‘BIOMEDICAL AND ENVIRONMENTAL SCIENCES 12, 1-9(1999)

Effects of Storage and Cooking on the lodine Content
in lodized Salt and Study on Monitoring lodine
Content in lodized Salt
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In order to ensure (hat The inteke of lodine from lodixed salt is adequate, the effects of
coeking, stornge and fodinstion on ledinc content in ivdized salt have been studied. For moni-
(oring the analyticel pedformanee, & quality control exemination weus also undertaken. The Joss
of jodine wan grester when aalt was slored in plastic bag than in glass honle. The loss was
gresler in forsificd selt stored 81 37T and under 76% humidity than in thel at 20 - 25°C ond
under lower hupidity. The netontion of iodine vavied with 1he kind of foods and alzo was influ-
enced by the water content of cooked food. In general, the relention of jodine during cooking
varied considerbly {from 36.6% 10 86.1% ). The iodisic concentration in sal(s varied grenter
from 3.0 10 100.3 nig/kg in 2alt for murkets, and from O 10 90.0 mg/kg in sohis for houne-
holds, 42.3% of saropics from markets weee found to be in complinnce with national stendands
(30~ S0 mg/kg), wnd 72.0% of samplen from households were in compliance with antional
atandard {20 - 50 mg/kg) . Analyticel deta collected from 8 of the cooperstive Jabamtaries for
an qualytical sofeicnce material ahowed a 95% confidence interval of the poputation mean for
both precision and acewracy, (elling within X £ 25D and passing quality contrel axamination.

INTRODUCTION

Endemic goiter is an lingly Jisorder of iodine deficiency disease (TDD).
Endemic goiter may be panied by endemi inism. Various binations of spastic
d]plegm or guadriplegia affect primarily the proximal muscle groups and deal-mutism or

. lodine deficiency also affects neonatal elthyreid function and hencc threatens ear-
ly brain developmem, In China, 727 million people live in iodine deficiency regions.

Until now, 7,99 million people showed symptoms of goiter while 187 thousand people
were afflicted with cretinism. Mild forms.of IDD are found in {4 provinces, moderate and
severe forme of 1DD) are found in 8 and S provinges respectively {Chen and Yan, 1996).
Therefore, it can be concluded l}ml IDD ia an important public health problem in China.
lodized salt is a worldwid d for the control of iodine deficiency. The Chi~
nese government is committed 0 eradicating IDD by the end of the year 2000. As the most
effective and widely used intervention measure, a specific policy on salt iodination and a
universal aglt iod: gram is being impl d. The Chinese government has recom-

ded that the ion of iodine in aalt should be adjust to 20 ~ 50 mg/kg, WHO/
UNICEF/CCIDD hes recommended that the level of fodine in household salt must be adjust-
ed to 20 ~ 50 mg/kg (Suilivan et al., 1995) . In order to ensure an adequate intake of io-
dine from iodized salt, the lodme comem of iodized sall needs to be mom(oned during the

whole process of facturing, distrib , marketing and
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The lechniques involved in the preparation of iodized salt and the problems of jodine
loss from iodized salt have bheen reported previously (13 e al., 1987). However, the loss
of jodine in foods cooked with jodized salt has not been fully studied in China. On the other
hand, Chipa is a country with vast tevritory and diverse climetes. The changes in the con-
cenlration of jodine in lodized salt stored under different conditions, such os high tempera-
ture with high humidity in the south and low temperature will low humidity in the north, al-
so need to be studied. To ensure the analytical accuracy and precision in assessing the io-
dine concentralion in indized solt, proper swudies on quality essurance were done. The find-
ings of these studies and those on the stonitoring ave summarized in this paper.

MATERIALS AND METHODS

Loss of Jodine During the Siorage of lodized Salt

Sall was iodized with polassium jodide (KI}, potossium iodate (KIO;) or a mixlure of
KJ and KIOy in ovr laboratory. The iodine level in Ki- or K10;- lantified salt was about 50
mg kg and in the mixed of KI/KIO,-fartified salt was 40 mg/kg. These concentralions were
chosen in accordance with the value of 20 ~ 50 mg/kg salt recommended by the legislation of
Chinese government. The iodized salts were stored in len plastie bags or sealed glase boltles
and kept at oom tempersture {20 - 25°C) or high temperature (37°C ), The relative hu-
midity levels were 30% ~ 45% or 76% which corresponded o the relative humidity in
northem and sowhern China, wespecrively, The iodized salls were sampled before and after
storing for 0, 4, 8 and 12 months. The anslytical method used was based on Ce-As-i
calalytic vesetion for the determinstion of iodine in salt (Li ot af. . 1987). The concentra-
iion of jodine in jodized salls was determined in duplicate samples,

Monitoring of lodine Content in fodized Sudt Found in Markets and. in Households

in order to ensure nn adequate intake of iodine for residents. it is necessary to monilor
the iodine contenl in commercial salt sokd in the markets and kepl in households. A nation-
wide survey of the fodine concentration in 1able salt available 10 the population in China was
conducted, Ninty-one sall samples were collected from 35 monufactorers in 11 selected
provinces und 531 samples were coftected from households in 165 distriets of 25 provinces
where the temperatuse moged fom - 25 t0 30T and the selative humidity ranged from 15%
10 85% . The analytical method for the determination of jodine in sakt was the same as the
method mentioned, i,¢. Ce-As-I catalytic reaction method . All the analyses were performed
by the cential laboratory of the Department of Food Chemistry in the Institite of Nutrition
and Food Hygiene (INFH).

Quality Assurance Program for Monitoring Nation-Wide lodized Salt

Analyical reference materinl (ARM) was prepared and o quality assurance program
was developed (o assess the accurney of the analyticel methods used by lecal laboratories. A
mixed commercial iodized sall was packoged into 500 g samples, which were distributed to
each participaling laborotory. A total of 9 laboratories from 9 provinces participated in the
practice uging 2 inherently different methods. In the method used by the 9 local labs, free
jodine was titrated with Nex$,0; . The Ce-As-1 colalytic reaction was used only by the INFH
loboratory , The jodine content of the ARM messured by the INFH lahoratory was used as the
certified value. The analytical dala of each participating laborolory was collected end na-
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d-by ihe INFH.” Each set of vesults submilied from the padicipating laboralories was

checked for oullier values by the Grubbs and Cochran test (Zhai , 1988), and then ilse

‘wea‘evaluated by the qualily conirol chart test (Neve et al.;, 1992; Zhai, 1988). The
and the stonderd deviation were then calculated.

“Effect of Various Cooking Methods or lodine Loss From lodized Salt

Tn Chinese cooking, salt is usually added to foods during the cooking process. Cooking
~ methods used in this study are typical of those used in domestic Chinese kitchens. Vegeta-
bles. including leafy, tuberous, green beans, and other food including egg and pork were se-
ecied as the representative food in Chinese diets. The cooking metlods used in the study in-
luded stir fiying. deep frying, stewing, steaming and boiling as shown in Table {1,

TANLE |
A Bricf Dosoription on the Copking Methuds and Foody

Cooking Methotls Description Foad

Stir feying Shredded, stlr fried for 2 ~ 3 smin ofter oil
beated wad then fed for another t inin,
dfter adding sall

Deep frying Croumt, mixed with starch, wiler and
sult, matde inlo a hall, deep fried for 10 Pork meat batl
min in oil

Eggplant, cabbugs, polato, Uu.n heans.
g pork

Stewing Diced, stir fricd for § ~ 2 min with oil then

Egplent, . grec %
bolked In water with saft for 10 min Eygplent, potato. a been ond pacd
Steinning Ground memt or stimred egg with weter aad

3 A

sadi, made into mem ball o mixed egg fln-
iy sleamed for 4 min for egg and 30 min
for meul ball, Kelp stesined for 10 min
will no sall.,

Hotlivg, Sticed kelp, iniled for 2 min in waler %o
sult adided, whole egg bulled for 10 min.

Kelp and egg wich in jodloe {fed high io-
dine content of fred). an pork nteal bl

Kelp and ey entiched by jodine

All of the cooked foads were sampled and analyzed by the catalytic methed to determine
the concentration of iedine, ‘The samples were digested by the alkaline method {1.i, 1987),
modified by our laboratory. The uncooked samples added with 1Iw same contenl of jodized
sall were analyzed by the same method as control .

RESULTS AND DISCUSSION

Lass of lodine During the Storage of lfodized Salt

The iodine content in each of the KI-, KIOy- and KI/KIO;-fortified salts was 50.4 =
2.9, 51.8%3.3, 38.422.2 mg/kg respectively. The three types of iodized salts were
then stared under different conditon for 12 montha, from May 1996 10 April 1997. The el-
fects of stornge on the iadine conlent of selt stored at roem tewmperature (20 ~ 25°C) with g
reletive humidity of 30% ~d45% or 76% and kept in sealed plastic bags or glass botiles are
shown in Table 2. The cffect of starage on the iodine content of sslt stored a1 37°C with
6% bamidity for 12 month is shown in Table 3. The results showed that selt kept in glass
holtles retained a higher percenlage of iodine than the salis stored in plostic bag, The Joss of
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jodine was greater when iodized salts were kept in 30% ~ 45% humidily than when the hu-
midily was 76% and the lemperature maintained between 20 ~ 25°C. The results slso
showed that Joss of iodine from KI0,- and KI/KIO,-fortificd salts was geeater than for Kl-for-
tified solt stored in plastic bags at 20 ~ 25°C with & relstive humidity of 30% ~45% , which
was different from other reporied results { Chen et of., 1991). This indicales that KIO;-for-
tified selis are less vololile than Ki-fortified salis.

TABLE 2
The Effécts of S(‘Amgu an Jodine Coment of dodized Sakt Under Room Temperiure {20 ~ 25°C} for 12 Months

Fontified Befare Loss Rate of lodine Afier Storage (%)
Salt Storage 30% ~45% Humidky 76% Humidity
(mg/kg) Class botile Plastie bag Glss Bettle Plostic hag
K 50.4%2.9 5.1 1.0 0.8 19,34
K10, 13433 26,8 558" 4.4 10.2*
KIZKIO, B.4£2.2 9.5 9.7 o* 4.9

*P 0.0, compared with jodine Toss in glaes banle, * P < 0,01, compsred with fodine foss stared ot 30 9% —43%
Bumidity, "P < 0.0, compared with KI fonified sakt.

TABLE 3
The Effects of Sorage on Iodine Content of lodized Sult Under 37°C and 76% Humidity for 12 Menths

Fortified Belore Afler Storuge
Selt Stotage In glass botils In plostic bog
{mpkg} Loss rate( %) Lost rate( %)
.43 50,4x2.9 18.7 28.0°
10, 55.823.3 2.8 3.0
K¥/KIO, B4az2.2 9.5 27.6

P <0.01, loss rate compared with skmpleg siored in glrss boule.

Monitoring of lodine Content in lodized Salt on Markets and in Households

Compli of latory sali iodination was evaluated by snalyzing the indine coment

of :odlzed sah samples collected from food stores and households. The mdme conienl of the

les varied iderably, vanging from 3.0 10 100.3 mg/kg salt for markel

samples and from 0.0 to 90.0 mg/kg for households samples. The mean valoe of iodine in

each provinee ranged from 15.2 1o 70.2 mg/kg and from 20.8 la 48.2 mg/kg, respective-

ly, for market samples and houschelds samples. The provinee with the lowest median velue

af jodine conlent was Qinghai (14.2 mgskg of market sample, 18.2 mg/kg of household

sample}, while the province with the highest median value was Ningxia (63.9 mg/kg for
markel sample)

48.3% of the samples obtained from markets were in compliance with the iodine level

of 30 ~ 50 mgrkg. Aceording 1o the policy for eradicating IDD by the year 2000, 50 mg of
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iliodine-should be added to one kg salt. Not less than 40 mg/kg shouid be maintained in salt
from the manufacturcr, and nol less than 30 mg/kg sali in the markel. In comparison with
- his regulation, 20.9% of the salt samples collected from the market did not meet the crite-
" tig. The lowest iodine concentystion of salt was 15,2 & 11.0mgskg, which was collected
. from.a-murket in Qinghai province. 9 of the 10 samples contained less then 30 mg/kg io-
dine. On the other hand, 30.8% of samples has exceeded the iodine standards. Higher
concentrations were found in salts from markets in 9 provinces, especially in Ningxia Zuto-
malic Region, in which 7 of 8 samples contained a higher jodine concentration (70.2 £21.
Omg/kg) than the 50 mgskg standard. 72.0% of 531 samples taken from houscholds were
in compliance with the iodine nationa! standard {20 ~ 50 mp/kg). 14.1% of the samples
conteined <20 mg/kg, ond 13.9% of the samples coonteined > 50mg/kg. In oll of the
selected provinces, salt sempies obtained from both markets and households contained
< 20mg/kg iodine, and there were more unqualified samples from Shandong and Qinghai
than from olher provinces.

The results in Table 4 show that the jodine concentiation of refined salt has a higher
compliance rate than that of crude salt (50.8%) 9.4% and 49.2% of the semples were
less than 20 mg/ kg for refined and coarse sall respectively. But these were no crude samples
contained iodine level less than that of 50 mg/kg.

TABLE 4
ladine Cancentration of Refined/Crude lodiscd Salts Collected From Houscholds
Todized No. of Compliunce < 20mg/kg > 50mg/kg
aalt Samples rute{ %) ° Samples % Sminples 3
Refined 468 7%.8 44 9.4 % 5.8
Conrse 65 50.8 1] 49.2 0 0
“Total 531 7.0 K 4.} 7 13.9

* Sinlavd: 20 ~ 5O mg/kg.

In our study, the iodine level of salt semples was higher than previously reponted (Lu
et al., 1991 Lu, 1994) found that more than 50% household ples from 22 selected
area had fodine levels under 50 mg/kg.

Quality Assurance Program for Nation-Wide lodized Salt

The analytical datu from the 9 participating laboratories were first examined for outlier
values. Since all of the data were reasonable and acceptable, they should be further ana-
lyzed for their repealability and reproducibility, The mean concentration and vatiance were
calculated for cach laboratory. Table 5 shows that (he relalive standard deviation (RSD) of
cach mean value was less than §% . Table 6 shows the precision of the reported indine con-
centration for ARM in six displicate samples determined on different days. The repeatability
of the values was salisfactory (v =4.039). From the data in Table 6, a precision quality
control chart was drawn, The average of the mean values of iodine from eight laboralories
was 45.59mg/kg which was used as certified values. 62.5% of the values fell within X =
SD (UAL & LAI) and 95% of the vajues fell in X + 2SD (UWL & LWL) (Fig. 1), Inthe
recovery \est, the ratic of the iodine content in the sample and the iodine added to the sam-
fple was 2:1,1¢1 end 1:2 separstely . Each individual value produced by a certain laboratory




6 WARC ET AL

was the mean value calculated from 2 ~ 6 duplicate determinations. The range of recovery
was 94.5% ~100.3% {(Table 7), and the average of the mean values from eight laborato-
ries wes'99.4% x2,2% of the centificd value. From the data in Teble 7, an eccumcy
quality control charl was drawn. 72,7% of the value fell within P 2 SD and 95% of the val-
ue fell within P £2SD (Fig. 2}, Al the cight lahoratories have passed the guality controt
lest for both precision and recovery exsmination {Fig. 2). This suggests that the Iwo meth-
ads used [or determining the amount of iedine in sall and the performance of snalysis were
satisfactory .

49.59
3852 e G
4745 -—- UWL
N .
46,38 . : - T uAL
< 453 o T — CL
44.24 : 5 s } LAL
4307 v e e gt oo cmmaeoa e LWL
. 2 N SRRt OO P OP T UURRU VORI TURUIURIUSURIRURURI I o) I}
41.03
i 2 q 3 5 7 E 9
No. of laboratery
Fie. T Prcislon quolity centrol chunt,
TABLE § .
Duplicate Anslyticet Results for the Jodine Content of ARM (mng/kg) and RSD (%)
Lohormary 1 K 3 4 5 6 X RSD(%)

. Ne, 1 45.06 45.83 46.16 45.84 45.73 4.7 . 45792 0.79

2 4.2 44.22 44.30 44,05 44.05 .22 44.16 0.23
No. 3 42.60 46.65 42.60 44,30 43.45 43.88 4391 3.42

4 46.37 46.41 46.72 46.55 46,33 46.55 46.49 0.31
No. § 45.16 45.44 - 44,30 45.16 45.58 45.70 45.22 1.4
No. 6 47.73 47.20 47.45 47.46 47.20 47.46 47.42 0.42
No. 7 50.16 48.40 47,25 46.70 46.80 46.00 47.55 3.6
Neo. 8 44.79 43.60 “.r2 44.02 45,14 43.95 44,27 1.30

X 8D 45.59%1.45

Effect of Various Cooking Methads on lodine Loss From lodized Salt

The effect of cooking on odine content was studied in order lo assess the dielary intake
of iodine. The amount of jodine retained in cooked food varies with cooking methods, in-
cluding cooking lime, cooking temperature, the amounl of water added, and the nalure of
foods. The relention of iodine afier slewing or steaming was usually higher than afier frying,
even when the cooking lime was as long as 10 min for steaming/stewing and only 1 ~ 2 niin
for frying. The retention of iodine after stewing, steaming and frying was found 1o be respec-
lively §3.9% and 44.5% in potate, 47.0 and 36.6% in green beans, 43,2% and
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3979 in pork, 97.9 and 81.3% in eggs. Meat halls weve made of ground ment mixed with
jodized salt, starch and water. After ment halls were cooked by siéaming for 30 min or deep

TABLE 6
Precision of Reported Todine Concemmtion for AJM {mg/kg) sud RSO %)

Anbwiratory 2 3 4 s 6 X RSO %)
No.'1 45,44 45.99 45.04 45.04 44,61 44 .61 45,12 1.17
N2 MR 44.26 44,18 4. .05 44,13 44,20 0.23
Mo 3 A2 43.00 45.31 44,35 45,10 44.90 44,26 2.3
No. 4 46.30 45.61 46,10 46.15 43.77 45,75 45.98 .

S Noo S 44.02 44,24 44,38 45.30 45.80 44,61 .73 1.50
No. 6 47.0% 46.92 47.33 47.28 47.38 47.30 47.21 6.3%

" No. 8 45.18 45,77 45,01 45,14 4601 46.70 45.64 1.43

XSk 45,132 1,07
TABLE 7

Reportod Nesults of Recovery Test and S0 (% )

23] [ 12

P(%)
P%)  RSD(%)  p2Ae)  MSAm)  PMm)  WSD(%) (PI.P2.#3)
No. i 100.8 1.7 92.8 3.46 49.9 1.26 9.8
No. 2 98.0 0.406 99.0 0.68 93.0 136 94.6
No. 3 106.2 2.57 100.2 2.4 1006 1.9 100.3
No. 4 95.9 0.63 94.2 LR 93.4 2. 94.5
No. § 100.8 1.74 9.6 2,43 101.7 31 160.7
No. § 101.1 0.32 102.0 2.26 100.9 1.08 101.3
Na. 7 98.3 3.38 300} n 97.3 3.56 98.6
No. 8 100.4 . 1.57 100.6 9.63 102.0 0.87 101.0
Nute. (1) the ra1c of iodine content of semple and jodine added i sampte wers 2: 1, U Uand 1:2. (2) P1, £2
and P3 were the mean value ealeolnted from § dupli j inations.
TAULE §
The Retention of Organic lodine Durisg Cooking
Kelp® )
Vncocked) Cooked Reiention No. of analysis
e/ () (o)
Boiting 11.390 11,100 97.5 3
Steuming 14,390 9.754 85.6 3

“The processed kelp parciased Trom marked cut inle pieces,
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108.44
106.‘5 R L R TR T T D P P PP ,..,u,»..,..»,,..,v-...W,A.,......,........HUCL
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101 : 2 UAL
. t * . ]
x99 - : oL
. .
9744 8. LAl
.
DB e e Smmmme e LWL
M
B3 P SO P PR K
90.36 . . s —
[ { 7 3 0 5 s H 3 ]

No. of laboretory

Fic. 2 Aceurncy qualily contro} chant.

Irying for 18 min, the relention of iodine was 38.1% and 41.1%, respectively. For the
meat belis, there was no significant difference between the twe cooking methods. It could be
interpreted thol the sall was absorbed into the meat balls and that the coagulated outer cover-
ing of the meat ball may prevent the loss of iodine, even though the cooking temperature was
much higher during deep frying.

The vetention of iodine varied with food varieties. The retention rates after frying were
82.2, 86.1, 56.9, 44.5 and 36.6% for eggplant, gveen pepper, Chinese cabbage, poteto
and green beans respectively. The results showed that the jon rates were i 1y cor-
related with the cooked food. Previous studies { Chen et ef. , 1991) reported that the reten-
tion of iodine was 42.3% when iodized salt was dry fried with no food. Obviously, these re-
sult are not comparable 1o the resulis from his study.

Jt was reported that organic iodine from kelp and eggs from hens fed with feed enriched
with organic jodine may be more stable than inorganic iodine. Table 8 shows that the reten-
tion of jodine in kelp after hoiling for 2 min was 97.5% , and after steaming for 10 min wes
85.6% . These results confirmed that the retention of organic jodine is higher when com-
pared with that of inorganic jodine. The high-iodine eggs from hens fed with iodine entiched
feed was cooked by stir frying and steaming. The retention of iodine was 81.3%, and
97.9%.

In preparing cold dishes, iodized salt was added 10 the raw mung bean sprouts 10 min
hefore it was sent to the laboratory for iadine analysis. The iodine content was 0.253 mg/kg
in sprouts and 0.95 pg/ml in the left-over liquid, This suggests thal whole dish should be
consumed , 3 you wish not to waste any of the added iodine.

In general, the retention of jodine during cooking varied considerably from 36.6% 10
86.1% . The estimation of actual intnke of jodine from iodized salt should be considered in
line with those results, For the effective control of IDD, it is suggssted to increase the iodine
concentration from 50 1o 100 mg/kg in jodized salt, even though the Joss of iodine during
the storege of jodized selt was considered minimal,
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