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Abstract

The aim of the present study was to develop 
life-sized food photographs as a tool for 
dietary intake assessment. This was an 
experimental study and used weighed 
record method to measure the dietary 
intake of subjects and a one-day 24-hour 
recall method was used to compare with the 
weighed record method. A total of fifteen 
subjects of Universiti Putra Malaysia staff 
with monthly household income below than 
MYR2300 (low income) were selected. 
From a hundred and sixteen food items 
were photographed, eleven of them were 
chosen for validation. A paired samples 
t-test showed that the percent weight 
differences between weighed record and 
24-hour recall methods was between -10.7 
to 5.3%, and foods that had definitive 
shape and form couldn’t be estimated 
by the subjects. A correlation analyses 
between the two methods shows that there 
was a significant correlation (p≤0.01) 
between these two methods. Nutrient intake 
analyses show that macronutrient intakes 
differed between 8.1 to 11%, while for other 

nutrients the differences were between -2.0 
to 3.1%. Findings showed that there was no 
significant difference between both methods 
for nutrients (p≥0.05), while vitamin A and 
C (p≤<0.01) and iron (p≤0.05) had positive 
correlation. An accurate estimation of 
micronutrient intakes for 24-hour recall 
method shows that these photographs can 
be used in dietary intake assessment to 
reduce the error and increase the accuracy 
in food and nutrient intakes estimation.
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Introduction

The dietary intake survey is commonly 
used to gather nutrition information that 
can then be used in the establishment of 
nutrition-related policies and programs.  
Besides that, increasing evidence of the 
relationship between diet and chronic 
diseases has led to several technical advances 
in measurement of food consumption for 
individuals (Gibson, 2005).  Commonly, the 
recall or record method is used to quantify 
the individual’s food consumption.  Some 
of the studies have used methods that can 
measure the pattern of food use during a 
longer, less precisely defined time period 
such as dietary history and the use of food 
frequency questionnaire.  The measurement 
of food consumption at the individual 
level is expensive and time-consuming 
(Gibson, 2005), and the accuracy of 
dietary data in the survey is dependent on 
the use of valid and reliable data methods 
(Godwin, Chambers & Cleveland, 2004).  

The 24-hour dietary recall is a simple 
method that imposes little burden to the 
respondents and is suitable for all levels 
of literacy (Zamaliah, 1995).  However, 
there is potential to underestimate and 
overestimate food intakes by using this 
method particularly with portion sizes 
amongst lower socio-economic groups 
and obese population (Pryer et al., 1997; 
Jonnalagadda et al., 2000; Hulshof et al., 
2003).  Some of the studies use food models 
and photographs to determine the food 
intakes of populations, but the use of food 
models are expensive and inconvenient due 
to the nature of the surveys (Zamaliah,1995).  
Usage of food photographs as visual aids 
is useful for dietary intake studies and can 
be considered as a precise devise in the 
quantification of the food intake estimates 
(Zamaliah,1995). The use of valid and 

reliable methods can increase the accuracy 
of dietary data.  In this case, the portion 
size estimation can be related to the type 
of measurement aids used or the validation 
of portion-size estimation when using aids 
(Godwin, Chambers & Cleveland, 2004).  

In Malaysia, the standard portion size is 
based on the Malaysian Dietary Guidelines 
(MDG) (National Coordinating Committee 
on Food and Nutrition (NCCFN), 
2010) and is used widely along with the 
Malaysian Food Pyramid.  However, this 
guideline cannot be accessed easily by the 
rural populations and people with a lower 
education level.  The portion sizes of foods 
consumed by Malaysians are based on 
regular household measurements and this 
measurement varies among the populations 
(Norimah et al., 2008).  The purpose of 
the present study is to develop life-sized 
food photographs based on the portion 
size of Malaysian foods to aid and increase 
the accuracy of the dietary survey data.

Methods

There were two phases for this 
study: the development of the 
life-sized food photographs and 
the validation of the visual aid.  

Phase 1:  The development of the 
life-sized food photographs

In this phase, the commonly cooked food 
items that were eaten by the Malaysian 
population were photographed.The foods 
were selected based on the food intake 
pattern obtained from the previous study 
(Norimah et al., 2008; Zainal Badari et al., 
2012).  Based on the 116 food items, 60 
food items from cereals, grains and tubers 
group; 10 items from vegetables; 10 items; 
7 items from fruits; 10 items from fish; 
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poultry; meat and legumes; 1 item from 
milk and dairy products; 17 items from 
fat, oils, sugar and salt; and 6 items from 
non-alcoholic beverages  were chosen to 
develop the life-sized food photographs.  
From these food items, breakfast, lunch 
and dinner meals were put together 
according to the serve size (Table 1) of the 
Malaysian Food Pyramid and consisted of 
two categories: light meals (Table 2) and 
heavy meals (Table 3).  Each of these meals 
represented 1500 kcal, 2000 kcal, and 2500 
kcal of energy respectively.  At the same 
time, common household measurement 
tools such as plates, bowls, cups, spoons 
and ladles were also photographed.

The meals were prepared and cooked 
mainly in the Food Sensory Laboratory, 
Department of Resource Management 
and Consumer Studies, University Putra 
Malaysia.  The recipes for cooked meals 
that were prepared in the laboratory were 
followed according to the Healthful 
Recipes, the Wise Choice book (Nutrition 
Society of Malaysia, 1996; Nutrition 
Society of Malaysia, 2000).  All foods were 
weighed and measured according to the 
standard portion sizes (Suzana et al., 2009).  
The food items were then photographed 
by using Canon DSLR 400D camera, with 
ISO 400 and aperture of f5.6.  Each of the 
foods were then calculated for their nutrient 
contents based on the edible weights of 
foods that were indicated in the Nutrient 
Composition of Malaysian Foods (Tee et 
al., 1997) and Suzana et al., (2009)by using 
the Nutritionist ProTM Nutrition Analysis 
Software (First Data Bank, USA, 2003).

Phase 2:  Validation of the life-sized 
food photographs 

After the visual aid development, a validation 
test was carried out in the same laboratory.  

Universiti Putra Malaysia staff were chosen 
by systematic sampling for this test and 
all procedures were approved by Human 
Research Ethics Committee (HREC) of the 
University of New South Wales, Australia 
and the The Medical Research Ethics 
Committee from University Putra Malaysia.  
The written informed consent was obtained 
from all subjects.  The subjects were 
selected based on the following criteria:

1.They should be healthy adults.
2.They should have a monthly income
    below MYR 2300.00 (lower-income  
    group).
3. Have a  family of at least one child.

Staff from the list of School Aid Charity 
of University Putra Malaysia for the 
year 2010, who were given an allowance 
to supplement their income to support 
the education of their children were the 
subjects.  From the list (120 staffs), thirty 
were selected and invited to participate, 
and only fifteen of them participated and 
signed a consent form before the test.

The weighed record and one day 
24-hour food recall

A total of 11 foods were tested with 
three meals: breakfast, lunch and dinner.  
Breakfast consisted of fried egg noodles 
and coffee with low fat milk.  Lunch 
included rice, chicken fried in red sauce, 
four angle bean, cucumber, fried fermented 
soybean (tempeh), and plain water.  Rice, 
Indian mackerel fried in chilli, fried 
kangkong (water convolvulus), and banana 
were given to the respondents for their 
dinner. All food consumed by subjects 
were weighed, recorded and packed by the 
researcher.  The respondents were asked 
to eat the foods by themselves, and bring 
back the left-over food to be weighed on 
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the following day.  The 24-hour food recall 
was conducted the following day.  The 
respondents were asked to recall the type 
of foods and amount of the foods they ate 
on the previous day with the help of the 
life-sized food photographs album.  The 
respondents quantified the amount of foods 
they consumed by fractions or multiples 
of the amount of foods (for eg. Half, 
quarter, double etc.) in the photographs.  
The serve sizes that were quantified by 
respondents were then converted into 
edible weights as indicated in the album 
and recorded into the 24-hour recall form.

Data analysis

The nutrient contents of weighed record 
of foods (edible portion) and foods eaten 
as recorded through the 24-hour food 
recall method were analysed by using the 
Nutritionist ProTM Nutrition Analysis 
Software (First Data Bank, USA, 2003) 
that consists of Nutrient Composition 
of Malaysian Foods (Tee et al., 1997).  
PASW statistics 18 software (SPSS, Inc., 
Chicago, IL, USA) was used to analyse 
data statistically.  The test of normality 
was done for the selected food weights 
and nutrients with monthly household 
income of respondents to measure the 
data distribution. A paired samples t-test 
was used to determine the differences 
in food and nutrient intakes between 
weighed record and one day 24-hour food 
recall.  Pearson correlation test was used to 
investigate the correlation between the two 
methods.  A p <0.05 value was considered 
statistically significant for both tests.

Results

Subject characteristics

There were 15 subjects who agreed to do 
a validation study of  the life-sized food 
photographs developed previously.  Most 
of the respondents were men (93.3 %) and 
Malay (100 %) with a mean age of 43.7±8.2 
years old.  Forty per cent of the respondents 
were aged between 41-50 years, and another 
26.7 % were aged between 51-60 years.  
Subjects’ mean monthly household income 
was MYR 1523.4±242.1, with 53.3 % of 
subjects having a monthly income between 
MYR 1001-1500 and the rest (46.7%) had 
monthly income between MYR 1501-2300.  
The household sizes of the subjects were 
between 0-3 people (40.0 %) and 4-6 people 
(53.3 %) respectively (mean household size: 
4.5±1.8).  The education level of subjects 
was not more than upper secondary school 
except for 20 % of them that had a certificate.  

Differences between weighed 
record method and one day 24-hour 
food recall using life-sized food 
photographs

In Table 4, the mean weight intake of fried 
egg noodles, four angle bean, fried water 
convolvulus (kangkong), fried chicken in 
red chilli sauce, fried fermented soybean 
(tempeh), Indian mackerel fried in chilli 
(fish), and banana had slight differences 
between the data collected using the 
weighed record method and one day 
24-hour food recall using life-sized food 
photographs.  The percent weight difference 
for these food items were between -10.7 
to 5.3%. However, the paired samples 
t-tests in Table 5 indicated that there was 
no statistically significant difference 
(p≥0.05) between these two methods.  Its 
seems that the weight of the foods such 
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as chicken, fish, fruit or any other foods 
that had a definitive shape could not be 
estimated by the respondents.  Most of 
them overestimated or underestimated 
these foods during the 24-hour recall 
method even though the life-sized food 
photographs had been used in this interview.  

The correlation analyses (Table 5) between 
the two methods revealed that there was 
a highly significant correlation for fried 
egg noodles, rice, fried chicken in red 
chilli sauce, cucumber, Indian mackerel 
(fish) fried in chilli and fried water 
convolvulus (kangkong) ranging  between 
0.718 to 1.000 (p≤0.01).  Even though the 
weights of some of these foods could not 
be exactly estimated, it seemed that the 
estimation of weights were acceptable.  
The fried fermented soybean (tempeh) 
showed a significant negative (p≤0.05) 
correlation.  The respondents could not 
quantify these foods because these foods 
had different shapes in the photographs 
compared to what they were used to.

Differences in nutrient intakes 
between weighed record method and 
one day 24-hour food recall using 
life-sized food photographs

All the foods consumed by the subjects 
were converted into selected nutrients 
such as energy, protein, carbohydrate, total 
fat, vitamin A and C, thiamin, calcium, 
and iron (Table 6).  The results showed 
that energy, protein and total fat had 
a large percentage difference between 
weighed record and 24-hour recall method 
(8.1-11%), while other nutrients had a 
small percentage difference between 
both methods (-2.0-3.1%). It seemed that 
macronutrient intakes were overestimated 
by the respondents, perhaps because they 
could not recall some of the foods that 

were high in these nutrients except for 
carbohydrates, and micronutrients which 
were slightly underestimated.  However, the 
mean difference in vitamin A and calcium 
for both methods was large and showed an 
overestimation of this nutrient as reported 
by subjects, even though the percentage 
difference of these nutrients was small.  

Despite differences in some nutrients 
between weighed record and 24-hour recall 
method, the paired samples t-test analyses 
showed that they were not statistically 
significant (p≥0.05) between both methods 
for all mean nutrient intakes (Table 
7).  Further correlation analysis done to 
determine the relationship between mean 
nutrient intakes between both methods 
revealed that the mean nutrient intakes for 
both methods showed a positive correlation 
for vitamin A and vitamin C with a value 
ranging from 0.823 to 0.990 (p≤0.01).  
For iron, there was significant correlation 
between weighed record and one day 24-hour 
recall (r=0.530, p=0.042).  Other nutrients 
did not show any relationship statistically.

Discussion

The objective of the present study is to 
develop life-sized food photographs of 
Malaysian foods based on the portion 
sizes as an aid to increase accuracy during 
dietary intake surveys.  The validity of these 
life-sized food photographs was tested 
using eleven types of dishes with three 
meals: breakfast, lunch and dinner.  These 
foods were selected for validation because 
they were the common foods consumed 
by Malaysians.  There are three elements 
for assessment of food portion sizes from 
photographs: perception, conceptualisation 
and memory (Huybregts et al., 2007).  
Perception affects the ability of subjects 
to assess the amount of food present in 
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reality through the photographs.  The 
conceptualisation is the ability of the subject 
to create mental constructs about the amount 
of foods that are not present in reality, and 
how the subject links the photographs 
with the actual foods, while memory will 
affect the accuracy of the conceptualisation 
(Nelson, Atkinson & Darbyshire, 1994). 

In the present study, all three elements have 
been used in order to validate the life-sized 
food photographs by using 24-hour recall 
method, and compare it with the weighed 
method.  The results of this study showed 
that the life-sized food photographs served 
as a good aid in the assessment of dietary 
intakes with the differences between 
weighed record and 24-hr recall ranging 
from -10.7% to 5.3%.  However, regular 
validation of these photographs needs to 
be considered especially for foods eaten 
daily.  This is important because the dietary 
intake of populations keep changing 
due to choices in the food selection and 
increasing consumption of convenience and 
packaged foods (Ovaskainen et al., 2008).

The results of this study showed that there 
were percentage differences in the total 
weights of foods between the weighed 
method and 24-hour dietary recall for 
certain tested foods, especially foods that 
have a form or shape such as fried chicken, 
fried fermented soybean (tempeh), fish 
(Indian mackerel) and banana.  It seems 
that these foods were overestimated among 
subjects.  This may be because subjects 
could not recall how much of the food 
they ate even though they were shown 
the life-sized food photographs as aids 
during the survey.The same results were 
also reported by Zamaliah (1995) that 
showed that the respondents had difficulty 
in interpreting the photographs of food 
that lacked in shape or size.  Ovaskainen 

et al., (2008) indicated that maturity and 
shape of foods were the characteristics 
that influenced food estimation.  Other 
studies also showed similar results 
where the tendency to overestimate food 
portions was more likely for large sizes 
of food (Hernandez et al., 2006; Turconi 
et al., 2005; Frobisher & Maxwell, 2003).  
Gibson (2005) reported that there were 
respondents who failed to report what 
they ate. This was more due to a memory 
lapse. Two main reasons for memory 
lapses were that the respondents failed to 
report what they ate (error of omission) or 
that the respondents were reporting what 
they were not eating during the recalled 
day (error of commission) (Gibson, 2005).  

In addition, factors such as misinterpretation 
of food portion sizes can cause respondents 
to fail to estimate accurately how much food 
they ate.  This is the most common problem 
encountered in both methods of weighed 
records and 24-hour recall (Poslusna et 
al., 2009).  Often, subjects have different 
capabilities in estimating food portion 
sizes visually.  This confusion is different 
for different types of food (Gibson, 2005).  
Large errors can occur when subjects were 
asked to estimate the food in large quantities 
but have a little weight (Gittelsohn et al., 
1994), and this requires a correction of 
the estimated food (Poslusna et al., 2009).  

In the present study, the correlation 
coefficients have been found for most of 
the tested foods.  It seems that the use of 
life-sized food photographs during the recall 
will help respondents to remember what 
they ate on the previous day, and accurately 
estimate the amount of foods they ate.  This 
was supported by Huybregts et al.,(2007) 
which showed that use of food photographs 
was an appropriate tool to estimate portion 
sizes in dietary studies at population level.  
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A previous study also reported that the use of 
food photographs as a tool in dietary intake 
studies will increase the accuracy of food 
estimation among respondents (Zamaliah, 
1995). Another study also indicated that the 
use of food photographs increased accuracy 
of quantitative FFQ when compared with 
weighed records (Pietenen et al., 1988).  
However, Ovaskainen et al,(2008) reported 
that the use of food photographs was a modest 
aid in the assessment of dietary intakes.  

The weighed record method has been known 
as a gold standard due to the high response 
rate, high reliability, acceptable accuracy, 
and valid measurements (Zamaliah, 1995; 
Zamaliah, Shamsul & Mirmalini, 1999;  
Moy & Suriah, 2002; Plummer & Kaaks, 
2003; Poh, Wong &Norimah, 2005).   This 
method is normally used in order to validate 
other dietary intake methods such as FFQ 
and 24-hour recall (Zamaliah, Shamsul & 
Mirmalini, 1999; Gibson, 2005; Poslusna et 
al., 2009).  Using 24-hour recall alone can 
either underestimate or overestimate the 
food intake (Gibson, 2005), and this can 
give inaccurate dietary intake data.  Using 
life-sized food photographs as an aid in 
dietary assessment can reduce the error of 
estimation during dietary intake surveys.  
However, the shape or geometry of foods 
could be a problem for respondents in 
actual dietary intake surveys due to the 
different shapes and portion sizes of foods 
consumed when compared with the shapes 
of foods in photographs (Huybregts et al., 
2007; Lillegraad, Overby & Andersen, 
2005).  This should be taken into account 
during dietary intake surveys because if 
the real foods had different forms such as 
number of food units, thickness of slices 
or the way it is placed on the plate, these 
interfere with the respondents’ estimation 
of portion sizes anyway (Lucas et al., 1995).

The nutrient intakes of respondents when 
comparing both dietary intake methods 
showed that per cent macronutrient 
intakes were higher than micronutrient 
intakes in 24-hour recall method.  It 
seems that energy, protein and fat were 
overestimated by subjects.  It may be due 
to the misinterpretation of food portion 
sizes such as fried chicken, fish, and fried 
fermented soybean (tempeh) that are high 
in calories, protein and fat when the 24 
hour recall method was used.  As stated by 
Ovaskainen et al., (2008), errors in portion 
size estimations had an effect on the correct 
reporting of food intake (Krebs-Smith et 
al., 2000).  Other studies also supported 
these results indicating an overestimation 
of energy and macronutrient intakes when 
using the 24-hour recall method (Ard et 
al., 2006;  Subar et al. 2010).  However, 
Zamaliah (1995) in her study reported an 
underestimation in macronutrient intakes 
using the 24-hour recall method compared 
to the weighed records.  The same results 
were also reported by previous studies 
that showed underreporting was usually 
prevalent when referring to portion sizes 
in those respondents who also reported 
low energy intakes (Ovaskainen et 
al., 2008; Krebs-Smith et al., 2000).  

The significant correlations in vitamin A, C 
and iron intakes using weighed records and 
24-hour recall indicated that respondents 
estimated of food intakes also affect the 
micronutrient intakes in this study.  An 
earlier study also revealed a moderate 
to strong correlation of nutrient intakes 
between weighed record and 24-hour 
recall methods when conducted with the 
aid of food photographs (Zamaliah, 1995), 
which can also assist  with estimating 
food portion sizes leading to an improved 
estimation of nutrient intakes with less 
error (Nelson, Atkinson & Darbyshire, 
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1994). Another study also stated that use 
of food photographs in colour can increase 
the estimation of foods during 24-hour 
recall and reduce the error (Turconi et 
al., 2005).  Subar et al., (2010) indicated 
that the subjects preferred using larger 
food photographs during 24-hour recall 
indicating  that the subjects or participants 
of dietary intake surveys using 24-hour 
recall method were more comfortable in 
estimating their food intakes when compared 
with the use of smaller photographs.  
Hence, life-sized food photographs are 
a useful tool in  in dietary assessment.   

Further studies in literature indicate use of 
food photographs as an aid in dietary intake 
assessment being more applicable for 
groups of subjects rather than individuals 
(Turconi et al., 2005;Huybregts et al., 2007, 
Foster et al., 2008;  Subar et al., 2010).  
The use of food photographs should take 
into consideration the age of  the subjects.  
Nelson et al., (1996) found that age, sex 
and BMI were important factors when 
estimating intakes using food photographs.  
The same results were also found by Foster 
et al., (Foster et al., 2005) who showed that 
the use of food photographs designed for 
adults when used for children’s intake gave 
up to 45.0% overestimation of intakes than 
food photographs designed for children (an 
average of 1.0% underestimation).  Thus, 
the life-sized food photographs in the 
present study were more suitable for adults 
in order to have accurate estimation of food 
consumption in the dietary intake survey.

There are some limitations in the present 
study.  The small sample size restricted 
the interpretation of statistical results.  A 
bigger sample size is needed to have more 
statistical power.  The gender and race of the 
subjects should be taken for consideration. 
The gender and race of the subjects may 

influence their food intake estimation. Thus, 
the future studies need to includes both 
gender of the subjects (men and women) and 
all races in Malaysia. Furthermore, a small 
number of foods used in the present study 
can reduce recall bias of the respondents in 
the food estimation. However, the variations 
in food selection were limited. Therefore, 
for such studies, the number of foods can 
be increased and tested based on the food 
groups recommended by the Malaysian 
Food Pyramid (NCCFN, 2010) to get more 
statistical power in the analyses of the data.

Conclusion

The main objective of the present study was 
to develop life-sized food photographs as a 
tool in dietary assessment methods, in order 
to reduce underestimation or overestimation 
of food intakes.  Even though there were no 
significant differences for the tested foods 
whether using weight record or 24-hour 
recall methods with the help of life-sized 
food photographs, foods with defined shape 
and form were overestimated by the subjects 
compared to other foods.  In addition, there 
was no significant correlation between 
methods for macronutrient (energy, 
protein and fat) intakes as seen for the 
micronutrients, probably because the main 
source of macronutrients came from the 
foods that had defined shape and form that 
were overestimated by the subjects in both 
methods.  This showed that there was more 
accurate estimation of micronutrient intakes 
among subjects, due to the use of life-sized 
food photographs as a tool in the 24-hour 
recall method.  Therefore, it can be concluded 
that the use of life-sized food photographs 
in the assessment of dietary intake can 
reduce the error and increase the accuracy 
in estimating food and nutrient intakes.  
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Table 1: Serve sizes for food groups of the Malaysian Food Pyramid
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Table 2: The food items based on light meals (6276, 8308, & 10,460 kJ[1500, 
2000 & 2500 kcal])
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Table 2 Continued
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Table 2 Continued
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Table 3: The food items based on heavy meals (6276, 8308, & 10,460 kJ[1500, 
2000 & 2500 kcal])
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Table 3 Continued



67

Table 3 Continued
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Table 4:  Mean weighed record and one day 24-hr food recall from validity test 
of life-sized food photographs (weight in grams)
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Table 5: Comparison and correlation of mean food intakes using weighed 
record and one day 24-hr food recall from validity test of life-sized food 

photographs
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Table 6: Mean weighed record and one day 24-hr food recall of nutrient intakes 
from validity test of life-sized food photographs
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Table 7:  Comparison and correlation of mean nutrient intake from weighed 
record and one day 24-hr food recall using the life-sized food photographs for 

respondents of validity test


