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Development of an amino acid composition database and
estimation of amino acid intake in Japanese adults

Hitomi Suga MD, MPH', Kentaro Murakami PhD%, Satoshi Sasaki MD, PhD?

' Division of Social Medicine, Graduate School of Medicine, The University of Tokyo, Japan
’Department of Social and Preventive Epidemiology, School of Public Health, The University of Tokyo, Japan

Investigations of the association between an individual’s habitual amino acid intake and several types of health
outcome require a comprehensive amino acid composition database. The lack of a database of the amino acid
content of foods routinely consumed makes estimating daily amino acid intake difficult. The aim of this study
was to develop an amino acid database for use in epidemiological studies, and to estimate amino acid intake
among a Japanese population. Data were obtained from published food composition data, and when published da-
ta were unavailable, calculated data were imputed using established criteria. Adequate data were available for
1100 food items. Using a purpose-developed amino acid composition table, we estimated amino acid intake
among a Japanese population (121 women and 109 men aged 30 to 69 years) living in four areas in Japan using a
16-day diet record. All subjects met the estimated average requirements of the nine indispensable amino acids as
reported by WHO/FAO/UNU. The major contributors to dietary amino acid intake were cereals, fish and shellfish,
and meats, which accounted for approximately 60% of total intake. This database contains amino acid values of
foods items frequently consumed in Japan, and represents a valuable tool for use in epidemiological studies.
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INTRODUCTION

Amino acids, the constituents of protein, act as precursors
of many co-enzymes, hormones, nucleic acids, and other
molecules essential for life.! Twenty amino acids are
found in protein, and their balance influences the digesti-
bility of dietary proteins and amino acid catabolism.? For
example, most plant proteins contain lower concentra-
tions of the indispensable amino acids, particularly lysine
and methionine,’ and are not used with the same efficien-
¢y as animal proteins.* Thus vegetarianism can lead to
subclinical protein malnutrition as no animal protein are
consumed.” The diet must therefore include not only an
adequate amount of protein, but also a suitable combina-
tion of each of the individual amino acids.

Estimating an individual’s habitual amino acid intake
and examining its association with health-related out-
comes requires a comprehensive amino acid composition
table which contains the values of the foods routinely
consumed. Few such databases are available, however; in
Japan, for example, among 1878 food items listed in the
Standard Tables of Food Composition in Japan -2010-,°
amino acid values are available for only 337. This limited
availability of amino acid databases has meant that stud-
ies involving habitual amino acid intake estimation in
Asian countries, including Japan, are scarce.”®

Ishihara et al. developed a database of the amino acid
content of foods in Japan.” The process used to develop
the database was unclear, however, and the number of
food items it contained was not mentioned. The availabil-
ity of information on the process used to develop the da-
tabase and the sources of its data would be helpful in

evaluating its quality; particularly given that the quality
of a nutrient database is a reflection of its data sources,’
precise documentation of sources is indispensable.

The aim of this study was to develop a comprehensive
amino acid composition table for Japanese food with de-
tailed information on its development and data sources,
and then to evaluate the usability of the database by esti-
mating amino acid intake among a Japanese population
using 16-day diet records (DR).

MATERIALS AND METHODS

Development of the amino acid composition table
Number of food items for imputation

We developed an amino acid food composition table for
1878 foods in the Standard Tables of Food Composition
in Japan -2010-.° Of these 1878 foods, amino acid values
were listed for only 337 (17.9%). Among the remaining
1541 foods with missing values, total protein content of
70 foods was zero, leaving 1471 foods requiring imputa-
tion of amino acid composition values. The number of
listed and missing food items by food group is shown in
Table 1.
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Table 1. The number of foods in the standard food composition tables of Japanese foods by food group’, with and

without amino acid and protein value

In the amino acid food

composition table Listed Missing Total
Total protein content of _

food (g/100g portion) TP = 0<TP Total

Cereals 43 0 95 95 138
Potatoes and starches 4 0 36 36 40
Sugars and sweeteners 0 17 6 23 23
Pulses 21 0 52 52 73
Nuts and seeds 12 0 25 25 37
Vegetables 44 0 282 282 326
Fruits 21 4 132 136 157
Mushrooms 5 0 31 31 36
Algae 5 1 41 42 47
Fishes and shellfishes 87 0 301 301 388
Meats 41 0 203 203 244
Eggs 4 0 16 16 20
Milks 12 0 40 40 52
Fats and oils 0 16 6 22 22
Confectioneries 25 10 85 95 120
Beverages 1 18 36 54 55
Seasonings and spices 8 4 72 76 84
Processed foods 4 0 12 12 16
Total 337 70 1471 1541 1878

T Food groups are defined by the Standard Tables of Food Composition in Japan -2010-.5
! The 1471 foods were selected for substitution of amino acid composition in this study.

Sources of nutrient data

Amino acid values of these 1471 foods were collected
using the data gathering strategy of Rand ef al.'’, as fol-
lows.

Step 1: Direct analytical values

To identify possible sources of published food composi-
tion data for amino acids, we searched the PubMed, CiNii
and Medical Online Library databases for English- and
Japanese-language papers reporting analyses of the amino
acid content of foods, conducted in Japan. In addition, we
manually searched references from relevant articles
where necessary. Because analysis of amino acids is gen-
erally done by ion-exchange chromatography and high-
performance liquid chromatography, which can be ap-
plied to all types of food,'' we limited data to papers
which assessed total amino acid composition in foods
using an automatic amino acid analyzer (ion-exchange
chromatography method) or high-performance liquid
chromatography. We searched for data for 18 individual
amino acids (isoleucine, leucine, lysine, methionine, cys-
teine, phenylalanine, tyrosine, threonine, tryptophan,
valine, histidine, arginine, alanine, aspartic acid, glutamic
acid, glycine, proline, and serine), as well as sulfur-
containing (methionine + cysteine) and aromatic (phenyl-
alanine + tyrosine) amino acids.

We found four papers which used an automatic amino
acid analyzer,'”" and one which used high-performance
liquid chromatography.'® In addition, we found one paper
using “the same analyzing method as the Standard Tables
of Food Composition in Japan, fifth revised and enlarged
edition”.'” As the Standard Tables of Food Composition
in Japan, fifth revised and enlarged edition used an auto-
matic amino acid analyzer and high-performance liquid
chromatography methods,” we considered that these

methods were used in this paper also. To allow for com-

parison across all papers, values of each amino acid were

converted to mg/100 g of food.

We then considered criteria to use in determining the
amino acid content of individual foods. Several articles
analyzed similar foods using the same method but pro-
vided different mean or median values. To deal with these
complexities, the following criteria were conducted.

(1) When only one article existed and this article ana-
lyzed the amino acid content in a single example of a
food only, this value was assigned.

(2) When only one article existed and this article ana-
lyzed the amino acid content of several samples and
reported mean or median values, this value was se-
lected. If mean and median values were reported, we
selected the median value for the food because the lit-
erature used in Step 1 provided little information on
the distribution of analyzed data. According to rec-
ommendation by Rand ez al., '° we planned to use the
median value that is affected less by outliers.

(3) When multiple articles existed but reported different
mean (or median) amino acid values for a similar food,
we calculated the mean (or median) value by
weighting the number of foods analyzed in each arti-
cle."

In these criteria, we also considered the form (i.e. raw,
boiled, baked, and fried) of individual food items when
we searched for the reference food item from the litera-
ture, and we used only the value of same form of the food.

Step 2: Using data from other food composition tables
For foods whose amino acid values were unavailable
from the literature, we used amino acid composition data
for the same form of “identical” foods from the United
States’ Department of Agriculture (USDA) food compo-
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sition tables.'” All amino acid values available from the
USDA were obtained through HPLC;*° therefore we con-
sidered their amino acid values eligible for our database.

To determine the similarity of food items, we examined
scientific names and text descriptions of food items, and
the similarity of nutrient composition (total energy, water,
protein and fat). To correct the data for differences in the
nitrogen value of each food item, we adjusted amino acid
values by the following equation:

Amino acid value of food of interest (Japanese) = ami-
no acid value of reference (USDA) food % nitrogen of
food of interest (Japanese) food/nitrogen of reference
(USDA) food

Step 3: Estimation from data on “similar” foods

For a number of food items, published food composition

data were either unavailable or inappropriate. We esti-

mated values for missing amino acids using the following

procedure:*'

(1) Calculated values from a different form of the same
food (Step 3-a)

When an amino acid value was known for a raw
food, but not for a different form of the same food
(e.g., boiled, baked, dried, and so on), we calculated
values for the cooked food items using the values of
the raw food item.

This type of calculation requires consideration of
nutrient loss or gain during cooking. To adjust for dif-
ferences between the raw and cooked items, we as-
sumed that the component ratio of amino acids did
not change. Values for cooked foods were therefore
calculated from the raw form using change in nitrogen
content by the following equation:

Amino acid value of food of interest (cooked) = amino
acid value of reference (raw) food x nitrogen of food
of interest (cooked) food /nitrogen of reference (raw)
food

(2) Calculated values from data for biologically similar
foods (Step 3-b)

When nutrient values for a specific item were una-
vailable, values from another food within the same
genus or same family of foods were used instead.

We determined a similar (reference) food by genet-
ic similarity, maturity of the plant crop at harvest or
age of animal at slaughter, and part of the food item
consumed.' To correct for differences in nitrogen
values between the food of interest and reference, we
adjusted amino acid values using the following equa-
tion:

Amino acid value of food of interest = amino acid
value of reference (similar) food x nitrogen of food of
interest food /nitrogen of reference (similar) food.

Step 4: Calculations for multi-ingredient foods

For multi-ingredient foods (mainly confectionery, sweet
buns, breads, and cooked food with seasoning), we esti-
mated amino acid values on the basis of the ingredient list.
For confectioneries (n=75), sweet buns (n=4), and breads
(n=3), the ingredient lists were obtained from the Stand-
ard Tables of Food Composition in Japan -2010-,° which
described the names and weight ratio of ingredients, and
the amount of sucrose per 100 g edible portion. We esti-

mated the amount of individual ingredient per 100 g edi-
ble portion of mixed dishes by using the amount of su-
crose.”> We summed the total amino acid content of all
prepared ingredients to obtain the total amino acid con-
tent of the multi-ingredient food. Because ingredient lists
do not contain information on cooking process, cooking
and handling losses during preparation could not be con-
sidered.'” We accordingly assumed that the sum of amino
acids of the ingredients did not change during cooking.
We also calculated energy values, and examined whether
a calculated value matched the analyzed value. There is
no consensus of the acceptable cut-off line regarding the
difference between calculated and analyzed values. In
addition, there are few studies comparing the calculated
and analytic nutrient values for multi-ingredient foods.
Taking account of the study by Murphy et al.,”> we arbi-
trarily determined 20% as the cut-off line of the differ-
ence between calculated and analyzed energy values. Ac-
cording to this criteria, calculated energy values of nine
confectioneries (Chatsu (food code; 15026), Hina-arare,
Kanto style and Kansai style (food code; 15055, 15056),
Waffles, Jam (food code; 15085), Bisbuits, Soft (food
code; 15098), Russian cake (food code; 15100), Jelly
beans (food code; 15108), Brittle (food code; 15112), and
White chocolate (food code; 15115) and one sweet bun
(Cornet with chocolate cream (food code; 15072) were
quite different from analyzed values (over 20%), and val-
ues for these items were accordingly left missing.

For multi-ingredient foods for which an ingredient list
was not available (mainly cooked food with seasoning,
pickles, and frozen foods; n=187), we made ingredient
lists based on the manufacturer’s ingredient list of com-
mercial foods. In Japan, ingredient lists of commercial
foods list the ingredient items in order of content by
weight. We therefore used a trial-and-error technique to
estimate ingredient proportions.”* We calculated values of
energy, carbohydrate, and sodium by assumed ingredient
proportions, and compared the calculated values to the
known nutrient values. When the calculated energy val-
ues substantially differed from analyzed values (over
20%), or amino acid values of ingredient foods were not
available, we left the value of these items missing. We
calculated amino acid values for 47 foods using a trial-
and-error technique.

Documentation of the database

In our amino acid database, we documented food codes
and descriptions based on the Standard Tables of Food
Composition in Japan -2010-,° scientific name of the food
item, and data sources by the terms 1, 2, 3-a, 3-b, 4, 0,
and L, which indicate Steps 1, 2, 3-a, 3-b and 4, assumed
0, and originally listed value, respectively.

The analytical quality of data values imputed from the
literature (Step 1) were evaluated using five criteria,
namely the analytical method used, number of samples,
sample handling procedures, sampling plan for the selec-
tion of foods, and the analytical quality control."' These
criteria have previously been used to calculate formal
scores or ratings of data quality. However, the papers
used in Step 1 generally provided little information on
sample handling procedures, sampling plan and analytical
quality control. Accordingly, we did not calculate ratings
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of data quality, but rather provided whatever quality con-
trol information (information on reference literature, ana-
Iytical method, number of samples) was available from
the references.

We expressed nitrogen values and amino acid values
by g and mg per 100 g edible portion, respectively. Nitro-
gen values were calculated as protein value divided by a
nitrogen-to-protein conversion factor. Amino acid values
were rounded to two significant figures in the same way
as in the Standard Tables of Food Composition in Japan -
2010-.° Nitrogen values were rounded to the second dec-
imal point.

Estimation of amino acid intake among a Japanese
population

We estimated amino acid intake among a Japanese popu-
lation using a 16-day dietary record (DR).

Study population

The study was conducted in four areas of Japan, namely
Osaka, Okinawa, Nagano, and Tottori, in consideration of
survey feasibility and potential regional differences in
food availability and dietary habits.

In each area, we recruited apparently healthy women
aged 30 to 69 years who were willing to participate and
were living together with their husbands, such that each
10-year age class (30-39, 40-49, 50-59 and 60-69 years)
contained eight women equally (without consideration of
the age of the men). Thus, a total of 126 women and 126
men were invited. None of the subjects was a dietitian,
was currently receiving or had recently received dietary
counseling from a doctor or dietitian, or had a history of
educational hospitalization for diabetes or nutritional ed-
ucation from a dietitian. Group orientations for the sub-
jects were held before the study, at which the study pur-
pose and protocol were explained. The protocol of the
study was approved by the ethics committee of the Uni-
versity of Tokyo, and written informed consent was ob-
tained from each subject.

Body weight in light indoor clothing was measured to
the nearest 0.1 kg. A total of 121 women and 121 men
completed the 16-day DR.

For analysis, we excluded men younger than 30 or old-
er than 69 years (n=11), as well as a man with extremely
high reported energy intakes (>4000 kcal/day), leaving

121 women and 109 men aged 30 to 69 years for analysis.

Dietary records

Subjects completed a 4-nonconsecutive-day semi-
weighed DR four times, once in each season, at intervals
of approximately 3 months: DR1 in November or De-
cember 2002 (autumn), DR2 in February 2003 (winter),
DR3 in May 2003 (spring), and DR4 in August and Sep-
tember 2003 (summer). Each set of 4 recording days con-
sisted of 1 weekend day and 3 weekdays. Details of the
diet recording procedure are provided elsewhere.” Brief-
ly, during the orientation session, registered dietitians
gave the subjects both written and verbal instructions on
how to maintain the DR, provided recording sheets and a
digital scale, and asked them to record and weigh all
foods and beverages consumed on each recording day.
All collected records were checked by trained registered

dietitians at the respective local center and then again at
the study center.

A total of 1320 food and beverages items appeared in
the DR. Amino acid intake was estimated based on the
database created in the present study. In order to examine
if amino acid intake in this population was appropriate;
we compared each subject’s intake of individual amino
acid with the estimated average requirements as reported
by WHO/FAO/UAU.*® We also estimated energy and
protein intake based on the Standard Tables of Food
Composition in Japan -2010-.°

RESULTS

Development of an amino acid database

Table 2 shows the number of foods with imputed amino
acid values in the present study. Among the 1471 foods
selected for substitution, substitution methods were found
for 1100 (74.8%). In contrast, no suitable method could
be found for 371, among which 173 foods did not appear
in the 16 d-DR, and 54 contained a total protein content
of less than 1 g/100 g edible portion. We thus concluded
that the contribution of these foods to amino acid intake
would be negligible. Most of the 144 remaining foods
were multi-ingredient foods (n=45), seasonings (n=23), or
edible wild plants (n=20). Finally, the total number of
foods with amino acid compositions was 1507, including
those listed in the original (listed) amino acid food com-
position table and the food items assumed to contain no
amino acids because their total protein values were zero.
Of these, 9.8% of foods were assigned amino acid data by
direct analysis (1.7% by Step 1 and 8.1% by Step 2),
55.5% by imputed data (41.1% by Step 3-a, and 14.4% by
3-b), and 7.7% by calculated data (Step 4).

Estimation of amino acid intake among a Japanese
population

The mean ages (standard deviation, SD) of women and
men were 49.3 (11.3) and 50.3 (10.9) years, respectively.
The mean total energy intake (SD) was 1834 (286)
kcal/day for women and 2365 (395) kcal/day for men.
Mean total protein intake (SD) was 69.2 (11.7) g/day
(15.1% total energy) for women and 84.0 (15.3) g/day
(14.2 % total energy) for men. Mean total amino acid
intake (SD) was 63.6 (11.0) g/day for women and 76.6
(14.0) g/day for men, albeit that these values are underes-
timated owing to the missing values for 371 foods in the
database. To examine the influence of the missing values,
we calculated total nitrogen intake by excluding foods
with missing amino acid values. The mean rate of de-
crease in total nitrogen intake was 4.0%, indicating that
the influence of missing values was relatively small.
Mean total amino acid intake estimated using values of
the 337 originally listed foods was 35.3 g/day for women
and 43.6 g/day for men. Thus, estimations of amino acid
intake using originally listed values only were about 45%
underestimated.

The mean values of individual amino acid intake are
shown in Table 3. Comparing each subject’s intake of
indispensable amino acid with the estimated average re-
quirement values as reported by WHO/FAO/UAU, all
subjects met the estimated average requirement of thenine
indispensable amino acids.
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Table 2. Number of foods by database development step of amino acid composition and food group '

Foods selected for substitution

Result of substitution * Substituted N bstituted
Step for substitution Step 1 Step 2 Step 3-a Step 3-b Step 4 Total o substitute
Cereals 6 2 64 10 8 90 5
Potatoes and starches 0 1 26 4 0 31 5
Sugars and sweeteners 0 1 0 0 0 1 5
Pulses 1 3 38 4 0 46 6
Nuts and seeds 0 7 10 2 0 19 6
Vegetables 0 31 72 68 8 179 103
Fruits 0 22 60 20 0 102 30
Fungi 3 0 10 5 0 18 13
Algae 1 0 3 27 3 34 7
Fishes and shellfishes 5 12 118 67 19 221 80
Meats 8 27 142 1 0 178 25
Eggs 0 0 11 2 1 14 2
Milks 0 8 23 1 0 32 8
Fats and oils 0 0 4 0 0 4 2
Confectioneries 0 0 6 0 69 75 10
Beverages 1 2 15 2 2 22 14
Seasonings and spices 0 6 18 4 6 34 38
Processed foods 0 0 0 0 0 0 12
Total 25 122 620 217 116 1100 371

T Food groups are defined by the Standard Tables of Food Composition in Japan -2010-.
¢ Step 1: foods determined by analytic values; Step 2: foods determined by data from other food composition table; Step 3-a: foods de-
termined by calculated value from a different form of the same food; Step 3-b: foods determined by calculated value from a biologically

similar food; Step 4: foods determined by recipe.

Contribution of food types to amino acid intake is
shown in Table 3. The major contributors were cereals,
fish and shellfish, and meats, with approximately 60% of
intake attributable to these three food groups.

DISCUSSION

We developed a comprehensive database of amino acid
values for a wide variety of foods, and then estimated
amino acid intake among a group of Japanese adults. Alt-
hough epidemiological studies have suggested associa-
tions between the dietary intake of specific amino acids
and health-related outcomes,”’>' results have remained
inconclusive, partly due to a lack of clarity about the
quality of the amino acid food composition data used.
Our database is an improvement over the Standard Tables
of Food Composition in Japan -2010-,® which have many
missing values, and will be usable in epidemiologic stud-
ies.

We were unable to find reliable data for 371 foods.
Consumption of most of these foods among the sample
population was low, however, and the influence of these
missing values will likely be relatively small.

In the present study, mean amino acid intake of the
sample population met the estimated average requirement
of the nine indispensable amino acids.*® Thus we consid-
ered the intake of indispensable amino acid among this
population appropriate.

The mean value of individual amino acid intake esti-
mated by Ishihara et al.” was around 20% higher than that
of this study’s population. This difference is partly due to
differences in protein intake between Ishihara’s popula-
tion and this study’s population. The protein intake of
Ishihara’s population was around 8% higher than that of
this study’s population. Additionally, we are concerned

that the sum of individual amino acids was underestimat-
ed owing to the missing values of our database. We could
not examine the magnitude of the missing values because
we could not obtain information on whether there are
missing values in Ishihara’s database or not. The amino
acid values of food items in our database could also be
underestimated (or those in Ishihara’s database were
overestimated). To examine whether there is underestima-
tion of the amino acid values or not, we calculated the
sum of amino acid intake of each subject and compared it
with each subject’s intake of protein. If the amino acid
values of each food item are underestimated, the sum of
amino acid intake of each subject would be far less than
the protein intake values. The sum of amino acid intake of
each subject is around 10% lower than their protein intake.
We considered this difference eligible because the sum of
individual amino acids tends to be smaller than protein
values, calculated by multiplying the total nitrogen by a
certain factor."” Although there is no definite method to
examine the appropriateness of database used in these
studies, we considered the underestimation of the amino
acid values in our database relatively small.

Even if amino acid intake is sufficient, unsuitable bal-
ance among amino acids may result in a decrease in the
digestibility of proteins.’* The availability of this database
will promote research into the balance of amino acid in-
take and several types of health outcomes.

We acknowledge several limitations of this study. First,
amino acid values were not available for all foods, which
would result in the underestimation of amino acid intake
for subjects who eat these food items. Nevertheless, rele-
vant data were obtained for food items which are fre-
quently consumed in Japan, and thus the influence of
missing  values would likely be negligible.
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Second, values calculated by Steps 3-a, 3-b and 4 may
bias the estimation of amino acid intake. These used the
difference between nitrogen values (Steps 3-a and 3-b) or
the ingredient list of the Standard Tables of Food Compo-
sition in Japan -2010- as the reference recipe (Step 4).° In
previous studies, the difference between the calculated
values and directly analyzed values were examined.” **
According to these reports, nutrient values calculated by
the same food or biologically similar food (similar to Step
3-a, and 3-b in this study) are comparable. Thus we con-
sidered the bias introduced by the values calculated by
steps 3-a, and 3-b is relatively small. On the other hand,
the difference between calculated (like Step 4 in this
study) and directly analyzed values of multi-ingredient
foods tended to be large.

As we were unable to obtain information about cook-
ing, losses during the preparation and cooking of these
foods could not be reflected in the calculation. Given re-
ported loss rates due to cooking of 5-10%,** however, the

influence of cooking effects is considered relatively small.

In addition, most of foods calculated by Step4 were con-
fectioneries, and the contribution of confectioneries was
around 3-4% for women, and around 2% for men. Thus
we considered the bias by multi-ingredient foods was not
large.

Third, among foods produced by industrial processing,
the amount of glutamic acid, alanine, and glycine added
as ingredients of food additives is unclear, and intake may
be underestimated when such foods are eaten. We were
also unable to obtain information on the manufacturers of
the processed foods listed in the Standard Tables of Food
Composition in Japan -2010-,° and were thus unable to
detect differences among manufacturers.

Fourth, although the use of DRs allows detailed as-
sessment of the dietary intake of individuals, self-reported
dietary assessment is nevertheless subject to measurement
error. Moreover, as this DR was not collected for the pur-
pose of estimating amino acid intake, unpredictable
measurement bias may also be present.

Finally, our subjects were volunteers, and may there-
fore have been more nutritionally conscious than others
who did not participate in the study. Accordingly, they
might not be representative of the general Japanese popu-
lation, and our results might thus not be generalizable to
the Japanese population.

We developed an amino acid food composition table
for use in nutritional epidemiologic studies, and estimated
amino acid intake among a Japanese population using 16-
day diet records. This amino acid database may be valua-
ble in studies of the association between amino acid in-
take and health status among Japanese populations. For
amino acid intake estimation, further investigation in oth-
er populations is needed.
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