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As salt is a potential vehicle for delivering iodino a population, study on salt intake is impdrtamany
methods have been used to measure iodised-sdtejrtat the methods were suspected to be inaccukate
new method, called a lithium-marker technique, basn considered as suitable and safe; hence bders
proposed as a gold standard for measuring the |lagaltaintake of an individual. We conducted a gtud
determine discretionary salt intake using the uithi marker technique. The study shows that the il
intake for children il =15) and mothersN =15) were 5.42.1 g/d and 581.7 g/d respectively in which
48.5:17.1% and 50£17.3% were discretionary salt. The discretionaalf mtake measured using lithium
marker (2.53 + 1.2 g/d for children and 2.99 + /& for mother) were significantly lower than wgip4-hour
salt recall (7.032.44 g/cap/d) and salt weighing (64108 g/cap/d)P<0.001). In conclusion, the discretionary
salt intake by 24-hour salt recall and salt weighirere over estimated as compared to the lithidrellad salt
measurement. It is recommended that the leveddifié fortification in salt be increased up to &Bpm of
KlO3to provide iodine intake of 150ug/d

Key Words: lithium marker technique, 24-hour salt recall, salt weighing, discretionary salt intake.

Introduction tained, so that the fortification level of iodine s$alt could
The government of Indonesia has initiated an iotnat be reformulated to combat iodine deficiency.
program on salt with the level of fortification f30 ppm
potassium lodate (KI§.' The fortification is based on Subjectsand methods
surveys which show that the discretionary saltkatin Fifteen schoolboys aged seven to ten years (frarséime
Indonesia is 10 g/8. In spite of that, iodine deficiency isschool) and their respective mothers participatetiin:
still prevalent in Indonestathis is probably a result of low tarily. This study was carried out in an endemic,umo
iodine daily intake, which is mainly from iodisealts tainous rural area in the district of Malang, Eastalin-

Two methods, namely 24-hour salt recall andt saonesia. Malang is 1300m above sea level and has a
weighing, have been used to measure discretionalty @verage temperature of Z2 The prevalence of TGR
intake in different countries. The methods sugdest the (Total Goitre Rate) in East Java is 15.31%@he TGR
discretionary salt intake ranges from 5-15 g/ddbildren among school-children measured by palpation is 46%
and adult$. Unfortunately, the methods lack in precision00% using USG techniqud®. Ethical approval was ob-
and accuracy. Current studies suggest that thaurtit tained from the Faculty of Medicine, University ido-
marker technique can be used as a gold standamidar nesia by considering the guidelines of the Couiecilnter-
suring discretionary salt intake. The method isrenonational Organisation of Medical Scienc¢ésParticipating
precise and biologically safe. The lithium-markehteique mothers signed written informed consents.
has been employed to measure discretionary andsiaita
intake of Europeafl, African and Latin American
countriess There have been no salt consumption studies
using the gold standard method in Asia. The curséidly Correspondence address. Dr. Siti Muslimatun Seameo
was conducted in Indonesia to compare three methbdsTropmed, Regional Center for Community Nutrition Umsity
discretionary salt measurements, i.e. lithium-lsiogl 24- ©Of IndonesiaP.O. Box 3852 Jakarta 10038 Indonesia
hour recall, and salt weighing. More precise dzftalis- ¢/ aX: +62-21-3914017
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Preparation and administration of lithium-labelled salt mothers were asked to describe the ways of adailhgos
Lithium-labelled salt was prepared by the Centre offoods using a standardised spoon. One heapedastand
Nutrition Research and Development Bogor Indonesiaspoon equalled 5g sdh. The total salt intake in the
following a method outlined by Sanchez-Castéibal'*>  family during 24 hours was calculated by multiplyithe
Lithium content in the salt was then validated ush#5  number of spoon with 5g. The discretionary salakef
method by the National Institute of Atomic Energy cap/d was then determined from the total salt iseetl
(BATAN) Indonesia. The average lithium content wasby total family members.

1.5607 mg Li/g salt, with coefficient of variance\()Cof

2,35% and 88% lithium recovery. The participatiag f Salt weighing method

milies were provided with 500g lithium-labelled ts&@dr ~ On day 0, every household received 500 g iodineHet
seven consecutive-days cooking and any other ways ®alt to use on the consecutive seven days of thdy.st
salt consumption. All other salt in the househaolds The left over salt in the household was weighedhto t
taken. On the sixth and seventh day, the left taleglled nearest 0.1 g on the day sixth and seventrstimate the

salt in the household was weighed. average total salt consumption. In order to maintie
common household’s use of salt, the mothers were re
Urine collection and Analysis minded to use the labelled-salt during food prefxama

The 24-hour urine of mothers and their respectivesso The number of people who eat the food prepared by
was collected in the morning using a urine baghe t respective mothers were noted, and the amount of
beginning of the study for baseline purposes. Tas labelled-salt intake per capita per day in the kbokl
also carried out on the sixth and seventh day. lBefo was calculated from the total salt consumed forfathily
study commencement the participating mothers ang so members divided by the number of household members.
were gathered to highlight the importance of tatahe
inclusion over 24 hours. Teachers and local heatih  Anthropometric measurement
kers were also summoned in the group meeting. Th&he weights of schoolboys and their mothers were-mea
teachers were asked to direct the subjects tootdieir  sured using an electric weighing scale SECA 870trn
urine at school, whilst the health workers visitdee  est 0.1 kg. Samples used light clothing and ncesho
subjects everyday to ensure that urine collectiams w Body stature was measured to the nearest 0.1 ch wit
properly performed. The subjects were provided withmicrotoise®®
chamber pots for use at home and plastic bags der u
outside the home. All subjects were advised taghat  Statistical methods
least 5 plastic bags of 100 cc each when they wett Data was reported as (MearSD). The significant diffe-
The subjects provided a verbal verification for therences among groups were determined by one-way
completeness of 24 hour urine collection. ANOVA. A Pearson correlation coefficient was uged
Approximately 100 cc urine samples were tramsfl show the correlation of salt intake between différe
to small-labelled plastic bottles from which 15c@sv methods.P<0.05 was considered as statistically signi-
stored on ice and sent to BATAN on the same dayifor ficant. The agreement between methods of salkénta
thium content analysis. The analysis was perforosi#g  was tested based on the Bland and Altman methSth-
AAS AA 775 wave length 670.8 nf. The content of tistical analysis were performed using a Statitica
urinary sodium and chloride was determined on #rees Package for Social Sciences version 9.0 software fo
day of urine collection using the remaining urimenples  Windows®’
following AAS wave length 589 nm and Argentometry
techniques respectively, outlined by Greenbetgal  Results
This was carried out at Brawijaya University, Malang The boys were 8.F 0.6 years old, 11785.0 cm tall and
Indonesia. weighed 20.0+ 1.9 kg. The children weight-for-age z-
score was -1.98.53, height-for-age z-score -24R76,
Measurement of salt intake by lithium-labelled method and weight-for-height z-score -04F.52. Of those 15
Total salt intake was calculated from the urinargreion  poys, 53% were underweight, 73% were stunted aftl 13
of sodium and chloride. The lithium excretion was  were severe stunted. Their respective mothers @@
tained from the mean of the lithium on the sixttdan + 4.0 years old, 148.6 4.7 cm tall, weighed 49.6 6.1
seventh day, and corrected from the lithium exeretn kg and had body mass index 22.2.9 kg/nf. Only one
the first day. Discretionary salt intake was eatd by  mother had body mass index <18.5 kgj/nDue to eco-
dividing the excretion of the lithium for each se&fj by  nomic restriction, the families rarely spent morfey
the proportion of lithium content in salt (1.5609mi/g  food out of home. According to the result of 24+healt
salt), expressed as a percentage of total sakentdi- recalls, salt was added to almost all of foodsfgim of
nally, the means for groups of mothers and childvere  prick salt) prepared by the mothers in the housihol

calculated. except for cooking rice. Almost all (80%) motherdded
salt before or during cooking. Urinary volume, fuegcy,
24-hour salt recall ion excretion and salt intake are shown on Tabld dtal

Mothers were interviewed to obtain information aits salt intake of mothers based on urinary sodium and

use for food preparation for the whole family. tSal  chloride excretion was 5.8 1.7 g/d, while for children

foods and beverages consumed outside the homeavas Ryas 5.4+ 2.1 g/d. Total salt intake ranged from 2.71- 9.42
regarded as discretionary. In order to get preaiseunts,
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Table 1. Daily ion excretion, urinary frequency, total adécretionary salt intakes measured by lithiomarker

technique in mothers and their children in Malang

Day 6" and 7%

Day O
Excretion and intake Mothers Children Mothers Children
(N=15) (N =15) (N =15) (N =15)
Urine excretion (L/d) 0.81+0.23 0.61+0.27 0.65:0.19 0.62:0.19
Urinated frequency/d 5.9 +1.6 5.4 15 5.1 +0.9 5.2 #1.2
lon excretion (mmol/d)
Sodium 118.3:58.2 76.2632.3° 100.8:36.7 85.8:39.1
Chloride 125.2652.5 86.533.8" 100.8:27.3 96.8:36.1
Lithium _ 0.00:0.00 0.04:0.00 0.670.33 0.56t0.28
Estimated salt intake
Total (g/d) 7.143.1 4819 - 5.8+1.7 5.4:2.1
Discretionary (g/d) - - 2.9%1.5 253r1.2
Discretionary (%) - - 50.5+17.3 48.5:17.1

T = meartSD;* =average of 2 consecutive days measurement {tayds#); " =significantly different from day (®=0.01
™ =significantly different from mothe® =0.02

g/d and 2.47-12.55g/d for mothers and children re-g,?fble 2. Iﬁisd(;tsretionary salt intake using thr
spectively. Discretionary salt contributed to 5017% Ifterent metho
and 48+ 17% of the total salt ingested by the mothers and

Disretionary Intake

children respectively. The proportion of discretipnsalt per capita/day (g/d)
intake among children was 85% that of mothers. alTot Lithium-labeled salt
and discretionary salt intake of mothers were rigt s Mother 2.53+1.24
nificantly different P = 0.36) from that of their children. Children 2.99+ 1.50°
However, children had significant higher intakesaft per 24-hour salt recall 7.01+2.44°

’ Salt weighing 6.00+ 1.88"

kg body weight than that of mothers (0.27 vs. Q@i&d)
body weight, P<0.001). A significant difference was
found for sodium excretion and chloride excretiéh=<

t =meanSD; ¥ =Different superscripts denote LSD test
significant differenceR<0.05)

0.02) on 0-day between mothers and childreMean- °
while, there were no significant differences betwese- T 14
dium and chloride excretion for mothers and chitdre £ 5 12 . .
during the experiment days. 52 lg ] .
The range of discretionary salt intake measie24- 5@ 61 o0 o, ® .
hour salt recall and by salt weighing methods was 3 g e 44 .3 M
11.9 g/d and 2.6-9.5 g/d respectively. While lyilim- 58 21
labelled salt was at a range of 0.71-4.38 g/d. nizgton g O ‘ | ‘ ‘
of discretionary salt intake measured by 24-hout sa a 0 2 4 6 8
recall and salt weighing methods were twice highan Discretionary salt intake by lithium-
those by lithium-labelled salt measurements. Thie es labeled salt (g/d)
mation of discretionary salt intake measured byeehr

different methods was shown on Table 2. There are n

significant correlation between 24-hour salt reealil salt

weighing, and between 24-hour recall and lithium- e 141

labelled salt method among mothers=(0.32, P = 0.25 g5 1(2) 1

andr = 0.10 P = 0.72 respectively. These are also the -2 1

case for children r(= 0.60, P = 0.14andr = 0.23, P = 52 21 e e e
0.29 respectively. The difference between 24-hourlteca 3 = 4l ‘0’0 L Pl

and salt weighing method, compared to lithium-lkdakl S g N P

salt, were plotted on Figures 2 and 3. These figure %3 o 4" ""‘ ‘ ‘ ‘
showed that all points are above the line of theabty a 0 2 4 6 8
(y # x). This indicates that discretionary salt intake Discretionary salt intake by lithium-
measured by 24-hour salt recall and salt weighirg a labeled salt (g/d)

likely to be over estimate compared to the estiomatf

discretionary salt intake measured by lithiaimelled Figure 1. Discretionary salt intake of children measured by
24-hour salt recall and weighing compared to lithilabeled

salt (g/d), with line of equalit
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excretion, total and discretionary salt intake aghomo-

% 14 | thers and children at baseline and experimentak day
5 5 124 M . (P>0.05). Engle and NievEsreported that adults con-
3 101 * sume more sodium than children, and adults appeaatt

2 = 8 1 s * . e more salty diet than children do. However, thisigtdid

8 g 61 ¢, o #'_33-*-*"' not show a similar trend. Discretionary salt irtakea-

2 % g: P sured by lithium-labelled salt only contributed 4&td

o 0 _...--*"”" | | | 50% to the total salt intake, another 50% was firt

g 0 2 4 6 8 side source. The coefficient of variance for dionary

salt intake measured by lithium-labelled salt oftimeos

Discretionary salt intake by lithium- was 30.7% (range:13.6-52.2%) and children 28.8%
label ed salt (g/d) (range:2.20-61%) respectively. Since the CV was no

more than 50%, the discretionary salt intake is 8tudy

did not vary among peopfeThe means of CVs were in

]

® 144 fact lower than the value obtained form Guatemalaih

£3 1(2) ] dren (47.2%) and mothers (39.8%).

E § 8 - : . ¢ -

>Z 64 0’. * * ’ow_,_.,--*“’ Discretionary salt intake measured using three different

Sg 41 : & methods

3 i 2 1 ___,,--a--"'" Measurements using 24-hour salt recall indicatesiga

i 0 ‘ ‘ ‘ ‘ nificant higher result F<0.001 than that of weighing

a 0 2 4 6 8 method (Table 2). Both methods revealed higheregalu
Discretionary salt intake by lithium- as compared to the lithium-labelled salt techni(feig.2

labeled salt (g/d) & 3). This finding is similar to the earlier studyGuate-

mala, which demonstrated that discretionary satikia
assessed by 24-hour salt recall was twice higlaer that

Figure 2. Discretionary salt intake of mothers

measured by 24-hour salt recall and weighing of measured by lithium-labelled s&lThe overestimation
compared to lithium-labeled salt (g/d), with liné o in the 24-hour salt recall and salt weighing methade
equality. likely due to the fact that there is an equal disonary

salt intake distribution of adult and children retjass of
salt, and the measurements are significantly highef9€ and preferences. Although the discretionaryisal

(P < 0.001). take measured by salt weighing was overestimated an

significantly higher P <0.001) than that of salt measured
Discussion by lithium-labelled salt, salt weighing method isne
Total and discretionary salt intake measured by lithium-  Sidered to be more accurate compared to 24-hotresal
labelled salt call method.

The amount of salt intake from household and outside This is probably because the weighing givesieate
household for schoolchildren and mothers, i.e+B.4g/d  estimation than recall method, which depends vengtm
and 5.81.7 g/d respectively, were close to 6 g/d of saltupon memory>*® This present study also shows that
intake recommended by WHO.These intakes should there are no significant difference between diganery
provide balance of sodium chloride of 2-3 g/d i body. ~ Salt measured by 24-hour salt recall and salt vireggh
The value of salt intake was considerably lower carep  (P>0.05). The 24-hour salt recall and salt weighing
to the existing data of Indonesian of 10 §/tHowever, Methods do not consider the left over in pan ortfen
the finding shows similar results with studies carted ~ Plate:® Mothers usually add a small amount of salt to a
in Guatemala and Benfh.The latter study shows salt Wide variety of side dishes (eg meat, fish, vedetaind
intake among mother was 5.2 g/d, and among Benineg@ndiment). Total salt consumption in the houseluteel
children 5.7 g/d. (Table 3). This might be due toisim Pends on the type of side dish or condiment that th
larities between Guatemala, Benin and Indonestarms ~ Mothers cook® The more the vegetables and side dishes
of tropical climate and temperature. were prepared, the more the salt was likely added.

There were no significant differences betwealy dan

Table 3. Daily total and discretionary salt intakes in hreas and their children using lithium-labeled sak in
Guatemala, Benin and Indonésia

Guatemala Benint Indonesig
Estimated salt Intake Mother Children Mothers Children Mother Children
per capita (N=9) (N=9) (N =13) (N =13) (N =15) (N =15)
Total (g/d) 5. 21.7 1.80.6 9.2.9 5. #2.8 5.81.7 5.42.1
Discretionary 3.9+2.0 1.30.6 4.#1.9 2.%1.9 2.991.5 2.531.2
(g/d)
Discretionary 7724 7212 52:14 503t13 50.517.3 48.517.1
(%)

t1=Mean + SD; 1 = Melse Boonstrat al, 1998;%= Present study
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I mplication to the program 2.
The finding of this study, which shows that the dis-
cretionary salt intake is only about 50% from thial salt
intake, indicates that people living in this iodideficient
area might not be able to satisfy their daily iedirquire-
ments. The requirements for children and mothees a
120ug/d and 15Qg/d respectively. The main source of 4.
iodine is from iodised salt. As per governmentidkg

tion, iodine level in salt is 40 ppm of Ki® At the
current level of fortification and salt intake faum this
study, the iodine intake from salt is approximatély 5.
pg/d for children and §¥g/d for mothers; which is 50%
short of the requirements. Therefore it is advisaibl
increase the level of the fortification to 80-10pnp of
KIO; in the production stage. This increase is to com®:
pensate iodine losses during distribution and gtitae-
fore reaching the consumers, which may take up6.5
The suggested level of fortification is determinedsach 7
in order to achieve the requirement of i§Godine per
capita per day. As this study shows that the dtgmmary

salt intake contributes only 50% of the total saltirces g.
(another 50% come from the other sources) it isrmec
mended that all salt sources to be iodised. Thedede

salt used in food industries as an ingredient.is lalso
highly important to endorse monitoring system oft sa
iodisation in order to achieve the goal of iodirdiclency
eradication program in Indonesia through univesst
iodisation.

Conclusion

The discretionary salt intake using three differem- 10

thods, as well as total salt intake using lithiuabdlled
salt, in district of Malang, East Java, Indonesieehiaeen
estimated. The study shows that the total amousalf
intake (NaCl) among schoolchildren and their reipec

mothers were 5.4 2.1g/d and 5.& 1.7g/d respectively, 141

48% and 50% were from discretionary source. Dis-
cretionary salt intake of schoolchildren was 2.5.2 g/d,

and of mothers 214%.9g/d as measured by lithium-marker 12.

technique. The discretionary salt intake meashyed4-
hour salt recall was 78 2.4g/cap/d while by salt weigh-
ing was 5.21.8g/cap/d. In conclusion, the discretionary
salt intake by 24-hour salt recall and salt weighivere
over estimated as compared to the lithium-labetiatl

measurement. It is recommended that the leveddihe 14.
fortification in salt be increased up to 80-100 ppin
KIO;, All salt sources required to be iodised and well-
monitored. 15.
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