Lachat, C., Van Camp, J., & Kolsteren, P.

(2008). Validity of photographs for food portion estimation in a rural

West African setting. Public Health Nutrition, 11(6), 581–587. https://
doi.org/10.1017/S1368980007000870

Jones, A. D. (2015). The production diversity of subsistence farms in the

Bolivian Andes is associated with the quality of child feeding practices

as measured by a validated summary feeding index. Public Health Nutri-

tion, 18(2), 329–342. https://doi.org/10.1017/S1368980014000123
Kamenju, P., Liu, E., Hertzmark, E., Spiegelman, D., Kisenge, R., Kupka, R.,

… Fawzi, W. W. (2016). Nutritional status and complementary feeding

among HIV-exposed infants: A prospective cohort study. Maternal &

Child Nutrition, 13, e12358. https://doi.org/10.1111/mcn.12358

Kamenju, P., Liu, E., Hertzmark, E., Spiegelman, D., Kisenge, R. R.,

Kupka, R., … Fawzi, W. W. (2017). Complementary feeding and diar-

rhea and respiratory infection among HIV-exposed Tanzanian infants.

Journal of Acquired Immune Deficiency Syndromes, 74(3), 265–272.
https://doi.org/10.1097/QAI.0000000000001248

Korkalo, L., Erkkola, M., Fidalgo, L., Nevalainen, J., & Mutanen, M. (2013).

Food photographs in portion size estimation among adolescent

Mozambican girls. Public Health Nutrition, 16(9), 1558–1564. https://
doi.org/10.1017/S1368980012003655

Kram, N., Melgen, S., Kedera, E., Collison, D. K., Colton, J., Blount, W., …
Girard, A. W. (2016). The acceptability of dietary tools to improve

maternal and child nutrition in Western Kenya. Public Health Nutrition,

19(10), 1823–1833. https://doi.org/10.1017/S1368980015003213
Lazarte, C. E., Encinas, M. E., Alegre, C., & Granfeldt, Y. (2012). Validation

of digital photographs, as a tool in 24-h recall, for the improvement of

dietary assessment among rural populations in developing countries.

Nutrition Journal, 11, 61. https://doi.org/10.1186/1475-2891-11-61

Mishra, K., Kumar, P., Basu, S., Rai, K., & Aneja, S. (2014). Risk factors for

severe acute malnutrition in children below 5 y of age in India: A case-

control study. Indian Journal of Pediatrics, 81(8), 762–765. https://doi.
org/10.1007/s12098-013-1127-3

Mouquet, C., & Treche, S. (2001). Viscosity of gruels for infants: A compar-

ison of measurement procedures. International Journal of Food Sciences

and Nutrition, 52(5), 389–400. https://doi.org/10.1080/

09637480120078276

Naska, A., Valanou, E., Peppa, E., Katsoulis, M., Barbouni, A., &

Trichopoulou, A. (2016). Evaluation of a digital food photography atlas

used as portion size measurement aid in dietary surveys in Greece.

Public Health Nutrition, 19(13), 2369–2376. https://doi.org/10.1017/
S1368980016000227

Nichelle, P. G., Almeida, C. C. B., Camey, S. A., Garmus, L. M.,

Elias, V. C. M., Marchioni, D. M., … Crispim, S. P. (2019). Subjects' per-

ception in quantifying printed and digital photos of food portions.

Nutrients, 11(3), 501. https://doi.org/10.3390/nu11030501

Nightingale, H., Walsh, K. J., Olupot-Olupot, P., Engoru, C., Ssenyondo, T.,

Nteziyaremye, J., … Maitland, K. (2016). Validation of triple pass

24-hour dietary recall in Ugandan children by simultaneous weighed

food assessment. BMC Nutrition, 2, 1–9. https://doi.org/10.1186/

s40795-016-0092-4

Nissinen, K., Korkalo, L., Vepsalainen, H., Makiranta, P., Koivusilta, L.,

Roos, E., & Erkkola, M. (2018). Accuracy in the estimation of children's

food portion sizes against a food picture book by parents and early

educators. Journal of Nutritional Science, 7, e35. https://doi.org/10.

1017/jns.2018.26

Oliveira, D. A., Castro, I. R., & Jaime, P. C. (2014). Complementary feeding

patterns in the first year of life in the city of Rio de Janeiro, Brazil:

Time trends from 1998 to 2008. Cadernos de Saúde Pública, 30(8),

1755–1764. https://doi.org/10.1590/0102-311x00120013
Ovaskainen, M. L., Paturi, M., Reinivuo, H., Hannila, M. L., Sinkko, H.,

Lehtisalo, J., … Mannisto, S. (2008). Accuracy in the estimation of food

servings against the portions in food photographs. European Journal of

Clinical Nutrition, 62(5), 674–681. https://doi.org/10.1038/sj.ejcn.

1602758

PAHO/WHO. (2003). Guiding principles for complementary feeding of the

breastfed child. Retrieved from

Paintal, K., & Aguayo, V. M. (2016). Feeding practices for infants and

young children during and after common illness. Evidence from South

Asia. Maternal & Child Nutrition, 12(Suppl 1), 39–71. https://doi.org/
10.1111/mcn.12222

Quandt, S. A. (1987). Variation in nutrient intake of infants and its implica-

tions for collecting reliable dietary intake data. American Journal of

Physical Anthropology, 73(4), 515–523. https://doi.org/10.1002/ajpa.
1330730414

Ruel, M. T. (2017). Measuring infant and young child complementary feed-

ing practices: Indicators, current practice, and research gaps. Nestle

Nutrition Institute Workshop Series, 87, 73–87. https://doi.org/10.

1159/000448939

10 of 11 FAERBER ET AL.bs_bs_banner



Ruel, M. T., Brown, K. H., & Caulfield, L. E. (2003). Moving forward with

complementary feeding: indicators and research priorities. Interna-

tional Food Policy Research Institute (IFPRI) discussion paper

146 (April 2003). Food and Nutrition Bulletin, 24(3), 289–290. https://
doi.org/10.1177/156482650302400309

Shankar, A. V., Gittelsohn, J., Stallings, R., West, K. P. Jr., Gnywali, T.,

Dhungel, C., & Dahal, B. (2001). Comparison of visual estimates of chil-

dren's portion sizes under both shared-plate and individual-plate con-

ditions. Journal of the American Dietetic Association, 101(1), 47–52.
https://doi.org/10.1016/S0002-8223(01)00014-1

Treche, S., & Mbome, I. L. (1999). Viscosity, energy density and osmolality

of gruels for infants prepared from locally produced commercial

flours in some developing countries. International Journal of Food Sci-

ences and Nutrition, 50(2), 117–125. https://doi.org/10.1080/

096374899101319

Tueni, M., Mounayar, A., & Birlouez-Aragon, I. (2012). Development

and evaluation of a photographic atlas as a tool for dietary assessment

studies in Middle East cultures. Public Health Nutrition, 15(6),

1023–1028. https://doi.org/10.1017/S1368980012000171
Turconi, G., Guarcello, M., Berzolari, F. G., Carolei, A., Bazzano, R., &

Roggi, C. (2005). An evaluation of a colour food photography atlas as a

tool for quantifying food portion size in epidemiological dietary sur-

veys. European Journal of Clinical Nutrition, 59(8), 923–931. https://
doi.org/10.1038/sj.ejcn.1602162

U.S. Department of Agriculture. (2019). USDA National Nutrient Database

for Standard Reference, Release. from Agriculture Research Service

Nutrient Data Laboratory Home Page, http://www.ars.usda.gov/

nutrientdata

Venter, C. S., MacIntyre, U. E., & Vorster, H. H. (2000). The development

and testing of a food portion photograph book for use in an African

population. Journal of Human Nutrition and Dietetics, 13(3), 205–218.
https://doi.org/10.1046/j.1365-277x.2000.00228.x

Vereecken, C., Dohogne, S., Covents, M., & Maes, L. (2010). How accurate

are adolescents in portion-size estimation using the computer tool

Young Adolescents' Nutrition Assessment on Computer (YANA-C)?

The British Journal of Nutrition, 103(12), 1844–1850. https://doi.org/
10.1017/S0007114510000127

WHO. (2008). Indicators for assessing infant and young child feeding prac-

tices, part I definitions. Retrieved from

WHO. (2010). Indicators for assessing infant and young child feeding prac-

tices, part 2 measurement. Retrieved from

Working Group on Infant and Young Child Feeding Indicators. (2006).

Developing and validating simple indicators of dietary quality and

energy intake of infants and young children in developing countries:

Summary of findings from analysis of 10 data sets. Retrieved from

Washington, D.C.

Working Group on Infant and Young Child Feeding Indicators. (2007).

Developing and validating simple indicators of dietary quality of

infants and young children in developing countries: Additional analysis

of 10 data sets. Retrieved from

World Health Organization. (1998). Complementary feeding of young chil-

dren in developing countries: A review of current scientific knowledge.

Retrieved from

SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section at the end of this article.

How to cite this article: Faerber EC, Stein AD, Webb Girard A.

Portion size and consistency as indicators of complementary

food energy intake. Matern Child Nutr. 2021;17:e13121.

https://doi.org/10.1111/mcn.13121

FAERBER ET AL. 11 of 11bs_bs_banner


	Portion size and consistency as indicators of complementary food energy intake
	1  INTRODUCTION
	2  METHODS
	2.1  Study setting and population
	2.2  Data collection
	2.3  Reference intakes
	2.4  Test indicators
	2.5  Analytical approach
	2.6  Ethical considerations

	3  RESULTS
	4  DISCUSSION
	4.1  Strengths and limitations

	ACKNOWLEDGMENTS
	  CONFLICTS OF INTEREST
	  CONTRIBUTIONS
	REFERENCES



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


