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Abstract

Iodine deficiency (ID) is a significant global public health issue, particularly affecting low-income countries. 
The iodization of salt is a widely adopted method to prevent iodine deficiency. This study aimed to assess the 
iodine content of iodized salt at the market level in various cities within the Hashemite Kingdom of Jordan (HKJ). 
We collected 152 salt samples from 24 different brands across three cities in Jordan: Amman, Zarqa, and Mafraq. 
The analysis was conducted using a titration method. The mean iodine content in salt samples varied by city, 
with values of 5.45 ppm in Mafraq, 10.33 ppm in Amman, and 13.22 ppm in Zarqa, ranging from 0 to 36 ppm. 
Significant differences in iodine concentration were observed within the same city across different brands (P ≤ 
0.05). Additionally, variations were noted in iodine content for samples from the same brand collected in differ-
ent cities, and even among samples from the same brand at the same location. Of the 152 samples evaluated, an 
average of 76.5% had iodine levels below the 15 ppm recommended by UNICEF. There was considerable variation 
in mean iodine content among brands, cities, and even within samples of the same brand. This indicates that the 
salt iodization process requires ongoing monitoring, and the government should enhance efforts to oversee the 
iodization process and improve the accessibility and utilization of iodized salt.
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Introduction 

The salt iodization process has been extensively studied 
and widely implemented as a public health measure. 
Iodine deficiency can lead to hypothyroidism and 

various other health disorders. Salt iodization involves 
incorporating trace amounts of iodine into salt to ensure 
adequate iodine intake in the diet. This method is both 
cost-effective and scalable, allowing it to reach large 
populations through existing distribution networks. 
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Recognized as one of the most successful public health 
interventions of the 20th century, salt iodization has 
significantly reduced the prevalence of iodine defi-
ciency disorders in many countries (World Health 
Organization, 2023).

WHO (1994) and UNICEF recommend that all salt for 
human consumption should be fortified with iodine 
at levels ranging from 15 to 40 mg iodine/kg of salt. 
However, despite the proven benefits of salt iodiza-
tion, many countries still lack mandatory salt iodiza-
tion policies, or the existing policies are not properly 
enforced. This can result in unnecessary suffering and 
lost productivity due to preventable iodine deficiency 
disorders.

Several studies have shown that iodization of salt can 
significantly reduce the prevalence of iodine deficiency 
in populations. A systematic review and meta-analysis 
of 1116 studies found that salt iodization signifi-
cantly reduced the prevalence of goiter, cretinism, and 
hypothyroidism in Ethiopia (Kabthymer et al., 2021). 
Additionally, a study conducted in Tanzania found that 
iodization of salt reduced the prevalence of goiter from 
43.3% to 5.5% in just 3 years (Assey et al., 2009). Another 
study conducted in India found that salt iodization 
significantly improved iodine status among pregnant 
women (Kant et al., 2017). Furthermore, several studies 
conducted in Ethiopia indicated that inadequate iodiza-
tion of salt was a major factor contributing to high rates 
of iodine deficiency (Hiso and Roba, 2019; Desta et al., 
2019). 

Many other studies have found a relationship between 
low iodine consumption and various diseases. Bath et al. 
(2013) concluded in the UK that there was a strong cor-
relation between iodine status in pregnant women and 
cognitive functions in their children. Additionally, iodine 
deficiency (ID) during pregnancy can lead to spon-
taneous abortion, stillbirth, and other adverse effects 
(WHO, 2007; Glinoer, 2004; WHO, 2022). Moreover, 
improvements in cognitive development due to adequate 
iodine intake could reduce economic losses by nearly 
US$33 billion (Gorstein et al., 2020).

To our knowledge, no previous research has accurately 
measured iodine levels in various brands of salt in 
Jordan. The aim of this study was to estimate the iodiza-
tion levels of salt available in three different cities in 
Jordan and to determine the steps necessary to address 
iodine deficiency. Additionally, the study sought to mon-
itor variations in iodine concentrations among different 
types of salt consumed in Jordan. This will help assess 
the efficacy of salt iodization in Jordan and its compli-
ance with the World Health Organization’s global health 
standards.

Materials and Methods

Sample collections

This study employed a cross-sectional design involving 
24 different brands, with a total of 152 salt samples sys-
tematically collected from November to December 2022 
across three cities in Jordan: Amman (51 samples), Zarqa 
(51 samples), and Mafraq (50 samples). Iodized salt sam-
ples weighing between 500 and 1000 g were purchased, 
packed in sealed plastic bags or cartons, and labeled with 
stickers for identification. Information for each sample, 
including the sampling date, company, whether local or 
imported, country of origin, city, weight, and batch num-
ber, was recorded. Salt samples were obtained from major 
shops in each city and included all available brands. At 
least three samples were purchased from each brand. 
The samples were selected to have been produced within 
three months of the purchase date according to the pro-
duction date. Each brand collected from different cities 
was produced by the same manufacturer. Each salt sam-
ple was visually inspected for impurities. Samples from 
each brand and city were taken from a single batch. To 
address potential issues with different companies, differ-
ent codes were assigned to the samples instead of using 
the original brand names. The collected samples were 
stored under ambient conditions until further analysis.

Quantitative determination of salt

An iodometric titration method was used to analyze 
the  iodine content of the salt samples (AOAC, 1984) 
at the Clinical Nutrition and Dietetics Department labs, 
The Hashemite University. A 10 g sample of salt was dis-
solved in distilled water and made up to a 50 ml solution. 
Then, 1 ml of 2N sulfuric acid and 5 ml of 10% potassium 
iodide were added. The liberated iodine was titrated with 
a sodium thiosulfate solution, using 1 ml of 1% starch 
indicator near the end of the titration. The level of thio-
sulfate in the burette was recorded.

Calculation mg/kg (ppm) iodine = titration volume in 
mL × 21.15 × Normality of sodium thiosulfate × 1000 / 
Salt sample weight in g

Statistical analysis

The data were analyzed using analysis of variance 
(ANOVA) with a random complete design, employing 
SAS software (version 6.12, SAS Institute, Cary, NC). 
Differences among treatments were determined using 
Duncan’s New Multiple Range Test and Tukey’s test. 
A significance level of 5% was used to ascertain the 
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brands across all cities. Significant differences in iodine 
concentrations were observed both within the same city 
and between different cities, as seen with the B/ coarse 
salt, B/ Himalayan salt, and A brands in Amman, Mafraq, 
and Zarqa. Moreover, the iodine levels in most samples 
from all brands were below the recommended amount 
(≥15 ppm), with approximately 76.5% of the samples in 
Figure 1 containing less than the recommended amount.

Comparison of iodine concentrations for different salt 
brands in Zarqa city

There were significant differences (P ≤ 0.05) in the 
iodine concentrations of salts from different brands col-
lected in Zarqa City, Jordan, as shown in Figure 2. The 
highest iodine concentration was found in the B/ coarse 

presence of significant differences among the results. The 
experiments were conducted in duplicate at a minimum.

Results 

Comparison of the iodine concentrations for different salt 
brands in 3 different cities in Jordan

Figure 1 clearly shows statistically significant variations 
(P ≤ 0.05) in iodine levels across different salt brands in 
several cities. 

The B/ coarse Himalayan salt sourced from Zarqa exhib-
ited the highest iodine concentration among the vari-
ous brands available in different cities, while the lowest 
iodine levels were found in the B/ sea salt, D, and C 
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Figure 1.  Iodine concentration (mg/kg (ppm)) in different salt brands in three different cities in Jordan (Amman, Mafraq, and Zarqa).
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Figure 2.  Iodine concentration (mg/kg (ppm)) in different salt brands from Zarqa city, Jordan.
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Figure 3.  Iodine concentration (mg/kg (ppm)) in different salt brands from Mafraq city, Jordan.
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Figure 4.  Iodine concentration (mg/kg (ppm)) in different salt brands from Amman city, Jordan.

Himalayan salt, reaching approximately 30 ppm, which 
was significantly higher than that of other brands. In con-
trast, the lowest iodine concentration was found in the E/ 
Himalayan salt, which was lower compared to all other 
samples. The iodine concentrations for the various col-
lected samples in Zarqa City ranged from 7.5 to 30 ppm. 
Approximately 50% of the samples contained less than 
15 ppm of iodine, as illustrated in Figure 2.

Comparison of iodine concentrations for different salt 
brands in Mafraq city

There were significant differences (P ≤ 0.05) in the iodine 
concentrations of salts from different brands collected 
from Mafraq City in Jordan, as shown in Figure 3. The 
highest iodine concentration was found in the M brand, 

which significantly differed from the other brands. The 
iodine concentration reached approximately 17 ppm. 
Conversely, the lowest iodine concentrations were 
observed in the P brand and L brand salts compared to 
all other collected samples. The iodine concentrations 
ranged from about zero to 17 ppm for the different sam-
ples collected in Mafraq City. Approximately 77% of the 
samples contained less than 15 ppm of iodine, as depicted 
in Figure 3. 

Comparison of iodine concentrations for different salt 
brands from Amman city

There were significant differences (P ≤ 0.05) in the 
iodine concentrations of salts from different brands 
collected in Amman City, Jordan, as shown in Figure 4. 
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The highest iodine concentration was found in the 
B/ coarse Himalayan salt, which significantly differed 
from the other brands. The iodine concentration 
reached approximately 27 ppm. Conversely, the low-
est iodine concentrations were observed in the Q, L, 
P, and B/ Mediterranean salt brands compared to all 
other collected samples. The iodine concentrations 
ranged from zero to 27 ppm for the different sam-
ples collected in Amman City. Approximately 75% of 
the samples contained less than 15 ppm of iodine, as 
depicted in Figure 4. 

Comparison of iodine concentrations for the same salt 
brands in Zarqa City

Different salt brands were studied in Zarqa City. 
Significant differences (P ≤ 0.05) were found in the iodine 
concentrations among different samples of the same 
brand, as shown in Figures 5A–E. For all brands (K, G, 
J, H, and F), there were significant variations (P ≤ 0.05) 
within the same brand, indicating an inefficient iodine 
addition process. The G brand exhibited the most con-
sistent iodine addition, with concentrations consistently 

Figure 5.  Iodine concentration (mg/kg (ppm)) for different samples in Zarqa city, Jordan; (A) K salt brand; (B) G salt brand;  
(C) J salt brand.� (continues)
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Figure 5.  Iodine concentration (mg/kg (ppm)) for different samples in Zarqa city, Jordan; (D) H salt brand; and (E) F salt brand.

meeting the recommended amount, as seen in Figure 5B. 
All samples from the G brand had iodine concentrations 
exceeding 15 ppm, ranging from 16.3 to 21 ppm. The K 
and H brands showed the highest variations in iodine 
concentrations among different samples, as depicted in 
Figures 5A,D. The K brand had iodine concentrations 
ranging from 10 ppm to 30 ppm, with 60% of the samples 
containing iodine below the recommended level, while 
the H brand had concentrations between 0.2 and 15 ppm, 
with 50% of the samples containing iodine below the rec-
ommended level. The J and F brands (Figures 5C,E) had 
samples with iodine concentrations below the recom-
mended level, showing significant differences (P ≤ 0.05) 
among samples of the same brand.

Comparison of iodine concentrations for the same salt 
brands in Mafraq City

Different salt brands were studied in Mafraq City. 
Significant differences (P ≤ 0.05) were found in the iodine 
concentrations among different samples of the same brand, 

as shown in Figures 6A–6D. For all the brands (M, N/ 
Himalayan Organic, O/ Himalayan, and O/ Sea Salt), there 
were significant differences (P ≤ 0.05) within the same 
brand, indicating an inefficient iodine addition process. 
The M salt brand had the most consistent iodine addition 
within the recommended amount, as seen in Figure 6A. 
Most samples from the M salt brand had iodine concen-
trations exceeding 15 ppm, ranging from 12.3 to 19 ppm, 
with only 15% of the samples falling below this level. In 
contrast, all other brands had iodine concentrations below 
the recommended level, with 100% of the samples from 
these brands showing insufficient iodine levels, as depicted 
in Figures 6B–D. It can be concluded that samples from 
Mafraq contain significantly lower amounts of iodine (P ≤ 
0.05) compared to samples from other cities in Jordan.

Comparison of iodine concentrations for the same salt 
brands in Amman City

Different salt brands were studied in Amman City. 
Significant differences (P ≤ 0.05) were found in the 
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Figure 6.  Iodine concentration (mg/kg (ppm)) for different samples in Mafraq city, Jordan; (A) M salt brand; (B) N/Himalayan 
organic salt brand; (C) O/Himalayan salt brand; and (D) O/sea salt/Mafraq salt brand.
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Figure 7.  Iodine concentration (mg/kg (ppm)) for different samples in Amman city, Jordan; (A) R Himalayan salt brand;  
(B) B/coarse sea salt brand; and (C) B/low sodium salt brand.

iodine concentrations among different samples of the 
same brand, as shown in Figures 7A–C. For all brands (R 
Himalayan Salt, B Sea Salt, and B Low Sodium), there were 
significant differences (P ≤ 0.05) within the same brand, 
indicating an inefficient iodine addition process. The only 
salt with iodine content within the recommended level 
was R Himalayan Salt, as shown in Figure 7A, with con-
centrations ranging between 15 and 35 ppm, except for 
one sample that contained less than 5 ppm. Consequently, 
only 20% of the samples from this brand had iodine levels 

below the recommended threshold. All other brands had 
iodine concentrations below the recommended level, with 
100% of samples from these brands failing to meet the 
iodine requirement, as seen in Figures 7B,C. 

Discussion

As observed from the results, the iodine concentra-
tion varies significantly across most samples of different 
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brands in three cities in Jordan (Amman, Zarqa, and 
Mafraq). For the majority of samples, iodine levels were 
below the recommended amount of 15 ppm. On aver-
age, 76.5% of the 152 samples analyzed contained less 
than 15 ppm of iodine, falling short of the World Health 
Organization (WHO) recommended range of 15–40 ppm 
(WHO, 2022). The recommended daily iodine intake is 
150 µg for adolescents and adults, 250 µg for pregnant 
and lactating women, and 120 µg for children aged 6–12 
years. Approximately 2 billion people worldwide are at 
risk of insufficient iodine intake (Andersson et al., 2012). 
Moreover, WHO recommends that all food-grade salt 
should be fortified with iodine to prevent intellectual 
and developmental disabilities (IDDs) (WHO, 2014). 
Comparing these findings to other global studies, it was 
noted that only 1 out of 7 salt brands had poor iodine 
content in Bangladesh (Fardousi, 2012). Conversely, a 
study in Australia found that iodine concentrations in 
iodized table salts ranged from 32 to 64 mg/kg, which 
is within the Food Standards range of 25–65 mg/kg 
(Thomson, 2009). Furthermore, a study conducted in 
South Africa revealed that the iodine level was below 20 
ppm in 12 of the producers, accounting for about 34.8% 
of the total producers (Jooste, 2003). In Belgrade, it was 
found that the contents of iodine in the table salt samples 
were according to standard (16-24 mg/kg), except one 
(Rajkovic, 2009). Also, another study in North Western 
Ethiopia showed that 61.54 % of the collected samples 
were insufficiently iodized. It also showed that the iodine 
distribution in these samples is not uniform (Bediye and 
Berihe, 2015). A study in the United States found that the 
iodine content varied in five samples taken from the same 
container of different depths (Dasgupta et al., 2008). 
These results indicated that there are significant varia-
tions in the iodine content in the salt that reach consum-
ers in different countries. Several factors influence the 
stability of the iodine component in iodized salt, includ-
ing moisture content, atmospheric humidity, light, heat, 
impurities in the salt, acidity or alkalinity, and the form in 
which iodine is present (Shi, 2004). Therefore, increased 
monitoring and quality control procedures are necessary 
to optimize iodine levels in different salt brands in Jordan 
and other countries. In the current study, the samples 
from each brand and city were drawn from a single 
batch, which may affect the generalizability of the results. 
Additionally, variability in the amount of iodine added 
during the iodization process, along with poor mixing or 
uneven distribution within batches or bags, can lead to 
variations in iodine content in the salt samples (Shawel 
et al., 2010).

Conclusions and Recommendations

The iodine levels found in most samples from all brands 
across three cities in Jordan are below the recommended 

amount (≥ 15 ppm)) as specified by the AOAC (1984) 
iodine determination method. Approximately 76.5% of 
the collected samples contained less than the recom-
mended amount of iodine. Additionally, there were sig-
nificant differences (P ≤ 0.05) in iodine concentrations 
within the same brand collected from different cities. The 
substantial variation in mean iodine levels among dif-
ferent brands, cities, and samples from the same brand 
indicates inadequate distribution and addition of iodine 
to the salt. Therefore, it is essential for the government 
and the Food and Drug Authority/Jordan Authority to 
implement stringent quality control measures to enhance 
monitoring and ensure compliance with standard oper-
ating procedures and Good Manufacturing Practices 
for the iodization process. Furthermore, it is crucial to 
intensify the salt sampling process from various sources 
to address any potential issues of low iodine content in 
different salt brands. Additional research is needed to 
investigate the factors influencing iodine content in salt 
in Jordan.
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