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ABSTRACT

This research aslo studied on the efficiency of the model of Double Ribbon Iodized Salt
Mixture with Spray by planning randomized complete factorial experimental design. The mixing
condition was adjusted as 3 levels of moisture content of salt (2.5, 3.5 and 4.5%), 2 levels of mixing
speed (35 and 45 Hz), 3 levels of mixing temperature (room temperature and 40°C) and 6 periods of
mixing duration (3, 6, 9, 12, 15 and 18 min), that effects on iodine spraying pattern. The iodine content
was analyzed from samples in the mixture at different 5 positions. The resuts showed that the standard
deviation (SD) £ 0.49 to + 1.46 mg per kg. Afier mixture long than 3 minutes, the coefficient of
variation (% CV) was in the range of 1.53 to 4.06 that was lower than the standard criteria of low for
mnspecting the efficiency of mixture, namely, SD not over =10 and %CV less than 20. In conclusion,
this mixture has such a high efficiency for spraying iodine in iodized salt extensively and regularly in all
studied mixture conditions. According to the announcement of Ministry of Public Health on Edible
Salt, No. 153 (B.E.2537), B.E.2553 and B.E.2554, the edible salt manufacturers that is used as the
food ingredient shall apply for food serial number and exhibit such number on label clearly. The
manufacturers shall comply with the terms of application for food and product manufacturing
license, that is, iodized salt shall have iodine content in the range of 20 - 40 mg per 1 kg of edible
salt. As a result, this research aims to create a handbook for controlling the quality of iodized salt.
Such handbooks consist of the procedures of food serial number application, guideline for
inspecting manufacturing and controlling the quality of iodized salt, quality control plan, making

of material’s quality control plan, manufacturing process and iodized salt product.
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CODEX STANDARD FORFOOD GRADE SALT

CX STAN [50-1985. Rev. [-1997
Amend. 1-1999, Amend. 2-2001, Amend. 3-2006

1. SCOPE

This standard apphies to salt used as an ingredient of food. both for direct sale to the consummner and for foed
menufacture. It applies also to salt used as a carrier of food additives andior nutrients. Subject to the
provisions of this standard more specific requirements for special needs may be applied. It does not apply 10
salt from origins other than those mentioned in Section 2, notably the salt which is a by-product of chemical
inndustries.

2. DESCRIPTION

Food prade salt is a crvstalline product consisting predominantly of sodivm chloride. It is obtained from the
sea, from undergronnd rock salt deposits or from patural brine.

3. ESSENTIAL COMPOSITION AND QUALITY FACTORS

3.1 Moien NACL CONTENT

The content of NaCl shall not be less than 97% on & dry matter basis. exclusive of additives.

3.2 NATURALLY PRESENT SECONDARY PRODUCTS AND CONTAMINANTS

The remainder comprises natural secondmy products, which are presear in varying amounts depending on
the origm: and the method of production of the salt. and which are composed mainly of calcivm. potassivm,
magnesitzn and sodinn sulphates, carbenates, bromides. and of calcum, potassium, magnesimn chlordes as
well. Natural contaeninants may also be present it amounts varyviig with the origin and the method of
production of the salt,

3.3 USE AS A CARRIER

Food grade salt shall be used when salt is used as a carvier for food additives or nutrients for technological or
public health reasons. Examples of such preparanons are mixtres of salt wirh nitrate andior nitrite {curing
salt) and salt mixed with small amounts of fluoride, iodide or indate, iron, vitamuns, etc.. and additives used
to carry or stabilize such additions.

3.4 IODISATION OF FOOD GRADE SALT

In 1odine-deficient areas. food gvade salf shall be iodised to prevent iodine-deficiency disorders (IDD) for
public health reasons.

3.4.1 Iodine compounds

For the fortification of food grade salt with 1odine, nse can be made of sodinm and porasshun iodides or
iodares.

3.4.2 AMaximum and minimum levels

The maxizmun and minitmun levels used for the jodisation of food grade salt are fo be calculated as iodine
(expressed as me'kg) and shall be established by the nationa! health authorities in the light of the local iodine
deficiency situation.

! The Codex Standard for Food Geade Sajt was adopted by the Codex Alimentarius Comsmission at its 16 Session

in 1985, A revised Standard was adopted by the 22* Session in [997 and amended by the 23° Session inn 1999,
the 24™ Session in 2001 and the 29 Sesssion in 2006.
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3.4.3 OQuality assurance

The production of iodised food grade salt shall only be performed by reliable manufacturers having the
knowledge and the equipment requisite for the adequate production of iudised food grade salt. and
specifically, for the cotrect dosage and even intetmixing.

4. FOOD ADDITIVES

Food additives listed in Tables | and 2 of the Codex General Standard for Food Additives {CODEX STAN
192-1995} in Food Category 12.1.1 (Salf) may be used in foods subject to this standard.

4.1 All additives used shall be of food grade quality.

5. CONTAMINANTS

Food grade salt may not contain contamigants i smounts and in such form that 1ay be harmfil to the health
of the consumer. Iu particular the following maximun: limits shall not be exceeded:

%1 AmseNic
- not more than 9.5 me'kp expressed as As.

5.2 CorPER

- not more than 2 mg/kg expressed as Cu.

83 Lean
- not more than 2 mg'kg expressed as Pb.

5S4  CADpMITM

- not more than 9.5 me'ke expressed as Cd.

8.5 MERCURY

- not more than 0.1 mg/ka expressed as Hg.

6. HYGIENE

In order ro ensure that proper standards of food liygiene are maintained wnnl the product reaches the
consuner, the method of production, packaging, storage and ranspartation of food grade salt shall be such as
to avoid any risk of contamination.

7.  LABELLING

In addiion to the requirements of the Codex General Standard for the Labelling of Prepackaged Foods
{CODEX STAN 1-1985) the following specific provisions apply.

7.} THE NAME OF THE PRODUCT
7.1.1 The name of the product, as declared on the Iabel shall be "salt™,

7.1.2 The name "salt” shall have in its close proximity a declaation of either "Food Grade” or "Cooking
Salt” or "Table Salt".

7.1.3 Only when salt contains one or more ferrocyanide salts, added to the brine during the erystallization
step, the rexm “denduitic” could be weluded accompanying the name.

714 Where salt is used as a carrier for one or more nutrients, and sold as such for public health reasons. the
aame of the product shall be declared properly on the label. for example “salt fluondated”. “salt iodated”,
"salt todized”, "salt fortified with iron”. "salt fortified with vitamms" and so on, as appropriate.
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7.X5 An indication of either the origin, according to the description on Section 2. or the method of
proeduction may be declared on the label, provided such indication does not mislead or deceive the consumer.

7.2 LABELLING OF NON-RETAIL CONTAINERS

Informatior for non-retail containers shall either be given on the contamer or in accompanying docunents,
except that the name of the product. lot identification and name snd address of the manufacturer or packer
shall appear on the container. However. lot identification and the name and address of the manufacturer or
packer may be replaced by an identification mark, provided that such mark is clearly identifiable with the
accompanying documents.

8. PACKAGING, TRANSPORTATION AND STORAGE

In any salt iodisation program, it is important to ensure that salt contains the recommended amount of iodime
at the time of consumption. The retention of iodine in salt depends on the iodine compound used, the type of
packaging. the exposure of the package to prevailing climaiic conditions and the period of time between
iodisation and consumption. To enswe that iodized sali ultimately reaches the constuner with the specified
level of iodine, the following precautions may be taken into consideration by couantries where climatic and
storage conditions could resulf in a large amount of iodine loss:

8.1 Ifnecessary in order to avoud the loss of fodine, iodised salt shonld be packed in air right bags of either
high density polyethylene (HDPE} or polypropylene (PP} {laminated or non-laminated) or LDPE-lined jute
bags (Grade 1803 DW jute bags lined with 150 gauge polyethylene sheet). In many countries, this may
require a wmajor switch form conveunional packaging materials made of straw or jute. The cost of adding
extra iodine to compensate for ifs loss from cheaper packaging {i.e., straw or jute) must be weighed against
the cost of switching to the above expensive packing matenial.

8.2 Bulk packing units should not exceed 50 kg (in accordance with International Labour Organization
(ILO) Conventions’ to avoid the use of hooks for lifting the bags.

8.3 Bags that have already been used for packing other articles such as ferrilizers, cement, chemicals, ete.
Should not be reused for packing iodised salt.

8.4 The disnibution network should be sreamlined so as ro reduce the interval between iodisation and
consumption of salt.

8.5 Iodised salt should not be exposed to raiy, excessive humidity or direct sunlight at any stage of
storage. transportation of sale.

8.6 Bags of iodised salt shall be stored only in covered rooms or “godowns™ that have adequate
ventilation.

8.7 The consumer should be similarly advised to store iodised salt in such a manner as to protect it from
direct exposure to meistare, heat and sunlight.

9. METHODS OF ANALYSIS AND SAMPLENG
9.1 SAMPLING (SEE APPENDIN}

9.2 DETERMINATION OF SODIUM C HLORIDE CONTENT

This method allows the caleulation of sodivm chloride content, as provided for in Section 3.1, on the basis of
the results of the determinations of sufphate (Method 8.43, halogens (Method 8.5), calcium and magnesium
(Method 8.6), potassimmu (Method 8.7) and loss on drying (Method 8.8). Convert sulphate to CaSO4 and
unused calcium to CaCl2, unless sulphate in sample exceeds the amount necessary to combine with caleium,
in which case convert calcium to CaSQ4 and ummsed sulphate first to MgSO;, and any remaining sulphate to
Na2504. Convert unused magnesium to MgCI2. Convert potassium to KCl. Convert unused halogens ro
NaC1. Reporr the NaCl content on a dry matter basis, multiplying the percentage NaCl by 100/100-P. where
P is the percentage loss on drying.
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9.3 DETERMINATION OF INSOLUBLE MATTER

According to ISO 2479-1972 "Detenmination of matter insoluble i water or in acid and preparstion of
principal solutions for other determinations".

94 DETERMINATION OF SULPHATE CONTENT

According to ISO 2480-1972 "Derermination of sulphate content - barinun sulphate gravimetric method".

9.5 DETERMINATION OF HALOGENS

According to ISO 2481-1973 "Detenmination of halogens, expressed as chlorine - mercurimetric method”
(for the recovery of mercury from the labaratory waste. see Annex of ECSS/SC 183-1979)

9.6 DETERMINATION OF CALCICM AND MAGNESIUM CONTENTS

According fo ISO 2482-1973 "Deternzination of calctum and magnesivm contents - EDTA complexomerric
methods®.

9.7 DETERMINATION OF POTASSIEM CONTENT

According to ECSS/SC 183-1979 "Determunation of potassiun content by sodium retraphenyiborate
volumeiric method" or ahermatively according to ECSS/SC 184-1979 "by flame atomic absorption
spectrophotometric method™.

9.8 DETERMINATION OF THE LOSS ON DRYING {CONVENTIONAL MOISTURE)

According to IS0 2483-1973 "Deternunation of the loss of mass at 116°C™.

9.9 DETERMINATION OF COPPER CONTENT

According o ECSS/SC 144-1977 "Determination of copper content - zine dibenzyldithiocarbamate
photometric method™.

9.1 DETERMINATION OF ARSENIC CONTENT

According to method ECSS'SC 311-1982 "Determnination of aisenic content - silver diethylditliocarbomate
photometric method.

9.11 DETERMINATION OF MERCURY CONTENT

According to method ECSS/SC 312-1982 "Determination of total mercury content - cold vapour atomic
absorption spectrometiic method".

9.12 DETERMINATION OF LEAD CONTENT

According to method ECSS'SC 313-1982 “Determination of total lead content - flame aromic absorption
specfrometric method".

9.13 DETERMINATION OF CADMIUM CONTENT

According to method ECSS/SC 314-1982 "Determunation of fotal cadmitan content - flame atomic
sbisorption spectrometric method”.

9.14 DETERMINATION OF IODINE CONTENT

According to methed ESPA/CN 109/84 "Determination of total iodine content - titrimetric method using
sedium thiosulfate”.

An alterustive method for the deteumination of halogens by wsing sadver nitrate is being studied.
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APPENDIN

METHOD FOR SAMPLING OF FOOD GRADE SALT FOR DETERMINATION OF SODIUM
CHLORIDE

1. SCOPE

This method specifies the samplisg procedure to be applied when deteriining the main component in order
to assess the food grade quality of sodfum chloride (sakt) as provided for in the Codex Standard for Food
Grade Salt, Section 3: “Essential Composition and Quality Factors”,

The criterion to be used for acceptance or rejection of a lot or consignment on the basis of this sample is also
provided.

2.  FIFLD OF APPLICATION

This method is applicable to the sampling of any tvpe of salt infended for use as food, either prepacked or in
bulk.

3. PRINCIPLE
This method represents a variables sampling procedure for mean quality: blended bulk snmple analvsis.

A blended bulk sample is produced in such s way that it is representative of the lot or consignment. Ir is
composed of a proportion of items drawn from the fot or consigmunent to be anatyzed.

Acceptance criterion is on the basis that the mean value obiained from amalyses of those blended bulk
samples must comply with the provision in the Standard.

4.  DEFINITIONS

The terms used in this sempling method refer to those in the "Instructions on Codex Sampling Procedures"
{CXMAS 1-1987).

5.  EQUIPMENT

The sampling equipment used should be adapted to the nature of the tests to be carried out (for example:
sampling by borer, sampling equipment made of chemically inert material, etc.). The containers used for
collecting the samples should be made of a chemically inert material and should be air-tight.

6. PROCEDURE

6.8 PREPACKED SALT

Sampling may be carried out by "random sampling” or by “systematic sampling”. The choice of the method
to be used depends on the nature of the lot (for example: if the packages are marked with successive
nwnbers, systematic sampling may be suitable).

6.1.1 Random sampling
Draw the n items from the lot in such a way that sach item in the Iot has the same chance of being selected.

6.1.2 Systematic sampling

If the N units in the lor have been classified and can be numbered from 1 to N. the l-in-k systematic
sampling of n frerus can be obtained as follows:

@}  Determine the k value as k=N/n. {(If k is not an integer, then round to the nearest integer).

8  From the first k items in the lot take one at random and then make every k™ item thereafter.



6.2 SALTINBULK

Here, the lot is fictticusly divided into iterus (strata): a lot with a total mass of m kg is considered to be
composed of m/'100 items. In this case, it is necessary to draw up & “stiatified sampling” plan appropriate to
the lot dimension. The somples are selected from all the srata in proportion to the stratum sizes.

Note: Stratified sampling of a population which can be divided into different subpopulations (called strata)
is carried out 1 such a way that specified proportions of the sample are drawn from the different stiata.

6.3 CONSTITUTION OF THE SAMPLE

6.3.1 The size and the number of the items forming the sample depend on the tvpe of salt and the lot
magnitude. The mininnum size to be faken mto account should be in accordance with one of the following
specifications according fo the circumstances:

- 250 g of salt in bulk or prepacked in more than 1 kg packages;
- one package for prepacked salt in 500 g or | ka packages.

('oncerning the mumber of samples to be drawn from the lot, an example of minimmum sample number that
would be picked up, can be found in the document CX/MAS 1-1987. Appendix V, Table 3, talang into
account the magnitude of the lot and appropriate inspection level. m this case generally level 4 (see
paragraph 8.4 in the sanie document).

6.3.2 Combine and rux well the different items drawn from the lot. This blended bulk sample constitures
the laboratory sample. More than one laboratory sample may be composed in such a wanmer.

7.  ACCEPTANCE CRITERION
7.t Determine the Na('1 content (%0} of at least fwo test portions of the laboratory sample.
7.2 Caiculate the average of the results obtained for the n test portions of the laboratory sample using:
(¥ X .
== (32}
"
7.3  Inaccordance with the provision for the relevant NaCl content {%0). a lot or a consigmuent shall be
considered acceptable if the following condition 1s verified:

¥ 2 minimum level specified

8.  SAMPLING REPORT

The sampling report should contain the following information:

aj  type and origin of the salf;

by alterations of state of the salt {e.g. presence of foreign matter);

¢;  date of sampling;

dj  lot or consigmment nuntber;

¢/ method of packing:

£ total mass of lot o1 consigaunent;

g/ number, unit mass of packages and whether the mass is given net or gross:
) nwmnber of iteus sampled;

i number, nature and initial position of sampled items;

Ji number, composition and mass of the bulk sample(s) and the method unsed to obtain and
conserve it (them):

99
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ki nanies and signature of people who have carried out the sampling,

9, BASIC REFERENCE
Document CX-MAS 1-1987.

1. REMARK

"

ahoratory sample” is the "blended bulk sample” described in CXMAS 1-1987. Appendix IV paragraph 4-
B.
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-5 3%"!61&615%’1«! (Titration) (Demacyer, Lowenstein and Thilly, 1979)
5.1 gilnsal
1. vInglauy vuia 250 Naaans
2. NFTUDNANIL VYUIA 50 JARAAT
3.davuinl 2 5 uaz 10 Uaddns
4. 11aU5U151Na5 W19 100 500 Haz 1000 Wanans
5. a1 ¥i7A 50 Tnaans wieumAs
6. Uniney
7. VIRV
8. IN5DAF4 2 12 4 FUIMU
9. §ou
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11. 90819
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5.2 M5
1. nsadayfsndudu (1,80,) Wudu 2 uesuen
2. Tlunm@eu'lale lag (K1)
3. udla (soluble starch)
4. Tmdeon 15 Tedaa (Na,8,0, - SH,0)
5. Tnuman@eoulalaswa (K,Cr,0,)
6. nsa'lalasnaesn (HCH Wudu 1 uasuea
5.3 B Ssum A
5.3.1 nsadayf3n @i 2 wesuea

Malansadaysndudu (H,50,) 6 Tadaas ldluvimlsulsuiasvuna 100 addas

1Y v ¥

ahnauussgeg 90 Haadas MntiulslTnas I Idawindimua udaweliidnu

2 a P Ay
Lﬂ‘iJ’cYﬁﬂzmﬂﬂiﬂcluﬂnﬂ’d% quﬁﬂuﬂaq

U

G 4

5.3.2 TumanFuslolelaa tndis 10 wosidud

v 9 v 9
alUunmdonlale'lad (K1) 100 05y tdr0zmealeinay ansiulsulSuaslu

yadsudSuasvuia 1000 Hadaas 1 Idewndmua g9 ldmidny
< o o i <
HumsazareTUunadeule 1o lad Tuviads lundanazidu @6 dou)
5.3.3 Starch indicator solution (31141)9)

1 v 9 v
A3uft 1 wseuaisazaginae (NaCl) dualtlssutm 400 Taaans (Taglathnauly
= o a A A Aaa ° 9 Y t N A
danesvua 1000 Nadaas Uszina 400 Hadaas i lidewseu Aseq iAunde

3 v
5z 250 nSu wauvTaay sunseRunie luazaie

9/ v

N v ¥ '
d9UN 2 ¥4 soluble starch 5 AFU MIINAU 50 Uadaas Tianuseuliuilsazare

ndanldviadsudSurasuuia 500 Jaddas YsuilSuas i ldawnsmua Tasldmsazane
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indedummson Bidludilsulsunas

o v A ' Y Yy g a a <
1AuNl vay 2 wRassagva iy udanuluvrady Juniianazibu
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5.3.4 Imdaalslodae vindu 0.005 Tuars

HaTm@on s Todama (Na,S,0, - SH,0) 124 nfu  avaredretiiidsiaen

¥ (] ¥
-~ =

o ' :‘ ) = a Y a
msueu- lesenlwa (Cop) ahnaudvisliiBufigaylnes) snulsudsuesluuia

£ U

U5utsuasvuna 1000 Hanaas 1 1dawndvua udr3auaIddnsu

=1 Y 4 [
WuasazateTadon s Tedamaluviades Judilauazidu @ 1 dou) waznou

9 9 o V| r . . = 4
11 1959 msmanududuinniuey (standardization) 9nAS4

5.4 MymaNutntuiuiuo uveslyAsulslodamn (standardization sodium thiosulfate)
= o v v Y 4‘ v
5.4.1 Maw3enmsazawEmnTumANITNTuTini v U
wiou Tnnaon lalaswa (K,Cr,0,) Tasdnlddasezgiition udaivlley
A o ¢ 2a9d &L o & a
1100 °C w1 2 FTue nunalieululogan1mdu (desiceator)  NAHUFI TN AT
TaTaswa Aduniseunds dlszan 0.01 - 0.0115 5y Tdluwaglyuy vine 250 daddas
o = 2 o v 2 a 24 s s Y Y oy A gqya 4
@@unntinmin) pdRedmimlnsomnasvenlasenled  ahnoudunsddioun
gangiliteq) 10 iaddas ududnThmmdon laTelad 0.1 n5u 1w ldighiu
Hulansa'lalasaaeTn (HCl Wudu 1 uesuea YSinas 5 Gaddes ldasluviagy

' ) L o A o P b
gy udrtlainvauaziildinuluiia 10 wid eweeenandile neariuils 2-3 vea

v = :l a
Tdmsazaredrinktu

5.4.2 D1SHIANMVNVUAUUUB U

a = a A Y Y 9 o ' a 9
wu Tande 15 Tedamandeanmsmamandunusiueuasluiingg 1A
o o = S o = L - 't 2 o
i lamsndvansazmenwsonld sumsazawazdousndihtudu iy simiutiudn

Usinasvedls Tedaman 1 ldluns lamsn udi lddwamanududy

5.5 N15AIUIUHIANMTNTURLEUB U laAa s lodiave (Sodium thiosulfate)

Sodium thiosulfate (mol/L) = g of K,Cr,0, x1000

ml 0of Na,S,0, x 49.032
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5.5.138M13
. Faetande 10 nu Taluviagdens vina 250 faddas
2. azaedetrundedantinau so fadans
3. @umsazawnsadayinanududu 2 uesuea $1udu 1 Taddas

a 4 o a an
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9. tmniFinasves s Tedaanld 1 lunmslamsn udnh s wnumlSum

Tolodu

%

=y 7Y a Y z o @ 9/ 451
ﬂ1‘5’J!ﬂi13’,1’?ﬂ?ﬂ’)‘ﬁVlﬁm5“lf‘uﬁ']iﬂiﬂLlﬁﬂﬁﬂluﬁ@uﬂWﬂﬂWﬂUUlﬂﬂﬂu



C FEnwiadsanalalenuing3s Tiration

wnae 10 nFu

$

LRHHINAY 50 KR,
A,
e e s oot e e e
i . 3 e
LA LAY
wWansmgaviasnitady 2 ussneas Ysuins 1 ua. J

bl
3

9

&

(=] F? < =y ] =, — - 1%
mu"i*fim-mm {9197 10 U (BN R RIEBIVRDI-H M)

Lt

B T R R L Teo 0 i RN e -

4

Hmmsndng ssaraneladealsledaidn viudu 0.0050 neduea |

e .

;V L% N
iEntals 2 6R. ISR IBANIY)

N

¥ & pr £
Lgeia bt s At

“« @

[agd (Arserarefdonddsnulaladz

—_—

N

127



128

5.6 n1sAmiwIamdsanaleleduanms e an

U5 leTedu (Hadnsudenlansun ANBL)

i

105.8x VxM

0.005 x W
do: v =1SmavesmsazmeTwdonls Tedanladild Gaddas)
M = mamduduvesmsazmeTmdon s Tedama Juans)
w = thmiinmde (rdw)

Tag 1 dadaasvesmsazateTadou s Tadamdadutu 0.005 Tuaars M8y 0.1058
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A0z 019 111

= a [} a [ oa: :& ) a3 9 =1
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