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Mandatory fortification

The country has legal documentation that has the effect of mandating fortification of a food with one or more vitamins or
minerals

124 countries have mandatory fortification of salt
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Table 1. Range of iodine content ng/g DW of examples of the 3 main classes of edible seaweeds

Classification and species Common names Iodine content, Grams of seaweed
ug/g DW required to achieve
(range) daily RNI of 150 pg/
BER (g/gFH) cay
Green algae (Chlorophyta) 453 LEIRNIFEH FHRA ()
Undaria pinnatifida Wakame e 30-185 2.0-6.0
Ulva lactuca Sea lettuce

Ulva intestinalis

Red algae (Rhodophyta) 4738

Palmaria Dulse, dillisk 20-200 0.3-3.0
Porphyra Nori .
Alaria Irish wakame
Chondrus crispus Irish moss
Brown algae (Phaeophyceae) b
Laminaria Kombu WGy 2,500-10,000 0.01-0.04
Ascophyllum
Fucoids

These values were extracted from publications cited in this review [35, 37, 39] and are intended to give an in-
dication of possible iodine intake arising from consumption of these seaweeds. As shown in the final column,
consuming 1.0 gDW of red or green seaweed might not always achieve a daily RNI of 150 pg while an equivalent
amount of brown seaweed would greatly exceed the TUL of 600 pg [5] or even the 900-1,100 pg per day recom-
mended for adults or pregnant women [6]. DW, dry weight; RNI, recommended nutrient intake; TUL, tolerable
upper level.
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G A A FIE I 2D
(%)
10, A LA A LA/ i
Vg3 61.0 1.6 37.4 59.7
VaEH 75.2 3.8 21.0 26.6
f:3i 78.5 1.4 19.9 24.5
MR T 65.9 4.5 29.6 42.0
4 92.7 1.8 5.5 5.8
VS 88.3 1.4 10.3 11.48



AEEEESAME &

& 1 411 0.151 0.133 0.018 11.9
2 39.0 0.162 0.141 0.021 12.9

3 405 0.175 0.157 0.018 10.3

4 395 0.180 0.160 0.020 11.1

=5 1 45.4 0.079 0.068 0.011 13.9
2 420 0.085 0.073 0.012 14.1

3 475 0.087 0.074 0.013 14.9

4 370 0.092 0.082 0.010 10.9

el 54.5 0.183 0.165 0.018 9.8

“FIME 0.133 0.117 0.016 12.1
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Identification of Organic lodine Compounds and Their
Transformation Products in Edible lodized Salt Using Liquid
Chromatography—High Resolution Mass Spectrometry

Lifen Yun,"k Yue'e P'rarlg‘,“""h:F Qing Ehang,i Qingxin Ehu,"h Wei ll__h:u:n,i and Yanxin 'i-"fangi

+l'-an-:u.ult;u of Materials Science and Chemistry, China University of Geoscences, Wahan, 430074, P. R. China
*State Key Laboratory of Biogeology and Environmental Geology, China University of Geosciences, Wuhan, 430074, P. R. China

© Supporting Information

ABSTRACT: The consumption of edible iodized salt is a key strategy to control and eliminate iodine deficiency disorders
worldwide. We herein report the identification of the organic iodine compounds present in different edible iodized salt products
using liquid chromatography combined with high resolution mass spectrometry. A total of 38 organic iodine compounds and
their transformation products ( TPs) were identified in seaweed iodine salt from China. Our experiments confirmed that the TPs
were generated by the replacement of 1 atoms from organic iodine compounds with Cl atoms. Furthermore, the organic iodine
compound contents in 4 seaweed iodine salt samples obtained from different manufacturers were measured, with significant
differences in content being observed. We expect that the identification of organic iodine compounds in salt will be important for
estimating the validity and safety of edible iodized salt products.

KEYWORDS: organic iodine compound, identification, LC-HRMS, iodized salt, seaweed iodine
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Figure 4. Organic iodine contents of different seaweed iodine salt samples.
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of iodine in iodized fresh and aged salt

exposed to simulated market conditions

KT BRCAFXM T bR E i

Cherry C. Maramag

b

» Lorena W. Tengco, Pura Rayco-5olon, Juan Antonio A. Solon,

Hector C. Maglalang, and Florentino 5. Solon

Abstract

Backgrownd. The salt iodization law of the Philippines
required that iodized salt sold at retail not be exposed to
direct sunlight, high temperature and relative humidity,
and contamination with moisture and dust from the
ervirorrment However, beaause the majority of local con-
swrners buy salt displayed in open heaps, it was suggested
that iodized salt showld be sold in the same manner for
greater accessi bility and ava ilability.

O bjective. We aimed to provide evidence on the stabil-
ity of iodine in local aged and fresh salt iodized at 100
ppm iodine and exposed to various market and storage

crvironment and wuse of ordinary packaging materials
while being sold at retail and kept in storage.

Key words: lodine levels, iodized salt, open heap,
repacked, salt iodization Law

Introduction

[lodine deficiency remains a major health concern
because of its devastating effects on the mental and
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Stability of iodine in salt fortified with iodine and iron

Srinivasaiyengar Ranganathan, Madhu G. Karmarkar, Muddepaka Krupadanam,
Ginnela N. V. Brahmam, Mendhu Vishnuvardhana Rao, Kamasamudram Vijayaraghavan,

and Bhattriprolu Sivalumar

Abstract

Background. Determining the stability of iodine in
Sertified salt can be difficult under certain conditions.
Current methods are sometimes wunreliable in the pres-
ence of iron.

Objective. To test the new method to more accurately
cstimate iodine content in double-fortified salt (IDFS)
Jfortified with iodine and iron by using orthophosphoric
acid instead of sulfuric acid in the titration procedure.

Methods. A double-blind, placebo-controlled study
was carried out on DFS and iodized salt produced by
the dry-mixing method. DFS and iodized salt were
poacked and sealed in color-coded, 0.5-kg low-density
polyethylene pouches, and 25 of these pouches were
Jurther padeed and sealed in color-coded, dowuble-lined,
high-density polyethWene bags and transported by road
in closed, light-protected containcrs to the International
Council for the Comtrol of lodine Deficiency Disorders
(TCCIDD), Dethi; the National Institute of Nutrition

FRITARTE Elaadacalbhad. e d #laa fadscom FLadd af #laa Rlafimaaal

storved at Bhubaneswar, Delhi, and Hyde rabad retained
rmore or less the same initial iodine content (30-40 ppr)
during the first 6 months, and the stability was not
dffected after 15 months. The proportion of salt sam ples
having more than 30 ppm iodine was 100% in DEFS and
iodized salt throughout the study period. Daily opening
and closing of salt powches under simmulated howsehold
conditions did not result in any iodine loss.

Conclusions. The DFS and iodized salt prepared
by the dry=-mixing method and stored at normal room
conditions had excellent iodine stability for more than
I year.

Key words: Double-fortified salt, iodine-deficiency
disorders, iodized salt, iodine stability, iron-deficiency
anemia, modified orthophosphoric acid method

Introduction
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FIG. 3. Mean iodine content of fortified salts according to
duration of storage. Mandatory iodine level, 15 to 30 ppm.
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Al-Jawaldeh, A_; et al. Salt Reduction Initiatives in the Eastern Mediterranean Region and Evaluation of Progress towards the 2025 Global
Target: A Systematic Review. Nutrients 2021, 13, 2676. https://doi.org/10.3390/nu13082676
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FIGURE 2 Contribution of discretionary sources to total dietary salt intake around the globe. Green, <25% of dietary salt from
discretionary sources; amber, 25-50% of dietary salt from discretionary sources; red, >50% of dietary salt from discretionary sources. No
published data were available for countries shaded in gray. Values for discretionary salt intake are given in Supplemental Table 3.

Bhat S, Marklund M, Henry ME, et al. A Systematic Review of the Sources of Dietary Salt
Around the World. Adv Nutr. 2020;11(3):677-686. doi:10.1093/advances/nmz134



100+

Discretionary salt (%)

S . Denmark
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FIGURE 3 Daily discretionary salt intake (% of total salt intake) as a
function of per capita GDP. The per capita GDP figures, expressed in
constant 2010 US dollars, were obtained for the year when data
were collected for each study. A statistically significant linear
regression fit (solid line) was found (F = 25.3, P < 0.0001) with an R*
of 0.55 and slope equal to —0.00087 (95% Cl: —0.0012, —0.00051).

The 95% Cl of the regression line in depicted by the dashed lines.
GDP, gross domestic product.
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Global scorecard of iodine nutrition in 2021

lodine intake in the general population assessed by median urinary iodine concentration (mUIC) in school-age children (SAC)*
Studies conducted in 2005-2020

lodine intake > >
Insufficient Adequate 2 Excess
mUIC mUIC mUlIC

<100 pg/L  100-299 ug/L 2300 pg/L

National data (o)

No recent data

May 7, 2021

Estimated iodine nutrition in 194 WHO Member States in 2021 based on national

median UIC in school-age children obtained from studies conducted between
2005-2020 . UIC, Urinary iodine concentration.



Global Scorecard of lodine Nutrition 2017

Based on median urinary iodine concentration (mUIC) in pregnant women

Il 'nsufficient iodine intake (MUIC <150 pgiL)

I:I Adequate iodine intake (mUIC 150-249 pg/L)
B Avove-adequate iodine intake (MUIC 250-499 pgiL)
- Excessive iodine intake (mUIC 2500 pg/L)

m Sub-national data

@ 10DINE e

Note: The boundaries, colours, denominations, and other information shown on this map do not imply any judgment on the part of the lodine
g }Oba 5 netwoﬂ( Global Network concerning the legal status of any territory or the endorsement or acceptance of such boundaries.
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K (141)

Country or Median UIC Population
territory {HgfL) Date of survey Data type surveyed
Cameroon >300 2014-2018 Sub-national SAC
Trinidad and
Tobago M 2018 Mational SAC
Costa Rica 314 2008-09 MNational SAC
MNepal 314 2016 Mational SAL
Benin 318 2011 MNational SAC
Salomon Islands 328 2007-10 Sub-national SAC
Djibouti 335 2015 Mational =AC
Qatar 341 2014 MNational SAC
Honduras 356 200% Sub-national SAC
Colombia 407 2015-16 Mational SAC
Somalia 417 2009 MNational SAC
Mational SAC,
korea, Republic of 449 201315 Adolescents
Uganda 464 20045 Mational SAC
Equatonal Guinea 564 2007 Sub-national SAC

Salt iodine at 100 ppm

high iodine in
groundwater

Salt iodine at 83 ppm
Salt iodine at 75 ppm
high iodine in
groundwater

high intakes of iodine-
rich seaweed
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Salt reduction and iodine fortification strategies in public health

Report of a joint technical meeting convened by World Health Organization and The George Institute for Global Health
in collaboration with the International Council for the Control of lodine Deficiency Disorders Global Network, Australia, March 2013

\V’(’*’@\J World Health

5% Organization
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FIGURE 1: WHO NCD Global Voluntary Targets
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t Myocardial fibrosis
! Left ventricu ar dysfunction
t Left ventricular hypertrophy

+ Ischemic Heart Disease

» Hypertensive Heart
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Brain Damage
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Figure 2. Effect of salt reduction on hypertension adapted from He et al. [13].

Rysova, J.; Smidova, Z. Effect of Salt Content Reduction on Food Processing Technology. Foods 2021, 10, 2237.
https://doi.org/10.3390/foods10092237



Sugar sweetened

beverages Childrenproducts
0% 3% A
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Confectionary
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Dairy
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\ Fats, oils, margarine
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Canned food
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Cakes and cookies
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Fast food
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Potato products

6% Breakfast cereals LSauces
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Figure 3. Food commodities on which reformulations aimed atsalt content reduction are focused [14].



Salt Taste Sources

Salt Taste Enhancers

modified sodium chloride

plants as a salty taste enhancer

micronized salt

herbs and spices

encapsulated salt with lipids

extracts of herbs or spices

modified shape of salt crystals

seaweed

cry stal aggregates

hollow salt crystals

salt nanoparticles on polysaccharide carriers

organic and inorganic salts

amino acids and peptides

potassium chloride glycine

magnesium chloride lysine

ammonium chloride arginine
calcium chloride, caleium carbonate crnithine
potassium citrate and diphosphate histidine

magnesium and sodium sulphate

plant protein hydrolysate

plants as a salt substitutes

weastextracts

other enhancers

seaweasad

trehaloze

halophytes

lactic acid =alts

glutamates

adenosine—S’—monophosphat&

milk permeate

sourdough

edible mushrooms
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T T &S (Industrially processed food)

T8 i R 32 A Dokl i SR AR AN A S0 75 SR B o

FR: FEENEPZHEMHEY . RENREENE TR
B RIBARIHBH 77, FEVHANE FRIBAERN M1 5HAE
No I ANEHTREEFR KRG, & LIRSEE ST
g T AN — E R E . B IR R MK,
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HEBEE RS E——2020
73 TR %MEkeEmaMsE M(P25,P19 ] pg/100 g
s n fill HA{i P i
e PR £ i 74 7.6(1.6~23.6) 49, 243 <0. 001
10 8 R 2 83 40.5(20.7~54. 3)
Tt 63 15.2(6.8~22.4)
L8 B 4 13.0(12.4~49. 3)
s A Je i 24 12.5(1.6~43.3) 73.282 <0. 001
EYREN 43 10.0(3.5~14.6)
Fik b 24 11 0.8(0.3~6.0)
it 4 2K 14 23.4(10.8~37.2)
e 2% 81 40,5(22.2~58.4)
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FT 1 BB AT EE B (UL 100g 7] & il pe)
1] TS i n X + sd H AT E P25 P75
' 9 2317.78 £70.67  |2320.00 | 2270.00 2370.00
g i 28 23.07 +43.45 2.98 1.24 12. 83
I i 4 16.31 +28.46 3.00 0.56 45.36
ff 5% 4 26.22 +22.21 20.02 8.95 49.67
RN 12 1.45 +1.86 0. 88 0.62 1.39
fite 12 7.97 +17.77 1.63 0.30 5.50
R 12 48.21 +58.58 19.38 12.16 46. 66
U 13 13.00 +42.66 0.30 0.30 0.30
R 8 71.59 +83.22 21.64 9.91 173.30
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i3 1 Kruskal — Wallis #5586, £/ {H :66.676, P =0.000
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Effect of iodized salt on organoleptic properties of processed

foods: a systematic review
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Abstract Despile the global recommendation for [omili-
cation of salt with 1odine, including salt wsed in Tood
procssing, mos sall wdizstion prograns havwe ooussed
only on iadizstion of housshokl sall Food memulscorens

are Inequently conoemed aboul the polential imsmbihity of

jidine and changes n organoleplic properies of ther
products il jodized salt 15 used instex] ol non-odieed sall
To aldress these conoams, this paper provides a oom e

hensive review al studies conducted kb amess the ellecd of

dilized sall on the organeleplic properties of processed
loodks and condiments. A comprehensive review was cone=
duciex] of eligible udies idemilied by searching elec raonic
databases (Pubbed, Medline) amnd open Inkernel searches
B smuclies examining the ellect of sah jodized with either
piassium iidicke (K1) or palassium dodate {KICH) on pro-
cemaed Toaxk. A kdal of 34 siocdies on the ellect of dodized
sall on 38 ypes of processed [oods ane summarized . There

i% nor g vidence thal the wse of iodized sall in producion of

procesed foods or condments causes adverse organaleptc
changes that will alTed consumer acceplabdlity or product
quahty. Universal sall iodhrston B wadely recogmxed &
the moel ood=slleclive inlervenlion ki elimnale iodine

deliciency. Taking inlo acoounl incresses in the propodion
of dietary sall consumed through processed loods, and
declines in sall comsume] 3= bousshokl 2al, 1ochred =ah
shauld be used in the production of processed ook 52 3
means ol asuring oplinal xkhne muinton withow the nsk
of alfecting the organoleptic properties of Toods

heywonds lodiced sall - Processed [oods - Sall iodization -
Uhrganalephc properbes - lidine delicency

Tt ool i tiom

Universal sah jodhzstion (UUS1) has been credited wath
reclucing the prevalence of kxbine delicency disonders
{ M) and enshling countries 1o supply optinasl sodne D
meel distary requinsmenls gobally. Legilaton on USI =
in place in 108 cownines (Global Forilication Dala
Exchange 2008} and 56% of homshokls globally have
access W oxhred sl (UNICEF 20075 Whle there has
been lremendous progress, sube=optnaal iodine inlake 15 =l

a public health bunden in 19 couniries and the ]:mzv:]meul'
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FIG. 4. Mean monthly sales of processed foods in Bangladesh to retailers.
Source: The Nielsen Company (Bangladesh) Ltd. [24]
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