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Abstract

Dietary intakes and sources of vitamin Bs in 72 healthy Korean elderly subjects (29 men, 43 women, >57
years of age) living in the Seoul area were estimated using a modified Korean vitamin Bs database. The
dietary vitamin B¢ intake and food sources were estimated by the three day recall method with the help
of a trained interviewer. Food portion sizes were estimated using standard household measures and published
average portion sizes. The average daily vitamin B¢ intake was 2.06 = 0.46 mg/d in elderly men, and 1.94+ 0.47
mg/d in elderly women. Less than 5% of elderly men and 15% of elderly women consumed less than the
Korean Recommended Dietary Allowance (RDA) of vitamin Bs. The average ratios of vitamin Bs intake
to daily protein intake were 0.03+0.01 mg/g in both elderly men and women. The intake of vitamin B
was significantly (p <0.01~p<0.001) and positively correlated to intakes of all other nutrients in elderly
women, but was not significantly correlated to intakes of several nutrients in elderly men. Foods from animal
and plant sources provided 24% and 76 %, respectively, of the total vitamin Bs. Major dietary sources of
vitamin B in Korean elderly were rice, soybean sprout, kimchi, pork, beef, potatoes, garlic, onion, anchovy
and kochujang. The major sources accounted for most of the vitamin Bg intake with the top 20 foods providing

nearly 75~76% of the total vitamin Bs in Korean elderly.
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INTRODUCTION

Vitamin Bs is involved in gluconeogenesis, niacin for-
mation, lipid metabolism, nervous system, nucleic acids,
immune system and hormone modulation (1). Because
vitamin B-6 metabolism and requirements may be altered
in several diseases and pathological conditions, including
cardiovascular heart disease, diabetes, alcoholics and
asthma (2-4), maintaining adequate intakes of vitamin
Bs is important for optimal health in the elderly. The
Korean Nutrition Society began developing a Korean Re-
commended Dietary Allowance (RDA) for vitamin Bs
in 1995 and renewed its efforts in 2000. Since there was
little published data on vitamin B¢ status in Koreans,
the Korean RDA had to be established using Western
data, which is based on Western dietary habits and in-
takes. However, Korean dietary habits and intakes are
different from Western, and nutrient requirements are af-
fected by physio-cultural factors including race. Because
vitamin Bs is frequently identified as a nutrient with a
high prevalence of inadequate intakes, even in Western
countries (5-8), there might be a potential vitamin Bs
inadequacy in Korean diets.

Thus, the purpose of this study was to estimate the
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dietary intake and major dietary sources of vitamin Bg
in Korean elderly using a modified Korean vitamin Bs
database (9).

SUBJECTS AND METHODS

Subjects

Seventy two healthy elderly Koreans (29 men, 43
women, age <57y) were interviewed from September to
November of 2003. Because of the difficulties of random
sampling of the elderly, convenience sampling was used
in this study. The subjects comprised those who were
grandparents of ‘D’ university students and live in the
Seoul area. Characteristics of the subjects are given in
Table 1.

Dietary intake and anthropometric data

Three-day recalls were used to record typical dietary
intakes of the subjects: two weekdays and one weekend
day. Subjects reported their dietary intakes with the help
of a trained interviewer. Food portion sizes were esti-
mated using standard household measures and published
average portion sizes (10). Recorded food intakes were
converted into vitamin B¢ and nutrient intakes by using
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Table 1. General characteristics of the subjects

Male Female
Age (yrs) 68.13+6.87°  69.24+7.95
Height (cm) 168.6+0.06  155.41+0.06
Weight (kg) 6537844  56.85+7.96
Body mass index (BMI)”? 22.98+2.70  23.48+2.06

l)Body mass index (BMI) = Weight (kg) / Height (m)z.
IMean =+ SD.

a computerized dietary analysis program (11). When
information was unavailable for a particular food, a value
was assigned based on values of similar foods. The
methods used for the determination of quantitative con-
tribution of various foods to daily vitamin Bg intake of
the subjects followed the method of Block et al. (12).
On the day of collection of dietary data, weights and
heights were measured and used to calculate body mass
index (BMI).

Statistical analysis

The statistical analysis was carried out using SAS
software (SAS, Inc Cary, NC, USA). Pearson’s correla-
tion coefficient was used to determine possible relation-
ships between vitamin Bs intake and other nutrients.

Table 2. Daily nutrient intake of the subjects

RESULTS

Table 2 shows the nutrient intakes expressed as a per-
centage of Korean RDA. The nutrient intakes ranged
from 73% ~147%in elderly men and 70% ~138% in
elderly women of the Korean RDA for their respective
nutrients. The subjects’ intakes of most nutrients were
at levels close to or above the Korean RDA (9), except
for calcium. Calcium intakes of the subjects were similar
to the average intakes of the general Korean population
(13) on the basis of the percent of the Korean RDA,
but were above the levels considered to result in sub-
clinical deficiency. These nutrient intakes were similar
to those reported in the National Health and Nutrition
Survey for an urban population (13).

Table 3 shows the estimated average daily intake of
vitamin Bg. The average daily vitamin Be intake was 2.06
+0.46 mg/d in elderly men, and 1.94+0.47 mg/d in el-
derly women. The ninety fifth percentile of the subjects
consumed 1.59 mg/d, which is more than the Korean
RDA of 1.4 mg/d for elderly men. The eighty fifth per-
centile of the subjects consumed 1.46 mg/d in elderly
women, which was more than the Korean RDA of 1.4
mg/d. Table 4 lists the total daily vitamin Be, mg vitamin

Nutrient Male Femle
Hren Mean £ 8D % of Korean RDA" Mean = SD % of Korean RDA"
Energy (kcal) 1711.10£278.11 85.56 1568.29+389.86 92.25
Carbohydrate (g) 270.88+42.98 250.14+£61.73
Protein (g) 72.78 +13.48 111.97 66.30+17.86 120.54
Animal protein 33.87+12.32 31.01+11.97
Plant protein 37.92x7.67 35.29110.05
Fat (g) 37.27+13.01 34.15£13.30
Animal fat 19.80+11.34 17.13+£8.90
Plant fat 17.47+4.71 17.01£7.95
Cholesterol (mg) 276.211130.88 232.041+93.30
Calcium (mg) 534.18+173.66 76.31 491.76 =187.01 70.25
Phosphorus (mg) 1053.53£234.42 968.41+272.15
Iron (mg) 14041271 116.99 12.70+£3.28 105.76
Sodium (mg) 4825.27+1350.16 4286.82+1183.17
Potassium (mg) 2614.28 £567.02 2504.32+783.10
Vitamin A (RE) 515.24=172.95 73.61 535.32+281.70 76.47
Vitamin B; (mg) 1.06+0.26 106.21 1.00+0.23 99.86
Vitamin B (mg) 0.961+0.28 106.21 0.88+0.26 73.33
Vitamin Bs (mg) 2.06£0.46 147.20 1.94£0.47 138.28
Niacin (NE) 15.73+3.79 121.03 14.08£4.13 108.27
Vitamin C (mg) 69.13+26.91 98.76 74.92 =30.89 107.02
YRecommended dietary allowances for Koreans, 7th revision, 2000.
Table 3. Mean and percentile for usual intake of vitamin Bg (mg/d)
Number of Selected percentiles
Sex . Mean
estimated person 5th 10th 15th 25th 50th 75th 85th 90th 95th
Male 2 2061046 3.047009 2931000 2764000 2374014 2117007 189007 169006 159+000 1.49+0.04
Female 43 1941047 325007 2.58%0.19 2.36=0.04 2221009 2042007 1.81+009 146%0.10 134+001 1.31£0.02
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Bs/1000 kcal, mg vitamin Be/g dietary protein intake and
percentage of Korean RDA of vitamin Bg for the sub-
jects. The daily vitamin Bg intake from plant and animal
sources for the subjects expressed as a percentage of the
total is also shown in Table 4. The average ratio of
vitamin Bg intake to daily protein intake was 0.029 =
0.006 mg/g in elderly men and 0.030£0.006 mg/g in
elderly women. Foods from animal and plant sources
provided approximately 24% and 76% of the total
“vitamin By intake in elderly regardless of gender.
There were significant correlations between vitamin
B¢ intake and other nutrient intakes (Table 5). As ex-
pected, vitamin Bg intake was positively correlated with
all other nutrients in elderly women. However, no sig-
nificant correlations were found between the intake of
vitamin Bg and the intakes of plant protein, animal fat,
carbohydrate, calcium, vitamin A, vitamin B; and niacin
in the elderly. The percentages of the population con-
suming various foods rich in vitamin Be are shown in

Table 4. Dietary vitamin Bs intake of the subjects

Male Female

Vitamin Bs per day (mg/d) 2.06+0.46 1.94+0.47

Vitamin Bs per 1000 kcal 1.22+0.25 1.26+0.24
(mg/1000 kcal)

Vitamin Bs per g protein 0.03+0.01 0.03+0.01
(mg/g protein)

Vitamin Bg from plant 75.91+0.07 75.74*=0.07
foods (%)

Vitamin Bs from animal 24.10+0.09 24.26=*0.10
foods (%)

Table 5. Correlation between vitamin Bg intake and nutrients
intake of the subjects

Vitamin B¢ intake (mg)

Nutrients Male Female
Energy (kcal) 0.458**" 0.741***
Total protein (g) 0.510** 0.736***
Animal protein (g) 0.396* 0.630***
Plant protein (g) 0.261 0.558***
Total fat (g) 0.401* 0.678***
Animal fat(g) 0.272 0.404*

Plant fat (g) 0.453* 0.682***
Carbohydrate (g) 0.313 0.611***
Ca (mg) 0.137 0.718***
P (mg) 0.558** 0.814***
Fe (mg) 0.531** 0.746***
Na (mg) 0.400* 0.610***
K (mg) 0.389* 0.715***
Vitamin A (RE) 0.345 0.547%**
Vitamin B; (mg) 0.566** 0.755***
Vitamin B; (mg) 0.331 0.708***
Niacin (NE) 0.315 0.664***
Vitamin C (mg) 0.396* 0.324*

Cholesterol (mg) 0.352 0.583***

Yp-value, *Significant at p<0.05, **Significant at p<0.01,
***Significant at p<0.001.

Table 6. The 50 major food sources of vitamin Bg in
the diet provided 92~93% of the total daily vitamin
intake and the top 20 foods provided 75~76% of total
vitamin B¢ in both genders. Rice was the first rank
contributor accounting for 16 ~18% of the daily intake
of vitamin Be in both men and women. Major dietary
sources of vitamin Bs in Korean elderly were rice, soy-
bean sprout, kimchi, pork, beef, potatoes, garlic bulb,
onion, anchovy and kochujang. Table 7 lists the 20 foods
reported by the subjects with the highest vitamin Bg
content expressed per serving and per 100 g of food.
A comparison of Table 6 and 7 reveals that the top 10
foods in the two tables had only 2 foods in common.
Seven foods of the top 10 foods in Table 6, namely rice,
kimchi, pork, beef, garlic bulb, onion, anchovy were not
present in Table 7.

DISCUSSION

This study provides the data for estimation of vitamin
Bs intakes and major food sources of vitamin Bg in el-
derly Koreans. The average vitamin Bg intake of elderly
Korean male subjects older than 57 years was 2.06 mg/d,
which was similar to 2.04 mg/d for elderly men aged
51~70 years in the CSFII study (14) and 2.10 mg/d
for elderly men aged 51 ~70 years in NHANES III (15).
However, it was higher than the 1.3 mg/d for elderly
men over age 60 years in the BNSSE study (16). The
average vitamin Bg intake of elderly Korean women
subjects older than 57 years was 1.94 mg/d, which was
higher than the 1.50 mg/d for elderly women aged 51 ~
70 years in CSFII (14), 1.69 mg/d for elderly women
aged 51~70 years in NHANES HI (15) and 1.1 mg/d
for elderly women over age 60 in the BNSSE study (16),
respectively. Thus, the intakes and status of vitamin Bs
in elderly Koreans in the Seoul arca were better than
or similar to those of American elderly in the CSFII,
NHANES III and BNSSE studies. The adequacy of vi-
tamin Bs intakes for meeting dietary requirements is also
influenced by the bioavailability of the vitamin from
different food sources. The bicavailability of vitamin Bg
from food varies because the bioavailability of vitamin
Bs is reduced when it is conjugated with B-glucosides
(17). Thus, if considering the bioavailability of vitamin
Bg, the available vitamin B in Korean elderly could not
be more than that of American elderly, because Korean
elderly in this study obtained 76% of their vitamin Bs
from plant sources, whereas approximately one-half of
the dietary vitamin B¢ was reported to come from meat
and one-half from plant-based foods in Americans (15).

The vitamin Bg intakes of elderly Koreans were 147%
of the Korean RDA in elderly men and 138% of the Ko-
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Table 6. Major dietary sources of vitamin Bs for subjects

> Male
. Percent of total Cumulative percent Percent of
Rank Description Vitamin Bg of Vitamin Bs population
1  Rice products, paddy rice, cooked rice, undermilled 16.46 16.46 100.00
2  Soybean sprout, raw 13.88 30.34 68.97
3 Kimchi, Korean cabbage 7.30 37.63 100.00
4  Pork, loin, raw 5.31 42,95 82.76
5  Beef, imported cattle, frank, raw 4.84 47.78 100.00
6  Potatoes, raw 3.49 51.27 75.86
7  Galic, bulb, raw 297 54.25 100.00
8  Onion, raw, domestic 2.84 57.09 96.55
9  Anchovy boiled-dried 2.55 59.63 100.00
10 Kochujang (fermented 5% red pepper soybean paste) 2.31 61.95 93.10
11 Yellow croacker, raw 1.87 63.82 48.28
12 Pepper, green pepper, native 1.54 65.36 96.55
13 Red pepper powder 1.45 66.80 100.00
14  Small red bean, dried 1.43 68.23 93.10
15  Soybean, black soybeans 1.23 69.46 48.28
16  Chicken’s egg whole egg, fresh 1.22 70.69 96.55
17 Sugar, white sugar 1.21 71.90 100.00
18  Hair tail, raw 1.17 73.07 93.10
19  Soybean paste 1.09 74.17 48.28
20  Barley, naked barley, milled 1.02 75.18 96.55
21  Chicken, meat and skin, raw 1.01 76.19 100.00
22 Starch syrup 1.01 77.20 44.83
23  Radish, Korean radish, root 0.93 78.13 3448
24  Spanish mackerel, raw 0.92 79.04 79.31
25  Soybean curd, pressed 0.83 79.88 96.55
26  Sorghum, milled grain 0.77 80.65 44.83
27  Glutinous millet 0.77 81.42 82.76
28 Cow’s milk, ordinary liquid milk 0.74 82.16 37.93
29  Buckwheat noodle, wet form, raw 0.73 82.89 24.14
30 Mungbean, sprout, raw 0.73 83.62 13.79
31  Carrot, raw 0.70 84.32 75.86
32  Spanish mackerel, raw 0.62 84.94 6.90
33 Udong, boiled 0.62 85.56 6.90
34  Spinach, raw cultivation 0.61 86.17 44.83
35  Soy sauce 0.60 86.78 100.00
36 Loaf bread 0.60 87.38 17.24
37  Fast food, Pizza 0.55 87.93 6.90
38  Pacific saury, raw 0.53 88.46 10.34
39  Sweet potatoes, raw 0.51 88.97 6.90
40  Lettuce, native 0.49 89.46 31.03
41  Welsh onion 0.46 89.92 100.00
42 Pumpkin, immature, raw 0.46 90.38 86.21
43 Curry, Ottogi 0.46 90.84 10.34
44  Mackerel, raw 042 91.26 10.34
45  Cucumber, improved 0.42 91.68 65.52
46  Fish paste, fried 0.38 92.06 24.14
47 . . Shad, salt-fermented 0.33 92.40 345
48 Strawberry, raw, native 0.32 92.72 13.79
49  Banana, fresh 0.28 93.00 6.90
50 Common squid, raw 0.27 93.27 62.07
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> Female
.. Percent of total Cumulative percent Percent of
Rank Description Vitamin Bg of Vitamixrl) Bs population

1 Rice products, paddy rice, cooked rice, undermilled 17.78 17.78 100.00
2 Soybean sprout, raw 11.29 29.08 72.09
3 Kimchi, Korean cabbage 7.57 36.64 100.00
4  Beef, imported cattle, frank, raw 5.57 4221 88.37
5 Pork, loin, raw 6.18 48.40 86.05
6 Potatoes, raw 3.85 52.25 93.02
7  Onion, raw, domestic 3.11 55.36 100.00
8  Galic, bulb, raw 2.88 58.24 100.00
9  Anchovy boiled-dried 2.62 60.85 100.00
10 Yellow croacker, raw 2.31 63.17 39.53
11  Kochujang (fermented 5% red pepper soybean paste) 1.76 64.93 83.72
12 Small red bean, dried 1.71 66.64 51.16
13 Pepper, green pepper, native 1.38 68.02 100.00
14 Sugar, white sugar 1.37 69.39 95.35
15 Red pepper powder 1.26 70.65 100.00
16  Udong, boiled 1.22 71.87 13.95
17 Soybean paste 1.19 73.06 97.67
18  Hair tail, raw 1.16 74.22 32.56
19 Spinach, raw cultivation 1.05 75.28 58.14
20  Starch syrup 1.01 76.29 72.09
21  Chicken’s egg whole egg, fresh 1.01 77.30 88.37
22  Carrot, raw 1.00 78.30 79.07
23  Cow’s milk, ordinary liquid milk 0.96 79.27 37.21
24  Chicken, meat and skin, raw 0.96 80.22 39.53
25 Mungbean, sprout, raw 0.93 81.15 51.16
26  Glutinous millet 0.93 82.07 51.16
27  Spanish mackerel, raw 0.87 82.94 39.53
28 Sweet potatoes, raw 0.79 83.73 4.65
29  Soybean curd, pressed 0.74 84.47 93.02
30 Soybean, black soybeans 0.72 85.19 46.51
31 Soy sauce 0.66 85.84 97.67
32 Lettuce, native 0.63 86.47 39.53
33  Fish paste, fried 0.57 87.04 25.58
34  Mackerel, raw 0.49 87.53 20.93
35 Welsh onion 0.47 88.01 100.00
36 Barley, naked barley, milled 0.46 88.46 13.95
37  Grape 0.45 88.91 46.51
38 Pumpkin, immature, raw 0.38 89.29 88.37
39 Curry, Ottogi 0.33 89.62 6.98
40 Fast food, Pizza 0.30 89.92 4.65
41  Perilla leaf, raw 0.28 90.20 3721
42  Bracken, raw 0.27 90.48 27.91
43  Cucumber, improved 0.26 90.74 55.81
44  Korean cabbage, raw 026 91.00 20.93
45  Lentinus edodes, raw 0.26 91.26 30.23
46  Chestnuts, raw 0.25 91.51 11.63
47  Galic, young stem 0.23 91.74 6.98
48  Alaska pollack, raw 0.23 91.97 20.93
49  Salt, table salt 0.23 92.20 100.00
50  Perilla seeds, powder 0.22 92.42 13.95
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Table 7. Vitamin Bg content of foods reported by the subjects

. Vitamin Bg Vitamin Bg

Rank Description (mg/serving) (mg/100 g)
1 Wild garlic 0.67 0.96
2 Mungbean, sprout, raw 0.67 0.96
3 Soybean sprout, raw 0.67 0.96
4 Galic, young stem 0.38 0.96
5 Potatoes, raw 0.35 0.27
6 Fast food, Pizza 0.33 022
7 Sikhye (Sweet rice beverage) 0.30 0.30
8 Common sea bass, raw 0.28 0.40
Male 9 Water melon 0.27 0.11
10 Cinnamon tea 0.27 0.27
11 Sweet potatoes raw 0.27 0.27
12 Tcha Jang, Black noodle sauce pasta type 0.26 0.22
13 Starch syrup 0.24 0.72
14 Sea bream, blanguillo 0.23 0.46
15 Pork, loin, raw 0.22 0.57
16 Pacific saury, raw 0.22 0.45
17 Sandwiches, Ham subway 0.21 0.14
18 Kochujang (Fermented 5% red pepper soybean paste) 0.20 1.03
19 Spanish mackerel, raw 0.20 0.40
20 Banana, fresh 0.19 0.32
1 Wild garlic 0.67 0.96
Mungbean, sprout, raw 0.67 0.96
3 Soybean sprout, raw 0.67 0.96
4 Tomato, raw 0.50 0.20
5 Cream-jam bread 0.48 0.60
6 Toro 0.40 0.80
7 Potatoes, raw 0.35 0.27
8 Fast food, Pizza 0.33 0.22
9 Sikhye (Sweet rice beverage) 0.30 0.30
Female 10 Water melon 0.27 0.11
11 Sweet potatoes raw 0.27 0.27
12 Ssanghwa tea 0.27 0.27
13 Tcha Jang, Black noodle sauce pasta 0.26 0.22
14 Starch syrup 0.24 0.72
15 Sea bream, blanguillo 0.23 0.46
16 Pork, loin, raw 0.22 0.57
17 Havest fish 0.22 0.45
18 Sandwiches, Ham subway 0.21 0.14
19 Kochujang (fermented 5% red pepper soybean paste) 0.20 1.03
20 Spanish mackerel, raw 0.20 0.40

rean RDA in elderly women, respectively. If the average
intake is the amount needed to prevent clinical signs of
vitamin By deficiency, and because the subjects exhibited
no clinical signs of vitamin Bs deficiency, it is concluded
that either Korean elderly in this study consumed suf-
ficient quantities of vitamin Bs or the Korean RDA for
vitamin B in this age group was lower than the level
that needed to meet requirements for vitamin Bg. The
vitamin Bg requirement is affected by the level of dietary
protein intake, with the requirement growing with in-
creasing protein consumption (18,19). For comparative
purposes, the requirement was also estimated assuming
that there is a direct relationship between protein intake
and the B¢ requirement. Hence, the adequacy of dietary
intakes of the vitamin is frequently evaluated in terms

of mg vitamin Be/g protein consumed (2). The Korean
RDA for vitamin Bg is based on the ratio of 0.02 mg/g
dietary protein and is set at the same level as for younger
adults. In this study, the average ratios of vitamin Bg
intake to daily protein intake were 0.03 mg/g. Thus,
when this criteria was applied to the protein intake data,
the intakes for elderly were judged to be unreasonably
high. As with the elderly, there is no compelling evi-
dence to suggest that requirements should be adjusted
to protein intake, and vitamin B status typically declines
with aging (20), although the absorption of vitamin Bs
is not affected by aging (21).

As expected, there were positive correlations between
vitamin Bg intake and all other nutrient intakes in elderly
women in this study. However, no significant correla-
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tions were shown between the intake of vitamin Bg and
the intakes of plant protein, carbohydrate, calcinm, vita-
min A, vitamin B, and niacin. The reason of this dis-
crepancy might be that these nutrients intakes were less
varied in elderly men than in elderly women. Dietary
contributors of vitamin Bg for Koreans are less varied
than those for Americans in the NHANES study. Rice
makes a substantial contribution (16 ~18%) to the daily
vitamin Bg intake in the Korean diet and other major
food sources are also plant sources; it is important to
note that the bioavailability of vitamin B¢ from plant
sources is known to be less than that from animal sources
(22). Among the major dietary sources of vitamin Be,
the top 20 foods provided 75~76% of total vitamin Bs,
whereas the top 10 foods provided nearly 76% of total
vitamin Bg in Korean young men (23) and the top 20
foods provided nearly 70% of total vitamin Bg in Korean
young women (24). Thus, it can be concluded that the
dietary sources of vitamin By in the Korean elderly are
less varied than those of young Koreans. Although the
vitamin Bs content of rice is only 0.11 mg/100 g, it was
the largest contributor to the total intake because it was
consumed very frequently and in large amounts. Also,
kimchi, a Korean style pickled vegetable, is not is not
very high in vitamin Bs, with vitamin Bs content of 0.11
mg/serving, but still provided 7.3 ~7.6% of the total dai-
ly vitamin intake because of it’s frequency and amounts
usually consumed. Therefore, it is suggested that Korean
elderly, in this study, consumed sufficient amount of
vitamin Be, However, considering the major food sources
of vitamin Bg, it is suggested that the supply of vitamin
Bs for Korean elderly should be based on not only suf-
ficient amounts but also varied food sources. Further-
more, because the subjects of this study were the grand-
parents of college students and lived in the Seoul area,
the elderly subjects of this study were assumed to be
economically upper middle class. Therefore, the nutri-
ents intakes of these subjects might be greater than those
of the elderly in rural area or the elderly living alone.
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