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Introduction Ambard and Beaujard” pointed out that man

consumes more salt than is needed physiologica-

As an indispensable component of the homeos- lly. Further Meneely‘” suggested sodium intakes
tatic systems, sodium plays a key role in the co-  might be dependent on cultural and geographical

ntrol of acid-base balance, water balance and os-  factors rather than on physiological needs. Seve-
molarity in the body fluids, However epidemiolo-  ral investigators reported high sodium intakes of
gical studies indicate an association between so-  Koreans®®. Some indicated that typical Korean
dum intake and the prevalence of hypertension. diets high in carbohydrate and less protein, mi-
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ght lead to increase sodium consumption®’. The
Korean national dietary survev conducted in 19
86, presented carbohydrate consumption of whole
population was 71.4% of total energv?.

In recent years, the leading causes of death In
Korea are known to be cardiovascular diseases,
one of whose primary risk factors is hyperten-
sion®’. Hence public inlerest in dietary treatment
of hypertension should be concerned, because of
the role of excess dietry sodium in the develop-
ment of hypertension,

Sodium intakes of Koreans among different
groups have been investigated. However informa-
tion on sodium intakes of Korean workers in an
industry is limited.

The objectives of this study were to collect
analytical data for sodium consumption and exc-
retion in normal healthy Korean industrial wor-
kers. The data from this study will provide the
core informations needed for planning the food
management in the industrial food service orga-
nizations for the workers

Subjects and Methods

46 healthy male workers were recruited from
the H tire company in seoul, Korea. All these
men lived in the dormitory and ate all three
meals for three consecutive days in the dormi-
tory cafeteria. Weight, height and blood pressure
were teken from each subject by a trained nurse.
Urine samples were collected for one day. Crea-
tinine was determined and used to assess comp-
leteness of 24-h urine collection. If urinary crea-
tinine level was below 800mg, the 24-h urine co-
llection was considered incomplete and excluded
from this study. Thus 6 subjects were excluded,
judged from the result of urine analysis.

Diet
Food consumption was calculated by weighing

the food items before and after eating. Each su-
bject prepared a duplicate composite of all food
they consumed during three twenty-four hour
periods. 100g of composites were transported to
the lab and homogenized and aliquots were kept
frozen at —25 °C for [urther analysis. Informa-
tion on snacks eaten between meals was obtai-
ned by 24-h dietary recall. The subjects were
asked to recall food items, in addition to manu-
facturing company of snacks. Same types of food
items eaten belween meals were purchased, pre-
pared and kept frozen for analysis. Table salts
were weighed, given to the subjects, calculated
the residue and recorded the weight consumed.

Analysis

During the study periods, polyethylere botile
containing 10g of boric acid was provided to
each subject. 24-h urinary collection was made
starting on the second day of food consumption.
Various food items and urine were analyzed for
sodium content by use of an atomic absorption
spectrophotometer(Hitachi 170-30).

Statiatics

Data were expressed as meant SD. Correlation
coefficients were used to establish relationships
among all variables. The variables studied were
carbohydrate intake, protein intake, sodium In-
take and blood pressure.

Results and Discussion

The number, age, weight, height, blood pres-
sure of subjects are shown in Tahle 1. Subjects
were between the age of 20—35 yrs. Average
height and weight of subjects were similar to
those of men in Korean national nutrition survey
conducted in 1986. Average systolic blood pres-
sure was 120.3+ 12.6mmHg and diastolic blood
pressure averaged 75.8+ 7.5mmHg.
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Table 1. Blood pressure, weight, height and age of the subjects

i e Weight Height SBP? DBPY
kg cm mmHg mmHg
20-25 11 64.2+ 4.9 171.0£ 5.0 118.6+ 8.0 753+ 5.2
26-30 27 64.1+ 4.7 1715+ 35 1206+ 14.3 757185
31-35 2 63.5+ 2.5 1680 = 0.0 125.0+ 0.0 80.0£0.0
Mean 64.1+ 4.7 1706x 4.1 120.3+ 12.6 75.8% 75

1) Mean+ S.D.

2) S.B.P.: Systolic bleod pressure
3) D.B.P.: Diastolic blood pressure

Table 2. Activity category of subjects
Classifi- No. of

) . Percentage
cation subject %
Moderate 13 325
Heavy i7 42.5
Very heavy 16 25.0
Total 40 100.0

Table 2 presents activity category of subjects®
425% of all subjects were engaged in heavy ac-
tivity while 325% of the subjects were engaged
in moderate activity. The rest were engaged in
very heavy aclivity.

The average food energy intakes of subjects
were 3,815+ 813 kcal/day. Mean daily intakes of
carhohydrate, pratein and fat were 5418+ 144.5¢,
127.2+ 61.0g and 56.8% 42.7g, providing 68%, 16
%.and 16% of total energy respectively(Table

Table 3. Average nutrient intakes of the subjects

3). In addition, subjects consumed average 976+
148g/meal.

As shown in Table 4, mean sodium intake for
ail subjects for three days was 225.3+ 75.2mEq/
day(13.2+ 44g NaCl/day). The intake level ex-
ceeded the values of other reported intakes for
Westernersi®©'. Furthermore the sodium intake
level of workers in this study slightly exceeded
that of Japanese workers found in Japanese nui-
ritional survey'?’, Japanese workers consumed 12,
1g NaCl/day. Other reported intakes for Koreans
were generally high. Lee et al¥) analyzed nutri-
tion survey for residents in a fishing village and
reported their average daily inlake of salt as 23.
4g. Similarly Jun!® estimated mean intakes of 22
g NaCl/day from normal Korean adult subjects.
On the other hand, Kim and cocoworkers' de-
monstrated that normal adult subjects reduced

Energy Carbohydrate Protein Fat
Days keal g g . ‘ g
1st 3264z 851 545.8+ 140.7 116.0+ 304 68.6x26.1
2nd 32771774 510.1+138.3 149.8+ 66.8 70.9+ 58.7
3rd 3001 779 571.1+ 148.2 1153+ 435 29.7£ 147
Average 3185+ 813 418+ 1445 12726190 6RL42.7
% of total 68 16 16
Calorie

1) Meanz S.D(n=40)
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Table 4. Dietary intakes and urinary excretion of sodium of the subjects

Intake Excretion
Na Na(Cl Na NaCl
mEq/day g/day g/day mEq/day g/day g/day
1st day 2236+ 709" 5162+ 1.64 13.1+4.2 - - -
Ind day 197.3£ 62.9 454+ 145 11.5+3.7 232.8+63.8 540+ 1.36 13735
3rd day 266.51 79.6 5.91+ 182 15.0+ 4.6 - - -
Average 2253£75.2 5.19% 1.73 132+ 44 232.8+63.8 540+ 1.36 13.7+ 35

1) Mean+ S.D.(n=40)

Table 5. Distribution of subjects by the level of

salt intakes
Level of total salt  No.of Percentage
intakel’ subject of total subjets
g/day %
3-5 1 25
6-8 1 25
9-11 11 275
12-14 12 30.0
15-17 12 30.0
18-20 3 75

1) Average intake of salt was 13.2+ 4.4g/day.

their salt intake after having been educated, sug-
gesting effective nutrition education is needed to
decrease sodium intake of general population,
Despite the fact our subjects in this study were
workers with excessive sweating, their sodium

intake was not so high as expected, when com-
pared with other observations for Koreans. In
fact, subjects in this study were not trained to
reduce their salt intake. Possibly workers were
adapted to their working environment, since they
had worked for more than one year. More re-
search should be done to elucidate the mecha-
nism involved in this area.

When subjects were distributed by the level of
salt intakes(Table 5), 67.5% of subjects consu-
med more than 12g salt/day. Furthermore 7.5%
of subjects took more than 18g/day.

In the present study, the daily urinary sodium
excretion was estimated to be 232.8+ 63.8mEq
(13.74 3.5¢ NaCl). Caggiula et al'® reported that
normal subjects excreted 1494mEq of urinary
sodium while Suh® also estimated the urinary
sodium excretion of male adult to be 250.3% 107.

Table 6. Distribution of food sources in the dietary sodium intake

Days Boiled rice Soup Side dish Table salt Between meal
1st 354.0+£93.1 17984+ 1027.8  2515.5+ 939.1 292.5+ 5979 170.3+ 296.6
mg % 6.9 35.05 49.03 5.7 33

2nd 338.3£ 969 15208+ 718.6 22814+ 9471 238.9+ 595.5 159.1+ 2320
mg % 7.5 335 50.3 5.3 35

3rd 38644 1020 22414+ 11624 28855+ 1016.9 266.8+ 459.0 120.0+ 197.3
mg % 6.5 38.0 48.9 4.5 2.0
Meant S.D. 3594+981  1849.2+1027.9 25592+ 9995 266.1+ 556.6 150.3+247.1
mg % 6.9 35.7 494 5.1 2.9
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Daily intake of sodium from dietary analysis
was estimated to be 5.16+ 1.64g on the first day
and 4.54* 1.45g on the second day of study pe-
riods. However, the amount of sodium excreted
in the urine was 540+ 1.36(Table 4). Thus daily
intake of sodium by the daily urinary excretion
of this ion is not agreeable to that from dietary
analysis. This difference may be due to the fact
that urinary samples for analysis in this study
were obtained from the second day of food col-
lection periods. Previously Sasaki et al'® repor-
ted that urinary sodium excretion reflected the
amount of dietary sodium ingested two or three
days before. It may be further suggested that
more 24-hour urinary collections were made to
estimate the accurate and reliable sodium intake,
due to the time lag between ingestion and exc-
retion of urinary sodium. According to De Ward-
ner’, it was assumed 85% of sodium was exc-
reted in the urine. Based on this assumption it
was estimated to be the average daily NaCl in-
take of the subjects at 16.14g/day in the study.
Hence average sodium intakes of our subjects
were in the range of 13—16g.

Sodium intake was significantly corrlated with
carbohydrate consumption in this study(P<0.
001)(Fig. 1). This finding is agreeable to Kim's
8 Furthermore data in figure 2 showed a signi-
ficant positive correlation existed between pro-
tein intake and sodium intake, which is conflic-
ted with Yi's'®. However this result is consistent
with other investigators'®'®, The result indicated
that animal protein- source may contain high
amount of sodium, contributing to increase so-
dium intake, Therefore animal protein source
should be given special consideration to reduce
sodium intake, especially in hypertensive patie-
nts.

When mam food sources were concerned,
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Fig. 1. Carrelation between carbohydrate and so-
dium intake.
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amount of average intake of sodium from one
serving size was calculated(Fig. 3). In soup
group, beef soup was found to contain the hi-
ghest amount of sodium. Conversely sodium con-
tent in chicken soup was the lowest. In the part
of side dish, seasoned buckwheat and vegetable
was the source of the highest amount of sodium.
In cabbage kimchi, subjects took average 337.9+
146.2mg of sodium from one serving size while
daily sodium intake from kimchi was 1,080.2%
458.1mg(2.74g NaCl)(Fig. 3).
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Fig. 3. Amount of average intake of sodium from one serving size in main food.
*Food items 11. Beef soup
1. Cooked rice with barley 12. Seasoned pork with vegetable
2. Cooked rice with soybean 13. Seasoned Spanish mackerel with raddish
3. Cooked rice with small red bean 14. Seasoned spinach boiled
4, Soybean sprout soup 15. Seasoned Alaska pollack
5. Cabbage with soybean paste soup 16. Seasoned soybean sprout
6. Sea mustard with chicken soup 17. Fried hair tail
7. Sea mustard with beef soup 18. Seasoned buckwheat and vegetable
8. Chicken soup 19, Kimchi, cabbage
9. Potato with soybean paste soup 20. Kagduki kimci, raddish
10. Sea mutard with clam soup

In addition, amounts of sodium in the different
food sources for three days were analyzed and
compared. Table 6 provides information on the
sodium content in various food composites.
These data suggested that side dishes contribu-
ted the highest amount of sodium. Of side di-
shes kimchi was the most important source of
sodium for our subjects.

Generally it has been known that the major
source of sodium is from kimchi. Results in this
study showed that sodium content of kimchi and

other side dishes per 100g were high. However
subjects did not take kimchi a lot at a time on
the table. Therefore, kimchi did not contribute
'mostly. On the other hand, soup group is the
major contributor to increase sodium intake on
the table. Thus it would be more relevant and
prudent to reduce sodium consumption by limi-
ting frequency and amount of soup intake.

Summary

The present study was undertaken to evaluate
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the sodium consumption and excretion in forty
healthy male workers of a tire company in Seoul
area, The average food energy intakes of the su-
bjects were 3,815+813 (meanzSD) kcal/day.
Mean daily intakes of carbohydrate, protein and
fat were 541.8+ 144.5g, 127.2% 61.0g and 56.8+
42.7¢, providing 68%, 16%and 16% of total ene-
rgy, respectively. Mean sodium intake for three
days was 2253+ 752mBEq(13.2+ 44g NaCl) and
the urinary excretion of sodium in 24 hours was
232.8+ 63.8mEq(13.7+ 3.5¢ NaCl). The main food
source of sodium intake from one serving of
each meal was soup group. In this study sodium
intake was significantly associated with protein
and carbohydrate consumption.

Results suggest that it can be more relevent
and prudent to reduce sodium consumption by
limiting frequency and amount of soup intake.
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