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Introduction

This volume contains specifications of identity and purity prepared at the 63rd meeting of the Joint FAO/WHO Expert 

Committee on Food Additives (JECFA), held in Geneva, 8-17 June 2004.  These specifications should be considered 

only in conjunction with the report of the above meeting which will be printed in the WHO Technical Report Series.

Toxicological monographs of the substances considered at the 63rd meeting of JECFA will be published in the WHO 

Food Additives Series.

The general principles applied in the elaboration of specifications established at the earlier JECFA sessions have been 

published in the Principles for the Safety Assessment of Food Additives and Contaminants in Food, WHO 

Environmental Health Criteria, No. 70, 1987.  The specifications of identity and purity of food additives established by 

JECFA are meant to identify the substance that has been subject to biological testing, to ensure that the substance is of 

adequate degree of purity for safe use in food, and to reflect and encourage good manufacturing practices.  These 

principles were last reaffirmed by the 59th session of JECFA in 2002. 

The specifications are mainly established for the use of toxicologists and others concerned with the identity and purity 

of the substance.  As agreed by JECFA at its 26th meeting, specifications may also be established prior to the eventual 

completion of toxicological evaluation, in certain cases, when the available toxicological data are inadequate or 

incomplete, and do not permit the establishment of full or temporary acceptable daily intakes (ADIs).  References are 

made in individual specifications to some of the criteria that may be of interest in commerce, but they do not necessarily 

include all the requirements of interest to the commercial user.  These specifications are not more stringent than is 

necessary to accomplish their purpose and should easily be attainable by the producing industries.  The report of the 

23rd meeting gives the reasons why certain specifications are designated as “tentative”.

There were a total of 217 specifications (twenty food additives, uses other than flavouring agent; 197 flavouring agents) 

considered at the 63rd meeting: Specifications for 186 compounds were newly adopted, of which five remained 

tentative. 31 specifications were revised of which three remained tentative.

NOTE: Use of (FNP 5) in specifications refers to General Methods (Guide to JECFA Specifications), FAO Food 

and Nutrition Paper 5/Rev. 2 (1991).

Notes to the reader

On-line edition of the Compendium of food additive specifications 

A consolidated edition of the Compendium of food additive specifications is now available at FAO’s JECFA Web page 

at http://www.fao.org/es/esn/jecfa/index_en.stm. The edition is divided into two sections: one covering flavouring 

agents and the other covering all other food additives. Users can search by additive name or number (INS, JECFA No., 

FEMA, CAS). For additives other than flavouring agents, they can also search by functional use and purity criteria. 

Searches can also be conducted for all specifications designated as tentative. The analytical methods for food additives

which are published as Guide to JECFA Specifications (FAO Food and Nutrition Paper 5/Rev. 2), can be accessed as 

well, even with a direct link from the single specification.

Limits for heavy metals in food additives

An explanatory note is available at the FAO Joint Secretariat's Web page. It should be noted that the revision of the 

limit test for heavy metals constitutes a change of the specifications in its own right. For a food additive the valid 

JECFA specification consists of the specification as originally published plus the modifications introduced by the 

revision of the heavy metal test. Modified specifications will be republished in a consolidated second edition of the 

Compendium of food additive specifications (FAO Food and Nutrition Paper 52).

Chemical and Technical Assessments (CTA)

The CTAs which were prepared at the 61st and 63rd meeting are published electronically at FAO’s JECFA webpage 

http://www.fao.org/es/ESN/jecfa/chemical_assessment_en.stm.

Comments and feedback

The FAO Joint Secretariat to JECFA welcomes and encourages any feedback on this volume and the online edition of 

the Compendium. Suggestions on how the availability of the results of JECFA’s work can be improved are welcome. 

Please send your comments to:

jecfa@fao.org
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Section A: Principles governing the establishment and revision of specifications

Flavour complexes derived from natural sources

At this meeting, the Committee further considered a possible approach to the safety assessment of complex flavours 

derived from natural sources (usually from plant material) such as essential oils, oleoresins and solvent extracts.  After 

considering the available data on three of the five flavour complexes originally included on the agenda – derived from 

essential oils of lemongrass, cardamom seed and bois de rose – the Committee defined the information that would be 

required in order to test the application of the revised Procedure for the Safety Evaluation of Flavouring Agents (Annex 

1 Ref 131) which it had previously adopted for the safety evaluation of chemically-defined flavourings.

Background

Although these flavourings are typically named after the initial extract prepared from the source material, it is common 

practice for the initial extracts to be processed and refined in a variety of ways, to produce a range of flavour complexes 

with the specific properties desired for particular food applications.  These processes might include distillation, 

concentration, solvent extraction and blending of extracts from different batches.  Processing is generally carried out by 

flavour companies or, in certain cases, possibly by food manufacturers who use the finished flavours.  The progression 

from source material to finished flavour is illustrated below:

Natural source material e.g. lemongrass, cardamom seeds

Initial extract
e.g. essential oil prepared by steam 

distillation of the plant material

Processing / Blending
e.g. fractional distillation, solvent 

extraction

Finished flavour complexes
material added to food, either alone or in 

combination with other flavourings

The initial extracts are typically prepared from the plant material close to the point of production.  Their composition 

may vary considerably at this level due to a variety of factors such as  climate, geography, genotype and maturity of the 

source material.  The flavour producer aims to supply flavour complexes with consistent technical and olfactory 

properties. This is primarily achieved by processing and blending to meet a target composition which is monitored by 

chemical analysis.

Although the finished flavour complexes are entirely derived from the original extract, using only physical processes 

such as those described above, their composition is likely to differ quantitatively from the initial extracts prepared 

directly from the source material.

The evaluation of finished flavour complexes is dependent upon:

(a) Information on the composition of the material that is added to food (and hence on the elaboration of a reliable 

specification that covers the range of finished flavour complexes that may be derived from the initial extracts);

(b) Safety evaluations of the individual components and congeneric groups

(c) Estimates of intake of the finished flavour complexes and, hence of the individual components.

Compositional data necessary to support the safety evaluation of a finished flavour complex

i. General considerations

The safety evaluations of finished flavour complexes derived from natural sources would be based on the revised 

Procedure, with particular consideration of the major components and of congeneric groups. The analytical data should 

be adequate to apply the revised Procedure.
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Intake should be taken into account in determining the extent to which chemical characterisation and identification of 

individual components is necessary, beyond those necessary to define their flavour characteristics. In applying the 

Revised Procedure for the Safety Evaluation of Flavouring Agents the estimated intake of the individual agent is 

compared with appropriate thresholds of toxicological concern to determine whether or not the intake represents a 

safety concern. The same numerical thresholds can be applied to the intakes of individual identified components and 

combinations of components, such as occur in congeneric groups, which are present in finished flavour complexes 

derived from natural sources. The same intake thresholds can also be used as a basis for establishing analytical 

requirements as described below.

The human intake thresholds of toxicological concern are of two types: thresholds of 1800, 540 and 90 µg/person per 

day which are applied for structural classes I, II and III, respectively, and a general threshold of 1.5µg/person per day 

applicable to all structural classes. The thresholds for classes I, II and III are based on the lower 5th percentile NOEL 

for the structural class, from toxicological studies in animals, divided by the usual 100-fold safety (uncertainty) factor. 

The general threshold (step B5 of the Procedure) is a pragmatic value based on an estimate of the human intake 

associated with a lifetime risk of cancer of less than 1 in a million calculated by linear-extrapolation from animal studies 

(Report of 46th Meeting). Because of the assumptions used in the derivation of this threshold, it is considered to be 

sufficiently conservative to cover all types of toxicity. The Committee considered that these thresholds can provide the 

basis for a pragmatic approach to the development of limits of sensitivity for analytical methods, when linked to reliable 

and validated estimates of intake, which should be derived from long-term average poundage. 

ii. Consideration of individual components

Identified components

Based on step B5 of the Procedure, the Committee concluded there would be no significant safety concern if the intake 

for an identified component in a finished flavour complex derived from natural sources were less than 1.5 µg/person per 

day. This threshold can be used to establish a general limit for analytical characterization for components in a finished 

flavour complex under (b) below, based on the estimated intake of the complex.   For example, if the estimated daily 

intake of the finished flavour complex is 150 µg /person per day, then there would be no safety concern for any 

component present at <1%. Similarly, if the estimated daily intake of the finished flavour complex is 15 µg/person per 

day, then there would be no safety concern for any component present at <10%.  For high volume finished flavour 

complexes the limit for analytical characterisation would be set at 0.1-0.5% (see (b) below). Because the threshold is 

based on lifetime carcinogenicity data, the % should be the average value of the analyses, and not the highest single 

value.

Unidentified components

The chromatographic analysis of a finished flavour complex is likely to reveal the presence of a large number of 

unidentified minor components.  Previously the Committee has not considered the general threshold of 1.5 µg/person 

per day for unidentified components. The Committee recognised that application of the general threshold to an 

unidentified component could not provide the same reassurance of safety as for structurally defined compounds, but 

considered that it could be incorporated into a pragmatic approach for establishing analytical requirements for finished 

flavour complexes derived from natural sources.  This threshold combined with the estimated intake of the complex can 

be used to define a limit for the percentage of a chromatographic peak above which structural characterization would be 

necessary. For example, if the estimated daily intake of the finished flavour complex is 150µg/person per day, then 

chemical characterization would be required for any component present >1%, so that safety evaluation of the

component could be undertaken.

Product descriptions and specifications

A key part of the safety assessment will be the preparation of appropriate specifications covering the relevant finished 

flavour complexes.  As with all food additive evaluations, the purpose of specifications for flavour complexes is to 

identify the material, to ensure that it meets the criteria for safe use, and to encourage good manufacturing practice.

Specifications should reflect the materials used throughout the world and should take account of existing specifications 

drawn up at national or international level.

The Committee noted the existence of internationally agreed specifications prepared by the International Organization 

for Standardization (ISO) for over 100 essential oils obtained by steam distillation of plant materials.  Essential oils and 

derived products are numerically the largest group of flavour complexes.  ISO standards describe the oils and define the 

acceptable ranges for various parameters, including the methods for measuring these values.  Many of these standards 

include ranges for the key chemical components, accompanied by typical gas chromatograms that can be used to 

confirm the identity of the oils.  The Committee concluded that these standards need to be taken into account when 

setting specifications for food flavourings, particularly when selecting the parameters to be included and the associated 

analytical methods.

In order to develop specifications for flavour complexes added to food, and to provide the data necessary for the safety 

evaluation to proceed, the Committee requires a full description of the range of source materials and processing 
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conditions. Manufacturers should also provide the results of appropriate analyses carried out on samples of 

representative flavour complexes, accompanied by details of the analytical methods (including validation of the

methods) and a full description of each sample, including the source materials and production processes.  Manufacturers 

should also address the possible presence of undesirable compounds associated with the source material (or species with 

which it might be confused) and should provide sufficient information to differentiate the flavour complexes from other 

products with similar properties.

Standard information in the specifications for finished flavour complexes will include:  descriptions of the source 

material(s), the derivation of the initial extract, and any subsequent processing stages; a physical description of the 

flavour complexes; information on solubility; and (for liquid products) specific gravity, refractive index and optical 

rotation.

Specifications developed by the Committee will include the following information on composition, which is essential 

for the safety evaluation to proceed (see below).

(a) upper and lower concentrations of major characterising components, including all key constituents identified in 

relevant ISO standards and any other components considered to be critical for the organoleptical properties of the 

flavouring.

(b) a lis t of other components that may be present at or above a given level; the level will depend on the intake and the 

relevant threshold of toxicological concern (see above) in the revised Procedure for the Safety Evaluation of Flavouring 

Agents.  Components present in the flavour complex at levels above 0.1-0.5% should be characterized if their estimated 

intake exceeds 1.5 µg/person per day.  The need for more detailed characterization would be determined on a case-by-

case basis depending on the nature of the starting material.

(c) upper limits for any other relevant components, including likely impurities and contaminants or potentially toxic 

components such as inherent toxins associated with any part of the source species or with related species with which it 

might be confused.

The overall scheme for evaluating finished flavour complexes is summarised in the following diagram:

1
Provisional product definition: source material and initial extract

(e.g. essential oil from lemongrass)

2 Intake assessment based on long-term production data

3
Determination of the minimum sensitivity for analytical data, based on estimated 

intake

4

Collation and submission of analytical data, together with other information on the 

relevant flavour complexes

(e.g. all flavour complexes derived from lemongrass essential oil)

5

Drafting of specifications, including 

defined ranges for characteristic 

components

Safety evaluation according to the revised 

Procedure, including identification of all 

components requiring assessment

individually, or as part of a congeneric group

6 Agreed complete specification for products covered by the safety evaluation

The Committee requested data, in line with the above proposals, on examples of flavour complexes with a range of

different constituents and representing different estimated intake levels in order to develop appropriate specifications 

and to evaluate the application of the revised Procedure to this type of flavouring agent.   In particular, in the first 

detailed consideration of finished flavour complexes, quantitative data should be provided on the composition of 

representative samples of the selected flavour complexes, which allows the identification of all components present in 

the flavour complexes at levels above 0.1% and with an estimated intake of 1.5µg/day or more.
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Determination of carotenoids

The Committee recognized that there is an increasing number of specifications for the analysis of members of the 

family of carotenoid compounds. Each specification prescribes the use of a different instrumental method of analysis. 

The Committee decided that it would be advantageous to consolidate and minimize the number of methods for the 

analysis of members of the carotenoid family and to publish them in FAO Food and Nutrition Paper, No. 5. 

Revision of heavy metals and arsenic specifications

At its fifty-third meeting, the Committee agreed to implement the decision taken at its forty-ninth and fifty-first 

meetings, namely, to review and replace the limit test for heavy metals (as lead) and arsenic with, as appropriate, limits 

for the individual elements of concern in all existing specifications established by the Committee. In order to 

accomplish this, the Committee decided to review the existing specifications on the basis of functional use (e.g. 

antioxidant, preservative), and set a target of 5 years for completion of the task. 

At its fifty-fifth and subsequent four meetings, the Committee reviewed all the specifications that had not been modified 

during previous meetings.  

The principles adopted by the Committee in its reviews were as follows: 

After removing the ‘heavy metals (as lead)’ specification, a maximum concentration of 2 mg/kg for lead and 1 mg/kg 

for cadmium and mercury would be established, except where there were data to support higher or lower maximum 

concentrations, or there were issues related to consumer exposure. 

A limit for arsenic would only be included when the source from which the additive was prepared or the nature of the 

manufacturing method for the additive indicated that arsenic was likely to be a contaminant. 
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Section B:  Specifications of certain food additives (uses other than as flavouring agents) and other substances 

Acetic acid, glacial 7

Aluminium lakes of colouring matters (General specifications) 9

Aluminium powder 11

Benzoyl peroxide 13

Hexose oxidase from Chondrus crispus expressed in Hansenula polymorpha 15

Hydrogen peroxide 17

1-Hydroxyethylidene-1,1-diphosphonic acid 21

Hydroxypropyl cellulose 25

Hydroxypropylmethyl cellulose 29

Iron oxides 33

Lutein from Tagetes erecta 35

Magnesium sulfate 39

Octanoic acid  41

Polyvinyl alcohol 43

Steviol glycosides 47

Titanium dioxide 51

Xylanase from Bacillus subtilis expressed in Bacillus subtilis 57

Xylanase (resistant to xylanase inhibitor) from Bacillus subtilis containing a modified xylanase 

gene from Bacillus subtilis

59

Zeaxanthin (synthetic) 61

Zeaxanthin-rich extract from Tagetes erecta 65
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Acetic acid (2004) page 1 (2) 

 ACETIC ACID, GLACIAL

Prepared at 63rd JECFA (2004) and published in FNP 52 ADD 12 (2004) superseding 

specifications prepared at the 19th JECFA (1975), and published in FNP 52 (1992). 

Metal contaminants specifications amended at the 59th JECFA (2002). A group ADI ‘not 
limited’ for acetic acid and its potassium and sodium salts was established at the 17th 

JECFA (1973) and maintained at the 49th JECFA (1997). 

SYNONYMS INS No. 260 

DEFINITION Acetic acid is manufactured by aerial oxidation of C5-C6 fractions of aliphatic 

hydrocarbons, and separation of the various acids by distillation. Also by oxidation of 

acetaldehyde, methanol and of butane or as the reaction product of methanol and carbon 

dioxide. 

Chemical name Acetic acid, ethanoic acid 

C.A.S. number 64-19-7 

Chemical formula C2H4O2

Structural formula 
H3C OH

O

Formula weight 60.05

Assay Not less than 99.5% 

DESCRIPTION Colourless liquid, having a pungent characteristic odour 

FUNCTIONAL USES Acid, flavouring agent  (see Flavouring agent specification, JECFA No. 81) 

CHARACTERISTICS 

IDENTIFICATION 

Solubility (FNP 5) Miscible with water, ethanol, glycerol and diethyl ether 

Test for acid 1 in 3 aqueous solution is acidic 

Test for acetate (FNP 5) Apply to a 1 in 3 solution of the sample  

Passes test 

PURITY

Solidification point (FNP 5) Not lower than 15.6º 

Non-volatile residue (FNP 5) Not more than 0.01% after evaporation of 20 g of the sample and holding at 100° for 2 h. 

Readily oxidizable substances Dilute 2 ml of the sample in a glass-stoppered container with 10 ml of water and add 0.1 ml 

of  0.1 N potassium permanganate. The pink colour does not change to brown within 30 

min. 
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Acetic acid (2004) page 2 (2) 

Lead (FNP5) Not more than 0.5 mg/kg 

Determine using an atomic absorption technique appropriate to the specified level. The 

selection of the sample size and method of sample preparation may be based on the 

principles of the method described in FNP 5, “Instrumental methods.” 

METHOD OF ASSAY Measure about 2 ml of the sample into a tared, glass-stoppered flask, and weigh accurately. 

Add 40 ml of water, then add phenolphthalein TS and titrate with 1 N sodium hydroxide. 

Each ml of 1 N sodium hydroxide is equivalent to 60.05 mg of C2H4O2.
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Aluminium lakes of colouring matters (2004) page 1 (1) 

ALUMINIUM LAKES OF COLOURING MATTERS 

GENERAL SPECIFICATIONS 

Prepared at the 63rd JECFA (2004) and published in FNP 52 Add 12 (2004) 

superseding specifications prepared at the 25th JECFA (1981), published in FNP 
19 (1981) and FNP 52 (1992). 

DEFINITION Aluminium lakes are prepared under aqueous conditions by reacting aluminium 

oxide with colouring matter complying with purity criteria set out in the 

appropriate specification monograph. Undried aluminium oxide is usually freshly 

prepared by reacting aluminium sulfate or aluminium chloride with sodium 

carbonate or sodium bicarbonate or aqueous ammonia. Following lake formation, 

the product is filtered, washed with water and dried. Unreacted aluminium oxide 

may also be present in the final product. 

Assay Content of colouring matter shall be within the range specified by the vendor. 

CHARACTERISTICS

IDENTIFICATION 

Solubility (FNP 5) Insoluble in water 

Identification of colouring 

matter (FNP 5) 

Dissolve the sample using the method described in Colouring matter, Procedure 

for Lakes under Methods for Food Colours. Use the identification test described 

in the appropriate colour specifications monograph. 

PURITY 

Water-soluble chlorides and 

sulfates (FNP 5) 

Not more than 2 % calculated as sodium salts.  

Use the procedure for Water-soluble chlorides and sulfates in aluminium lakes 

under Methods for Food Colours 

Hydrochloric acid-insoluble 

matters (FNP 5) 

Not more than 0.5 % 

Use the procedure for Hydrochloric acid-insoluble matters in lakes under Methods 

for Food Colours 

Ether-extractable matter (FNP 5) Not more than 0.2 % (Method II) 

Arsenic (FNP 5) Not more than 3 mg/kg (Method II) 

Lead (FNP 5) Not more than 5 mg/kg 

Determine using an atomic absorption technique appropriate to the specified level. 

The selection of sample size and method of sample preparation may be based on the 

principles of the methods described in FNP 5, “Instrumental Methods”. 

METHOD OF ASSAY

(FNP 5)

See Colouring matter, Total content by spectrophotometry, Procedure for Lakes 

under Methods for Food Colours 
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Aluminium powder (2004) page 1 (1)

ALUMINIUM POWDER 

Prepared at the 63rd JECFA (2004) and published in FNP 52 Add 12 (2004) 

superseding specifications prepared at the 51st JECFA (1998), published in FNP 52 

Add 6 (1998). The limited use of aluminium as a surface colourant for certain items
of confectionery was not considered to present a hazard (21st JECFA, 1977).

SYNONYMS CI Pigment Metal, CI (1975) No. 77000, INS No. 173 

DEFINITION Produced by grinding aluminium that may be carried out in the presence of edible 

vegetable oils and/or food grade fatty acids. 

Chemical Name Aluminium 

C.A.S. number 7429-90-5 

Chemical formula Al

Atomic weight 26.98 

Assay Not less than 99.0 % 

DESCRIPTION Silvery grey powder 

FUNCTIONAL USES Colour (for surface only) 

CHARACTERISTICS

IDENTIFICATION 

Solubility (FNP 5) Insoluble in water and in organic solvents, soluble in dilute hydrochloric acid. 

Test for aluminium (FNP 5) A sample dissolved in dilute hydrochloric acid passes test. 

PURITY 

Loss on drying (FNP 5) Not more than 0.5 % (105o)

Arsenic (FNP 5) Not more than 3 mg/kg (Method II) 

Lead (FNP 5) Not more than 20 mg/kg 

Weigh 5 g of sample and transfer to a beaker. Add 50 ml concentrated hydrochloric 

acid and heat on a hot plate until totally dissolved. Dilute with water to 100 ml in a 

volumetric flask. Determine using an atomic absorption technique appropriate to the 

specified level. 

METHOD OF ASSAY Wash a small sample in hexane, repeating to remove traces of any associated oil or 

fatty acid. Transfer about 0.2 g of the sample, accurately weighed, to a 500 ml flask 

fitted with a rubber stopper carrying a 150 ml separating funnel, an inlet tube con-

nected to a cylinder of carbon dioxide and an outlet tube dipping into a water-trap. 

Add 60 ml of freshly boiled and cooled water and disperse the sample, replace the 

air by carbon dioxide and add, by the separating funnel, 100 ml of a solution con-

taining 56 g of ferric ammonium sulfate and 7.5 ml of sulfuric acid in freshly boiled 

and cooled water. While maintaining an atmosphere of carbon dioxide in the flask, 

heat to boiling and boil for 5 min. After the sample has dissolved, cool rapidly to 

20o, and dilute to 250 ml with freshly boiled and cooled water. To 50 ml of this 

solution, add 15 ml of phosphoric acid and titrate with 0.1 N potassium perman-

ganate. 1 ml of 0.1 N potassium permanganate is equivalent to 0.8994 mg of Al.
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Benzoyl peroxide (2004) page 1 (2) 

 BENZOYL PEROXIDE 

Prepared at the 63rd JECFA (2004), published in FNP 52 Add 12 (2004) superseding 

specifications prepared at the 55th JECFA (2000) and published in FNP 52 Add 8 (2000). 

Treatment of whey with benzoyl peroxide at a maximum concentration of 100 mg/kg does not 
pose a safety concern (63rd JECFA, 2004). 

SYNONYMS Benzoyl superoxide,  INS No. 928  

DEFINITION Benzoyl peroxide is manufactured by the reaction of benzoyl chloride, sodium hydroxide and 

hydrogen peroxide.   

Chemical name Dibenzoyl peroxide 

C.A.S. number 94-36-0 

Chemical formula C14H10O4

Structural formula 

Formula weight 242.23 

Assay Not less than 96.0%  

DESCRIPTION Colourless, crystalline solid having a faint odour of benzaldehyde.  

Caution: Benzoyl peroxide, especially in the dry form, is a dangerous, highly reactive, oxidizing 

material and has been known to explode spontaneously 

FUNCTIONAL USES Bleaching agent  

CHARACTERISTICS

IDENTIFICATION 

Solubility (FNP 5) 
Insoluble in water, slightly soluble in ethanol and  soluble in ether. 

Melting range (FNP 5)  103  -  106°  with decomposition  

Decomposition to 

benzoic acid 

To 0.5 g of the sample add 50 ml of 0.5 N ethanolic potassium hydroxide, heat gradually to 

boiling and continue boiling for 15 min. Cool and dilute with 200 ml of water. Add sufficient 0.5 

N hydrochloric acid to make strongly acidic and extract with ether. Dry the ether solution over 

anhydrous sodium sulfate, and then evaporate to dryness on a steam bath. The benzoic acid so 

obtained melts between 121° and 123°.  
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PURITY

Lead (FNP5) Not more than 2 mg/kg 

Determine using an atomic absorption technique appropriate to the specified level. The selection 

of sample size and method of sample preparation may be based on the principles of the method 

described in FNP 5, "Instrumental Methods".

METHOD OF ASSAY Dissolve about 250 mg of the sample, accurately weighed, in 15 ml of acetone in a 100-ml glass-

stoppered bottle. Add 3 ml of 50% (w/v) potassium iodide solution and swirl for 1 min. Titrate 

immediately with 0.1 N sodium thiosulfate (without addition of starch as an indicator). Each ml of 0.1

N sodium thiosulfate is equivalent to 12.11 mg of C14H10O4.
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HEXOSE OXIDASE FROM CHONDRUS CRISPUS  EXPRESSED IN  HANSENULA 

POLYMORPHA

New specifications prepared at the 63rd JECFA (2004) and published in FNP 52 Add 12  

(2004). An ADI “not specified” was established at the 63rd JECFA (2004).

SYNONYMS HOX 

SOURCES Produced by a submerged fermentation of a pure culture of a non-pathogenic and 

nontoxigenic genetically modified strain of Hansenula polymorpha containing the hexose 

oxidase gene derived from Chondrus crispus.   The enzyme is produced intracellularly and 

upon cell disruption is released into the fermentation broth and is subsequently separated 

from the yeast cells and subjected to ultrafiltration and diafiltration to obtain the concentrated 

hexose oxidase.  It is then spray-dried onto a suitable food-grade carrier such as wheat starch.

ACTIVE PRINCIPLES Hexose oxidase 

SYSTEMATIC NAMES 

AND NUMBERS 

D-hexose:oxygen 1-oxidoreductase; EC 1.1.3.5; CAS No. 9028-75-5 

REACTIONS 

CATALYZED 

Oxidation of hexose sugars to their corresponding lactones and hydrogen peroxide 

DESCRIPTION Off-white to brownish micro-granules 

FUNCTIONAL USES Enzyme preparation.  

Used in bread dough to strengthen the gluten network; in products like shredded cheese, 

potato chips, egg white powder and whey protein isolates to minimize Maillard reactions; in 

cottage cheese and tofu to facilitate curd formation and in products like ketchup, mayonnaise 

and salad dressings to scavenge oxygen.

GENERAL

SPECIFICATIONS

Must conform to the General Specifications for Enzyme Preparations used in Food 
Processing (FNP 52, current edition, including amendments).  

CHARACTERISTICS

IDENTIFICATION  

Hexose oxidase activity The sample shows hexose oxidase activity 

See description under TESTS 

TESTS

Hexose oxidase activity Principle

Hexose oxidase catalyses the formation of hydrogen peroxide and glucono-delta-lactone from 

glucose and oxygen. Hydrogen peroxide subsequently reacts with 2, 2’-azino-bis(3-

ethylbenzthiazolin-6-sulfonic acid) (ABTS), resulting in the development of a green colour. 

This reaction is catalysed by the enzyme peroxidase. The colour intensity is measured 

spectrophotometrically at 405 nm.  The activity unit HOX is defined as the amount of 

enzyme that catalyses the formation of 1 mole of H2O2 per minute at 25 .

Reagents

0.1M Phosphate buffer, pH 6.3:  Dissolve 22.82 g K2HPO4·3H2O in approx. 800 ml water.   

The pH is adjusted to 6.3 and to 1000 ml with water.  

Reagent 1 (Glucose (55 mM) in 0.1 M phosphate buffer, pH 6.3): Dissolve 5.44 g glucose 

monohydrate (C2H12O6·H2O D(+)) in 400 ml freshly made 0.1 M phosphate buffer. Adjust to 

pH 6.3 with conc. HCl. And to 500 ml with 0.1 M phosphate buffer.

Reagent 2 (ABTS stock solution):  Weigh 500 mg ABTS into a 100 ml measuring flask and 

dilute to volume with water.  Store in 1.5 ml volumes. 

Reagent 3( Peroxidase (0.1 mg/mL) in 0.1 M phosphate buffer, pH 6.3):

Dissolve 10 mg peroxidase in 100 ml phosphate buffer.  Store in 1.5 ml volumes.  
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Procedure

Substrate preparation:  Pipette 1.0 ml Reagent 2 and 1.0 ml Reagent 3 into a 25 ml 

measuring flask and make up to volume with Reagent 1.  The substrate is held for 30 min in a 

water bath at 25 .

Standard curve for H2O2 assay:  Dilute 0.2 ml H2O2 (concentration determined) with water to 

1000 ml. This gives the control sample a peroxide concentration of approx.  2 µmol/ml.  

The following standard curve is prepared: 

Approx. peroxide 

concentration 

(µmol/ml) 

Dilution B 

(ml) 

Water

(ml) 

0.000 0.0 20.0 

0.050 0.5 19.5 

0.100 1.0 19.0 

0.200 2.0 18.0 

0.400 4.0 16.0 

0.600 6.0 14.0 

0.800 8.0 12.0 

Measuring the standard curve:  Pipette 50 µl from each concentration (0-0.8 µmol/ml) into a 

disposable microcuvette and add 950 µl of substrate.  Measure the absorbance after 5 min at 

405 nm. Zero the spectrophotometer with the sample containing 0 µmol/ml peroxide.   

Sample preparation

Make duplicate measurements of the activity. Weigh out the enzyme as follows: 

Sample weight (g) = 31/expected activity per gram 

Dissolve the samples in 100 ml volumetric flasks with phosphate buffer and mix on a 

magnetic stirrer for 20 min. Fill the flasks with buffer, and filter turbid samples through 

syringe filters (Cameo 25 A, 0.45µ or equivalent).  Subsequent dilutions are made in 

phosphate buffer. 

Measurement

Measure the samples within 30 min of the final dilution.  Zero the spectrophotometer with a 

sample of buffer. Add 50 l of diluted sample to a disposable microcuvette. Place the cuvette 

in the photometer, and when 950 l substrate is added to the cuvette, start the measurement 

of optical density. 

Measure the optical density at 405 nm at 5 second intervals for 1 minute.   Plot the optical 

density as a function of time. Determine the slope (OD/min) of the curve for the interval 0.25 

to 0.75 min.  The maximal OD at which a linear response is obtained is approx. 2.0 because 

the amount of ABTS becomes a limiting factor at higher OD. 

Calculations

The activity of powder samples is determined as follows: 

weightslopeStd

actD
gHOX

.

100
/

Where: 

D = Dilution 

act = slope in OD/min of the sample 

weight = grams of spray dried powder suspended in 100 ml K2HPO4 buffer 

Std. slope = slope in OD/µmol/ml of the standard curve 
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 HYDROGEN PEROXIDE

Prepared at 63rd JECFA (2004) and published in FNP 52 ADD 12 (2004) superseding 
specifications prepared at the 29th JECFA (1985), published in FNP 52 (1992). No 

ADI was allocated by the 24th JECFA (1980) with comment "may be used only where 

better methods of milk preservation are not available". Small residues of hydrogen 
peroxide on food (which has been treated with antimicrobial washing solutions) at the 

time of consumption would not pose a safety concern (63rd JECFA, 2004). 

DEFINITION The principal method for the manufacture of hydrogen peroxide is the catalytic reduction 

by hydrogen of a substituted anthraquinone dissolved in a mixed aromatic hydrocarbon 

solvent, to anthraquinol. The hydrogenation catalyst is removed and the anthraquinol 

solution is subjected to aerial oxidation, to yield anthraquinone and hydrogen peroxide. 

The anthraquinone is recycled and the hydrogen peroxide, extracted with water, is 

purified and concentrated. The dilution of the concentrate is adjusted and a tin based 

stabilizer added.  

Chemical name Hydrogen peroxide 

C.A.S. number 7722-84-1 

Chemical formula H2O2

Structural formula H-O-O-H 

Formula weight 34.01 

Assay Not less than the labelled concentration or within the range stated on the label 

DESCRIPTION An odourless, or nearly odourless, transparent and colourless liquid 

Caution: Powerful oxidizing agent. Avoid contact with eyes and skin. 

FUNCTIONAL USES Antimicrobial agent 

CHARACTERISTICS 

IDENTIFICATION 

Solubility (FNP 5) Miscible with water 

Test for peroxide (FNP 5) Passes test 

Acidity Acid to litmus 

PURITY

Non-volatile residue (FNP 5) Not more than 60 mg/kg 

Acidity Not more than 0.03% (as sulfuric acid) 

Dilute 9 ml of the sample with 90 ml of carbon dioxide-free water, add methyl red TS, 

and titrate with 0.02 N sodium hydroxide. The volume of sodium hydroxide solution 

should not be more than 3 ml greater than the volume required for a blank test on 90 ml 

of water used for dilution. 

Phosphate Not more than 50 mg/kg 

See description under TESTS 

Iron Not more than 0.5 mg/kg 

See description under TESTS 

Tin Not more than 10 mg/kg 

See description under TESTS 
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Lead Not more than 4 mg/kg 

Determine using an atomic absorption technique appropriate to the specified level. The 

selection of the sample size and method of sample preparation may be based on the 

principles of the method described in FNP 5, “Instrumental methods 

TESTS 

PURITY TESTS 

Phosphate Evaporate 400 mg of the sample to dryness on a steam bath. Dissolve the residue in 25 

ml of approximately 0.5 N sulfuric acid. Add 1 ml of ammonium molybdate solution 

(500 mg of (NH4)6Mo7O24 · 4H2O in 10 ml of water) and 1 ml of p-methylaminophenol 

sulfate TS, and allow to stand for 2 h. Any blue colour produced should not exceed that 

of a control solution made the same way as the test solution, using 2.0 ml of Phosphate 

Standard Solution (20 µg PO4) in an equal volume of solution containing equal quantities 

of reagents used in the test. 

Iron Evaporate 20 g of the sample to dryness on a steam bath with 10 mg of sodium chloride, 

dissolve the residue in 2 ml of hydrochloric acid, and dilute to 50 ml with water. Add 

about 40 mg of ammonium persulfate crystals and 10 ml of ammonium thiocyanate TS, 

and mix.  Any red or pink colour does not exceed that produced by 1.0 ml of Iron

Standard Solution (10 µg Fe) in an equal volume of solution containing the quantities of 

the reagents used in the test. 

Tin Aluminium Chloride Solution: Dissolve 8.93 g of aluminium chloride, AlCl3 · 6H2O, in 

sufficient water to make 1000 ml. 

Gelatin Solution: On the day of use, dissolve 100 mg of gelatin in 50 ml of boiled water 

that has been cooled to between 50o and 60o.

Tin Stock Solution: Dissolve 250.0 mg of lead-free tin foil in 10 to 15 ml of hydrochloric 

acid, and dilute to 250.0 ml with dilute hydrochloric acid (1 in 2). 

Standard Solution

On the day of use, transfer 5.0 ml of Tin Stock Solution into a 100-ml volumetric flask, 

dilute to volume with water, and mix. Transfer 2.0 ml of this solution (100 µg Sn) into a 

250-ml Erlenmeyer flask, and add 15 ml of water, 5 ml of nitric acid, and 2 ml of sulfuric 

acid.

Place a small stemless funnel in the mouth of the flask, and heat until strong fumes of 

sulfuric acid are evolved. Cool, add 5 ml of water, evaporate again to strong fumes, and 

cool. Repeat the addition of water and heating to strong fumes, then add 15 ml of water, 

heat to boiling, and cool. Dilute to about 35 ml with water, add 1 drop of methyl red TS 

and 2.0 ml of the Aluminium Chloride Solution, and mix. Make the solution just alkaline 

by the drop wise addition of stronger ammonia TS, stirring gently, and then add 0.1 ml in 

excess. (Caution: To avoid dissolving the aluminium hydroxide precipitate, do not add 

more than 0.1 ml in excess of the ammonia solution.) Centrifuge for about 15 min at 

4000 rpm, and then decant the supernatant liquid as completely as possible without 

disturbing the precipitate. Dissolve the precipitate in 5 ml of dilute hydrochloric acid (1 

in 2), add 1.0 ml of the Gelatin Solution, and dilute to 20.0 ml with a saturated solution of 

aluminium chloride. 

Sample Solution

Transfer 10 g of the sample into a 250-ml Erlenmeyer flask, and add 15 ml of water, 5 ml 

of nitric acid, and 2 ml of sulfuric acid. Mix and heat gently on a hot plate to initiate and 

maintain a vigorous decomposition. 

When decomposition is complete, place a small stemless funnel in the mouth of the flask, 

and continue as directed for the Standard Solution (above), beginning with "... and heat 

until strong fumes of sulfuric acid are evolved." 



- 19 - 

Hydrogen peroxide (2004) page 3 (3) 

 Procedure

Rinse a polarographic cell or other vessel with a portion of the Standard Solution, then 

add a suitable volume to the cell, immerse it in a constant temperature bath maintained at 

35±0.2o, and deaerate by bubbling oxygen-free nitrogen or hydrogen through the solution 

for at least 10 min. Insert the dropping mercury electrode of a suitable polarograph, and 

record the polarogram from -0.2 to -0.7 V and at a sensitivity of 0.0003 µA per mm, 

using a saturated calomel reference electrode. In the same manner, record a polarogram 

of a portion of the Sample Solution at the same current sensitivity. The height of the 

wave produced by the Sample Solution is not greater than that produced by the Standard 

Solution at the same half-wave potential. 

METHOD OF ASSAY Accurately weigh a volume of the sample equivalent to about 300 mg of H2O2 into a 100-

ml volumetric flask, dilute to volume with water, and mix thoroughly.  To a 20-ml 

portion of this solution add 25 ml of diluted sulfuric acid TS, and titrate with 0.1 N 

potassium permanganate. Each ml of 0.1 N potassium permanganate is equivalent to 

1.701 mg of H2O2.
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 1-HYDROXYETHYLIDENE-1,1-DIPHOSPHONIC ACID 

New specifications prepared at 63rd JECFA (2004) and published in FNP 52 Add 12 
(2004). Levels of residue that are expected to remain on foods do not pose a safety 

concern (63rd JECFA, 2004). 

SYNONYMS HEDP, ethane-1-hydroxy-1,1-diphosphonic acid, EHDP, editronic acid 

DEFINITION 1-Hydroxyethylidene-1,1-diphosphonic acid (HEDP) is manufactured commercially by the 

reaction of phosphorous acid with one or more acetylating agents; specifically acetic 

anhydride, acetyl chloride and/or acetic acid. The final product is typically a 60% solution of 

HEDP in water. 

Chemical name 1-hydroxyethylidene-1,1-diphosphonic acid  

C.A.S. number 2809-21-4 

Chemical formula CH3C(OH)[PO(OH)2]2

Structural formula 

P

HO

O

C

H3C

P

OH

HO

O

OHOH

Empirical formula C2 H8 O7 P2

Formula weight 205.02 

Assay Total active acid 58 – 62% 

DESCRIPTION Clear pale yellow liquid, free of suspended matter 

FUNCTIONAL USES Sequestrant (for use in antimicrobial washing solutions) 

CHARACTERISTICS 

IDENTIFICATION 

Solubility (FNP 5) Miscible with water, phosphoric acid and ethylene glycol; soluble in most organic solvents 

pH Not more than 2.0 (1% soln) 

Specific gravity 1.430- 1.471 at 20º 

Freezing point -25º 

PURITY

Chloride Not more than 40 mg/kg 

See description under TESTS 

Phosphorous acid Not more than 4.0% 

See description under TESTS 

Acetic acid Not more than 1.0% 

See description under TESTS 
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Iron (FNP 5) Not more than 10 mg/kg 

Determine using an atomic absorption technique appropriate to the specified level 

Arsenic (FNP 5) Not more than 5 mg/kg 

Lead (FNP 5) Not more than 5 mg/kg 

Determine using an atomic absorption technique appropriate to the specified level. The 

selection of the sample size and method of sample preparation may be based on the 

principles of the method described in FNP 5, “Instrumental methods” 

TESTS

PURITY TESTS 

Chloride Determine by potentiometric titration by placing 25 g of the sample, accurately weighed, into 

a titration vessel and adding sufficient water to cover the electrodes. Add 3 ml of 

concentrated nitric acid. Titrate with 0.005 mol/l silver nitrate to first inflection point and 

record the titre in ml (A). Calculate the chloride content (mg/kg) from: 

Chloride (mg/kg) = [A x M x 3.55 x 10000] / W

where

M = concentration of silver nitrate solution (mol/l) 

W = weight of sample taken (g) 

Phosphorous acid Determined by iodometric titration. Iodine oxidizes the phosphorous acid present to 

phosphate, excess iodine is determined and the Phosphorous acid calculated. 

Buffer solution pH 7.3: Dissolve 138 g of sodium dihydrogen phosphate in 800 ml of water 

and adjust pH to 7.3 with 50% sodium hydroxide solution. Make up to 1000 ml with water. 

Add 1.5 g of the sample to 20 ml of water in a 250 ml beaker. Add 50 ml of pH 7.3 

phosphate buffer. Adjust pH to 7.3 using 50% sodium hydroxide. Transfer the solution to an 

iodine flask and add 25.0 ml of 0.1 N iodine. Stopper and swirl the solution and place in the 

dark immediately. After 15 min, remove the flask and add 5 ml acetic acid to flask. Titrate 

with 0.1 N sodium thiosulfate until a light straw yellow colour. Add starch indicator and 

continue titration until the end point “black to colourless” is observed and record the titre in 

ml (B). Repeat titration with a  reagent blank determination omitting the sample and record 

the titre in ml (A). 

Calculate the percentage of phosphorus acid from: 

Phosphorous acid (%) = [(A-B) x N x E x 100] / [w x 1000] 

where

N = normality of sodium thiosulfate solution 

E = equivalent weight of H3PO3 (40.99) 

w = weight of sample taken (g) 

The accuracy has been determined as +/- 0.01% at phosphorous acid level of 1.28% 

Acetic acid Determine by ion chromatography using a Dionex ICE-ASI column with weak acid eluent. 

Set up the system in line with the instrument manufacturer’s operation procedure. 

The signal from the acetate ion is quantified against a calibration standard using Formic acid 

as the internal standard.  

Equipment: Dionex ICE-AS1 column 

Reagents: Acetic acid (analytical grade) and formic acid (analytical grade) 

Procedure: Carry out the determination according to the instrument manufacturer’s 

operation procedure 

METHOD OF ASSAY Place about 3 g of the sample, accurately weighed (w) into a beaker and add 100-150 ml of 



- 23 - 

1-Hydroxyethylidene-1,1-diphosphonic acid (2004) page 3 (3) 

water. Stir the solution with a magnetic stirrer (maintain throughout titration). Insert pH 

electrode(s) and record the pH value. Titrate with 1 mol/l sodium hydroxide and record pH 

(or millivolts) after every 1ml added. Stop the titration at pH 10. Plot the pH as a function 

of added sodium hydroxide and manually draw the titration curve. Two inflection points 

will be observed at around pH 3 and pH 8. Take only into account the inflection point at 

around pH 8. Trace the tangent to this inflection point in order to determine the end-point. 

Calculate the total active acid from 

Total active acid (%) = [A x 206 x N] / [30 x w] – [1.676 x P] 

Where 

A = ml of N NaOH from start of titration to end point at pH 8-85 

N = concentration of sodium hydroxide used 

P = concentration of phosphorous acid (%) (Determined as above) 

1.676 = [MW of HEDP x 2] / [MW of phosphorous acid x 3] 

Using auto-titration for end-point detection, accuracy has been determined as +/- 0.2% at 

total active acid level of 63.5% 
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HYDROXYPROPYL CELLULOSE 

Revised specification prepared at the 63rd JECFA (2004) and published in FNP52 

Add 12 (2004) superseding specifications prepared at the 29th JECFA (1985) and 
published in FNP 52. A group ADI “not specified” was established at the 29th

JECFA (1985). 

SYNONYMS Cellulose hydroxypropyl ether; modified cellulose; INS No. 463 

DEFINITION An ether of cellulose containing hydroxypropyl substitution prepared from cellulose 

by treatment with alkali and propylene oxide. The article of commerce can be 

specified further by viscosity. 

Chemical names  Hydroxypropyl ether of cellulose, cellulose hydroxypropyl ether 

C.A.S. number 9004-64-2 

Chemical formula  [C6H7O2(OH)X(OCH2CHOHCH3)y(OCH2CH[Rw]CH3)z]n

where 

x + y + z = 3 

y + z (1+w) = not greater than 4.6 

R = A substituent comprising "w" hydroxypropoxy groups 

Structural formula   

One of many possible structural formulae for the repeating unit of a hydroxypropyl 

cellulose with molar substitution of 3.0 and a degree of polymerization of n, showing 

a monomeric hydroxypropyl substitution at C2 and a dimeric hydroxypropyl 

substitution at C6.

Formula weight Unsubstituted structural unit: 162.14 

Trisubstituted structural unit: 336.37 

Macromolecules: from about 30 000 (n about 100) up to about 1 million (n about 

2500) 

Assay Not more than 80.5% of hydroxypropoxy groups equivalent to not more than 4.6 

hydroxypropyl groups per anhydroglucose unit on the dried basis 

DESCRIPTION  Slightly hygroscopic, white or off-white, almost odourless, granular or fibrous 

powder 

FUNCTIONAL USES Emulsifier, thickener, stabiliser, binder, suspension agent, film coating 

CHARACTERISTICS

IDENTIFICATION

Solubility (FNP 5) Swells in water, producing a clear to opalescent, viscous colloidal solution; insoluble 

in ethanol; insoluble in ether 
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Foam formation  A 0.1% solution of the sample is shaken vigorously. A layer of foam appears. This 

test permits the distinction of sodium carboxymethyl cellulose from other cellulose 

ethers.

Precipitate formation To 5 ml of a 0.5% solution of the sample, add 5 ml of a 5% solution of copper sulfate 

or of aluminium sulfate. No precipitate appears. This test permits the distinction of 

sodium carboxymethyl cellulose from other cellulose ethers. 

Substituents See description under METHOD OF ASSAY 

PURITY

Loss on drying (FNP 5) Not more than 10.0% (105˚ to constant weight) 

pH Not less than 5.0 and not more than 8.0 (1 in 100 soln) 

Sulfated ash Not more than 0.5%. Test 1 g of the sample 

Lead (FNP 5) Not more than 2 mg/kg.  

Determine using an atomic absorption technique appropriate to the specified level. 

The selection of sample size and method of sample preparation may be based on the 

principles of the methods described in FNP 5, "Instrumental Methods"  

Propylene chlorohydrins Not more than 0.1 mg/kg 

See description under TESTS 

TESTS

PURITY TESTS 

Propylene chlorohydrins Determine by gas liquid chromatography (FNP 5) using the following procedure: 

Preparation of Standards

Stock Standard Solution: Weigh 0.1 g  propylene chlorohydrin (C.A.S. No. 127-00-4, 

mixture of 1-Chloro-2-propanol-70% and 2-Chloro-1-propanol-30%) to the nearest 

0.0001g and bring to a final volume of 100 ml with diethyl ether.  

Working Standard Solution: Perform serial dilutions (in diethyl ether) of stock 

standard to achieve a working calibration range of 6-25 ng/ml. 

Note:  All standard solutions should be prepared with diethyl ether of the highest 

purity

Gas Chromatography 

Gas Chromatograph with a Halogen Specific Detector, on-column injector, and linear 

column temperature programming.  

Column: 30 m x 0.53 mm x 1 m DB-WAX or equivalent.   

Temperature 

programming: Initial Temperature  35o

Initial Hold Time  7.0  min 

Ramp Rate  8.0o/min 

Final Temperature 200o

Final Hold Time 5.0 min 

Inlet  200o

Detector (XSD) 1000o

Flow rates: 

Helium (carrier gas) 5 psi (column head pressure at 35o)

Detector Make-up Gas (air)40 psi 

Retention times (min): 

 1-Chloro-2-propanol  ~11.7 

 2-Chloro-1-propanol  ~12.5 
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 Procedure:

Weigh ~1 g of sample into a centrifuge tube and record weight to the nearest 0.01 g. 

Quantitatively add 5.0 ml diethyl ether to the sample and sonicate for 10 minutes.  

Centrifuge the sample to separate the mixture.  Remove a portion of the diethyl ether 

extract for GC analysis. 

Calculations:

Prepare a calibration curve by plotting the concentration (ng/ml) versus detector 

response (in a linear range of 6-25 ng/ml).  From the linear regression of this curve, 

calculate ng/g using the following equation: 

ng/g = (V x (R-b)/m)/W 

where: 

R= detector response for the sample 

b = y-intercept of the linear regression curve 

m = slope of the linear regression curve   

V= final volume (5.0 ml) 

W= weight of the sample in grams 

METHOD OF ASSAY Determination of the hydroxypropoxy group content 

Apparatus

The apparatus for hydroxypropoxy group determination is shown in the 

accompanying diagram. The boiling flask, D, is fitted with an aluminium foil-

covered Vigreux column, E, on the sidearm and with a bleeder tube through the neck 

and to the bottom of the flask for the introduction of steam and nitrogen. A steam 

generator, B, is attached to the bleeder tube through Tube C, and a condenser, F, is 

attached to the Vigreux column. The boiling flask and steam generator are immersed 

in an oil bath, A, equipped with a thermo-regulator such that a temperature of 155o

and the desired heating rate may be maintained. The distillate is collected in a 150 ml 

beaker, G, or other suitable container. 

Procedure

Transfer about 100 mg of the sample, previously dried at 105o for 2 h and accurately 

weighed, into the boiling flash, and add 10 ml of chromium trioxide solution (60 g in 

140 ml of water). Immerse the steam generator and the boiling flask in the oil bath (at 

room temperature) to the level of the top of the chromium trioxide solution. Start 

cooling water through the condenser and pass nitrogen gas through the boiling flask 

at the rate of one bubble per sec. Starting at room temperature, raise the temperature 

of the oil bath to 155o over a period of not less than 30 min, and maintain this 

temperature until the end of the determination. Distil until 50 ml of the distillate is 

collected. Detach the condenser from the Vigreux column, and wash it with water, 

collecting the washings in the distillate container. Titrate the combined washings and 

distillate with 0.02 N sodium hydroxide to a pH of 7.0, using a pH meter set at the 
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expanded scale. 

NOTE: Phenolphthalein TS may be used for this titration, if it is also used for all 

standards and blanks. 

Record the volume, Va of the 0.02 N sodium hydroxide used. Add 500 mg of sodium 

bicarbonate and 10 ml of dilute sulfuric acid TS, and then after evolution of carbon 

dioxide has ceased, add 1 g of potassium iodide. Stopper the flask, shake the mixture, 

and allow it to stand in the dark for 5 min. Titrate the liberated iodine with 0.02 N 

sodium thiosulfate to the sharp disappearance of the yellow colour, confirming the 

end-point by the addition of a few drops of starch TS. Record the volume of 0.02 N 

sodium thiosulfate required as Ya.

Make several reagent blank determinations, using only the chromium trioxide 

solution in the above procedure. The ratio of the sodium hydroxide titration (Vb) to 

the sodium thiosulfate titration (Yb), corrected for variation in normalities, will give 

the acidity-to-oxidizing ratio, Vb/Yb= K, for the chromium trioxide carried over in the 

distillation. The factor K should be constant for all determinations. 

Make a series of blank determinations using 100 mg of methyl cellulose (containing 

no foreign material) in place of the sample, recording the average volume of 0.02 N 

sodium hydroxide required as Vm and the average volume of 0.02 N sodium 

thiosulfate required as Ym.

Calculate the hydroxypropoxy group content of the sample, in mg, by the formula: 

75.0 x [N1 (Va -Vm) – k N2 (Ya – Ym)] 

where 

N1 = the exact normality of the 0.02 N sodium hydroxide solution 

N2 = the exact normality of the 0.02 N sodium thiosulfate solution  

k = VbN1/YbN2

Chart for converting percentage of substitution, by weight, of hydroxypropoxy 

groups to molecular substitution per glucose unit. 

Determination of the methoxy group

See Apparatus and Procedure in Ethoxy and Methoxy Group Determination and 

determine the content of methoxy group (-OCH3).

Calculation

Calculate as percentage. Correct the % of methoxy groups thus determined by the 

formula: 

A - (B x 0.93 x 31 / 75) 

where 

A = the total % of -OCH3 groups determined 

B = the % of -OCH2CHOHCH3 determined in the Method of Assay 

for Hydroxypropoxy group content  

0.93 = an average obtained by determining, on a large number of 

samples, the propylene produced from the reaction of hydriodic 

acid with hydroxypropoxy groups during the Method of Assay 

for methoxy groups (-OCH3). 
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HYDROXYPROPYLMETHYL CELLULOSE 

Revised specification prepared at the 63rd JECFA (2004) and published in FNP52 

Add 12 (2004) superseding specifications prepared at the 29th JECFA (1985) and 

published in FNP 52. A group ADI” not specified” was established at the 29th 
JECFA  (1985). 

SYNONYMS INS No. 464 

DEFINITION A methyl cellulose modified with a small number of 2-hydroxypropyl groups 

attached through ether links to anhydroglucose units of the cellulose. The article of 

commerce may be further specified by viscosity. 

Chemical names  Hydroxypropylmethyl cellulose, 2-hydroxypropyl ether of methyl cellulose 

C.A.S. number 9004-65-3 

Chemical formula  [C6H7O2(OH)x(OCH3)y(OCH2CHOHCH3)z]n

where 

z = 0.07 - 0.34 

y = 1.12 - 2.03

x = 3-(z + y): (z + y = degree of substitution) 

Structural formula  

where R = H or CH3 or CH2CHOHCH3

Formula weight Unsubstituted structural unit: 162.14 

Structural unit with 1.19 degree of substitution: approx. 180 

Structural unit with 2.37 degree of substitution: approx. 210 

Macromolecules: from about 13,000 (n about 70) up to about 200,000 (n about 1000) 

Assay Not less than 19% and not more than 30% of methoxy groups (-OCH3) and not less 

than 3% and not more than 12% hydroxypropoxy groups (-OCH2CHOHCH3), on the 

dried basis 

DESCRIPTION  Hygroscopic white or off-white powder, or granules or fine fibres 

FUNCTIONAL USES Emulsifier, thickening agent, stabiliser 

CHARACTERISTICS

IDENTIFICATION

Solubility (FNP 5) Swells in water, producing a clear to opalescent, viscous colloidal solution; insoluble

in ethanol 

Foam formation  A 0.1% solution of the sample is shaken vigorously. A layer of foam appears. This 

test permits the distinction of sodium carboxymethyl cellulose from other cellulose 

ethers.

Precipitate formation To 5 ml of a 0.5% solution of the sample, add 5 ml of a 5% solution of copper sulfate 

or of aluminium sulfate. No precipitate appears. This test permits the distinction of 

sodium carboxymethyl cellulose from other cellulose ethers. 
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Substituents See description under METHOD OF ASSAY 

PURITY

Loss on drying (FNP 5) Not more than 10.0% (105˚ to constant weight) 

pH Not less than 5.0 and not more than 8.0 (1 in 100 soln) 

Sulfated ash Not more than 1.5% for products with viscosities of 50 centipoise or above, and not 

more than 3% for products with viscosities below 50 centipoise 

Test 1 g of the sample 

Lead (FNP 5) Not more than 2 mg/kg.  

Determine using an atomic absorption technique appropriate to the specified level. 

The selection of sample size and method of sample preparation may be based on the 

principles of the methods described in FNP 5, "Instrumental Methods"  

Propylene chlorohydrins Not more than 0.1 mg/kg 

See description under TESTS 

TESTS

PURITY TESTS 

Propylene chlorohydrins Determine by gas liquid chromatography (FNP 5) using the following procedure: 

Preparation of Standards

Stock Standard Solution: Weigh 0.1 g  propylene chlorohydrin (C.A.S. No. 127-00-4, 

mixture of 1-Chloro-2-propanol-70% and 2-Chloro-1-propanol-30%) to the nearest 

0.0001g and bring to a final volume of 100 ml with diethyl ether. 

Working Standard Solution: Perform serial dilutions (in diethyl ether) of stock 

standard to achieve a working calibration range of 6-25 ng/ml. 

Note:  All standard solutions should be prepared with diethyl ether of the highest 

purity available 

Gas Chromatography 

Gas Chromatograph with a Halogen Specific Detector, on-column injector, and linear 

column temperature programming.  

Column 30 m x 0.53 mm x 1 m DB-WAX or equivalent. 

Temperature Initial Temperature  35o

programming: Initial Hold Time  7.0  min 

Ramp Rate  8.0o/min 

Final Temperature 200o

Final Hold Time     5.0 min 

Inlet 200o

Detector (XSD) 1000o

Flow rates: Helium (carrier gas) 5 psi (column head pressure at 35o)

Detector Make-up Gas 40 psi 

(air)

Retention times (min): 

1-Chloro-2-propanol ~11.7 

2-Chloro-1-propanol  ~12.5 

Procedure:

Weigh ~1 g of sample into a centrifuge tube and record weight to the nearest 0.01 g. 

Quantitatively add 5.0 ml diethyl ether to the sample and sonicate for 10 minutes.  

Centrifuge the sample to separate the mixture.  Remove a portion of the diethyl ether 

extract for GC analysis. 
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 Calculations:

Prepare a calibration curve by plotting the concentration (ng/ml) versus detector 

response (in a linear range of 6-25 ng/ml).  From the linear regression of this curve, 

calculate ng/g using the following equation: 

ng/g = (V x (R-b)/m)/W 

where: 

R= detector response for the sample 

b = y-intercept of the linear regression curve 

m = slope of the linear regression curve   

V= final volume (5.0 ml) 

W= weight of the sample in grams 

METHOD OF ASSAY Determination of the hydroxypropoxy group content 

Apparatus

The apparatus for hydroxypropoxy group determination is shown in the 

accompanying diagram. The boiling flask, D, is fitted with an aluminium foil-

covered Vigreux column, E, on the sidearm and with a bleeder tube through the neck 

and to the bottom of the flask for the introduction of steam and nitrogen. A steam 

generator, B, is attached to the bleeder tube through Tube C, and a condenser, F, is 

attached to the Vigreux column. The boiling flask and steam generator are immersed 

in an oil bath, A, equipped with a thermo-regulator such that a temperature of 155o

and the desired heating rate may be maintained. The distillate is collected in a 150 ml 

beaker, G, or other suitable container. 

Procedure

Transfer about 100 mg of the sample, previously dried at 105o for 2 h and accurately 

weighed, into the boiling flash, and add 10 ml of chromium trioxide solution (60 g in 

140 ml of water). Immerse the steam generator and the boiling flask in the oil bath (at 

room temperature) to the level of the top of the chromium trioxide solution. Start 

cooling water through the condenser and pass nitrogen gas through the boiling flask 

at the rate of one bubble per sec. Starting at room temperature, raise the temperature 

of the oil bath to 155o over a period of not less than 30 min, and maintain this 

temperature until the end of the determination. Distil until 50 ml of the distillate is 

collected. Detach the condenser from the Vigreux column, and wash it with water, 

collecting the washings in the distillate container. Titrate the combined washings and 

distillate with 0.02 N sodium hydroxide to a pH of 7.0, using a pH meter set at the 

expanded scale. 

NOTE: Phenolphthalein TS may be used for this titration, if it is also used for all 

standards and blanks. 

Record the volume, Va of the 0.02 N sodium hydroxide used. Add 500 mg of sodium 

bicarbonate and 10 ml of dilute sulfuric acid TS, and then after evolution of carbon 
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dioxide has ceased, add 1 g of potassium iodide. Stopper the flask, shake the mixture, 

and allow it to stand in the dark for 5 min. Titrate the liberated iodine with 0.02 N 

sodium thiosulfate to the sharp disappearance of the yellow colour, confirming the 

end-point by the addition of a few drops of starch TS. Record the volume of 0.02 N 

sodium thiosulfate required as Ya.

Make several reagent blank determinations, using only the chromium trioxide 

solution in the above procedure. The ratio of the sodium hydroxide titration (Vb) to 

the sodium thiosulfate titration (Yb), corrected for variation in normalities, will give 

the acidity-to-oxidizing ratio, Vb/Yb= K, for the chromium trioxide carried over in the 

distillation. The factor K should be constant for all determinations. 

Make a series of blank determinations using 100 mg of methyl cellulose (containing 

no foreign material) in place of the sample, recording the average volume of 0.02 N 

sodium hydroxide required as Vm and the average volume of 0.02 N sodium 

thiosulfate required as Ym.

Calculate the hydroxypropoxy group content of the sample, in mg, by the formula: 

75.0 x [N1 (Va -Vm) – k N2 (Ya – Ym)] 

where 

N1 = the exact normality of the 0.02 N sodium hydroxide solution 

N2 = the exact normality of the 0.02 N sodium thiosulfate solution

k = VbN1/YbN2

Chart for converting percentage of substitution, by weight, of hydroxypropoxy 

groups to molecular substitution per glucose unit. 

Determination of the methoxy group

See Apparatus and Procedure in Ethoxy and Methoxy Group Determination and 

determine the content of methoxy group (-OCH3).

Calculation

Calculate as percentage. Correct the % of methoxy groups thus determined by the 

formula: 

A - (B x 0.93 x 31 / 75) 

where 

A = the total % of -OCH3 groups determined 

B = the % of -OCH2CHOHCH3 determined in the Method of Assay 

for Hydroxypropoxy group content  

0.93 = an average obtained by determining, on a large number of 

samples, the propylene produced from the reaction of hydriodic 

acid with hydroxypropoxy groups during the Method of Assay 

for methoxy groups (-OCH3). 
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 IRON OXIDES 

Specifications prepared at the 63rd JECFA (2004) and published in FNP 52 Add 12 

(2004), superseding specifications prepared at the 35th JECFA (1989) and published 

in FNP 52 (1992). An ADI of 0-0.5 mg/kg bw was established at the 53rd JECFA 

(1999). 

SYNONYMS Iron Oxide yellow: CI Pigment Yellow 42 and 43; CI(1975) No. 77492; INS No. 172 

(iii)

Iron Oxide Red: CI Pigment Red 101 and 102; CI (1975) No. 77491; INS No. 172(ii) 

Iron Oxide Black: CI Pigment Black 11; CI (1975) No. 77499; INS No. 172(i) 

DEFINITION Produced from ferrous sulfate by heat soaking, removal of water, decomposition, 

washing, filtration, drying and grinding. 

They consist essentially of anhydrous and/or hydrated iron oxides; range of hues 

includes yellows, reds, browns and blacks.  Food quality iron oxides are primarily 

distinguished from technical grades by the comparatively low levels of contamination 

by other metals; this is achieved by the selection and control of the source of the iron 

and/or by the extent of chemical purification during the manufacturing process. 

Chemical  names Iron Oxide Yellow: Hydrated ferric oxide, hydrated iron (III) oxide 

Iron Oxide Red: Iron sesquioxide, anhydrous ferric oxide, anhydrous iron 

(III) oxide 

Iron Oxide Black: Ferroso ferric oxide, iron (II,III) oxide 

C.A.S. number Iron Oxide Yellow: 51274-00-1 

Iron Oxide Red: 1309-37-1 

Iron Oxide Black: 1317-61-9 

Chemical formula Iron Oxide Yellow: FeO(OH) · xH2O

Iron Oxide Red: Fe2O3

Iron Oxide Black: FeO · Fe2O3

Formula weight 88.85 FeO(OH) 

159.70 Fe2O3

231.55 FeO · Fe2O3

Assay Not less than 60% of iron  

DESCRIPTION Yellow, red, brown or black powder 

FUNCTIONAL USES Colour 

CHARACTERISTICS

IDENTIFICATION

Solubility (FNP 5) Insoluble in water and organic solvents; soluble in concentrated mineral acids 

Water soluble matter (FNP 5) Not more than 1.0%  

PURITY

Loss on drying (FNP 5) Iron  Oxide Red : Not more than 1% (105 , 4 h) 

Arsenic (FNP5) Not more than 3 mg/kg (Method II) 

See description under TESTS 
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Cadmium  Not more than 1 mg/kg  

See description under TESTS 

Lead Not more than  10 mg/kg   

See description under TESTS  

Mercury (FNP 5) Not more than 1 mg/kg 

Determine using an atomic absorption technique appropriate to the specified level.  The 

selection of samples size and method of sample preparation may be based on principles of 

methods described in FNP 5, “Instrumental Methods”. 

TESTS

PURITY TESTS 

Arsenic, cadmium and lead  Weigh 5 g of the sample and transfer to a beaker. Add 50 ml concentrated 

hydrochloric acid and heat on a hot plate until totally dissolved. Dilute with water to 

100 ml in a volumetric flask. Determine cadmium and lead using an atomic absorption 

technique appropriate to the specified level and arsenic using Method II of FNP 5. 

METHOD OF ASSAY 
Weigh accurately about 0.2 g of the sample, add 10 ml of 5 N hydrochloric acid and 

heat cautiously to boiling in a 200-ml conical flask until the sample has dissolved. 

Allow to cool, add 6 to 7 drops of 30% hydrogen peroxide solution and again heat 

cautiously to boiling until all the excess hydrogen peroxide has decomposed (about 2-3 

min). Allow to cool, add 30 ml of water and about 2 g of potassium iodide and allow to 

stand for 5 min. Add 30 ml of water and titrate with 0.1 N sodium thiosulfate adding 

starch TS as the indicator towards the end of the titration. Each ml of 0.1 N sodium 

thiosulfate is equivalent to 5.585 mg of Fe (III). 
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LUTEIN FROM TAGETES ERECTA 

New specifications prepared at the 63rd JECFA (2004) and published in FNP52 Add 

12 (2004). A group ADI of 0 - 2 mg/kg bw for lutein from T. erecta and synthetic 

zeaxanthin was established at the 63rd JECFA (2004). 

SYNONYMS Vegetable lutein; vegetable luteol; Bo-Xan (lutein)   

DEFINITION Lutein from Tagetes erecta L. is a purified extract of xanthophylls obtained from 

marigold oleoresin.  The oleoresin is prepared from hexane extracts of marigold 

(Tagetes erecta L) flowers, saponified with potassium hydroxide in either methanol 

or propylene glycol. The resulting crystalline material contains lutein, and minor 

components including other carotenoids and waxes. 

Chemical names  , -carotene-3,3'-diol; all-trans-lutein; 4’,5’-didehydro-5’,6’-dihydro-beta,beta-

carotene-3,3’-diol (lutein) 

C.A.S. number 127-40-2 (lutein) 

Chemical formula  C40H56O2 (lutein) 

Structural formula  

Formula weight 568.88 (lutein) 

Assay Not less than 80 % total carotenoids, not less than 70 % lutein 

DESCRIPTION  A free-flowing, orange-red powder 

FUNCTIONAL USES Colour, nutrient supplement 

CHARACTERISTICS

IDENTIFICATION

Solubility (FNP 5) Insoluble in water, soluble in hexane  

Spectrophotometry (FNP 5) A chloroform/ethanol (9:1) solution shows maximum absorbance at ca. 445 nm 

Melting range 177 to 178º 

Test for carotenoids (FNP 5) The colour of a solution of the sample in acetone disappears after successive addition 

of a 5% solution of sodium nitrite and 0.5 M of sulfuric acid. 

PURITY

Moisture (FNP 5) Not more than 1.0% 

Ash (FNP 5) Not more than 1.0% 
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Zeaxanthin Not more than 9.0%. 

See description under METHOD OF ASSAY 

Lead Not more than 3 mg/kg.  

Determine using an atomic absorption technique appropriate to the specified level. 

The selection of sample size and method of sample preparation may be based on the 

principles of the methods described in FNP 5, "Instrumental Methods"  

Hexane (FNP 5*) Not more than 50 mg/kg 

Methanol (FNP 5*) Not more than 10 mg/kg 

Propylene glycol Not more than 1000 mg/kg 

Test as described for Sucrose Esters of Fatty Acids (FNP 52 Add 11 p 76) 

Waxes Not more than 14.0% 

See description under TESTS. 

TESTS 

PURITY TESTS  

Waxes Determine by gas chromatography using the following conditions: 

Apparatus

GC equipped with an autosampler, a splitless injection system, flame ionization 

detector (FID), programmable column and detector flow rates.  

GC column DB5, 30 m x 0.25 mm ID with a 0.25 µm film 

thickness. 

GC injector temperature: 280° 

FID temperature: 300° 

GC column initialtemperature: 50° (held for 2 min) 

GC oven temperature increase rate: 13°/min 

GC column final temperature: 300° (held for 8 min) 

Carrier gas (Helium) flow rate: 1.0 ml/min 

Injection mode: splitless 

Approximate run time: 30 min 

Internal standard pentacosane (C25)

Calibration standards are prepared through the addition of absolute hydrocarbon 

standards to methylene chloride to provide hydrocarbon concentrations of 2.0, 10, 25, 

50, 75, and 100 mg/kg. 

Sample Preparation

Accurately weigh 200 mg of sample into a centrifuge tube and dissolve in exactly 20 

ml of methylene chloride. Sonication or vortex mixing may be required to completely 

dissolve the product. 

Centrifuge sample at 2500 rpm for 5 min if the sample appears turbid. Transfer 40 µl 

into 2 ml autosampler vial that contains 1.6 ml of methylene chloride and 20 µl of 

(5000 mg/kg) pentacosane for a final concentration of 50 mg/kg. 

Sample Analysis

Autosampler injects a 1.0 µl aliquot of the solution onto the GC column. 

Results

The approximate retention according to GC/FID times of nonacosane (C29), 

triacontane (C30), henitriacontane (C31), C32, triatriacontaine (C33), C34, C35, and 

the internal standard pentacosane (C25) are 18.6, 19.1, 19.6, 20.0, 20.5, 20.9, 21.4, 

and 16.3 minutes, respectively. 

                                                          

* Residual solvents, using head-space gas chromatography with flame ionization detection (FID) – FNP 52 Addendum 

11 (pp 165 f) 
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Determine the total carotenoid content and the content of lutein and zeaxantin by 

HPLC using the following conditions: 

Reagents:

Hexane (HPLC grade) 

Ethyl acetate (HPLC grade) 

Ethyl alcohol 

Toluene 

Solvent Mixture: (10:6:7:7 hexane:ethanol:acetone:toluene v/v/v/v). 

Standard Solution:

Weigh accurately about 1g lutein and transfer into 100 ml amber volumetric flask and 

dilute to mark with the Solvent Mixture. 

Apparatus 

UV/vis spectrophotometer 

HPLC system with suitable diode array detector, autosampler, column oven, signal 

processor and degasser.  

Analytical column: 3 µm silica, 4.6 mm x 250 mm.  

Instrument Conditions

Oven temperature: ambient 

Mobile Phase: 70:30 (v:v) hexane/ethyl acetate (isocratic elution) 

Flow Rate: 1.5 ml/min 

Injection: 10 µl 

Detection: performed at 446 nm 

Run Time: approximately 40 min 

Sample Preparation:

Weigh sample (range 27 to 33 mg) into a glass weighing funnel, wash crystals with 

heat into a 100 ml volumetric flask, dilute to the mark and stir for 10 min. Pipette 1 

ml from flask into a second 100 ml volumetric flask, dilute to the mark with ethanol, 

mix by inversion for 20 seconds. Read samples in a spectrophotometer at 446 nm.  

For HPLC, dry the samples down using nitrogen steam, dissolve solids in 70:30 

hexane:ethyl acetate, add 0.5 ml to HPLC vials and measure at 446 nm. 

Results

The retention times for lutein and zeaxanthin are approximately 7.7 and 8.1 min, 

respectively. The resolution between the HPLC peaks for lutein and xeazanthin 

ranged from 3.06 to 3.09. 

Calculation

Total carotenoids (%) = 
Absorbance at 446 nm x 10000

sample mass in g x 2550 

METHOD OF ASSAY

Note: The factors 10000 and 2550 are the dilution factor and extinction value for a 

1% solution, respectively. 

Lutein (%) = total carotenoids x area % lutein 

Zeaxanthin (%) = total carotenoids x area % zeaxanthin 
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MAGNESIUM SULFATE 

(Tentative) 

Information required on 

other functional uses of magnesium sulfate including their use levels, and 

the commercial use of anhydrous magnesium sulfate. 

New tentative specifications prepared at 63 rd JECFA (2004), published in FNP 52 
Add 12 (2004). No safety evaluation undertaken. 

SYNONYMS Epsom salt (heptahydrate), INS No.518 

DEFINITION Magnesium sulfate occurs naturally in sea water, mineral springs and in minerals 

such as kieserite and epsomite. It is recovered from them or by reacting sulfuric acid 

and magnesium oxide.  It is produced with one or seven molecules of water of 

hydration or in a dried form containing the equivalent of between 2 and 3 waters of 

hydration. 

Chemical names Magnesium sulfate 

C.A.S. number Monohydrate: 14168-73-1 

Heptahydrate: 10034-99-8 

Dried: 15244-36-7 

Chemical formula Monohydrate: MgSO4.H2O

Heptahydrate: MgSO4.7H2O

Dried: MgSO4.xH2O, where x is the average hydration value (between 

2 and 3) 

Formula weight Monohydrate: 138.38 

Heptahydrate: 246.47 

Assay Not less than 99.0 % on the ignited basis 

DESCRIPTION Colourless crystals, granular crystalline powder or white powder.  Crystals effloresce 

in warm, dry air.   

FUNCTIONAL USES Nutrient 

CHARACTERISTICS

IDENTIFICATION 

Solubility (FNP 5) Freely soluble in water, very soluble in boiling water, and sparingly soluble in 

alcohol.

Test for Magnesium (FNP 5) Passes test 

Test for Sulfate (FNP 5) Passes test  

PURITY

Loss on ignition (FNP 5) Monohydrate: between 13.0 and 16.0 %; Heptahydrate: between 40.0 and 52.0 %, 

Dried: between 22.0 and 32.0 % (105 , 2hr, then 400  to constant weight)

pH (FNP 5) Between 5.5 and 7.5 (1 in 20 soln.)

Chloride (FNP 5) Not more than 0.03% 

Test 1g of the sample as described in FNP 5, “Chloride Limit Test” using 0.9 ml of 

0.01 N hydrochloric acid in the control 

Arsenic (FNP 5) Not more than 3 mg/kg (Method II)  
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Iron (FNP 5) Not more than 20 mg/kg 

Test as directed in FNP 5, “Iron Limited Test” using 1 ml of Iron Standard TS  

Selenium (FNP 5) Not more than 30 mg/kg 

Test 200 mg of the sample as described in FNP 5, “Selenium Limit Test (Method II)”  

Lead (FNP 5) Not more than 2mg/kg 

Determine using an atomic absorption technique appropriate to the specified level. The 

selection of sample size and method of sample preparation may be based on the 

principles of the method described in FNP 5, “Instrumental Methods”. 

METHOD OF ASSAY Accurately weigh about 0.5 g of the ignited sample, dissolve in 5 ml of  hydrochloric 

acid TS (dilute), dilute with water to 100 ml, and mix. Transfer 50 ml of this solution 

into a 250-ml conical flask, add 10 ml of ammonia-ammonium chloride buffer TS 

and 0.1 ml of eriochrome black TS.  Titrate with 0.05 mol/l disodium 

ethylenediaminetetraacetate until the red-purple solution changes to blue in colour.  

Each ml of 0.05 mol/l disodium ethylenediaminetetraacetate is equivalent to 12.04 

mg of MgSO4.
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 OCTANOIC ACID  

New specifications prepared at 63rd JECFA (2004) and published in FNP 52 Add 12 
(2004). Small residues of octanoic acid on food (which has been treated with 

antimicrobial washing solutions) at the time of consumption would not pose a safety 

concern (63rd JECFA, 2004). 

SYNONYMS Caprylic acid 

DEFINITION Octanoic acid is manufactured from vegetable oils (coconut, palm, kernel, or palm 

stearene) by first refining the oil, followed by methyl transesterification and 

separation by distillation. The separated methyl octanoate is saponified and acidified 

to give octanoic acid. 

Chemical name Octanoic acid 

C.A.S. number 124-07-2 

Chemical formula CH3(CH2)6CO2H

Formula weight 144.21 

Assay Not less than 95% 

DESCRIPTION Colourless oily liquid having a slight unpleasant odour 

FUNCTIONAL USES Antifoaming agent, surfactant. (Material for use as a flavouring agent is specified in 

FNP 52 Add 5, JECFA No. 99). 

CHARACTERISTICS 

IDENTIFICATION 

Solubility (FNP 5) Slightly soluble in water; soluble in most organic solvents 

Infrared spectrum (FNP 5) The infrared spectrum of a potassium bromide dispersion of the sample corresponds to 

the reference infrared spectrum in the Annex. 

Acid value (FNP 5) Between 366 and 396 

PURITY

Water (FNP 5) Not more than 0.4% (Karl Fischer Method) 

Sulfated ash (FNP 5) Not more than 0.1% 

Test 10 g of the sample (Method II) 

Unsaponifiable matter Not more than 0.2% 

See description under  TESTS 

Iodine value (FNP 5) Not more than 2.0 

Decanoic acid Not more than 3% 

See description under METHOD OF ASSAY 

Lead (FNP 5) Not more than 2 mg/kg 

Determine using an atomic absorption technique appropriate to the specified level. The 

selection of the sample size and method of sample preparation may be based on the 

principles of the method described in FNP 5, “Instrumental methods” 
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TESTS

PURITY TESTS 

Unsaponifiable matter Weigh accurately 5.0 g of the sample into a 250 ml flask, add a solution of 2 g of 

potassium hydroxide in 40 ml of alcohol, and boil gently under a reflux condenser for 1 

h or until saponification is complete.  Transfer the contents of the flask to a glass-

stoppered graduated extraction cylinder. Wash the flask with sufficient alcohol to make 

a volume of 40 ml in the cylinder, and complete the transfer with warm and then cold 

water until the total volume is 80 ml. Finally, wash the flask with a few ml of petroleum 

ether, add the washings to the cylinder, cool the contents of the cylinder to room 

temperature, and add 50 ml of petroleum ether. 

Insert the stopper, shake the cylinder vigorously for at least 1 min, and allow both 

layers to become clear.  Siphon the upper layer as completely as possible without 

removing any of the lower layer, collecting the ether fraction in a 500-ml separator.  

Repeat the extraction and siphoning at least six times with 50-ml portions of petroleum 

ether, shaking vigorously each time.  Wash the combined extracts, with vigorous 

shaking, with 25-ml portions of 10% alcohol until the wash water is neutral to 

phenolphthalein, and discard the washings.  Transfer the ether extract to a tared beaker, 

and rinse the separator with 10 ml of ether, adding the rinsings to the beaker.  

Evaporate the ether on a steam bath just to dryness, and dry the residue to constant 

weight, preferably at 75  to 80  under a vacuum of not more than 200 mm of Hg, or at 

100  for 30 min.  Cool in a desiccator, and weigh to obtain the uncorrected weight of 

unsaponifiable matter. 

Determine the quantity of fatty acids in the residue as follows: Dissolve the residue in 

50 ml of warm alcohol (containing phenolphthalein TS and previously neutralized with 

sodium hydroxide to a faint pink colour), and titrate with 0.02 N sodium hydroxide to 

the same colour.  Each ml of 0.02 N sodium hydroxide is equivalent to 5.659 mg of fatty

acids, calculated as oleic acid.

Subtract the calculate weight of fatty acids from the weight of the residue to obtain the 

corrected weight of unsaponifiable matter in the sample. 

METHOD OF ASSAY Determine using an appropriate gas chromatographic technique. The selection of 

sample size and method of sample preparation may be based on AOCS Method Cc 1-

62 and Ce 1f-96 and follow the principles of the method described in FNP 5 

"Instrumental methods". The percentage of octanoic acid is the area percent of the 

methyl octanoate peak. 

Decanoic acid may be determined using the same gas chromatographic technique. 
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POLYVINYL ALCOHOL 

 New specifications prepared at the 61st JECFA (2003) and published in FNP 52 Add 11 

(2003).  An ADI of 50 mg/kg bw was established at 61st JECFA (2003). 

Vinyl alcohol polymer, PVOH, INS No. 1203 

DEFINITION Polyvinyl alcohol is a synthetic resin prepared by the polymerization of vinyl acetate, 

followed by partial hydrolysis of the ester in the presence of an alkaline catalyst.  The 

physical characteristics of the product depend on the degree of polymerization and the degree 

of hydrolysis. 

Chemical names  Ethenol homopolymer 

C.A.S. number 9002-89-5 

Chemical formula  (C2H3OR)n  where R=H or COCH3 (randomly distributed)

Structural formula 

Where R=H or COCH3 (randomly distributed) 

DESCRIPTION  Odourless, translucent, white or cream-coloured granular powder. 

FUNCTIONAL USES Coating, binder, sealing agent and surface-finishing agent. 

CHARACTERISTICS

IDENTIFICATION 

Solubility (FNP 5) Soluble in water, sparingly soluble in ethanol. 

pH (FNP 5) 5.0 – 6.5 ( 1 in 5) 

Infrared spectrum (FNP 5) The infrared absorption spectrum of a potassium bromide dispersion of the sample 

corresponds to that of a poly vinyl alcohol standard (see Appendix). 

Colour reaction A Dissolve 0.01 g of the sample in 100 ml of water with warming and let the solution cool to 

room temperature.  To 5 ml of the solution, add one drop of iodine TS and a few drops of 

boric acid solution (1 in 25).  A blue colour is produced. 

Colour reaction B Dissolve 0.5 g of the sample in 10 ml of water with warming and let the solution cool to 

room temperature.  Add 1 drop of iodine TS to 5 ml of solution and allow to stand.  A dark 

red to blue colour is produced. 

Precipitation reaction Add 10 ml of ethanol to the remaining 5 ml of solution prepared for Colour reaction B.  A 

white, turbid or flocculent precipitate is formed. 

PURITY

Loss on drying (FNP 5) Not more than 5.0% (105°, 3 h) 

Residue on ignition (FNP 5) Not more than 1.0% 

Water insoluble substances 

(FNP5) 

Not more than 0.1% 

Substitute a 100-mesh screen for the sintered-glass filter specified in FNP 5 
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Particle size Not less than 99.0% material to pass through a 100 mesh sieve  

Determine by sieving for 30 min 100g of sample through a 100 mesh sieve and weigh the 

material passing through the sieve. 

Methanol and methyl acetate Not more than 1.0 %  of each 

See description under TESTS 

Acid value Not more than 3.0  

See description under TESTS 

Ester value Between 125 and 153 mg KOH/g 

See description under TESTS 

Degree of hydrolysis Between 86.5 and 89.0% 

See description under TESTS 

Viscosity 4.8 - 5.8 mPa•s (4% solution at 20º) 

See description under TESTS 

Lead (FNP 5) Not more than 2 mg/kg 

Determine using an atomic absorption technique appropriate to the specified level. The 

selection of sample size and method of sample preparation may be based on the principles 

of the methods described in FNP 5,  “Instrumental Methods”.  

TESTS 

PURITY TESTS 

Methanol and methyl acetate Place 2.0 g of the sample into a 100 ml screw-cap bottle, and add a magnetic stirrer.  Add 

98 ml of water and 30 µl of acetone.  Close the bottle tightly with the screw cap and heat 

in a water-bath, stirring continuously.  Once the solution becomes clear, remove the bottle 

from the water bath and allow it to cool to room temperature. 

Prepare a standard by taking 2 ml of a mixed solution of methanol and methyl acetate (1.2 

% v/v solution), 98 ml of water and 30µl acetone; proceed as above starting from “close 

the bottle…Temperature”. 

GC Conditions:

Column: Sunpak A (3.2 mm i.d. x 3 m) or equivalent 

Column temperature: 160° 

Injector temperature: 160° 

Detector temperature: 160° 

Inject 0.4 + 0.1µl of the standard solution into the gas chromatograph and record the peak 

areas (PAs) for methanol, methyl acetate and acetone. Inject 0.4 + 0.1 µl of the sample 

solution and record the peak areas (PAs) for methanol, methyl acetate, and acetone. 

Calculate the methanol and methyl acetate content using the formulae: 

Methanol (wt%) = PA(methanol)/PA(acetone) x PR1 x 0.024 x 100/2 

Methyl acetate (wt %) = PA(methyl acetate)/ PA(acetone) x PR2 x 0.024 x 100/2 

where 

0.024 = conversion factor to obtain the masses of methanol and methyl 

acetate added to 30 µl acetone (density = 0.8) for the 

methanol/methyl acetate standard; 

PR1 and PR2 are the peak area ratios PA(acetone)/PA(methanol) and 

PA(acetone)/PA(methyl acetate), respectively, of the standard 1.2% 

methanol and methyl acetate aqueous solutions. 

Acid value Add 250 ml of water and a stir bar into a 500-ml round-bottom flask, attach a reflux 

condenser and begin heating in a boiling water bath.  Add 10.0 g of the sample and 

continue heating for 30 minutes while stirring continuously.  Remove the flask from the 

water-bath and continue stirring until the solution reaches room temperature.  Take 50 ml 
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of the solution, add 1 ml of phenolphthalein TS and titrate with 0.05 M potassium 

hydroxide until the pink colour persists for 15 seconds; record the titre in ml (V).  

Calculate the acid value, A. 

A = (56.1×V×M)/W 

Where 

56.1 =  the formula weight of KOH 

M = molarity of the KOH solution 

W = weight of sample (g). 

Ester value Accurately weigh about 1.0 g of sample into a 250-ml round-bottom flask, add 25 ml 0.5 

M alcoholic potassium hydroxide, 25.0 ml of water and a few glass beads.  Attach a 

condenser and allow the contents to reflux for 30 minutes in a boiling water-bath.  Let 

cool to room temperature, remove the condenser, add 1 ml of phenolphthalein TS and 

titrate immediately with 0.5 M hydrochloric acid; record the titre in ml (V1).

Carry out a blank test under the same conditions. Titrate with 0.5 M hydrochloric acid and 

record the titre in ml (V2).  Calculate the saponification value, S: 

S = 56.1(V2 – V1) × M/W 

Where 

56.1= formula weight of KOH 

M = molarity of the hydrochloric acid solution 

W = weight of the sample in (g). 

Calculate the ester value, E: 

E = S – A 

Where 

S = saponification value 

A = acid value 

Degree of hydrolysis Convert the saponification value obtained during the determination of the ester value to 

the “dried basis” (Sdb):

Sdb = (S x 100)/(100 – LOD) 

Where 

LOD= Loss on Drying. 

The degree of hydrolysis is: 

100 – [7.84 Sdb /(100 – 0.075 Sdb)] 

Viscosity Calibration of capillary-type viscometers

An oil of known viscosity is used to determine the viscometer constant (k).

Ostwald-Type Viscometer: Fill the tube with the exact amount of oil (adjusted to 

20.0±0.1º), as specified by the manufacturer.  Use either pressure or suction to adjust the 

meniscus of the column of liquid in the capillary tube to the level of the top graduation 

line.  Allow the liquid to flow into the reservoir against atmospheric pressure by opening 

both the filling and capillary tubes.  If either tube is not open, false values might be 

obtained.  Record the time (seconds), for the liquid to flow from the upper mark to the 

lower mark of the capillary tube (efflux time). 

Ubbelohde-Type Viscometer: Place a quantity of the oil (adjusted to 20.0 ± 0.1º) in the 

filling tube, and transfer to the capillary tube by gentle suction.  Keep the air vent tube 

closed in order to prevent bubble formation in the liquid.  Adjust the meniscus of the 

column of liquid in the capillary tube to the level of the top graduation line.  Allow the 

liquid to flow into the reservoir against atmospheric pressure by opening both the filling 

and capillary tubes.  If either tube is not open, false values might be obtained.  Record the 

efflux time (seconds). 
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The viscosity constant for capillary-type viscometers is given by: 

k = v/dt, 

Where, v is the known viscosity (mPa•s) of the oil used for viscometer calibration; d is the 

density (g/ml) of the liquid tested at 20º/20º; and t (seconds) is the efflux time. 

Procedure:

Weigh a quantity of undried sample equivalent to 6.00 g on the dried basis.  Into a tared 

250-ml flask containing a magnetic stir bar and approximately 140 ml of water, quickly 

(seconds) transfer the sample, while simultaneously stirring slowly and continuously. 

Once the sample appears thoroughly saturated, slowly increase the stirring rate to 

minimize the entrainment of air in the mixture. Heat the mixture to 90°, and maintain it at 

this temperature for approximately 5 minutes; discontinue heating and continue stirring 

for 1 hour. Add water in small amounts to attain a total mixture weight of 150 g, and 

resume stirring until the mixture appears homogenous. Filter the mixture through a tared 

100-mesh screen into a 250 ml conical flask, cool the filtrate to about 15°, mix, and 

determine its viscosity at 20º using an appropriate viscometer (follow the manufacturer’s 

instructions). NOTE: The temperature at which the viscosity measurement is made must 

be strictly controlled.  

For measurements using capillary-type viscometers, the viscosity is given by: 

v = kdt 

where t is the efflux time for the sample solution and d is its density at 20º.  

Appendix

POLYVINYL ALCOHOL 
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 STEVIOL GLYCOSIDES 

(Tentative)

Information required for commercially available products on 

analytical data on distribution and concentrations of all component steviol 

glycosides, including those that are not identified in these tentative specifications 

method of analysis for the determination of all component steviol glycosides, 

including those that are not identified in these tentative specifications 

the nature and concentration of the non-steviol glycosides fractions 

the quantities of residual solvents from purification steps of the manufacturing 

process

the hydrolytic stability of the steviol glycosides in acidic foods and beverages 

New tentative specifications prepared at the 63rd JECFA (2004), published in FNP 52 
Add 12 (2004). A temporary ADI of 0-2 mg/kg bw (expressed as steviol) was 

established at the 63rd JECFA (2004). 

DEFINITION Steviol glycosides are obtained by extracting leaves of Stevia rebaudiana Bertoni with 

hot water followed by solvent purification of the water-soluble extract. Ion exchange 

resins may also be used during the purification process. Stevioside and rebaudioside A 

are the principal steviol glycosides of the specified material. Rebaudioside C and 

dulcoside A are secondary steviol glycosides. Other steviol glycosides may also be 

present.

Chemical name The following are the chemical names for the principal and secondary steviol glycosides:

Stevioside: 13-[(2-O- –D-glucopyranosyl- –D-glucopyranosyl) oxy] kaur-16-en-18-oic 

acid -D-glucopyranosyl ester 

Rebaudioside A: 13-[(2-O-  –D-glucopyranosyl-3-O- –D-glucopyranosyl- -D-

glucopyranosyl)oxy] kaur-16-en-18-oic acid -D-glucopyranosyl ester  

Rebaudioside C: 13-[(2-O- –L-rhamnopyranosyl-3-O- –D-glucopyranosyl- -D-

glucopyranosyl)oxy] kaur-16-en-18-oic acid -D-glucopyranosyl ester 

Dulcoside A: 13-[2-O- –L-rhamnopyranosyl- –D-glucopyranosyl]oxy] kaur-16-en-18-

oic acid -D-glucopyranosyl ester 

C.A.S. number The following are the C.A.S. numbers for the principal and secondary steviol glycosides:

Stevioside: 57817-89-7 

Rebaudioside A: 58543-16-1 

Rebaudioside C: 63550-99-2 

Dulcoside A: 64432-06-0 

Chemical formula The following are the chemical formulas for the principal and secondary steviol 

glycosides: 

Stevioside: C38H60O18

Rebaudioside A: C44H70O23 

Rebaudioside C: C44H70O22

Dulcoside A: C38H60O17
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Structural formula The following are the structural formulas for the principal and secondary steviol 

glycosides: 

Compound name R1 R2 

Stevioside -Glc -Glc- -Glc(2 1) 

Rebaudioside A -Glc -Glc- -Glc(2 1) 

-Glc(3 1)  

Rebaudioside C -Glc -Glc- -Rha(2 1) 

-Glc(3 1) 

Dulcoside A -Glc -Glc- -Rha(2 1) 

Steviol (R1 = R2 = H) is the aglycone of the steviol glycosides. 

Glc and Rha represent, respectively, glucose and rhamnose sugar moieties.  

Formula weight The following are the formula weights for the principal and secondary steviol 

glycosides: 

Stevioside: 804.88 Rebaudioside C: 951.03 

Rebaudioside A: 967.03 Dulcoside A: 788.88 

Assay Not less than 95% of total steviol glycosides. The sum of the percentages of stevioside 

and rebaudioside A is not less than 70%. 

DESCRIPTION White crystalline powder, odourless or having a slight characteristic odour. About 200-

300 times sweeter than sucrose. 

FUNCTIONAL USES Sweetener

CHARACTERISTICS 

IDENTIFICATION 

Solubility (FNP 5) Freely soluble in water and in ethanol 

Stevioside and rebau-

dioside A 

The material contains not less than 70% of stevioside and rebaudioside A as identified 

and determined in the Method of Assay. 

PURITY

Ash (FNP 5) Not more than 1% 

Test 3 g of the sample (Method I) 

Loss on drying (FNP 5) Not more than 4% (105°, 3h)

Residual solvents Information required 

CH2CH3

COO-R1CH3

O-R2
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Arsenic (FNP 5) Not more than 1 mg/kg 

Lead (FNP 5) Not more than 1 mg/kg 

Determine using an atomic absorption technique appropriate to the specified level. 

The selection of sample size and method of sample preparation may be based on the 

principles of the methods described in FNP 5, "Instrumental methods". 

METHOD OF ASSAY Determine the percentages of the steviol glycosides by high pressure liquid 

chromatography (FNP 5). 

Standards: Stevioside, >99.3% purity and rebaudioside A, >97% purity (available 

from Wako pure Chemical Industries, Ltd. Japan). 

Mobile phase: Mix HPLC grade acetonitrile and water (80:20). Adjust the pH to 

3.0 with phosphoric acid (85% reagent grade. Filter through 0.22 m Millipore 

filter or equivalent. 

Standard solution: Accurately weigh 50 mg of dried (105°, 3h) stevioside standard 

into a 100 ml volumetric flask and dilute to volume with mobile phase. 

Sample solution: Accurately weigh 60 – 120 mg of the sample into a 100 ml 

volumetric flask. Dissolve in the mobile phase and dilute with the mobile phase to 

volume. 

Conditions: 

Column: Supelcosil LC-NH2 or equivalent (length: 15 - 30 cm; 

inner diameter: 3.9 - 4.6 mm) 

Mobile phase: A 80:20 mixture of acetonitrile and water (see above) 

Flow rate: Adjust so that the retention time of stevioside is about 

10 min. 

Injection volume: 5 - 10 l

Detector: UV at 210 nm 

Column temperature: 40

Equilibrate the instrument by pumping mobile phase through it until a drift-free 

baseline is obtained. Record the chromatograms of the sample solution and of the 

standard solution. 

The relative retention times of dulcoside A and rebaudioside C with respect to 

stevioside are 0.68 – 0.76 and 1.15 - 1.23, respectively. To obtain the retention time 

of rebaudioside A, use the rebaudioside A standard. 

Measure the peak areas of stevioside, rebaudioside A, rebaudioside C and dulcoside 

A from the sample solution. Measure the peak area of stevioside from the standard 

solution. 

Calculate the percentage of stevioside, dulcoside A, rebaudioside A and rebaudioside 

C from the formulas: 

% stevioside = [Ws/W] x [Aa/As] x 100 

% dulcoside A = [Ws/W] x Ab x [0.98/As] x 100 

% rebaudioside A= [Ws/W] x Ac x [1.20/As] x 100 

% rebaudioside C = [Ws/W] x Ad x [1.18/As] x 100  

where

Ws = weighed amount (mg) of stevioside in the standard solution 

W  = weighed amount of sample (mg) 

As = Peak area of stevioside from the standard solution  

Aa = Peak area of stevioside from the sample solution 

Ab = Peak area of dulcoside A from the sample solution 

Ac = Peak area of rebaudioside A from the sample solution 

Ad = Peak area of rebaudioside C from the sample solution 

The factors 0.98, 1.20, and 1.18 for, respectively, dulcoside A, rebaudioside A, and 

rebaudioside C are the ratios of their formula weights to that of the formula weight of 

stevioside. 

Calculate (1) the % of steviol glycosides (sum the four percentages) and  (2) the 

sum of the percentages for stevioside and rebaudioside A. 
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 TITANIUM DIOXIDE 

Prepared at the 63rd JECFA (2004), published in FNP 52 Add 12 (2004) superseding 

specifications prepared at the 39th JECFA (1992), published in FNP 52 Add 1 

(1992). An ADI “not limited” was  established at the 13th JECFA (1969). 

SYNONYMS Titanium dioxide, CI Pigment white 6, CI (1975) No. 77891, INS No. 171 

DEFINITION Titanium dioxide consists essentially of pure titanium dioxide which may be coated 

with small amounts of alumina and/or silica to improve the technological properties of 

the product. It is manufactured by digesting ilmenite (FeTiO3) or ilmenite and titanium 

slag with sulfuric acid and the product is diluted with water or dilute acid. The resulting 

liquor is clarified by sedimentation to remove insoluble residues such as silica and iron 

is removed by crystallization (as FeSO4. 7H2O) and filtration. The  liquid  is then 

hydrolyzed with alkali under controlled conditions to produce a precipitate of titanium 

dioxide. The product is filtered, washed, calcined and micronized.  

C.A.S. number 13463-67-7

Chemical formula TiO2

Formula weight 79.88

Assay Not less than 99.0%  on the dried basis (on an aluminium oxide and silicon dioxide-free 

basis)

DESCRIPTION Amorphous white powder 

FUNCTIONAL USES Colour 

CHARACTERISTICS

IDENTIFICATION

Solubility (FNP 5) Insoluble in water, hydrochloric acid, dilute sulfuric acid and organic solvents. 

Dissolves slowly in hydrofluoric acid and hot concentrated sulfuric acid.  

Colour reaction  Add 5 ml sulfuric acid to 0.5 g of the sample, heat gently until fume of sulfuric acid 

appear, then cool. Cautiously dilute to about 100 ml with water and filter. To 5 ml of 

this clear filtrate, add few drops of hydrogen peroxide, an orange  red colour appears 

immediately. 

PURITY

Loss on  drying (FNP 5) Not more than 0.5% (105 , 3 h) 

Loss on ignition (FNP 5) Not more than 1.0% (800 o)   on dried basis 

Aluminium oxide and/or 

silicon dioxide 

Not more than 2%, either singly or combined 

See description under TESTS  

Acid-soluble substances 
Not more than 0.5%  

Not more than 1.5%   for products containing alumina and/or silica.

Suspend 5 g of the sample in 100 ml 0.5 N hydrochloric acid and on steam bath for 

30 min with occasional stirring. Filter through a Gooch crucible fitted with a glass 

fibre filter paper. Wash with three 10-ml portions of 0.5 N hydrochloric acid, 

evaporate the combined filtrate and washings to dryness and ignite at a dull red heat 

to constant weight.  
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Water-soluble matter (FNP 5) Not more than 0.5%  

Proceed as directed under acid soluble substances (above), using water in place of 

0.5 N hydrochloric acid.  

Impurities soluble in 0.5 N 

hydrochloric acid 

Antimony  Not more than  2 mg/kg   

See description under TESTS 

Arsenic (FNP5) Not more than 3 mg/kg (Method II) 

See description under TESTS  

Cadmium Not more than 1 mg/kg 

See description under TESTS  

Lead Not more than 10 mg/kg 

See description  under TESTS  

Mercury (FNP 5) Not more than 1 mg/kg 

Determine using an atomic absorption technique appropriate to the specified level.  The 

selection of samples size and method of sample preparation may be based on principles 

of methods described in FNP 5, “Instrumental Methods”. 

TESTS

PURITY TESTS  

Antimony, arsenic, cadmium 

and lead

Transfer 10.0  g of sample into a 250-mL beaker, add 50 mL of 0.5 N hydrochloric acid, 

cover with a watch glass, and heat to boiling on a hot plate. Boil gently for 15 min, then 

pour the slurry into a 100 to 150-mL centrifuge bottle, and centrifuge for 10 to 15 min, or 

until undissolved material settles. Decant the supernatant extract through a Whatman No. 

4 filter paper, or equivalent, collecting the filtrate in a 100-mL volumetric flask and 

retaining as much as possible of the undissolved material in the centrifuge bottle. Add 10 

mL of hot water to the original beaker, washing off the watch glass with the water, and 

pour the slurry into the centrifuge bottle. Form a slurry, using a glass stirring rod, and 

centrifuge. Decant through the same filter paper, and collect the washings in the 

volumetric flask containing the initial extract. Repeat the entire washing process two more 

times. Finally, wash the filter paper with 10 to 15 mL of hot water. Cool the contents of 

the flask to room temperature, dilute to volume with water, and mix. Determine antimony, 

cadmium and lead using an atomic absorption technique appropriate to the specified 

level and arsenic using Method II of FNP 5. 

Aluminium oxide  Reagents and sample solutions

0.01 N Zinc sulfate: Dissolve 2.9 g of zinc sulfate (ZnSO4 · 7H2O) in sufficient water 

to make 1000 ml. Standardize the solution as follows: Dissolve 500 mg of high-

purity (99.9%) aluminium wire, accurately weighed, in 20 ml of concentrated 

hydrochloric acid, heating gently to effect solution, then transfer into a 1000-ml 

volumetric flask, dilute to volume with water, and mix. Transfer a 10 ml aliquot of 

this solution into a 500 ml Erlenmeyer flask containing 90 ml of water and 3 ml of 

concentrated hydrochloric acid, add 1 drop of methyl orange TS and 25 ml of 0.02 M 

disodium ethylenediaminetetraacetate (EDTA), and continue as directed below under 

Sample Solution C, beginning with "Add dropwise ammonia solution (1 in 5) 

until...".

Calculate the titer T of zinc sulfate solution by the formula: 

where

T = mg of Al2O3 per ml of zinc sulfate solution 

W = g of the aluminium wire 

V = ml of the zinc sulfate solution consumed in the second titration 
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18.896 factor derived as follows: 

Sample Solution A

Fuse 1 g of the sample, accurately weighed, with 10 g of sodium bisulfate (NaHSO4 · 

H2O) contained in a 250-ml high-silica glass Erlenmeyer flask. (Caution: Do not use 

more sodium bisulfate than specified, as an excess concentration of salt will interfere 

with the EDTA titration later on in the procedure.) 

Begin heating at low heat on a hot plate, then gradually raise the temperature until 

full heat is reached. When spattering has stopped and light fumes of SO3 appear, heat 

in the full flame of a Meker burner, with the flask tilted so that the fusion is 

concentrated at one end of the flask. Swirl constantly until the melt is clear (except 

for silica content), but guarding against prolonged heating to avoid precipitation of 

titanium dioxide. Cool, add 25 ml sulfuric acid solution (1 in 2) and then heat until 

the mass has dissolved and a clear solution results. Cool, and dilute to 120 ml with 

water.

Sample Solution B

Measure out 200 ml of approximately 6.25 M sodium hydroxide, and add 65 ml of it 

to Sample Solution A while stirring with a magnetic stirrer ; pour the remaining 135 

ml of the alkali solution into a 500-ml volumetric flask.  

Slowly, and with constant stirring, add the sample mixture to the alkali solution in 

the 500-ml volumetric flask, then dilute to volume with water, and mix. (Note: If the 

procedure is delayed at this point for more than 2 hours, store the contents of the 

volumetric flask in a polyethylene bottle.) Allow most of the precipitate to settle out 

(or centrifuge for 5 min) then filter the supernatant liquid through a very fine filter 

paper. Label the filtrate Sample Solution B. 

Sample Solution C

Transfer 100 ml of the Sample Solution B into a 500-ml Erlenmeyer flask, add 1 

drop of methyl orange TS, acidify with hydrochloric acid solution (1 in 2), and then 

add about 3 ml in excess. Add 25 ml of 0.02 M disodium ethylenediamine 

tetraacetate, and mix. [Note: If the approximate Al2O3 content is known, calculate the 

optimum volume of EDTA solution to be added by the formula (4 x % Al2O3) + 5.] 

Add, dropwise, ammonia solution (1 in 5) until the colour is just completely changed 

from red to orange-yellow, the add 10 ml of ammonium acetate buffer solution (77 g 

of ammonium acetate plus 10 ml of glacial acetic acid, dilute to 1000 ml with water) 

and 10 ml of diammonium hydrogen phosphate solution (150 g of diammonium 

hydrogen phosphate in 700 ml of water, adjusted to pH 5.5 with a 1 in 2 solution of 

hydrochloric acid, then dilute to 1000 ml with water). Boil for 5 min, cool quickly to 

room temperature in a stream of runnig water, add 3 drops of xylenol orange TS, and 

mix. If the solution is purple, yellow-brown, or pink, bring the pH to 5.3 - 5.7 by the 

addition of acetic acid; at the desired pH a pink colour indicates that not enough of 

the EDTA solution has been added, in which case another 100 ml of Sample Solution 

B should be taken and treated as directed from the beginning of the description of 

"Sample Solution C", except that 50 ml, rather than 25 ml, of 0.02 M disodium 

ethylenediamine tetraacetate should be used.  

Procedure

Titrate Sample Solution C with 0.01 N zinc sulfate to the first yellow-brown or pink 

end-point colour that persists for 5-10 sec. 

Caution:

This titration should be performed quickly near the end-point by adding rapidly 0.2 

ml increments of the titrant until the first colour change occurs; although the colour 

will fade in 5-10 sec, it is the true end-point. Failure to observe the first colour 

change will result in an incorrect titration. The fading end-point does not occur at the 

second end-point. This first titration should require more than 8 ml of titrant, but for 

more accurate work a titration of 10-15 ml is desirable.  

Add 2 g of sodium fluoride, boil the mixture for 2-5 min, and cool in a stream of 

running water. Titrate the EDTA (which is released by fluoride from its aluminium 
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complex) with 0.01 N zinc sulfate to the same fugitive yellow-brown or pink end-

point as described above. 

Calculation:

Calculate the percentage of aluminium oxide (Al2O3) in the sample taken by the 

formula: 

where

V = ml of 0.01 N zinc sulfate consumed in the second titration 

T = the titer of the zinc sulfate solution, determined previously 

S = g of the sample taken 

Silicon dioxide 
Fuse 1 g of the sample, accurately weighed, with 10 g of sodium bisulfate (NaHSO4 · 

H2O) contained in a 250-ml high-silica glass Erlenmeyer flask. Heat gently over a 

Meker burner, while swirling the flask, until decomposition and fusion are complete 

and the melt is clear, except for the silica content, and then cool. 

Caution: 

Do not overheat the contents of the flask at the beginning, and heat cautiously during 

fusion to avoid spattering.  

To the cold melt add 25 ml of sulfuric acid solution (1 in 2), and heat very carefully 

and very slowly until the melt is dissolved. Cool, and carefully add 150 ml of water, 

pouring very small portions down the sides of the flask, with frequent swirling, to 

avoid over-heating and spattering. Allow the contents of the flask to cool, and then 

filter through fine ashless filter paper, using a 60 degree gravity funnel. Wash out all 

the silica from the flask onto the filter paper with sulfuric acid solution (1 in 10). 

Transfer the filter paper and its contents into a platinum crucible, dry in an oven at 

1200, and then heat the partly covered crucible over a Bunsen burner. To prevent 

flaming of the filter paper, heat first the cover from above, and then the crucible from 

below. 

When the filter paper is consumed, transfer the crucible to a muffle furnace and 

ignite at 1000o for 30 min. Cool in a desiccator, and weigh. Add 2 drops of sulfuric 

acid (1 in 2) and 5 ml of concentrated hydrofluoric acid (sp.gr. 1.15), and carefully 

evaporate to dryness, first on a low-heat hot plate (to remove the HF) and then over 

a Bunsen burner (to remove the H2SO4). Take precautions to avoid spattering, 

especially after removal of the HF. Ignite at 1000o for 10 min, cool in a desiccator, 

and weigh again. Record the difference between the two weights as the content of 

SiO2 in the sample. 

METHOD OF ASSAY Transfer about 300 mg of the sample, previously dried at 105o for 3 h and accurately 

weighed, into a 250-ml beaker, add 20 ml of sulfuric acid and 7 to 8 g of ammonium 

sulfate, and mix. Heat on a hot plate until fumes of sulfuric acid appear, and continue 

heating over a strong flame until the sample dissolves or it is apparent that the 

undissolved residue is siliceous matter. Cool, cautiously dilute with 100 ml of water, 

and stir. Heat carefully to boiling while stirring, allow the insoluble matter to settle, 

and filter. Transfer the entire residue to the filter, and wash thoroughly with cold 

dilute sulfuric acid TS. Dilute the filtrate with water to 200 ml, and cautiously add 

about 10 ml of stronger ammonia TS to reduce the acid concentration to about 5% by 

volume of sulfuric acid. 

Prepare a zinc amalgam Jones reductor column in a 25 cm glass tube, placing a 

pledget of glass wool in the bottom of the tube and filling the constricted portion of 

the tube with zinc amalgam prepared as follows: 

Add to 30 mesh zinc to a 2% mercuric chloride solution, using about 10 min, 100 ml 

of the solution for each 100 g of zinc. After about 10 min, decant the solution from 

the zinc, the wash the zinc with water by decantation. Transfer the zinc amalgam to 

the reductor tube, wash the column with 100-ml portions of dilute sulfuric acid TS 

until 100 ml of the washing does not decolourize 1 drop of 0.1 N potassium 

permanganate. 
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Place 50 ml of ferric ammonium sulfate TS in a 500-ml suction flask, and add 0.1 N 

potassium permanganate until a faint pink colour persists for 5 min. Attach the Jones 

reductor tube containing the Zinc amalgam column to the neck of the flask, and pass 

50 ml of dilute sulfuric acid TS through the tube at a rate of about 30 ml per min. 

Pass the prepared titanium solution through the column at the same rate, followed by 

100 ml each of dilute sulfuric acid TS and water. During these operations, keep the 

tube filled with solution or water above the upper level of the amalgam column. 

Gradually release the suction, wash down the outlet tube and the sides of the 

receiver, and titrate immediately with 0.1 N potassium permanganate. Perform a 

blank determination, substituting 200 ml of dilute sulfuric acid (1 in 20) for the 

sample solution, and make any necessary correction. Each ml of 0.1 N potassium 

permanganate is equivalent to 7.990 mg of TiO2.
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XYLANASE FROM BACILLUS SUBTILIS EXPRESSED IN BACILLUS

SUBTILIS

Ne  e a  e a e  a  e  E FA (2004) a  e  FNP 2 A  

12 (2004). A  ADI  e e  a  e a e  a  e  E FA (2004).

SYNONYMS Beta-1,4-D-xylan xylanohydrolase; endo-1,4-beta-xylanase; beta-D-xylanase; beta-

xylanase

SOURCES Produced by pure culture fermentation of a nonpathogenic and nontoxigenic 

genetically modified strain of Ba   containing the xylanase gene derived 

from B. . The enzyme is secreted to the fermentation broth which is 

subsequently separated from the bacterial cells and subjected to ultrafiltration to obtain 

the concentrated xylanase.  The concentrated enzyme is either dried on a suitable 

carrier (e.g., starch and salt) or formulated as a liquid product using food grade 

compounds for stabilization and preservation.  The dried product can be prepared 

either as a free-flowing microgranulate or tablets.  

ACTIVE PRINCIPLES Xylanase

SYSTEMATIC NAMES 

AND NUMBERS 

1,4-beta-D-xylan xylanohydrolase; EC 3.2.1.8; CAS No. 9025-57-4 

REACTIONS

CATALYZED 

Endohydrolysis of 1,4-beta-D-xylosidic linkages in xylans and arabinoxylans  

DESCRIPTION Brownish liquid, off-white microgranulate or tablets.  

FUNCTIONAL USES Enzyme preparation.  

Used in baked goods and pasta to increase dough stability. 

GENERAL

SPECIFICATIONS 

Must conform to the General Specifications for Enzyme Preparations used in Food 

Processing (FNP 52, current edition, including amendments).  

CHARACTERISTICS

IDENTIFICATION  

Xylanase activity The sample shows endo-xylanase activity 

See description under TESTS 

TESTS

Xylanase activity Principle

Xylanase samples are incubated with azurine-crosslinked wheat arabinoxylan 

substrate.  Xylanase hydrolyses the substrate to water-soluble fragments with the 

concomitant change in colour.  The reaction is terminated after a designated time and 

the optical density (OD) of the reaction mixture is measured at 590 nm (OD590).

Xylanase activity is calculated based on the rate of release of the azurine dye. One 

xylanase unit (XU) is defined as the amount of enzyme that increases the OD590 at a 

rate of one OD per 10 minutes under standard conditions (pH=5.00; 40o ).

Apparatus

Spectrophotometer 

Magnetic stirrer 

Thermostatic water bath 

Whatman No. 1 filter paper 

Test tubes (15 ml)  

Reagents

Citric acid monohydrate 

Disodium hydrogen phosphate dihydrate 



- 58 - 

2 2 2

TRIS (tris (hydroxyl methyl) amino methane) 

Sodium hydroxide 

Substrate (azurine-crosslinked wheat arabinoxylan: Xylazyme tablets from Megazyme, 

Ireland)

Note: a new batch of the substrate should be compared with a previous batch by 

analyzing the same enzyme preparation using both substrates. If a difference in 

enzymatic activity is noted, an appropriate correction factor should be calculated and 

applied to the results obtained with the new batch of the substrate.  

Reagent solutions

ction buff r (McIlvaine buffer, pH 5.00): Dissolve 10.19 g of citric acid 

monohydrate and 18.33 g disodium hydrogen phosphate dihydrate in 850 ml distilled 

water in a 1000 ml volumetric flask. Adjust the pH to 5.00 using either 0.1M citric 

acid monohydrate or 0.2M disodium hydrogen phosphate dihydrate.  Add water to 

1000 ml. The buffer can be stored for up to 6 months at 2-5o.

top solution (2% w/v TRIS, pH 12.0): Dissolve 20 g of TRIS in 850 ml distilled 

water in a 1000 ml volumetric flask. Adjust the pH to 12.0 with 5M NaOH. The 

solution can be stored for up to six months at 2-5o.

Test sample solutions

Accurately weigh a quantity of the enzyme preparation that would give an OD increase 

within the range of 0.3 – 1.2 in a 100 ml volumetric flask. Add 60 ml of the reaction 

buffer.  Stir the solution using a magnetic stirrer for 10 minutes.  Remove the magnet 

and add the reaction buffer to volume. Transfer the enzyme solution to a glass beaker 

and let it stand for 5 minutes or until the precipitate settles.  Use clear solution for 

analysis.

Blank

Pre-heat 1.0 ml reaction buffer at 40.0o for 5 minutes.  Add one Xylazyme tablet. After 

exactly 10 minutes at 40.0o, add 10.0 ml stop solution and filter the sample through 

Whatman No.1 filter. 

Procedure

1) Prepare 3 test tubes for each test sample. Pipette 1 ml of the reaction 

buffer to each tube and add 50, 75, and 100 microliters of the test sample 

solution.

2) Pre-heat all test sample solutions at 40.0o for 5 minutes. 

3) Add one Xylazyme tablet to each tube.  Do not stir.  

4) After 10 minutes (±1 sec.), terminate the reaction by adding 10 ml stop 

solution.

5) Filter all solutions through Whatman No. 1 filter paper. 

6) Measure OD of each test sample solution against the blank at 590 nm. 

Calculations

Perform linear regression on OD590 as a function of test sample volumes (in milliliters) 

used in the analysis.  Calculate the activity of the enzyme preparation in xylanase units 

(XU) per gram (g) using the following equation:  

W

V

Where: 

S = Slope obtained from linear regression of the OD590 as a function of sample 

volume in ml 

V = Volume of the volumetric flask used to prepare the test sample solution in 

ml (multiplied by further dilutions, if applicable) 

W =  Weight of the enzyme preparation in grams 
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XYLANASE (RESISTANT TO XYLANASE INHIBITOR) FROM BACILLUS 

SUBTILIS CONTAINING A MODIFIED XYLANASE GENE FROM 

BACILLUS SUBTILIS

New specifications prepared at the 63rd JECFA (2004) and published in FNP 52 Add 

12 (2004). An ADI “not specified” was established at the 63rd JECFA (2004).

SYNONYMS Beta-1,4-D-xylan xylanohydrolase; endo-1,4-beta-xylanase; beta-D-xylanase; beta-

xylanase 

SOURCES Produced by pure culture fermentation of a nonpathogenic and nontoxigenic geneti-

cally modified strain of Bacillus subtilis containing the xylanase gene derived from B.
subtilis and modified to encode xylanase that is resistant to the xylanase inhibitor pre-

sent in flour. The enzyme is secreted to the fermentation broth which is subsequently 

separated from the bacterial cells and subjected to ultrafiltration to obtain the concen-

trated xylanase.  The concentrated enzyme is either dried on a suitable carrier (e.g., 

starch and salt) or formulated as a liquid product using food grade compounds for sta-

bilization and preservation.  The dried product can be prepared either as a free-flowing 

microgranulate or tablets.  

ACTIVE PRINCIPLES Xylanase 

SYSTEMATIC NAMES 

AND NUMBERS 

1,4-beta-D-xylan xylanohydrolase; EC 3.2.1.8; CAS No. 9025-57-4 

REACTIONS 

CATALYZED

Endohydrolysis of 1,4-beta-D-xylosidic linkages in xylans and arabinoxylans  

DESCRIPTION Brownish liquid, off-white microgranulate or tablets.  

FUNCTIONAL USES Enzyme preparation.  

Used in baked goods and pasta to increase dough stability. 

GENERAL

SPECIFICATIONS

Must conform to the General Specifications for Enzyme Preparations used in Food 

Processing (FNP 52, current edition, including amendments).  

CHARACTERISTICS

IDENTIFICATION  

Xylanase activity The sample shows endo-xylanase activity 

See description under TESTS 

TESTS

Xylanase activity Principle

Xylanase samples are incubated with azurine-crosslinked wheat arabinoxylan sub-

strate.  Xylanase hydrolyses the substrate to water-soluble fragments with the con-

comitant change in colour.  The reaction is terminated after a designated time and the 

optical density (OD) of the reaction mixture is measured at 590 nm (OD590).  Xylanase 

activity is calculated based on the rate of release of the azurine dye. One xylanase unit 

(XU) is defined as the amount of enzyme that increases the OD590 at a rate of one OD 

per 10 minutes under standard conditions (pH=5.00; 40o ).

Apparatus

Spectrophotometer 

Magnetic stirrer 

Thermostatic water bath 

Whatman No. 1 filter paper 

Test tubes (15 ml)  

Reagents

Citric acid monohydrate 

Disodium hydrogen phosphate dihydrate 
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TRIS (tris (hydroxyl methyl) amino methane) 

Sodium hydroxide 

Substrate (azurine-crosslinked wheat arabinoxylan: Xylazyme tablets from Megazyme, 

Ireland)  

Note: a new batch of the substrate should be compared with a previous batch by 

analyzing the same enzyme preparation using both substrates. If a difference in 

enzymatic activity is noted, an appropriate correction factor should be calculated and 

applied to the results obtained with the new batch of the substrate.  

Reagent solutions

Reaction buffer (McIlvaine buffer, pH 5.00): Dissolve 10.19 g of citric acid 

monohydrate and 18.33 g disodium hydrogen phosphate dihydrate in 850 ml distilled 

water in a 1000 ml volumetric flask. Adjust the pH to 5.00 using either 0.1M citric 

acid monohydrate or 0.2M disodium hydrogen phosphate dihydrate.  Add water to 

1000 ml. The buffer can be stored for up to 6 months at 2-5o.

Stop solution (2% w/v TRIS, pH 12.0): Dissolve 20 g of TRIS in 850 ml distilled 

water in a 1000 ml volumetric flask. Adjust the pH to 12.0 with 5M NaOH. The 

solution can be stored for up to six months at 2-5o.

Test sample solutions

Accurately weigh a quantity of the enzyme preparation that would give an OD increase 

within the range of 0.3 – 1.2 in a 100 ml volumetric flask. Add 60 ml of the reaction 

buffer.  Stir the solution using a magnetic stirrer for 10 minutes.  Remove the magnet 

and add the reaction buffer to volume. Transfer the enzyme solution to a glass beaker 

and let it stand for 5 minutes or until the precipitate settles.  Use clear solution for 

analysis.

Blank

Pre-heat 1.0 ml reaction buffer at 40.0o for 5 minutes.  Add one Xylazyme tablet. After 

exactly 10 minutes at 40.0o, add 10.0 ml stop solution and filter the sample through 

Whatman No.1 filter. 

Procedure

1) Prepare 3 test tubes for each test sample. Pipette 1 ml of the reaction 

buffer to each tube and add 50, 75, and 100 microliters of the test sample 

solution. 

2) Pre-heat all test sample solutions at 40.0o for 5 minutes. 

3) Add one Xylazyme tablet to each tube.  Do not stir.  

4) After 10 minutes (±1 sec.), terminate the reaction by adding 10 ml stop 

solution. 

5) Filter all solutions through Whatman No. 1 filter paper. 

6) Measure OD of each test sample solution against the blank at 590 nm.  

Calculations

Perform linear regression on OD590 as a function of test sample volumes (in milliliters) 

used in the analysis.  Calculate the activity of the enzyme preparation in xylanase units 

(XU) per gram (g) using the following equation:  

W

V
S

g

XU

Where: 

S = Slope obtained from linear regression of the OD590 as a function of sample 

volume in ml 

V = Volume of the volumetric flask used to prepare the test sample solution in 

ml (multiplied by further dilutions, if applicable) 

W = Weight of the enzyme preparation in grams 
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ZEAXANTHIN (SYNTHETIC) 

New specifications prepared at the 63rd JECFA (2004) and published in FNP 52 Add 12 

(2004). A group ADI of 0 – 2 mg/kg bw for lutein and synthetic zeaxanthin was 

established at the 63rd JECFA (2004). 

DEFINITION These specifications apply to synthetic all-trans isomer of zeaxanthin that is produced 

by the Wittig reaction from the raw materials that are commonly used in the 

production of other carotenoids with application in foods. Minor quantities of cis-

zeaxanthins and byproducts 12’-apo-zeaxanthinal, parasiloxanthin diatoxanthin and 

triphenyl phosphine oxide may be present in the final product. 

Chemical Names (all-E)-1,1'-(3,7,12,16-Tetramethyl-1,3,5,7,9,11,13,15,17-octadecanonaene-1,18-

diyl)bis[2,6,6-trimethylcyclohexene-3-ol];  3R,3'R- -Carotene-3,3'-diol 

C.A.S. number 144-68-3 

Chemical formula C40H56O2

Structural formula  

HO

H3C CH3

CH3

CH3 CH3

CH3 CH3
CH3H3C

H3C OH

Formula weight 568.89 

Assay Not less than 96.0% and not more than 101.0% 

DESCRIPTION Orange-red crystalline powder, with little or no odour 

FUNCTIONAL USES Colour, nutrient supplement 

CHARACTERISTICS

IDENTIFICATION 

Solubility (FNP 5) Sparingly soluble in ethanol, practically insoluble in water 

Test for carotenoid The colour of the solution of the sample in acetone disappears after successive 

additions of a 5 % solution of sodium nitrite and 1N sulfuric acid. 

Spectrophotometry (FNP 5) An ethanol solution of the sample shows maximum absorption at 450 to 454 nm 

PURITY 

Loss on drying (FNP 5) Not more than 0.2 % (80° under reduced pressure for 18 h in the presence of P2O5)

cis-Zeaxanthins Not more than 2.0 % 

See description under METHOD OF ASSAY 

12’-Apo-zeaxanthinal, dia-

toxanthin, parasiloxanthin 

Not more than 1.0 % 

See description under METHOD OF ASSAY 

Triphenyl phosphine oxide 

(TPPO) 

Not more than 100 mg/kg 

See description under TESTS 

Lead (FNP 5) Not more than 2 mg/kg 

Determine using an atomic absorption technique appropriate to the specified level. The 

selection of sample size and method of sample preparation may be based on the 

principles of the methods described in FNP 5, “Instrumental Methods”. 
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TESTS 

PURITY TESTS 

Triphenyl phosphine oxide 

(TPPO) 

Determine by HPLC using the following conditions: 

Calibration solution:

10 mg/l TPPO (99 %) in tetrahydrofuran. 

Test solution:

Dissolve 950 to 1000 mg of sample in 100 ml of tetrahydrofuran. 

Mobile phase:

Isopropanol : hexane (1 : 20.2) 

Apparatus:

Column: Stainless steel; 150 x 4.6 mm

Stationary phase: Supelcosil LC-Si, 5 µm or similar  

Pump: Flow 1.5 ml/min; pressure 35 to 40 bar 

Detector: UV 210 nm 

Injection: 50 µl 

Results:

Run time: 10 min 

The retention time for TPPO is approximately 8.1 min. 

Calculation:

                                        As x Wc x 0.99 x 100 x 100 

                     % TPPO = 

                                                Ac x Ws x 1000 

Where 

As = peak area of the sample solution 

Ac = peak area of the calibration solution 

Wc = weight of TPPO (99 %) in mg 

Ws = weight of the sample in mg 

METHOD OF ASSAY The HPLC method of assay is designed to determine trans-zeaxanthin, cis-

zeaxanthins and zeaxanthin related impurities: 12’-apo-zeaxanthinal, parasiloxanthin 

and diatoxanthin. 

Calibration solutions:

Solution 1: Accurately weigh 34 to 36 mg of 12’-apo-zeaxanthinal and dissolve in 

100 ml of tetrahydrofuran. 

Solution 2:Accurately weigh 34 to 36 mg of diatoxanthin and dissolve in 100 ml of 

tetrahydrofuran. 

Solution 3:Accurately weigh 69.0 to 71.0 mg of zeaxanthin. Add 50 ml of 

tetrahydrofuran, 1 ml of calibration solution 1, and 1 ml of calibration solution 2. 

Bring to volume (100 ml) with 48 ml tetrahydrofuran. 

Test solution:

Accurately weigh 69.0 to 71.0 mg of sample and dissolve in 100 ml of 

tetrahydrofuran. 

Mobile phase:

In a 2000 ml volumetric flask containing a small quantity of hexane, add 400 ml of 

ethyl acetate, 20 ml of 2-methoxyethanol, and 2.0 ml of N-ethyldiisopropylamine. 

Bring to volume with hexane. 
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Apparatus:

Column: Stainless steel; 250 x 4 mm  

Column temperature: 25° 

Stationary phase: Spherisorb Si, 3 µm or similar 

Pump: Flow 1.0 ml/min; pressure 85 bar 

Detector: VIS 450 nm 

Injection: 2.0 µl 

Run time: 35 min 

Results:

The retention times for trans-zeaxanthin and cis-zeaxanthins are approximately 17.7 

and 24.4 to 25.8 min, respectively. 

The retention times for the by-products 12’-apo-zeaxanthinal, parasiloxanthin, and 

diatoxanthin are approximately 8.2, 17.0, and 20.5 min, respectively. 

For trans-zeaxanthin, cis-zeaxanthins, and parasiloxanthin perform external 

standardization with the zeaxanthin response factor. 

For 12’-apo-zeaxanthinal perform external standardization with the 12’-apo-

zeaxanthinal response factor. 

For diaxanthin perform external standardization with the diaxanthin response factor. 

Substance Response Factor Relative Response 

factor related to 

trans-Zeaxanthin at 

450 nm 

trans-Zeaxanthin 4.671e-10 1 

12’-Apo-zeaxanthinal 1.134e-9 2.428 

Diatoxanthin 5.588e-10 1.962 

Parasiloxanthin 4.671e-10 1 

cis-Zeaxanthins 4.671e-10 1 

Calculation:

                                                                        As x RFi x 100 

                   % substance to be determined = 

                                                                                  Ws

Where: 

As  = peak area  of the substance to be determined in the test solution 

RFi = response factor of the substance to be determined in the test 

solution

Ws = weight of the sample in mg 

                                 Wr x Cr

 with:          RFi = 

                                Ar x 100 

Where 

Wr = weight of the reference substance from the calibration in mg 

Cr = content of the reference substance in percent 

Ar = peak area of the reference substance from the calibration 
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ZEAXANTHIN-RICH EXTRACT FROM TAGETES ERECTA 

(Tentative) 

Information is required on the non-zeaxanthin components in total carotenoids and on 

the composition of the non-carotenoid components by end of 2006. 

New specifications prepared at the 63rd JECFA (2004) and published in FNP 52 Add 12 

(2004). 

DEFINITION These specifications apply to zeaxanthin rich extract from red flowers of Tagetes 

erecta L. obtained with hexane extraction and subsequent purification of oleoresin by 

saponification, crystallization and washing of separated crystals alternatively in 

hexane and methanol to achieve desired purity. Beside zeaxanthin which is the main 

colouring principle, other carotenoids can be contained in various amounts, as well as 

fats, oils and waxes originating from the plant material.  

Chemical Names (all-E)-1,1'-(3,7,12,16-Tetramethyl-1,3,5,7,9,11,13,15,17-octadecanonaene-1,18-

diyl)bis[2,6,6-trimethylcyclohexene-3-ol];  3R,3'R- -Carotene-3,3'-diol 

C.A.S. number 144-68-3 (Zeaxanthin) 

Chemical formula C40H56O2 (Zeaxanthin) 

Structural formula  

HO

H3C CH3

CH3

CH3 CH3

CH3 CH3
CH3H3C

H3C OH

Formula weight 568.89 (Zeaxanthin) 

Assay Not less than 30 % of total carotenoids (as zeaxanthin) and not less than 65 % of 

zeaxanthin in total carotenoids 

DESCRIPTION Orange-red crystalline powder, with little or no odour 

FUNCTIONAL USES Colour, nutrient supplement 

CHARACTERISTICS

IDENTIFICATION 

Test for carotenoid The colour of the solution of the sample in acetone disappears after successive 

additions of a 5 % solution of sodium nitrite and 1N sulfuric acid. 

Spectrophotometry (FNP 5) A solution of the sample in chloroform/ethanol (1:9) shows maximum absorption at 

ca. 453 nm 

PURITY 

Residual solvents Hexane and methanol, not more than 50 mg/kg, singly or in combination 

See description in FNP 52 addendum 11, section E 

Lead (FNP 5) Not more than 2 mg/kg 

Determine using an atomic absorption technique appropriate to the specified level. The 

selection of sample size and method of sample preparation may be based on the 

principles of the methods described in FNP 5, “Instrumental Methods”. 
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METHOD OF ASSAY Total carotenoids (as zeaxanthin)

Proceed as directed in FNP 5 under Colouring Matters, Total Content by 

Spectrophotometry, Procedure 2, using the following conditions: 

w = amount (g) to obtain adequate absorbance 

V1 = V2 = V3 = 100 ml 

v1 =  v2 = 10 ml 

A1%
1cm = 2540 

max = 453 nm 

Zeaxanthin in total carotenoids

Determine by reverse phase HPLC using the following conditions: 

Column: C18, 5 m (4.6 x 250 mm) 

Flow: 0.6 ml/min 

Wave length: 453 nm 

Injection volume: 10 l

Column temperature: ambient 

Injector temperature: 10o

Run time: 15 min 

Mobile phase: acetonitrile/water/chloroform (82:2:15) 

Sample preparations: 

Weight a sample containing approximately 7 to 9 mg of zeaxanthin (determined 

according to theoretical content) into a 100 ml volumetric flask. Dissolve and bring to 

volume with chloroform. Place 1 ml of the resultant solution into volumetric flask and 

dilute to 25 ml using the mobile phase solution as a diluent. 

Zeaxanthin as a % of total carotenoids equals: 

                                               A1 x  100 

                                                A1 + A2

where 

A1 = area of the trans- zeaxanthin  peak 

A2 area of trans-lutein peak 

Identification of the peak areas corresponding to trans-zeaxanthin and trans-lutein is 

verified by comparison of the retention times with standards. 
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Section C: Limits
1
 for heavy metals in the specifications of certain food additives (uses other than as flavouring 

agents) [mg/kg] 

Additive name INS As Pb Cd Hg

Aluminium ammonium sulfate 523 - 3 - -

Ammonium chloride 510 - 2 - -

Ammonium hydrogen carbonate 503 (ii) - 2 - -

Azodicarbonamide 927 a - 2 - -

Bees wax 901 - 2 - -

Benzoic acid 210 - 2 - -

Benzyl alcohol - - 2 - -

Butan-1,3-diol - - 2 - -

Butan-1-ol - - 2 - -

Butan-2-ol - - 2 - -

Butyl p-hydroxybenzoate - - 2 - -

Calcium acetate 263 - 2 - -

Calcium benzoate 213 - 2 - -

Calcium carbonate 170 3 3 - -

Calcium chloride 509 - 2 - -

Calcium cyclamate 952 - 1 - -

Calcium hydrogen phosphate 341 (ii) 3 4 - -

Calcium sulfate 516 - 2 - -

Candelilla wax 902 - 2 - -

Castor oil 1503 - 2 - -

Chlorine 925 - 2 - 1

Citranaxanthin - - 2 - -

Cyclodextrin, beta- 459 - 1 - -

Cyclohexane - - 2 - -

Dammar gum - - 2 - -

Diethyl tartrate - - 2 - -

Diethylene glycol monoethyl ether - - 2 - -

Dimethyl dicarbonate 242 - 2 - -

Diphenyl - - 2 - -

Edible gelatin - 1 1.5 0.5 0.15 

Ferric ammonium citrate - - 2 - -

Glycerol 422 - 2 - -

Glycerol diacetate - - 2 - -

Heptanes - - 2 - -

Hexamethylene tetramine 239 - 2 - -

Isoamyl acetate - - 2 - -

Isobutanol - - 2 - -

Isopropyl acetate - - 2 - -

Lactic acid 270 - 2 - -

Light petroleum - - 2 - -

Lysozyme hydrochloride 1105 - 2 - -

Magnesium carbonate 504 (i) - 2 - -

Magnesium chloride 511 - 2 - -

Magnesium hydrogen phosphate 343 (ii) 3 4 - -

Magnesium lactate 329 - 2 - -

Methanol - - 2 - -

Mineral oil (high viscosity) 905 - 1 - -

Monoglyceride citrate - - 2 - -

Nisin 234 - 1 - -

Norhydroguaiaretic acid - - 2 - -

Pentapotassium triphosphate 451 (ii) 3 4 - -

Phenyl phenol, o- 231 - 2 - -

Polyvinylpolypyrrolidone, Insoluble 1202 - 2 - -

Polyvinylpyrrolidone 1201 - 2 - -

Potassium acetate 261 - 2 - -

Potassium benzoate 212 - 2 - -

Potassium bromate 924 a - 2 - -

                                                          

1 See Notes to the reader (page v). 
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Additive name INS As Pb Cd Hg

Potassium chloride 508 - 2 - -

Potassium dihydrogen phosphate 501 (ii) 3 4 - -

Potassium iodate 917 - 2 - -

Potassium nitrate 252 - 2 - -

Potassium nitrite 249 - 2 - -

Potassium sodium L(+) tartrate 337 - 2 - -

Potassium sulfate 515 (i) - 2 - -

Propan-1-ol - - 2 - -

Propylene glycol 1520 - 2 - -

Sodium benzoate 211 - 2 - -

Sodium carboxy methyl cellulose 466 - 2 - -

Sodium cyclamate 952 - 1 - -

Sodium diacetate 262 (ii) - 2 - -

Sodium nitrate 251 - 2 - -

Sodium nitrite 250 - 2 - -

Sodium o-phenyl phenol 232 - 2 - -

Sodium percarbonate - - 2 - -

Sodium thiocyanate - - 2 - -

Sorbic acid 200 - 2 - -

Sucralose 955 - 1 - -

Tannic acid 181 - 2 - -

Tartaric acid, DL- - - 2 - -

Toluene - - 2 - -

Triacetin 1518 - 2 - -

Trichlorotrifluoroethane, 1,1,2- - - 2 - -

Urea 927 b - 2 - -
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Section D:  Specifications of certain flavouring agents 

At its 44th meeting JECFA considered a new approach to the safety evaluation of flavouring agents.  This approach 

incorporates a series of criteria whose use enables the evaluation of a large number of these agents in a consistent and 

timely manner.  At the current meeting of the Committee specifications of identity and purity were prepared or revised 

for 197 flavouring agents. 

Information on specifications for flavouring agents is given on the following tables under the following headings, most 

of which are self-explanatory:  

Name; Chemical name (Systematic name); Synonyms; Flavour and Extract Manufacturers' Association of the United 

States (FEMA) No; FLAVIS (FL) No; Chemical Abstract Service Registry (CAS) No; Molecular weight; Chemical 

formula; Physical form/odour; Solubility; Solubility in ethanol, Boiling point (for information only); Identification test 

(ID); Assay min% (Gas chromatographic (GC) assay of flavouring agents); Acid value max; Refractive index (at 20º, if 

not otherwise stated); Specific gravity (at 25º, if not otherwise stated) 

The field called "Other requirements" contains three types of entry: 

Items in normal type are additional requirements, such as further purity criteria or other tests 

Items contained in square brackets are provided for information, for example the typical isomer composition of the 

flavouring agent.  These are not considered to be  requirements. 

Substances listed after "SC:" are secondary constituents which have been taken into account in the safety 

evaluation of the named flavouring agent.  If the commercial product contains less than 95% of the named 

compound, it is a requirement that the major part of the product (i.e. not less than 95%) is accounted for by the sum 

of the named compound and one or more of the secondary constituents. 

The field called "JECFA" contains the number of the meeting at which the specifications were prepared and the status 

of the specification. R means "specifications revised", S means "existing specifications maintained", S,T means 

"existing tentative specifications maintained, (further information required)", N means "new specifications", and N,T 

means "new tentative specifications, (further information required)".  

The last column indicates the data (information) required for the tentative specifications. Abbreviations for "data 

required" are as follows: A=assay minimum, A(e)=equivalence factor for assay, A(m)=details of assay method,  

BP=boiling point, ID=identity test, Low assay=quantitative information on by-products, RI=refractive index, 

SG=specific gravity. A(e) is an equivalence factor to convert an assay obtained by aldehyde / ketone determination, 

ester determination, total alcohols determination, or titration determination to the % value which would be obtained if 

GC had been used for the assay (FNP 5).  

The infrared and other spectra, used for identification and comparison purposes, are provided from page 97 onwards 

(copies for certain spectra may be obtained from the FAO Joint Secretariat or from FEMA, Suite 925, 1620 I Street, 

N.W., Washington DC, USA). 

A comprehensive index listing all names, chemical names, and synonyms is added on page 120. 

Note on spectra: only spectra which were submitted to the 63rd meeting are 

reproduced in this volume. The reader is referred to previous Addenda for copies of 

spectra of revised specifications. 

Spectra for 1419-1425, 1426, 1428-1434, 1437-1439 are reproduced with permission of 

http://webbook.nist.gov/chemistry. 
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