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Abstract

Objective: To introduce community-specific modifications in the conventional
24 h recall method for objectively estimating maternal dietary intake and validate
it with a reference method.
Design: A modified 24 h recall method was developed with the visit of trained
local girls at the subject’s home to weigh portion sizes at each mealtime over the
24 h recall period. This was validated with the reference method in which
weighed records of the foods consumed were obtained and their laboratory
analysis was done to obtain nutrient intakes.
Setting: Rural areas located 40–50 km from Pune City, India.
Subjects: Forty-one pregnant women participated willingly.
Results: The estimates of intake obtained from the reference method were com-
parable to those obtained from the modified 24 h recall method for energy (7795
(SD 1841) kJ (1863 (SD 440) kcal) v. 7615 (SD 1824) kJ (1820 (SD 436) kcal),
respectively), protein (48?6 (SD 12?9) g v. 45?3 (SD 12?6) g, respectively) and fat
(35?3 (SD 16?6) g v. 36?0 (SD 14?2) g, respectively). Significant correlation was
observed between the estimates obtained by the two methods for energy (0?75,
P , 0?001), protein (0?71, P , 0?001) and fat (0?56, P , 0?001) and differences in
nutrient intake did not reveal any systematic bias. When compared with the
reference method, the modified method showed .80 % sensitivity and specificity
for identifying inadequate maternal energy intakes.
Conclusions: Simple modifications to conventional methods backed by under-
standing of community specifics and nutritional peculiarities are of immense
importance in obtaining objective estimates of daily nutritional intakes of indi-
viduals in free-living populations. The approach would be adaptable in similar
settings in other developing countries.
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Validation

Despite the wide range of techniques available for dietary

assessment, ranging from questionnaires to weighed

records to biological markers, no method is universally

the ‘best’(1) or ‘ideal’(2). At best there may be ‘preferred’

methods for particular purposes(3). For example, in epi-

demiological studies the diet history method is con-

sidered preferable; while for obtaining the average level

of usual dietary intake the 24 h recall method is used,

although it is known to underestimate(4). However, in

situations where maternal intakes are to be examined in

relation to birth outcomes, the level of accuracy required

in estimating dietary intakes is considerably high. Addi-

tionally, such methods should be simple to administer

and also should consider the convenience and comfort of

the individual whose intake is to be assessed.

Conventional dietary assessment of an individual

requires information on three aspects, i.e. correct recall of

the foods consumed, their portion sizes and the nutrient

contents of the foods. Several errors are introduced at

each of these stages, resulting in large random deviations

from the true mean. For example, random errors due to

the use of food tables are reported to be in the range of

2 % to 20 %, whereas errors involved in estimating the

weights (portion sizes) of foods eaten are reported to be

between 20 % and 30 %. However, the more serious error

may be the recall of exactly which foods are consumed in

a day, which is known to range from 4 % to 400 %(5). Thus

obtaining accurate intake at individual level is a most

difficult task and requires a high degree of skill, care and

dedication on the part of the observer. Clearly, the need
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for modifications in conventional methods that will

reduce these errors effectively is beyond doubt.

In rural communities like those in India, illiteracy in

women prevents the use of food diaries or self-weighing

methods commonly used in developed countries. Simi-

larly, dietary habits and even food preparations are

culture-specific and as such estimates of intake obtained

by conventional methods are likely to be far from precise.

It is therefore essential that community-specific con-

siderations be incorporated to obtain objective estimates

of individual intakes. In particular, objectivity in estimat-

ing the portion size and nutrient content of cooked foods

needs to be attempted. In the present paper, we describe

community-specific modifications to the conventional

24 h recall method for studying the dietary intake of rural

pregnant women in relation to birth outcome. However,

all dietary assessment methods rely more or less on

information supplied by an individual and therefore

independent validation is needed. We have therefore

validated the modified method by comparing the esti-

mates of intakes with those obtained from weighed

records in an observer follow-up study.

Materials and methods

The current methodology was developed during the pre-

recruitment phase of a prospective study planned in six

villages, 40–50 km from Pune City, that aimed to examine

the relationship of maternal dietary intake with birth

outcome. Ethical approval was given by the KEM Hospital

Ethics Committee, and permission was obtained from

local village leaders. Forty-one pregnant women were

selected from the study villages. We were not able to

select them randomly as participation depended on their

(and their families’) willingness to be followed closely

from morning until late evening.

The socio-economic information collected initially

showed high levels of illiteracy (31 %). The rural com-

munity comprised families (75 %) engaged in subsistence

farming on either their own small landholding or other

farms as labourers. Most rural women were busy with

childcare, laborious domestic work and, in addition,

farming work and did not have time for lengthy inter-

views by researchers, nor did they like the weighing or

handling of food by an outsider. Thus a new approach

was undertaken, with the following components.

Focus group discussions

Initially, we conducted focus group discussions (FGD) for

understanding the community, even before developing

the tool for the dietary survey. Discussions were focused

on typical dietary patterns, staple foods, meal fre-

quencies, foods eaten on festivals or on days of fasting,

foods specifically eaten or avoided during pregnancy,

and foods available outside the home. FGD thus provided

insight into the nutritional knowledge and practices of the

rural mothers, the typical local names of various food

preparations and food taboos, especially during preg-

nancy. The valuable information obtained from FGD

about such community specifics was useful for incor-

porating appropriate modifications into the conventional

24 h recall method. Additionally, the information was also

found useful while interviewing the women for 24 h recall

of daily intake (Fig. 1).

Pilot study

In addition to FGD, a pilot investigation was undertaken

on thirty pregnant women to understand the variations in

portion sizes as well as nutrient contents of staple foods

consumed by mothers in the study area. We recorded the

actual weights of major food items such as roties (wheat/

bajra/sorghum bread), rice and dhal/vegetables in each

house. It was observed that women were remarkably

Modification of 24 h recall 

Focus group discussions 

To understand: 
 * Frequency & timings of meals 
 * Habitual dietary pattern, staple foods 
 * Local names of food preparations 
 * Fasting & festival foods 
 * Foods desired or banned during
   pregnancy 

 * Better acceptance by rural women 
 * Less behavioural change in diet 
 * Less disruption in daily routine

Creation of a new database of 
nutritive values of cooked foods 

Community-specific aspect 

Pilot survey 

To understand variation in: 
 * Weights of staple foods – 
   within household and 
   between households 
 * Nutrient contents 

Quantification of portion sizes Nutrients from cooked foods 

Next-day interview by 
nutritionist

 * Record of average weights
   of cooked foods 
 * Help in recall 

Role of local community worker for prior-day visit

Conversion of 
portion sizes into 
weight equivalent 

Objective estimate 
of nutrient intake 
at individual level 

Fig. 1 Flow chart showing the various steps in modifying the conventional 24 h recall method
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consistent in making roties of similar size, as the weight of

roties within a household varied negligibly (CV 5 3 %).

However, there was a large between-household variation

(CV 5 22 %) in the weight of roties. Furthermore, in the

case of cooked items like rice (CV 5 28?5 %), dhal

(CV 5 33?6 %) and vegetables (CV 5 39?9 %), the variation

was even larger. Unlike roties, within-household varia-

tions in preparations of vegetables (dry or with gravy)

also existed and, as such, an average weight (of three

servings) for each food item was necessary for each

household. Therefore, although the rural diet appeared

outwardly monotonous, large between- and within-

household variations in the serving size of staple foods

were prevalent.

In the pilot study, about eighty food samples were

analysed in the laboratory for their energy and protein

content to examine between- and within-household var-

iations in the nutrient content of major foods. Despite the

fact that samples were taken from different households,

the variation in energy content (per 100 g) in roties from

household to household was relatively small (CV 5 5–10

%). This small exercise revealed a need for a database on

nutrient contents of commonly consumed food items at

village level because a database on the nutritive values of

Indian foods (cooked) was not available. Use of such a

database would reduce errors due to the use of different

food tables in estimating nutrient intakes (Fig. 1).

Role of community workers

Local village girls, educated up to the 10th standard

(above age 16 years), were appointed as community

workers (CW). This was necessary because local girls

were more acceptable to the rural women and thus

helped in overcoming their reluctance for weighing and

handling of food by outsiders. They were trained to use

food scales for recording the average weights of roties

and food servings. For recording such weights, they vis-

ited the women before each meal on the day prior to that

scheduled for the 24 h recall. On the following day,

the woman was interviewed by one of four nutritionists,

using a 24 h recall questionnaire, to record portion sizes

of roties and servings of rice, dhal and vegetables, in

chronological order from morning until dinner time.

Weights recorded by the CW were then applied to these

portion sizes to quantify intakes of each food item. This

prior-day visit of CW helped in converting portion sizes

into their weight equivalents and also helped the recall of

the mothers on the following day.

Creation of food tables

The existing databases available for nutritive values per-

tain to only raw foods(6) and were used to estimate the

nutrient content of raw foods consumed (such as milk

and fruit). In order to create a database of nutrient con-

tents for cooked foods, we collected from each village ten

to twenty-five samples of major food items such as roties,

rice and dhal, and at least three samples for vegetable

preparations. For this purpose, CW were trained to collect

representative samples from each household for labora-

tory analysis.

A laboratory oven was installed in a central village

research centre and food samples were dried at 1008C

for 12 h, weighed, dried for a further 4–6 h and then

re-weighed to ensure that all moisture had been removed.

The dried samples were packed individually in air-tight

bottles and transported to Pune for laboratory analysis.

Protein was estimated by the micro Kjeldhal method

using the 1030 Kjeltec autoanalyser system. Fat was esti-

mated using the Soxhlet method in which food samples

were subjected to continuous extraction in diethyl ether

for 18h(7). Carbohydrates were estimated by subtraction.

Analysis of 1227 food samples was done to obtain a data-

base of macronutrient values for 288 distinct food items

commonly consumed in this rural community. This data-

base was useful for estimating daily intakes of energy,

protein, carbohydrate and fat. It helped to avoid errors

involved due to use of food tables and was a useful addi-

tion for obtaining precise estimates of maternal intakes.

Validation of the modified 24 h recall method

The modified 24h recall method thus developed was vali-

dated against a ‘reference’ method. In the ‘reference’

method women were followed from early morning until

dinner time by a nutritionist and all foods eaten by the

woman were weighed using Ishida scales (5 g LC). A sample

of each food item consumed (25% of identical portions

of food by weight) was collected in an air-tight plastic

container, making composite samples for each women.

Thus, for each woman, the foods eaten up until lunch time

were pooled together in one composite and foods eaten

thereafter until dinner time were pooled to form a second

composite sample. These samples were analysed in the

laboratory using the methods described above.

On the same day, CW recorded the average weight of

roties as well as servings of each food item prepared in

the household as part of her routine work. The women

were interviewed the next day, by a different nutritionist,

for recording the consumption in terms of servings using

the modified 24 h recall method. This was helpful to

validate the data recorded by CW.

Statistical methods

Mean intakes estimated by modified 24 h recall were

compared with those from the reference method using

paired t tests. Association between the two was examined

with the help of correlation coefficients and regression

analysis. Bland–Altman plots(8) were examined to assess

systematic or differential bias in the two methods. We

compared intakes in our study with the dietary allowan-

ces recommended by the Indian Council of Medical

Research(9) and calculated the sensitivity and specificity of

the test method for identifying inadequate dietary intakes.
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Results

In estimating the daily intake of individuals, it is essential

in the first instance to know correctly the foods consumed

in a day. This depends on the accuracy of the 24 h recall

of the individual. We therefore examined, for each

women, the foods listed in the 24 h recall and the corre-

sponding information recorded by an observer for the

reference method (Table 1). This comparison was done

for major food groups. It was observed that over 95 % of

the women were able to recall correctly the staple food

items they consumed, such as roti, rice and vegetables.

However, for foods like snacks, foods consumed on

fasting days and fruits, which are not items of the daily

meal, recall accuracy was in the range of 65 % to 85 %.

One cannot deny that there could be error due to false

reporting of items which are not actually consumed.

Although such errors are beyond our control, they were

of negligible order (one case out of forty-one).

Second, comparison for portion sizes was done by

comparing the actual weights of consumed foods (refer-

ence method) with the estimates obtained using average

weights recorded by the CW (modified 24 h recall

method), as shown in Table 2. It can be observed that the

difference was not significant for any food item. This

shows that the average weights of food items recorded by

CW on the day prior to the interview were able to esti-

mate adequately the weights of portion sizes of foods

recorded in the 24 h recall.

Finally, the total daily intake estimated by the reference

method and the modified 24 h recall method were com-

pared for major macronutrients (Table 3). It can be noted

that mean energy and protein intakes were lower com-

pared with the reference method by only 2–6 % while fat

intakes were almost the same. None of the differences

were statistically significant when compared by the paired

t test. Correlation coefficients between the estimates of

daily intakes obtained by the two methods were sig-

nificant, showing a high degree of association. These

findings suggest that modifications incorporated in the

24 h recall substantially improved the accuracy of the

estimates of maternal intakes.

Although the above analysis indicated concordance

between the two estimates obtained by the two methods,

it was not known whether any systematic bias existed.

Therefore Bland–Altman plots (Fig. 2) were obtained for

energy, protein and fat. These revealed that differences in

the two methods were random and did not exhibit any

Table 1 Recall of various food items by respondents in comparison with the reference method: pregnant rural Indian
women (n 41), pre-recruitment phase of the Pune Maternal Nutrition Study

Women reporting consumption of foods in

Reference method 24 h recall False reporting

Food item n n % n %

Roti/chapati 41 40 97?6 1 2?4
Rice 23 23 100?0 –
Pulses 38 36 94?7 –
Leafy vegetables 10 10 100?0 –
Other vegetables 20 20 100?0 –
Milk products/eggs 13 13 100?0 –
Fruits 16 14 87?5 1 2?4
Fasting foods 8 7 87?5 –
Snacks 23 16 69?6 1 2?4

Table 2 Weight of various food items obtained by the two methods: pregnant rural Indian women (n 41), pre-recruitment phase of the Pune
Maternal Nutrition Study

Weight (g) of food consumed

Reference method Modified 24 h recall method

Food item No. of women Mean SD Mean SD Significance-

Roti 32 284?8 177?9 300?2 189?5 NS
Chapati 18 138?3 90?8 124?5 88?5 NS
Rice 17 201?8 95?7 170?4 94?5 NS
Dhal 34 140?5 99?5 123?3 73?9 NS
Leafy vegetables 8 61?9 41?1 60?6 58?6 NS
Other vegetables 24 103?7 65?4 102?3 72?3 NS
Milk products/egg 7 151?4 63?7 149?0 37?7 NS
Fruits 14 79?0 66?7 73?9 67?1 NS
Fasting foods 7 238?3 106?5 221?3 70?9 NS
Snacks 23 63?4 42?8 65?0 37?2 NS

-Difference between the two methods tested using the paired t test.
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systematic bias. In particular, the modified method was

capable of classifying individuals correctly into the same

third of the intake distribution obtained by the standard

method, thus showing good association between the two

methods (P 5 0?03 for energy, P 5 0?005 for protein and

P 5 0?03 for fat, x2 test).

For the assessment of a method as a whole, it is advi-

sable not to depend on the correlation coefficient alone,

but to calculate some kind of misclassification matrix for

all categories of intake(10). Maternal intakes were there-

fore examined by the adequacy (or otherwise) of nutri-

ents and data analysed to examine the sensitivity and

specificity of the modified method (Table 4). It can be

observed that the modified method was sensitive (85 %)

to identify energy as well as protein inadequacy in

maternal intakes. It also showed reasonably good speci-

ficity (82 % for energy and 63 % for protein) and indicated

a lower risk of classifying wrongly the maternal intakes as

inadequate when they are actually adequate by the

standard method. Thus the modified method was found

satisfactory even in these aspects.

Discussion

Dietary assessment is an inherent part of most nutrition

investigations and as such is of concern for every nutri-

tionist. Despite a wide range of techniques available for

the assessment of dietary intake, associations of diet

with health are often observed to be weak. In particular,

despite overwhelming evidence for a relationship

between maternal weight changes and birth weight, it is

still to be shown that these associations followed from

diet(11). One of the ways for improvement is to make the

existing techniques more sensitive to community spe-

cifics, as there is a large variation from community to

community with respect to staple foods, their prepara-

tions and dietary habits. Unlike Western communities,

mothers from poor communities in rural India are often

illiterate, not able to maintain their own food records,

busy working on farms making less time available for

interviews, rarely consume market foods and have strong

food taboos especially in pregnancy – all of these facts

need consideration in developing appropriate techniques

for assessment of maternal intakes. In the present paper,

we describe modifications incorporating such community

specifics into the conventional 24 h recall method and the

validation of the same.

Initial FGD were extremely useful for devising the

questionnaire for the 24h recall. Our results showed that a

prior-day visit by a CW contributed considerably in redu-

cing errors in several ways. It was helpful in overcoming

Table 3 Comparison of nutrient intakes by the two methods: pregnant rural Indian women (n 41), pre-recruitment phase of the Pune
Maternal Nutrition Study

Reference method Modified 24 h recall method Deviation from reference

Nutrient Mean SD Mean SD Mean SD Significance- r

Energy (kJ) 7795 1841 7615 1824 179 203 NS 0?75**
Energy (kcal) 1863 440 1820 436 42?8 48?5 NS 0?75**
Protein (g) 48?6 12?9 45?3 12?6 2?70 1?53 NS 0?71**
Fat (g) 35?3 16?6 36?0 14?2 20?26 2?30 NS 0?56**

Correlation was significant: **P , 0?01.
-Difference between the two methods tested using the paired t test.
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the reluctance of the rural mothers, for getting average

weights for food items cooked on that day, and provided

help for the actual 24h recall. In maintaining a food diary

there is always a risk that the subject will alter his normal

diet, while in the interview method it is easier for the

subject to make an incorrect statement about his food

habits(12).

Validation in different settings(4,13–15) has been con-

fined to weighed records only and has not taken into

consideration the nutrient content of foods consumed.

Creation of a database on the nutrient content of com-

monly consumed foods in the rural community therefore

was an additional feature of our approach which reduced

the errors due to the use of food tables. Further, the use of

food tables needs the weights of raw ingredients as well

as the final cooked weight of each food preparation for

computing conversion factors to estimate the individual’s

intake of raw ingredients. This was not feasible in rural

conditions and, as laboratory estimations are more pre-

cise than those obtained by food tables, the modified

method suggested here offered objectivity in the final

estimates of daily intake of an individual. It is worthwhile

to mention that the modified method was not compared

with the conventional 24 h recall method, which is known

to have errors, but was compared only with the ‘refer-

ence’ method, i.e. weighing method, which ensured the

superiority of the modified method in obtaining objective

estimates of daily intake in field studies.

Validity describes the degree to which a dietary method

measures what it purports to measure(16), and no one

measure alone can determine the validity of a method.

The best approach is to look at several such measures for

confirmation of results(10). We used several checks in

validating our approach. First, the mean energy and

protein intakes (7615 kJ (1820 kcal) and 45?3 g, respec-

tively) obtained by the modified method compared well

with those obtained by the reference method (7795 kJ

(1863 kcal) and 48?6 g, respectively). Second, correlation

analysis showed high values of correlation coefficients,

indicating good association between the modified

method and the reference method, and also ensured that

the relative ranking of maternal intakes was similar by the

two methods. Additionally, Bland–Altman plots of esti-

mates by the two methods ensured the absence of sys-

tematic bias. Third, our results showed that the method

developed had high sensitivity and specificity with regard

to identifying inadequate maternal intakes. This obser-

vation in fact ensures that objective assessment of

maternal intakes is possible in free-living populations.

The method was used to estimate the dietary intakes

of rural pregnant mothers in the main study. It was

observed(17) that energy and protein intakes of the rural

mothers were low in early (7?4 (SD 2?1) MJ and 45?4 (SD

14?1) g, respectively) as well as late gestation (7?0 (SD 2?0)

MJ and 43?5 (SD 13?5) g, respectively). However, they

were comparable to the observations from other Indian

studies(18,19). The 24 h recall is known to underestimate

the individual’s intake(4). Estimate of under-reporting

using the cut-off of 1?2 3 BMR(20) was 23 % when BMR

was estimated from the FAO/WHO/United Nations

University equation(21). It has been shown(22) that the

measured BMR of even well-nourished Indian women is

lower than that predicted by this equation. For the rural

undernourished mothers (average body weight 42?0 kg)

in the present study, actual BMR would be lower still.

Therefore the above percentage cannot solely be attrib-

uted to under-reporting and may indicate genuinely low

intakes in these rural Indian women.

Our study underscores that simple modifications to

conventional methods backed by understanding of

community specifics and nutritional peculiarities are of

immense importance in obtaining objective estimates of

daily intakes of individuals in free-living populations. The

approach would be adaptable in other communities in

India and in other developing countries where illiteracy

in women is a major obstacle to using food diaries or self-

weighing methods commonly employed in developed

countries.
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