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Abstract. Background: Detection of food consumption by digital photography is a recently applied method in 
the world. The main purpose of the present study was to identify the most efficient method in determining 
the food consumption of the elderly in the nursing home by comparing different food consumption records 
to the digital photography method. Methods: A total of 52 (27 men, 25 women) elders, who did not have 
a neurological or psychiatric disturbance, were included in the study. The study was carried out in Ankara 
Seyranbağları Nursing Home Directorate for the Elderly Care and Rehabilitation Center. Nutritional status 
was screened using a questionnaire from the Mini-Nutritional Assessment, basic characteristics were deter-
mined and anthropometric measurements were assessed. Food consumption of elderly people was evaluated 
by daily food record, 24 hour retrospective food record, food frequency, and digital photography method, and 
the relevancy of these methods for the elderly were evaluated. Results: Most of the consumed food groups 
(milk, yoghurt, cheese, red meat, potatoes, fruit, oil, and sugar group for elderly men, eggs, red meat, fish, 
meat products, legume, bread, cereals, other vegetables and fat group for elderly women) were found to be 
highest according to food frequency, and then food records and lowest mean values were obtained by digital 
photography. At the end of the research, when the mean consumption of energy, protein, fat, and carbohy-
drate of elderly were ordered in descending order, it was seen that for all genders the order was same: the 
highest means had seen on food records than food frequency and the lowest means had seen on digital pho-
tography. Daily mean energy intake in the food record, digital photography and food frequency in respectively 
of men were 3172,86±484,42 kcal, 2189,60±470,69 kcal, and 2758,26±817,70 kcal and the women were 
3312,20±359,41kcal, 2191,73±401,36 kcal and 2628,00±733,92 kcal. For both genders, the difference be-
tween the measuring methods of energy consumption was statistically significant (p=0,001). In both genders, 
the lowest intake of all other nutrients except sodium was determined by the digital photography method 
(p<0.05). Conclusions: As a result, the digital photography method can record the full food consumption of 
the elderly in the nursing home and it is also a promising method. Although there are various limitations in 
the digital photography method like the other methods used. Therefore, considering the advantages and dis-
advantages, it is thought that the limitations of the methods and possible errors can be avoided by using more 
than one method together in the determination of food consumption.

Keywords: food record methods, digital photography, food consumption, food frequency questionnaire, 
elderly.
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Introduction

Aging is an inevitable process of change in the 
human body from birth to death.  In this process, as 
time passes, irreversible structural and functional 
changes are defined as “aging” (1). As the aging process 
is inevitable, it is important to improve the life quality 
of the individuals and this makes regulating nutrition 
a necessity.  Therefore, the elderly are one of the age 
groups at risk in society in terms of nutrition.

According to the research report with a world-
wide scope of the Turkish Statistical Institute (TSI), 
the elderly population  constitutes 8.8% of the world 
population in 2019. The population aged 65 and over 
constitutes 9.1% of the total population in Turkey. Ac-
cording to population projections, it is estimated 
that the rate of the elderly population will increase 
to 10.2 % in 2023, to 16.3% in 2040, and to 25.6% in 
2080 (2).

Adequate and balanced nutrition, especially dur-
ing the old age, is important in terms of protection, 
development, and improvement of health, delaying 
or preventing the occurrence of chronic diseases and 
extending the life span and improving life quality 
(3). Therefore, the detection of the nutritional status 
of the individuals of this age group at certain intervals 
and adopting measures to prevent poor nutritional sta-
tus from affecting the life quality of the elderly  is of 
great importance.

Nutritional status should be determined by 
dieticians as it is known that to determine the food 
consumption status of the elderly and to collect 
this information during the research is challenging  
(4-7). Daily food record and retrospective food recall 
(often 24 hours) are the methods commonly used to 
determine food consumption, nutritional history, and 
food frequency. If food consumption is recorded by the 
individuals participating in the study; erroneous data 
can be obtained due to cases such as individuals, who 
participate in the study, writing less or more of their 
food consumption, the probability of making mis-
takes in the portion sizes and transferring misinfor-
mation due to failure to record the food consumption 
on the same day (8-10).  Research on the evaluation 

of food consumption record methods shows that re-
cording food consumption by the participants causes 
a common problem and food consumption are un-
derreported (11-14).  In these studies, it is reported 
that participants underreported their energy intake 
in ratios 20% to 50% (14-17). While evaluating food 
consumption, the conversion of nutrients into the nu-
tritional elements using relevant references and scales, 
the necessity of the nutritional expertise in calculating 
the usage ratios of the nutrients in the body and also 
impact of possible errors in the relevant references and 
scales on the results may cause difficulty in evaluating 
the actual food consumption and ± 10% error in the 
results (18).

The food frequency method is used to determine 
the nutritional status of the elderly as well as other 
methods.  If this method is used in conjunction with 
a 24-hour food record, the results are closer to reality, 
which facilitates the identification of a possible link 
between the nutritional pattern and disease conditions 
of individuals (19-21).

Detection of food consumption by the digital 
photography method was first applied to 25 partici-
pants by Bird and Elwood (22). In this study, a high 
quality digital camera was given to the individuals, and 
all the food (food and drinks) in the plates before and 
after consumption was photographed.  As a result of 
this study, Elwood and Bird (22) stated that the digi-
tal photography method was the most suitable method 
to be applied to the participants for determining food 
consumption. Another study on children (23); showed 
that food consumption by digital photography could 
be used in the evaluation of nutritional intake in chil-
dren. Although the digital photography method does 
not provide any advantage in terms of the accuracy of 
food consumption compared to other methods, it is 
found to be more useful and less challenging for par-
ticipants (23).

Preliminary studies in children confirm the digital 
photography method for evaluating food consumption 
(24). In the assessment of food consumption in adults, the 
digital photography method is recommended (25-26).  
Evaluation of food consumption using digital photog-
raphy is reported as a promising method that allows for 
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complete food consumption recording (24-27). Com-
pared to other methods, the digital photography 
method is accepted as a more reliable and validated 
method in the determination of food consumption in 
adults (26, 28). In a study conducted on eighteen par-
ticipants, mobile technologies are reported to be use-
ful and practical tools for determining and evaluating 
food consumption (29). As a result of many studies on 
the elderly, it is found that digital photography is a val-
id and useful method for measuring food consumption 
in institutions with the elderly population (28, 30-33).

The present study aimed to identify the most ef-
ficient method to be used for the elderly by determin-
ing the food consumption of the elderly in the nursing 
home daily food record, 24-hour retrospective food re-
cord, food frequency, and digital photography method, 
and comparing the results.  

Materials and Methods

This study was carried out at Seyranbağları Nurs-
ing Home for Elderly Care and Rehabilitation Center 
affiliated to the T.R. Ministry of Family and Social 
Policies located in Ankara to compare different food 
consumption records to digital photography method 
for the elderly at the nursing home. A total of 52 nurs-
ing home residents including 27 men and 25 women 
aged 65 years and over, who did not have neurological 
or psychiatric disorders. Ethical approval for the pre-
sent study was obtained from the Hacettepe Univer-
sity Ethics Committee with number 16969557-1280 
and institutional permission was taken from the Min-
istry of Family and Social Policies.

Anthropometric measurements

The body weights of elderly individuals wearing 
minimal clothing without shoes were measured to the 
nearest 0.1 kg with a TANITA BC-532 model port-
able scale (21). Height of the elderly, waist circumfer-
ence, hip circumference, mid-upper arm circumference 
anthropometric measurements were made with a rigid 
measuring tape with 0.1  cm sensitivity  (19).  Body 

Mass Index (BMI; kg/m²) was calculated for each sub-
ject. The results were evaluated according to the World 
Health Organization (WHO) classification (34).

Data collection and dietary intake

In the first interview, a questionnaire was applied 
to determine the general characteristics of individu-
als. The questionnaire was completed by the researcher 
by interviewing the participants themselves.  Mini 
Nutritional Assessment (MNA) questionnaire was 
applied to each participant to evaluate the nutritional 
statuses of individuals.   To determine the  frequency 
of general food consumption habits of the elderly, the 
food frequency method was applied. Every week, food 
consumption records of an average of 5 participants for 
three consecutive days including one day on weekend, 
were taken. The records were kept by the elderly or the 
researcher by asking the elderly.  In addition to daily 
food records, amounts of food and drinks were iden-
tified by photographing the plates for 3 days before 
each meal and after consumption with leftovers. Some 
of the photographs taken before (Figure 1.1.1.-Figure 
1.6.1.) and after (Figure1.1.2.-Figure1.6.2.) consump-
tion of the foods by the elderly are given respectively.

Statistical Analysis

The statistical evaluation of the data was performed 
using IBM SPSS 20.0 program. Whether the data in the 
statistical analysis showed a normal distribution was re-
viewed with the Kolmogorov-Smirnov test. Descriptive 

statistics mean () ± Standard Deviation (SD) was used 
for the evaluation of continuous variables, which were 
numeric variables with a normal distribution such as an-
thropometric measurements, food consumption, energy 
and nutrient intake of the elderly by gender. Repeated 
measures ANOVA was used for repeated measure-
ments for the comparison of mean energy, and nutrients 
obtained from daily food record, digital photography 
method, and food frequency that provide parametric as-
sumptions, and Bonferroni was used for multiple com-
parisons. The Friedman test is used for variables that did 
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Figure 1.1.1. Before consumption

Figure 1.2.1. Before consumption

Figure 1.3.1. Before consumption

Figure 1.4.1. Before consumption

Figure 1.1.2. After consumption

Figure 1.2.2. After consumption

Figure 1.3.2. After consumption

Figure 1.4.2. After consumption
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not provide parametric assumptions and multiple pair-
wise comparison test was used for multiple comparisons 
(35-36). The significance level was taken as 0.05 and was 
considered statistically significant in the case of p <0.05.

Results

The socio-demographic characteristics of the 
participants are listed in Table 1. The mean age of the 
elderly was 76,8 ± 8,06 years and the proportion of 
men and women were 51.9% and 48.1%, respectively. 
25,0% were primary school graduates while the elderly 
with the same ratio were university graduates.  78,8% 
of the elderly had at least one diagnosed disease. The 
most prevalent were hypertension (63,4%), cardiovas-
cular diseases (46,3%), diabetes mellitus (29,3%) and 
rheumatic diseases (19,5%) (Table 1).

Anthropometric measurements of the elderly and 
assessment of measurements according to standards 
and disease risks are presented in Table 2. The body 
weight was  80,18±15,65 kg in men and 69,21±14,59 
kg in women.  Height was 169,48±6,81 cm in men 
and 149,96±6,46 cm in women.  Waist circumference 
measurements of men and women were as follows re-
spectively; 106,48±11,67 cm and 99,04±11,28 cm. The 
hip circumference was 107,59±7,51 cm for men and 
110,00±9,79 cm for women. Body mass index (BMI; 
kg/m2) was calculated as  27,83±4,57  kg/m  2  for men 
and 30,54±4,89kg/m2 for women. Waist hip ratio and 
waist height ratio was calculated as follows for men 
and women respectively; 0,99±0,07 and 0,63±0,07 and 
0,89±0,04 and 0,66±0,67. The upper mid arm circum-
ference was 30,15±3, 73 cm for men, and 30,88±3,87 
cm for women. Most of the men and women were over-
weight according to BMI (BMI: 25,0-29,9) (55,6% and 

Figure 1.5.1. Before consumption

Figure 1.6.1. Before consumption

Figure 1.5.2. After consumption

Figure 1.6.2. After consumption
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Socio-demographic characteristics
n %

Gender

Men 27 51,9

Women 25 48,1

Age groups (years)

<64 4 7,7

65-74 16 30,8

75-84 22 42,3

85+ 10 19,2

Education status

Illiterate 6 11,5

Literate (without formal education) 4 7,7

Primary school 13 25,0

Secondary school 5 9,6

High school 11 21,2

University 13 25,0

Disease status

No disease 11 21,2

At least 1 diagnosed disease 41 78,8

Diagnosed disease 

Obesity 4 9,8

Cardiovascular 19 46,3

Diabetes mellitus 12 29,3

Hypertension 26 63,4

Gastrointestinal 4 9,8

Anemia 3 7,3

Rheumatic 8 19,5

Kidney 5 12,2

Osteoporosis 6 14,6

Othersa 12 29,3

Table 1. Socio-demographic characteristics of the elderly (n=52)

a Liver-gall bladder disease (n=1), cancer (n=2), problems of eye (n=3), asthma (n=2), goiter (n=1), chronic obstructive pulmonary disease 
(COPD) (n=3)

40,0%, respectively) and in the high risk group for meta-
bolic diseases compared to waist circumference (70,4% 
and 84,0%respectively) and all elderly were in the risk 
group according to waist-height ratio. According to the 
waist-hip ratio, the majority of men (55.6%) were nor-
mal and all of the women are abdominal fat.

Nutrition, health status, and lifestyle characteris-
tics of the elderly participants are shown in Table 3. 

It was found out that the elderly were fed on mean  
2,96±0,19 main meals and 2,15±0,46 snacks. The 
mean number of medications used by the elderly was 
2,30±2,13 for men and 3,64±2,33 for women. When 
the smoking status of the elderly was examined; 30,7 of 
the participants smoke and it was determined that the 
majority of the smokers were men (87,5%) (χ 2=11,718, 
p= 0,001). Daily cigarette consumption of the elderly 
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Age and Anthropometric Measurements Men (n=27) Women (n=25)

 ± SD  ± SD

Age (years) 75,5±7,51 78,1±8,55

Body weight (kg) 80,18±15,65 69,21±14,59

Height (cm) 169,48±6,81 149,96±6,46

Waist circumference (WC) (cm) 106,48±11,67 99,04±11,28

Hip circumference (cm) 107,59±7,51 110,00±9,79

BMI (kg/m2) 27,83±4,57 30,54±4,89

Waist/hip ratio 0,99±0,07 0,89±0,04

Waist/height ratio (WHR) 0,63±0,07 0,66±0,67

Mid upper arm circumference (MUAC) (cm) 30,15±3,73 30,88±3,87

N % N %
BMIa

Underweight   < 18.5 - - - -

Normal   18.5-24.9 5 18,5 3 12,0

Overweight   25.0-29.9 15 55,6 10 40,0

Obese (I. Degree)   30.0-34.9 4 14,8 7 28,0

Obese (II. Degree)   35.0-39.9 3 11,1 4 16,0

Morbid Obese   ≥ 40.0 - - 1 4,0

Disease risk from WCa

Normal (M: <94 W:   <80) 3 11,1 1 4,0

Risk (94≤ M <102  80≤W <88) 5 18,5 3 12,0

High Risk (M: ≥102  W: ≥ 88) 19 70,4 21 84,0

Waist/hip ratioa

Normal (M: <1.0 W: <0.8) 15 55,6 - -

Abdominal obese (M: ≥1.0 W: ≥0.80) 12 44,4 25 100,0

Disease risk from WHRa

Normal <0.5 - - - -

Risk ≥0.5 27      100,0 25     100,0
a N (%), M: Men, W: Women

Table 2. Anthropometric measurements of the elderly and assessment of measurements according to standards and disease risk

was 8,37±9,83 for men while  the mean  number is 
1,00±3,54 for women.  In general, when asked about 
their appetite, the majority of the elderly (92,6% in 
men and 72,0% in women) stated that their appe-
tite was good.  When chewing-dysphagia status was 
examined, 92,6% of elderly men and 80,0% of the 
elderly  women did not experience any problem. The 
vast majority of the elderly participating in the study 

(all of the men and 92,0% of all women) were in nor-
mal nutritional status. The mean of MNA scores of 
the elderly was found to be 28,61±1,29 in men and 
27,40±2,37 in women. No malnutrition was detected 
in any one of the elderly participants.

Mean daily consumption of food groups by gen-
ders according to food record, digital photography, 
and food frequency of elderly participants are given 
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in Table 4. When the food consumption of the el-
derly was evaluated according to the applied methods, 
the  mean of milk-yoghurt consumption of men and 
women is 272,41±88,56 g and 237,04±108,27 g in dai-
ly food record, 238,67±74,05 g and 219,48±103,60 g 
in the digital photography method and 354,81±187,94 
g and 326,24±239,25 g in the food frequency accord-
ing to the data obtained. When the data obtained from 
the food consumption status evaluation methods ap-
plied to the elderly were compared, these consumption 
differences between the mean milk-yoghurt consump-
tion for both genders were found to be statistically sig-
nificant (p<0.05). 

The mean egg consumption of the elderly wom-
en with daily food record, digital photography and 
food frequency was 34,32±12,77 g, 20,24±12,32 g, 
and 23,16±13,67 g respectively. These differences for 
egg consumption means were statistically significant 
(p=0,001).

Table 3. Nutrition, health status and lifestyle characteristics of the elderly (n=52)

Nutrition and Health Status Men (n=27) Women (n=25)

 ± SD  ± SD
Number of meals consumed (per day)

Main meal  2,96±0,19     2,96±0,20

Snack 2,07±0,27 2,24±0,60

Medication use 2,30±2,13 3,64±2,33

Smoking 8,37±9,83 1,00±3,54

Appetite N % N %

Poor - - 1 4,0

Moderate 2 7,4 6 24,0

Good 25 92,6 18 72,0

Chewing/swallowing problems

Never 25 92,6 20 80,0

Always 2 7,4 5 20,0

Mini-Nutritional Assessment score

Normal (>23.5) 27 100.0 23 92.0

At risk (17-23.5) - - 2 8.0

Malnourished (<17) - - - -

 ± SD 28,61±1,29 27,40±2,37

The mean red meat consumption of the elderly 
men and women  was 73,11±15,41 g and 74,32±27,98 g  
by food record, 56,56±21,96 g and 41,20±21  by digi-
tal photography and 94,52±33,03 g and 55,56±34,03 g  
by food frequency, respectively. When  the data ob-
tained from the applied methods were compared, the 
differences between the red meat consumption means 
of the elderly were found to be statistically significant 
(p<0.05).

The mean consumption of poultry meat  of elderly 
women was determined as 29,52±23,66 g, 13,36±14,90 
g, and 41,28±30,93g respectively for food record, digi-
tal photography and food frequency methods while 
the mean consumption of legume was 38,24±17,72 g, 
21,88±15,96 g, and 31,76±25,45 g respectively by the 
methods and the mean consumption of green-leaved 
vegetables was  21,76±14,63 g, 10,32±10,83 g and 
22.,92±21,25 g (Table 4). It was found out that elderly 
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The mean fat consumption of elderly men and 
women was found as 66,67±5,26 g and 8,28±5,39 g ac-
cording to food record, as 4,11±4,01 g and 5,72±4,28 g  
according to digital photography and as 4,56±5,27 g  
and 8,80±6,87 g according to food frequency. The 
mean consumption of liquid oil was by the same or-
der 36,74±8,29 g and 36,08±9,92g according to 
food record, 25,78±8,12 g, and 21,76±8,75 g accord-
ing to digital photography and 37,04±36,57 g and 
24,32±16,79 g according to food frequency. According 
to the data obtained from the methods applied, elderly 
men consumed sugar of 23,59±14,91 g according to 
food record,  14,04±10,11 g in digital photography and 
of 37,00±23,34 g in food frequency method while el-
derly women consumed 15,72±9,53 g in food record, 
13,08±8,05 g in digital photography and 39,00±23,38 g  
in food frequency. When the data obtained from these 
three methods used to determine the food consump-
tion  of the elderly were compared, the differences be-
tween fat, liquid oil, and sugar by these two genders 
were found to be statistically significant (p<0.05).

The differences between the mean consumption 
of cheese, eggs, poultry, fish, legumes, and green-
leaved vegetables of elderly men and the mean con-
sumption of cheese, fish, and meat products of elderly 
women were not statistically significant (p>0.05) when 
these were evaluated according to the methods ap-
plied. However, according to the  data obtained when 
multiple comparison tests were applied to the mean 
consumption of the same food, the difference between 
the mean consumption of cheese, eggs, legumes and 
green-leaved vegetables of the elderly men found  us-
ing digital photography and food record was found 
statistically significant (p<0.05).

Daily energy and nutrients intake by the gen-
ders according to food records, digital photography 
and food frequency of elderly participants are given in 
Table 5. The mean daily energy intake of elderly men  
was  found as 3172,86±484,42 kcal, 2189,60±470,69 
kcal, and 2758,26±817,70 kcal respectively according 
to food record, digital photography and food frequency 
while that of elderly women was 3312,20±359,41 kcal, 
2191,73±401,36 kcal, and 2628,00±733,92 kcal. For 
both genders, the differences by the methods between 
the means of energy intakes were statistically signifi-
cant (p=0,001). When the daily energy, protein, fat and 

men consumed meat products on mean 16,04±29,73 g  
according to food record, 3,59±6,78 g according to 
digital photography and 9,93±14,28 g according to 
food frequency (Table 4). Mean poultry, legume, and 
green-leaved vegetable consumptions obtained by 
these methods used in the determination of food con-
sumption of the elderly women and the differences be-
tween the consumption means of meat products were 
found statistically significant (p<0.05).

When the food consumption of the elderly was 
evaluated according to the methods applied, the mean 
bread consumption of the elderly men and women  
was recorded as 281,33±90,09 g and 187,20±117,35 g  
according to food record, 173,93±90,75 g and 
115,12±96,50 g according to digital photography and 
168,70±111,21g and 133,88±101,78 g according to 
food frequency while mean consumption of cereals   by 
the same order was 214,96±59,57 g and 200,24±46,39 g  
by food record, 121,26±49,84g and 116,28±62,93 g 
by the digital photography and 152,70±58,69g and 
194,24±107,19 g by the food frequency.  When  the 
data obtained from the methods applied to the elderly 
for consumption were compared, the differences be-
tween the mean consumption of bread and cereals for 
both gender were found to be statistically significant 
(p<0.05).

The mean  potato, other vegetable and fruit con-
sumptions of  elderly men was respectively found as 
30,70±12,48 g, 294,07±110,98 g, and 305,07±63,31 g 
according to the data obtained from food record, as 
22,04±14,73 g, 190,33±79,58 g, and 288,41±101,31 g 
according to digital photography and as 78,89±44,25 g,  
155,59±97,32 g, and 642,78±393,64 g according to 
food frequency (Table 4). When the mean  potato, 
other vegetable and fruit consumptions of elderly 
women was examined, it was found as 38,00±18,88 g,  
274,80±47,83 g, and 307,36±64,46 g according to 
food record, as 19,36±12,20 g, 147,68±66,68 g, and 
216,08±86,53 g according to digital photography and as 
92,36±83,06 g, 130,84±81,64 g, and 638,36±382,84 g  
according to food frequency (Table 4). When the data 
obtained from the food consumption determination 
methods applied to the elderly were compared, the 
differences between the mean consumptions of po-
tato, other vegetables, and fruits for both genders were 
found statistically significant (p<0.05).
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Comparison of different food consumption methods to digital food photography method of elderly in nursing home 11

carbohydrate intake of the elderly was listed from high-
est to the lowest, the highest values were obtained from 
food record for both genders, which was followed by 
the means obtained from food frequency, and the lowest 
means are obtained from digital photography method.  

When the differences between the methods were 
evaluated in terms of energy and these three nutri-
ents, highest correlation coefficients were respectively 
fat  (χ2=28,222), energy (F=26,490), carbohydrates 
(F=25,046) and protein intake (F=18,143) for the el-
derly men while for elderly women; protein (F=32,747), 
energy (F=32,363), carbohydrate (F=31,427) and low-
est fat (F=20,690) (p=0,001).  Multiple comparison 
test results showed that means of energy and these 
4 nutrient intakes were significantly different for all 
three methods.

Daily mean fiber consumption of elderly men was 
found as 39,02±5,34 g in food record,  34,05±12,34 g 
in food frequency and as  26,64±6,52 g in digital pho-
tography method. The difference between the means 
was statistically significant (F=22,517, p=0,001).  Sta-
tistically significant difference was found out between 
the mean daily fiber consumption obtained from digi-
tal photography and food record and food frequency, 
respectively (pDP-FR=0,001, pDP-FF=0,002). Differences 
between the methods related to daily fiber consump-
tion for elderly women were found statistically signifi-
cant (F=17,472, p=0,001).

Since the results obtained from food frequency 
and digital photography method used to measure the 
daily mean polyunsaturated fat intake of the elderly 
men, the difference between these two methods was 
not significant (p>0.05). However, the differences be-
tween the means obtained by these two methods and 
the means obtained by the food record were statisti-
cally significant (pDP-FR=0,001 and pFR-FF=0,002) (Table 
5). According to multiple comparison test results, the 
difference between the mean of digital photography 
and food frequency was not statistically significant 
(p=1,000) in elderly women (Table 5).

The differences between only the digital photogra-
phy method and the other two methods for cholesterol 
intake of elderly men were found to be statistically sig-
nificant (pDP-FR=0,001 and pDP-FF=0,001). The difference 
between the mean of the results obtained from three 

methods in elderly women was found to be significant 
(F=29,811, p=0,001).

The daily intake of vitamin A in elderly men 
was 1521.09±337.01 mcg, 958.21±287.76 mcg, and 
1625,06±1334.17 mcg according to food record, digi-
tal photography, and food frequency. The main dif-
ference between the three methods were statistically 
significant (χ2=27.630, p=0,001). Daily intake of vita-
min E in elderly men was  31,18±5,22 mg according 
to food record, 21,46±5,44 mg according to digital 
photography and 24,88±10,65 mg according to food 
frequency while this value in elderly women was found  
29,95±3,91 mg according to food record, 18,84±4,92 
mg according to digital photography and 21,24±11,88 
mg according to food frequency. 

Daily mean of the Group B vitamins B1, B2 and 
B6 consumed by the elderly men   were recorded  as 
1,28±0,20 mg, 2,13±0,34 mg and 1,99±0.36 mg ac-
cording to food record; 0,95±0,25 mg, 1,65±0,37 mg 
and 1,47±0,36  mg according to digital photography 
and 1,20±0,39 mg, 2,20±0,69 mg and 1,83±0,55 mg ac-
cording to food frequency. When the mean of intakes 
by the methods for Group B vitamins were com-
pared, the differences between the means obtained 
by all three methods are found statistically significant 
(FB1=12,067, FB2=16,161, FB6=14,441; p=0,001) (Table 
5). When the means by the methods for the intake of 
Group B vitamins  from the diet were compared simi-
lar to the elderly men, the differences obtained for the 
elderly women for three methods are found statisti-
cally significant (χ2

B1=24.788, FB2=9.840, FB6=19.420; 
p <0.05) (Table 5).

Daily dietary intake of folic acid in both gen-
ders was found highest in  food  record,  secondly in 
the food frequency, and thirdly in the digital photog-
raphy method.   In line with these results, the differ-
ence between the means of daily folic acid intakes of 
both genders was statistically significant (elderly men; 
F=22,899, elderly women; χ2=22,640, p=0,000).

Daily vitamin C intake in elderly men was re-
spectively 169,31±45,82 mg, 131,30±37,38 mg and 
241,12±113,02 mg according to food record, digital 
photography and food frequency while these values 
were identified as 154,87±25,63 mg, 124,79±26,40 mg 
and 231,97±157,67 mg  for elderly women (p<0.05). 
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The mean vitamin C intakes obtained by three meth-
ods was statistically significant and different in men 
and women (p<0.05).

Potassium and calcium intakes of the elderly were 
found highest in both genders in the food frequency, 
secondly in the food record, and thirdly in the digital 
photography method. Only for elderly men, the dif-
ference between the digital photography method and 
other methods for the potassium and calcium intakes 
was found statistically significant (p=0,001). 

Daily magnesium intake of the elderly was re-
spectively 450,92±94,50 mg and 470,90±101,06 mg 
for the elderly men and women according to food 
record, 408,63±143,31 mg and 414,77±193,59 mg 
according to food frequency and 333,83±91,59 mg 
and 300,26±81,12 mg according to digital photog-
raphy with the lowest mean. There were statistically 
significant differences between the means in all three 
methods for magnesium intakes in men (F=14,313, 
p=0,001) and women (F=14,400, p=0,001) (Table 5).

When the mean daily phosphorus, iron, and zinc 
intakes of the elderly men and women were listed from 
highest to the lowest for three minerals, the highest 
intakes were obtained in food record, which was fol-
lowed by food frequency, and the lowest mean was ob-
tained from digital photography. When the differences 
between the methods were evaluated for these three 
nutrients, it was found statistically significant in both 
genders (p=0, 001).

Discussion

Food Consumption Statuses of the Elderly 

Nowadays, technological developments and new 
techniques evolving in parallel are considered promis-
ing especially for large scale epidemiological studies 
to overcome logistics and financial constraints (37-
38). It can be said that new techniques resulting from 
technological developments may contribute to studies 
to determine food consumptions because the limi-
tations of traditional food consumption evaluation 
methods are well known (8, 39-40) and it is consid-
ered that new technological developments will allow 
for more accurate results by reducing the shortcomings 

of traditional food consumption evaluation methods 
(31). In a study, which was conducted earlier in An-
kara on school children and identified and compared 
the food consumption of school children using food 
record and digital photography method, it was em-
phasized that digital photography was a valid method 
capable of complete food record (24). Despite this, 
there is no study measuring and comparing the food 
consumption of the elderly in our country from dif-
ferent methods.  In this study, food consumption of 
the elderly was comparatively evaluated using food re-
cords, food frequency, and digital photography meth-
ods.  When the differences between the methods in 
terms of daily consumption of nutrients in the food 
groups by the elderly were examined; in the evalua-
tion  of digital photography it was determined that 
the mean consumption of all foods other than poultry, 
fish, bread, and vegetables in men and the consump-
tion of all foods except cheese in the women were the 
lowest (Table 4) because, in the  food frequency and 
24-hour food record methods, plate residues were 
usually evaluated by an observer at the moment but 
in the digital photography of the plate residues were 
recorded, which enabled other observers to control. In 
light of these findings, it was found out that the most 
realistic data was obtained from digital photogra-
phy method as it prevented errors due to observer 
in the calculation of the mean food consumptions 
of the elderly and enabled post-control and digital 
photography method ensured complete recording of 
food consumptions and residues of the elderly at the 
nursing home.  Therefore, as stated in the studies con-
ducted in similar areas, it could be said that the digital 
photography method could be used in identifying the 
food consumption at the nursing homes (41-42).   In 
addition, in comparison to the digital photography 
method to determine food consumption;  nursing 
home staff in classical methods  tends to exaggerate 
especially when conveying the food consumption of 
the elderly, which makes it mandatory to use field ex-
perts instead of nursing home staff. This can be seen 
as a disadvantage in the application of classical meth-
ods. In a study, it was observed that the data obtained 
by the expert researcher and the data obtained by the 
digital photography method gave almost the same 
results (43).  In addition, the fact that consumption 

10485.indd   1210485.indd   12 9/23/2020   12:01:13 PM9/23/2020   12:01:13 PM



Comparison of different food consumption methods to digital food photography method of elderly in nursing home 13
M

en
 (n

=2
7)

W
om

en
 (n

=2
5)

E
ne

rg
y 

an
d 

nu
tr

ie
nt

s

Fo
od

 R
ec

or
d

    
   D

ig
it

al
  

P
ho

to
gr

ap
hy

Fo
od

 F
re

qu
en

cy
F

/χ
2

Fo
od

 R
ec

or
d

    
  D

ig
it

al
  

P
ho

to
gr

ap
hy

Fo
od

 F
re

qu
en

cy
F

/χ
2

±
SD

±
SD

±
SD

±
SD

±
SD

±
SD

E
ne

rg
y 

(k
ka

l)
31

72
,8

6±
48

4,
42

a
21

89
,6

0±
47

0,
69

b
27

58
,2

6±
81

7,
70

a
F=

26
,4

90
33

12
,2

0±
35

9,
41

a
21

91
,7

3±
40

1,
36

c
26

28
,0

0±
73

3,
92

b
F=

32
,3

63
Pr

ot
ei

n 
(g

)
11

8,
36

±1
8,

24
a

89
,2

1±
20

,3
7b

11
1,

92
±2

8,
50

a
F=

18
,1

43
11

7,
76

±1
2,

32
a

77
,7

9±
15

,7
9c

97
,3

1±
29

,3
8b

F=
32

,7
47

Pr
ot

ei
n 

(%
)

15
,2

2±
0,

80
b

16
,7

0±
1,

30
a

17
,0

4±
2,

72
b

χ2
:2

2,
54

4
14

,3
2±

0,
63

14
,6

0±
1,

38
15

,2
4±

2,
26

F=
2,

43
6

Fa
t (

g)
13

4,
91

±2
5,

65
a

92
,1

0±
25

,6
0c

11
6,

02
±5

0,
17

b
χ2

:2
8,

22
2

14
0,

19
±2

4,
29

a
96

,1
6±

25
,6

9b
11

0,
18

±3
7,

29
b

F=
20

,6
90

Fa
t (

%
)

37
,5

6±
3,

71
37

,0
7±

5,
62

37
,3

3±
7,

75
F=

0,
07

4
37

,0
8±

2,
74

38
,7

2±
5,

78
37

,3
6±

8,
27

F=
0,

94
3

C
ar

bo
hy

dr
at

e 
(g

)
36

4,
50

±5
5,

06
a

24
6,

28
±5

4,
84

c
30

5,
71

±1
07

,4
7b

F=
25

,0
46

39
5,

54
±4

1,
64

a
25

0,
88

±5
4,

11
b

30
3,

30
±9

9,
01

b
F=

31
,4

27
C

ar
bo

hy
dr

at
e 

(%
)

47
,1

9±
3,

74
46

,3
0±

5,
91

45
,3

0±
8,

29
F=

1,
16

3
48

,5
6±

2,
92

46
,6

8±
6,

10
47

,4
0±

8,
57

F=
1,

11
8

F
ib

re
 (g

)
39

,0
2±

5,
34

a
26

,6
4±

6,
52

b
34

,0
5±

12
,3

4a
F=

22
,5

17
40

,2
1±

3,
80

a
24

,9
0±

5,
36

b
34

,4
9±

15
,9

0a
F=

17
,4

72
PU

FA
 (g

)
32

,4
6±

5,
28

a
23

,3
9±

60
,0

1b
23

,6
4±

9,
33

b
χ2

:2
4,

07
4

38
,3

8±
13

,2
8a

22
,7

7±
9,

79
b

21
,8

1±
11

,6
5b

χ2
:2

6,
64

0
D

ie
ta

ry
  

ch
ol

es
te

ro
l (

g)
38

7,
69

±1
17

,2
8a

26
7,

06
±1

06
,4

1b
37

9,
55

±1
51

,4
0a

χ2
:2

6,
00

0
39

9,
35

±8
3,

73
a

25
5,

59
±7

9,
78

c
34

4,
07

±9
9,

86
b

F=
29

,8
11

V
ita

m
in

 A
 (m

cg
)

15
21

,0
9±

33
7,

01
b

95
8,

21
±2

87
,7

6a
16

25
,0

6±
13

34
,1

7a
χ2

:2
7,

63
0

21
25

,1
8±

11
33

,0
8a

12
92

,7
9±

76
2,

80
b

13
30

,6
5±

57
6,

43
b

F=
 9

,8
02

C
ar

ot
en

e 
(m

g)
3,

58
±0

,9
0a

2,
36

±0
,8

0b
3,

25
±1

,7
2a

,b
F=

7,
98

2
3,

16
±0

,9
0a

1,
91

±0
,5

9b
3,

97
±2

,9
9a

F=
9,

58
6

V
ita

m
in

 E
 (m

g)
31

,1
8±

5,
22

a
21

,4
6±

5,
44

b
24

,8
8±

10
,6

5b
F=

13
,3

08
29

,9
5±

3,
91

a
18

,8
4±

4,
92

b
21

,2
4±

11
,8

8b
F=

 1
5,

17
9

T
ia

m
in

 (m
g)

1,
28

±0
,2

0a
0,

95
±0

,2
5b

1,
20

±0
,3

9a
F=

12
,0

67
1,

80
±0

,9
4a

1,
04

±0
,6

0b
1,

15
±0

,4
5b

χ2
:2

4,
78

8
R

ib
ofl

av
in

 (m
g)

2,
13

±0
,3

4a
1,

65
±0

,3
7b

2,
20

±0
,6

9a
F=

16
,1

61
2,

35
±0

,6
9a

1,
70

±0
,5

6b
2,

03
±0

,7
0a,

b
F=

9,
84

0
V

ita
m

in
 B

6 
(m

g)
1,

99
±0

,3
6a

1,
47

±0
,3

6b
1,

83
±0

,5
5a

F=
14

,4
41

1,
85

±0
,2

5a
1,

20
±0

,2
7b

1,
79

±0
,7

0a
F=

19
,4

20

Fo
la

te
 (m

cg
)

45
3,

68
±6

8,
03

a
32

1,
99

±7
7,

61
b

39
8,

95
±1

26
,4

7a
F=

22
,8

99
48

4,
17

±5
2,

90
a

32
9,

47
±5

8,
30

b
39

2,
35

±1
32

,0
0b

χ2
:2

2,
64

0
V

ita
m

in
 C

 (m
g)

16
9,

31
±4

5,
82

b
13

1,
30

±3
7,

38
c

24
1,

12
±1

13
,0

2a
F=

22
,7

57
15

4,
87

±2
5,

63
a

12
4,

79
±2

6,
40

b
23

1,
97

±1
57

,6
7a

F=
9,

87
0

So
di

um
 (m

g)
76

11
,0

3±
16

12
,4

8a
59

33
,7

4±
14

40
,9

4b
45

92
,1

3±
15

11
,6

1c
F=

35
,8

04
88

27
,3

8±
37

46
,2

0a
61

46
,5

4±
24

57
,6

0b
35

41
,4

6±
13

72
,4

3c
χ2

:4
6,

08
0

Po
ta

ss
iu

m
 (m

g)
34

50
,1

7±
57

2,
57

a
26

08
,1

8±
54

4,
07

b
37

78
,7

4±
12

28
,8

2a
F=

19
,3

76
36

50
,7

9±
84

2,
15

a
24

40
,4

5±
72

6,
11

b
36

82
,5

2±
15

36
,0

9a
χ2

:2
3,

36
0

C
al

ci
um

 (m
g)

10
80

,0
0±

22
4,

67
a

85
6,

06
±2

02
,5

6b
12

00
,5

0±
40

4,
62

a
F=

16
,0

81
11

80
,2

4±
30

7,
95

a
97

2,
68

±2
97

,5
8b

11
85

,9
0±

48
9,

66
a,

b
F=

4,
36

4
M

ag
ne

si
um

 (m
g)

45
0,

92
±9

4,
50

a
33

3,
83

±9
1,

59
b

40
8,

63
±1

43
,3

1a
F=

14
,3

13
47

0,
90

±1
01

,0
6a

30
0,

26
±8

1,
12

b
41

4,
77

±1
93

,5
9a

F=
14

,4
00

P
ho

sp
ho

ru
s

19
37

,1
7±

35
3,

07
a

14
48

,9
5±

34
3,

90
b

16
96

,1
7±

48
0,

93
a

F=
19

,4
75

18
74

,2
3±

20
5,

90
a

13
22

,6
7±

24
6,

20
c

15
96

,4
8±

52
4,

73
b

F=
22

,0
16

Ir
on

 (m
g)

19
,1

7±
2,

63
a

13
,4

9±
2,

97
c

16
,1

7±
5,

74
b

F=
19

,0
33

19
,7

5±
2,

45
a

11
,9

3±
2,

51
b

14
,7

1±
6,

10
b

F=
29

,2
77

Z
in

c 
(m

g)
17

,4
6±

3,
12

a
12

,8
0±

3,
11

b
16

,1
9±

4,
55

a
F=

20
,1

09
17

,8
0±

1,
55

a
11

,6
6±

2,
18

b
13

,7
5±

4,
50

b
F=

32
,6

92

T
ab

le
 5

. D
ai

ly
 e

ne
rg

y 
an

d 
nu

tr
ie

nt
s 

in
ta

ke
 o

f e
ld

er
ly

 p
ar

tic
ip

an
ts

 b
y 

th
e 

ge
nd

er
s 

ac
co

rd
in

g 
to

 fo
od

 re
co

rd
s, 

di
gi

ta
l p

ho
to

gr
ap

hy
 a

nd
 fo

od
 fr

eq
ue

nc
y 

Va
ri

an
ce

 a
na

ly
sis

 a
nd

 F
ri

ed
m

an
 te

st
 a

re
 u

se
d 

fo
r r

ep
ea

te
d 

m
ea

su
re

m
en

ts
.

a,
b,

c  
Va

lu
es

 w
ith

in
 ro

w
 w

ith
 d

iff
er

en
t s

up
er

scr
ip

ts
 a

re
 si

gn
ifi

ca
nt

ly
 d

iff
er

en
t (

p<
0.

05
)

10485.indd   1310485.indd   13 9/23/2020   12:01:13 PM9/23/2020   12:01:13 PM



T. O. Erkılıç, N. Rakıcıoğlu14

amounts obtained as a result of both methods were 
lower than the results conveyed by the nursing home 
staff points out that the digital photography method 
was more advantageous than other food consump-
tion record methods (43). In another study by Pouyet 
et al. (28), it was stated that the digital photography 
method was valid and useful for detecting food con-
sumption in nursing homes and was one of the most 
suitable methods for the elderly. With the digital 
photography method, consumption of meals given to 
the elderly and then the plate residues could be re-
corded completely. With this method, the error rate 
in the calculation of the number of nutrients con-
sumed was considerably reduced. Nevertheless, when 
the digital photography method is applied, it is very 
important in terms of obtaining more accurate results 
that the photographs of the meals are taken by the 
researcher considering the errors likely to occur if the 
photographs are taken by the elderly themselves or 
nursing home staff formerly trained.  Because, there 
is a possibility that the elderly may not able to use 
technological tools such as digital cameras and mo-
bile phones, which are used for photographing. It 
is also possible to forget to photograph such nutri-
ents as bread, drinks in main meals, or snacks. But 
since the digital photography method can be applied 
by nursing home staff with a short orientation, it also 
eliminates the necessity of direct observation by the 
expert researcher. Nevertheless, considering all these 
advantages and disadvantages,  it is thought that the 
possible limitations of the methods and the errors that 
may arise may be prevented by using more than one 
method together.

Energy and Nutrient Intakes of the Elderly 

The method frequently used to determine food 
consumption is to record 24 hours of food consump-
tion in written form, either daily or retrospectively. 
However, at this point, the fact that human memory 
may fall insufficient in identifying the food consump-
tion of the elderly and may cause errors or the indi-
viduals may not be willing to disclose the food or drink 
consumed is one of the important factors likely to have 

an adverse impact on the methods used. Consequently, 
it is thought that traditional nutritional recording 
methods, especially the individual’s daily recordings, 
or the validity in individuals, who need to be recorded, 
may controversial and may cause prejudices affecting 
the evaluations (24, 44-45). Although the food record 
is a frequently preferred method in researches in this 
field, it causes incorrect results in large scale studies, 
which try to explain the relationship between chronic 
diseases and nutrition and prevent the definition of 
relations, as individual food consumption varies con-
stantly (46). In a study investigating the validity of 
food record (47), food consumption of the individuals 
participating in the study was recorded by the camera 
that enabled direct observation and evaluation and a 
few days after the individuals were requested to note 
the food and drinks they consumed at lunch on that 
day. The amount of food consumption recorded by the 
questionnaire was compared to the amount of food 
consumption determined by camera recording and 
only 10 out of 32 individuals could correctly remember 
the amount of food they consumed (48).

Although the determination of the amount of 
food and nutrients consumed by the individuals was 
very important for scientific research in the clinical 
context, these measurements could be quite complex 
due to various factors (28). When the food consump-
tion was determined in the elderly by traditional meth-
ods, it was not possible to get results from the elderly, 
who have memory loss, especially when asked about 
what they eat during the day (49). Moreover, the most 
important factor that comes to the fore in this kind 
of traditional methods is that the data obtained from 
the individuals verbally vary due to the differences in 
personal perception. Because, although the amount of 
food consumed does not change while evaluating the 
food consumption of individuals, due to perceptual 
differences, the concepts of little and much may vary 
(6). Therefore, the direct recording of the food con-
sumed by direct observation and not asking the indi-
viduals is a more valid method for collecting accurate 
data (28).  In recent years, digital cameras of mobile 
phones had been used for recording food consumption 
and it was reported that the collection of digital images 
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of food consumption in various studies had provided a 
strong approach and opportunity to increase the accu-
racy of food consumption evaluation (50-51).

In this study, daily mean energy and nutrient 
intake of the elderly was determined by food record, 
food frequency, and digital photography and the find-
ings obtained by these methods were compared. En-
ergy, protein, fat, and carbohydrate intake values of 
the elderly ​​in both genders were found highest in food 
records, secondly in the food frequency and the values 
were the lowest in the digital photography method. 
Multiple comparison test results showed that energy 
and these 4 nutrient means were significantly different 
for all three methods (Table 5). The reason for the order 
of the means obtained by these methods was that all 
the nutrients in the food record were recorded as con-
sumed while the food frequency included certain food 
groups and the fact that plate residues  were  not  in-
cluded in the  calculation in the digital photography 
method.

In a study conducted on the elderly (52), it was 
found out that the ratio of those, who were under daily 
energy intake requirement, was 4.9% at nursing homes 
and the elderly consumed calcium, vitamin B1, mag-
nesium, fiber, zinc, and carbohydrates that were the 
main source of energy and other nutrients in varying 
and lesser amounts recommended for them. Howev-
er, as a result of the evaluation made in this study, no 
energy elements and nutrients were found to be con-
sumed insufficiently in all three methods (<67.0%). It 
was thought that this was because the diet follow-up 
and the menu planning of the elderly in the nursing 
home were made by the dietitian.

Comparison of Food Consumption Record Methods 

New techniques such as a computer, internet, 
telecommunication and imaging resulting from tech-
nological advances have been effective on methods of 
assessing nutritional status and increased the number 
of studies conducted to compare and improve existing 
methods (53-56). In this context, as an opportunity 
offered by technological advances, digital photogra-
phy offers a new alternative to the methods used in the 
field of food consumption records. A leading method 

among traditional methods used for food consump-
tion record, obtaining food consumption records us-
ing a questionnaire (24), food consumption record 
by direct observation (57) and the weighing method, 
which was considered as the golden standard, were 
used in many studies conducted in the nursing homes 
(58-60). Detection of nutritional status by these meth-
ods took a very long time, and as more than one food 
was involved, the determination of food consumption 
became even more complicated (61-65). However, in 
the determination of food consumption of the elderly; 
“digital photography method”, which is the method 
of calculating the plate by visual estimation according 
to the photographs taken before and after the meal, 
becomes more prominent compared to the accuracy 
rates of the other methods. According to the results of 
the questionnaire conducted on the methods used for 
the determination of food consumption in the elderly 
within the scope of this study, it was found out that 
the digital photography was the least time-consuming 
(92,3%) and feasible (92,3%) method. The reason for 
this was that the food consumption record taken by 
the digital photography method during the study was 
photographed by the researcher independently from 
the elderly. In other methods, asking the consumption 
to the elderly increased the time spent on research by 
the elderly and this might make the elderly bored. 
In the digital photography method, the amount of 
food consumed could be recorded with minimum 
personnel support and reduced amount of error and 
evaluations with high accuracy ratios can be made 
(66-67). In addition, the digital photography method  
allowed the data to be collected and archived in a 
computer environment and to be determined directly 
with long-term monitoring of food consumption. It 
had also contributed to this study in the sense that 
it was possible to visually differentiate and quantify 
the different dishes and amounts in the plate by look-
ing at the photographs (28). As a result of this study, 
it was known that the main factor that affected the 
interpretation of the data obtained by the digital pho-
tography method was that the photographs should be 
taken from a certain distance and angle with a digital 
camera with high resolution to prevent low quality 
photographs.
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