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Document Type:
National List Petition or Petition Update

A petition is a request to amend the USDA National Organic Program’s National
List of Allowed and Prohibited Substances (National List).

Any person may submit a petition to have a substance evaluated by the National
Organic Standards Board (7 CFR 205.607(a)).

Guidelines for submitting a petition are available in the NOP Handbook as
NOP 3011, National List Petition Guidelines.

Petitions are posted for the public on the NOP website for Petitioned Substances.
[ 1 Technical Report

A technical report is developed in response to a petition to amend the National

List. Reports are also developed to assist in the review of substances that are

already on the National List.

Technical reports are completed by third-party contractors and are available to the
public on the NOP website for Petitioned Substances.

Contractor names and dates completed are available in the report.


https://www.ams.usda.gov/rules-regulations/organic/petitioned-substances

CHICOR E E Magnesium Carbonate 07-December-2022
INS No. 504(i)

L E R O U X C.A.S Number 546-93-0

National List Petition

Use of magnesium carbonate E504(i) as a processing aid in the
manufacture of the soluble extract of organic chicory

Petitioner : LEROUX SA
84 rue Francois Herbo
59310 ORCHIES
FRANCE

Context :

Leroux company is specialized in the transformation of chicory root (Cichorium intybus L.) in the form of
instant product (instant drinks).

Chicory roots washed, sliced, dried, roasted, milled, sieved, and extracted with hot water. Instant chicory
powder is obtained by dehydration (spray drying) of this chicory liquid extract.

Leroux has been processing chicory root for over 160 years. https://www.leroux.com/en

However, during our last processing steps: atomization and packaging, the instant chicory powder tends to
stick to the walls of the installations. This leads to many stops for cleaning and therefore a reduction in
production rates. These phenomena are explained by poor fluidity of the powder and therefore a low flow
index. In order to overcome this problem, Leroux uses magnesium carbonate, authorized in conventional
agriculture. We would like this technological aid (magnesium carbonate) to be included in the list of
technological aids authorized in organic products.
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CHICOREE

LEROUX

Magnesium Carbonate 07-December-2022
INS No. 504(i)
C.A.S Number 546-93-0

Item A.1 — Indicate which section or sections the petitioned substance will be included on and/or removed
from the National List. The current National List may be viewed at www.ams.usda.gov/NOPNationalList.

Name of additive / substance

E504(i): Magnesium Carbonate

Primary use/conditions

Drying agent / Anti-caking agent

§ 205.605: Nonagricultural (nonorganic) substances allowed in or on processed products labelled as
“organic” or “made with organic (specified ingredients)”.

ltem A.2
OFPA Category

ltem A.3
Inert Ingredients

Processing aids

Non applicable

Item B—Information on the substance being petitioned

Item B.1. Substance Name
Chemical name(s)
Other names
Trade name
Synonyms
Definition

C.A.S. number
Assay
Description
Functional uses

(i) Magnesium carbonate

(i) NA

Magnesium carbonate

INS No. 504(i)

A basic hydrated or a normal hydrated magnesium carbonate or a
mixture of the two

546-93-0

Not less than 24.0% and not more than 26.4% of Mg

Odourless, light, white friable masses or as a bulky white powder
Anticaking agent

Item B.2. Petitioner and Manufacturer Information

Petitioner

Manufacturer of magnesium
carbonate

I[tem B.3. Intended or Current Use

LEROUX

84 rue Francgois Herbo

59310 ORCHIES (France)
Phone : 0033 3 20 64 48 00
Dr. Paul Lohmann France SARL
Boulevard de I'Yerres 52
91000 Evry (FRANCE)

Phone : 0033 1 81 07 24 40

Use as a processing aid in the manufacture of organic instant chicory
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CHICOR E E Magnesium Carbonate 07-December-2022
INS No. 504(i)

L E R o U X C.A.S Number 546-93-0

Item B.4. Intended Activities and Application Rate

Processing aid used during transformation process: magnesium carbonate E504(i).

Magnesium is an alkali metal, it is the eighth most common element in the Earth's crust. Pure magnesium
reacts strongly in air or in combination with other elements and is therefore mainly available in nature in
ionized form as carbonate for example. In addition to the possibility of enrichment, the technological
functions of magnesium salts also bring their benefits. Used as anti-caking agents to improve fluidity,
magnesium salts are generally accepted as additives without quantitative restrictions for many food
products (quantum satis). Magnesium carbonate E504(i) is also authorised by the EU as a processing aid
as an anti-caking agent.

Producer/Supplier Dr Paul Lohmann
Article Magnesium carbonate
CAS No. 546-93-0
Chemical composition MgCO3
Molecular weight 84.3 g/mol
Appearance white powder without odor
Mode of action anticaking agent
Characteristics
Parameters Value
Packed density 120-250 g/l
pH (1% suspension) approx. 10
Solubility (20°C) <1gin 100ml of water
Magnesium content Approx. 25%
Humidity (2 hours at 105°C) Max 2%
Modalities and doses of use The use of magnesium carbonate as a processing aid is intended for

the manufacture of instant chicory extract obtained by atomization.
The incorporation of the E504(i) is done in the air ring at the bottom
of the tower feeding the dryer in order to obtain a re-aeration and a
very good homogeneity of the product. The maximum quantity used
would be 0.05%.

Basic topological data (ADI level)  ADI level; Not applicable
E504 (i): An ADI ‘not limited” was established at the 9th JECFA (1965)

Date of JECFA /SCF evaluation E504 (i): Prepared at the 17th JECFA (1973), published in FNP 4 (1978)
and in FNP 52 (1992). Metals and arsenic specifications revised at the
63rd JECFA (2004).

Short summary Magnesium is an alkali metal

Item B.5. Manufacturing Process
Active ingredients: Magnesium carbonate

Possible carriers Not applicable

Origin of raw materials (including Magnesium is an alkali metal, it is the eighth most common element

aspects of mining/harvesting in the earth's crust. Pure magnesium reacts strongly in air or in

them), production methods association with other elements and is therefore mainly available in
nature in ionized form such as carbonate for example. E504 (i) is of
inorganic nature.

Source of the substance Mineral
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CHICOR E E Magnesium Carbonate 07-December-2022
INS No. 504(i)

L E R O U X C.A.S Number 546-93-0

The diagram of the production of magnesium carbonates is as follows:

Application during food processing ~ E504(i) is used during processing of liquid chicory into soluble powder

Intended use The use of E504(i) as a processing aid in the production of soluble
chicory extract improves the fluidity and therefore the flow of the
powder

Technological function in food E504(i) is used as a processing aid : anti-caking agent

Technology The use of magnesium carbonate as a processing aid is intended for

the manufacture of the instant extract of chicory obtained by
atomization. The incorporation of E504(i) is done in the crown of air
at the bottom of the tower feeding the dryer in order to obtain re-
aeration and very good homogeneity of the product (figures 1 and 2).
The maximum amount used would be 0.05%.

Instant chicory flow chart
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CHICOR E E Magnesium Carbonate 07-December-2022
INS No. 504(i)

L E R o U X C.A.S Number 546-93-0
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CHICOR E E Magnesium Carbonate 07-December-2022
INS No. 504(i)

L E R o U X C.A.S Number 546-93-0

Item B.6. Ancillary Substances
Not applicable

Item B.7. Previous Reviews
[Code of Federal Regulations]
[Title 21, Volume 6] [CITE: 21CFR582.1425]
NOSB Review Documents e 1996 NOSB review for addition to §205.605 for use as a

processing aid

e 1996 Technical Advisory Panel (pdf)

e September 1996 NOSB Recommendation (pdf) (page 392)
(synthetic, nonsynthetic)

e November 2005 Petition (pdf) requesting addition to §205.605
for use as a processing aid (filtering aid)

e October 2015 NOSB Subcommittee Proposal (pdf) (page 20)

e October 2015 NOSB Recommendation (pdf) (page 27)

Item B.8. Regulatory Authority

[Code of Federal Regulations]
[Title 21, Volums §&]
[CITE: Z1CFR582.1425]

TITLE 21--FOOD AND DRUGS

CHARPTER I--FOOD AND DRUG ADMINISTRATION

DEPARTMENT OF HEALTH AND HUMAN SERVICES

SUBCHAPTER E - ANIMAL DRUG3, FEEDS3, AND RELATED PRCDUCTS

PART 582 -- SUBSTANCES GENERALLY RECOGNIZED AS SAFE
Subpart B - Gensral Furpose Food Additives

Sec. 582.1425 Magnesium carbonate.

duct. magnesium carbonate .

cns of us=. This substance is gsnerally recognizsed as safs
when used in accordance with good manufacturing or feesding practice.
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CHICOREE

LEROUX

Magnesium Carbonate 07-December-2022
INS No. 504(i)

C.A.S Number 546-93-0

Item B.9. Chemical Abstracts Service (CAS) Number and Product Labels

Chemical names
Synonyms

C.A.S. number
Product Label

Product Specification

Magnesium carbonate

INS No. 504(i)

546-93-0
Crdre 12005321 FPaos o1 Lot 1104749
Sequ. No.: 1-1 Prod. Cod&03036023

Magnesium Carbonate, heavy
Powder, purity acc. to E 504(i), approx. 500 g/l

25 kg net

Release date: 29.06. 2020
Retast date: 28.06.2023

Dr. Paul Lohmann GmbHACo. KGaA, Otto-Brenner-Str 15
21337 Luneburg, GERMAMNY

) Dr. Paul Lohmann®
High wam mineesl ats
Specification
Magnesium Carbonate, heavy

Powder, purity acc. to E 504(i). approx. 500 g/l

Formula: MgC03 * n H2O [w'frei) Mol. weight: 84.30 g/maol
Parameters Limits
Description powder
Colour white

Soluble substances max. 1.0 %
Insolubles in acetic acid max. 0.05 %
Arsenic (As) max. 4 mg/kg
Lead (Ph) max. 2 mg/kg
Calcium {Ca) mase. 0.4 %
Mercury (Hg) mazx. 1 mgikg
Bulk density (loose) approx. 500 g/l
Aszay Mg 24.0-26.4%

Item B.10. Physical and Chemical Properties

Other chemical interactions with
other  substances, besides
solubility, if any, especially
substances used in organic
production

Toxicity and  environmental
persistence

Environmental impacts from its
use and/or manufacture

Solubility; Practically insoluble in water; Insoluble in ethanol
Not applicable

Not applicable

In the environment, magnesium carbonate will dissociate into
magnesium and carbonate ions. These ions are naturally ubiquitous in
the environment; magnesium will be assimilated by species present in
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CHICOR E E Magnesium Carbonate 07-December-2022
INS No. 504(i)

L E R O U X C.A.S Number 546-93-0

https.//echa.europa.eu/fr/regist  the water and is necessary to maintain a good chemical balance in
ration-dossier/-/reqistered- soils, water and plants, and carbonate will become part of the carbon
dossier/15234/5/5/1 cycle.
Hydrolysis : No studies are available. A study is not required, because
magnesium carbonate is a simple inorganic salt.
Biodegradation : Magnesium carbonate is an inorganic substance and
will not undergo biodegradation.
Bioaccumulation : Magnesium carbonate is an inorganic ionic solid for
which an octanol/water partition coefficient cannot be reliably
determined. Magnesium carbonate dissociates into the magnesium
Mg2+ and carbonate CO32-ions at environmental pH. These are
essential to all living organisms (flora and fauna) and their intracellular
and extra-cellular  concentrations are actively regulated.
Bioaccumulation is therefore not expected.
Transport and distribution : Soil adsorption/ desorption studies with
magnesium carbonate are not possible due to analytical difficulties,
the solubility characteristics of magnesium carbonate in water and its
inorganic nature. The distribution coefficient (Kd) for magnesium is

234 -1820.
Environmental impacts during The use of E504(i) as a processing aid in the production of soluble
processing chicory extract improves the fluidity and therefore the flow of the

powder. Favored flow generates a reduction in fouling in production
and packaging facilities and consequently production compatible with
industrial expectations (reduction of material losses and
rationalization of cleaning and the associated quantity of water). The
environmental impact can be approximated on the basis of the data
shown in the table below:

Comparative production data with or without processing aid :

Without processing aid With processing aid
Installation flow max. Base x0.8 = Base
The impact on energy consumption cannot be accurately
projected to date. However, it can be considered that stopping
the installations for cleaning increases energy consumption (a
cleaning cycle requires a cooling cycle and then reheating the
equipment).

Material loss Base x8 = Base

The material loss differential induces an overconsumption of
agricultural material in the order of 15 to 20%

Volumes of water Base x3 = Base
consumed for cleaning
installations

The overconsumption of water could represent up to more
than 5000m3 in one year.

Effects on Human health Not applicable
Effects on soil organisms, crops, Not applicable
or livestock

Food quality and authenticity r Not applicable

Item B.11. Safety Information

Page I/6
Dr. Paul Lohmann Safety data sheet
@ according to 1907/2006/EC, Article 31
Printing date 03022020 Version number 5 Revision: 26.11.2019
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CHICOR E E Magnesium Carbonate 07-December-2022
INS No. 504(i)

L E R o U X C.A.S Number 546-93-0

SECTION 1: Identification of the substance/mixture and of the company/undertaking

- 1.1 Produci identifier
- Trade mame: Magnesinm carbonate

- Article number: C36 E504(i)
- CAS Number:
3H6-03-0
- EC number:
2089159
- Regisiration number
For traceability reasons, the REACH registration number is available on request. If vou have a use that
requires a registration according to REACH, please contact our sales department.
- 1.2 Relevant identified uses of the substance or miviure and uses advised against
No further relevant information available.
- Application of the substance / the miviure
Food additive
Pharma Active ingredients
- 1.3 Details of the supplier of the safety data sheet
- Manufaciurer/Supplier:
Dr. Pawl Lohmann GmbH & Co. KGad
Hauptstraffe 2
Dx 31860 Emmerthal
GERMANY
MEDE@ lohmann-chemikalien.de

. Further information obtainable from: Product safetv department
- 1.4 Emergency ielephone number:
Emergency CONTACT {24-Hour-Number :GBE GmbH +49 (0)6]32-84463

SECTION 2: Hazards identification

. 2.1 Classification of the subsiance or miviure
- Classification according o Regulation (EC) No 12722008

The substance is not classified, according to the CLP regulation.

. 2.2 Label elemenis

. Labelling according (o Regulation (EC) No 12722008 Void
- Hazard pictograms Void

- Sipnal word Vioid

- Hazard statements Void

- 2.3 Other hazards

. Results of PET and vPvE assessment

- PBT: Not applicable.

- ¥PvB: Not applicable.

* SECTION 3: Composifion/information on ingredienis

. 3.1 Chemical characierisation: Substances
- CASX No. Description
546-93-0 Magnesium carbonate
Alternative CAS number; 23380-33-5
- Identification number(s)
- EC number: 208-975-9

SECTION 4: First aid measures

- 4.1 Deseription of first aid measures
- Greneral information: No special measures required.
- After inhalation: Supply fresh air; consult doctor in case of complaints.

(Contd. on page 2)
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CHICOR E E Magnesium Carbonate 07-December-2022
INS No. 504(i)
L E R o U X C.A.S Number 546-93-0

Trade name: Magnesium carbonale

(Ciondd. of page 1)

- After skin contact: Generally the product does not frritate the skin.
- After eye contaci:

Rinse opened eve for several minut es under running water. If sympioms persist. consult a doctor.
- After swallowing: If sympioms persist consult doctor,
- 4.2 Most important symptoms and effects, both acute and delayed No further relevant information available,
4.3 Indication of any immediate medical attention and special freatment needed

No further relevant information available.

SECTION 35: Firefighting measures

- 5.1 Extinguishing media
. Suitable extinguishing agents: Use fire extinguishing methods suitable to surrounding conditions.
. 5.2 Special hazards arising from the substance or mixture No further relevant information available.
. 5.3 Advice for firefighters
- Protective equipment:
Do not inhale explosion pases or combustion gases.
Wear self-contained respiratory protective device.

SECTION 6: Accidental release measures

. 6.1 Personal precaufions, proteciive equipmeni and emergency procedures Wear protective clothing.
- 6.2 Environmental precautions: Do not allow o enter sewers’ surface or ground water.
- 6.3 Methods and material for confainment and cleaning up:
Pick up mechanically.
Send for recovery or disposal in suitable recepracles.
. 6.4 Reference o other seciions
See Section 7 for information on safe handling.
See Section 8 for information on personal protection equipment.
See Section 13 for disposal information.

SECTION 7: Handling and storage

. 7.1 Precautions for safe handling No special precantions are necessary if used correctly.
- Information about fire - and explosion protection: The product is not Jammable.

. 7.2 Conditions for safe storage, including any incompaiibilifies

- Storage:

. Requiremenis to be met by storerooms and receplacles: No special requirements.

- Information ahout storage in one common storage facility: Not required.

. Further information about storage condifions: Store in cool drv conditions in well sealed recepracles.
. 7.3 Specific end use(s) No further relevant information available.

SECTION 8&: Exposure controls/personal protection

- Additional informaiion aboud design of technical facilities: No further data; see item 7.

- &1 Conirol paramelers
- Ingredients with limit valuwes that reguire monitoring af the workplace: Not regquired.
- Additional information; The lisis valid during the making were ured as basis.

- 8.2 Expasure conirols

- Personal profective equipment:

- General protective and hygienic measures:
The wsual precautionary measures are to be adhered to when handling chemicals.
Keep away from foodstuffs beverages and feed.
Do not eat, drink, smoke or sniff while working.

(Contd. on page 30
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CHICOR E E Magnesium Carbonate 07-December-2022
INS No. 504(i)

L E R o U X C.A.S Number 546-93-0

Trade name: Magnesium carbonale

(Comtd. of page 1)
Be sure o clean sin thoroughly after work and before breaks.
- Respiratory protection: Use suitable respiratary protective device in case of insufficient ventilation.
. Protection of hands:

Pratective gloves

The glove material has to be impermeable and resistant to the product/ the substance! the preparation.
Dhie to missing tests no recommendation to the glove material can be given for the product/ the preparation’
the chemical mixture.
Selection of the glove material on consideration of the penetration times, rates of diffusion and the
depradation

- Material of ploves
The selection of the suitable gloves does nat only depend on the material, but alse on further marks of guality
and varies from manufacturer to manufaciurer.

- Penetration ime of glove malerial
The exact break through time has to be found ow by the manufacturer of the protective gloves and has 1o be
observed.

- Eye profection: Safety glasses

- Body protection: Protective work clothing

SECTION 9: Physical and chemical properties

9.1 Information on basic physical and chemical properiies

- Greneral Informalion
- Appearance:
Form: Powder
Colowr: Whire
- Odowr: Nearly odourless
- pH-value (30 gl at 20 “C: Ta-11
- Change in condifion
Melling poiniffreezing poini: Undetermined.
Initial boiling point and boiding range: Undetermined.
- Flash point; Nat applicable.
. Flammability (solid, pas): Product is not flammable.
- Explosive properiies: Product does not present an explosion hazard.
- Density: Not determined.
. Solubility in / Miscibility with
wiler: Inzoluble.
- 9.2 (her information Nao further relevant information available.

SECTION 10: Stability and reactivity

- 1.1 Reactivity No further relevant information available.
1.2 Chemical stabilify
. Thermal decomposiiion f conditions fo be avoided:

To avoid thermal decompasition do nat overheat.

No decomposition if wsed and stored according to specifications.
- 10.3 Possibility of hazardous reactions Reacts with acids.
- 10.4 Conditions to avoid No further relevant information available.
. 10.5 Incompatible materials: No further relevant information available.

(Coatd. on page 4)
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Page 11 sur42



CHICOR E E Magnesium Carbonate 07-December-2022
INS No. 504(i)

L E R o U X C.A.S Number 546-93-0

Trade name: Magnesium carbonaie

(Conid. of page 3)
- 10.6 Hazardous decomposition products: No dangerous decomposition products known.

SECTION 11: Toxicological information

- 111 Informaiion on toxicological effects

- Acute toxicity Based on available data, the classification criteria are mat met.

- Primary irritant effect:

. S5kin corrosionfirritation Based on available data, the classification criteria are not met.

- Serious eye damagefirritation Based on available data, the classification criteria are not met.
- Respiratory or skin sensitisation Based on available data. the classification criteria are not met.
- Toxicokinetics, metabolism and disiribution Undetermined.

-Acute effects (acule toxicily, iritation and corrvosivity) Undetermined.

- Sensifisation Undetermined.

- Repeated dose toxicity Undetermined.

- CMR effects (carcinogenity, mulagenicity and toxicity for reproduction)

- Germ cell mutagenicity Based on available data, the classification criteria are not met.

- Carcinogenicity Based on available data, the classification criteria are not met.

- Reproductive toxicity Based on available dota, the classification criteria are not met.

- 8TOT-single exposure Based on available data, the classification criteria are not met.

- STOT-repeated exposwre Based on available data, the classification criteria are not met.

- Aspiration hazard Based on available data, the classification criteria are not met.

SECTION 12: Ecological information

- 12,1 Toxicity

- Agquatic toxicity: No further relevant information available.

- 12.2 Persistence and degradability No further relevant information available.

- I12.3 Rioaccumulative poieniial No further relevant information available.

- 12.4 Mohility in 5ol No further relevant information available.

- Additional ecological information:

- Greneral notes:
Water hazard class I (German Regulation) (Self-assessment): slightly hazardous for warer
Da nat allow undiluted product or large quantities of it to reach ground water, water course or sewage
system.

- 12.5 Results of PET and viPvE assessment

- PRT: Not applicable.

- vPyR; Not applicable.

- 12.6 Other adverse effects No further relevant information available.

SECTION 13: Disposal considerafions

- 131 Wasie freatment methods
- Recommendation Smaller guantities can be disposed of with household waste.

- Uncleaned packaging:
- Recommendation: Disposal must be made according to official regulations.
- Recommended cleansing apents: Water, if necessary together with cleansing agents,

SECTION 14: Transport information

- T4.1 UN-Number
SADR, ADN, IMIN:, IATA Viaid

(Contd. on page 5)
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CHICOR E E Magnesium Carbonate 07-December-2022
INS No. 504(i)

L E R o U X C.A.S Number 546-93-0

Trade name: Magnesium carbonale

{Conid. of page 4)

- I14.2 UN proper shipping name
-ADR, ADN, IMIDNG, IATA Vaid

- I4.3 Transport hazard classies)
.ADR, ADN, IMDG, IATA

- Class Vaid
- 14.4 Packing group
-ADR, IMIMz, IATA Vaid
- 14.5 Environmental hazards:
- Marine poalluiani: No
- 14.6 Special precaulions for user Nor applicable.
- I4.7 Transport in bulk according fo Annex IT of
Marpol and the IBC Code Nat applicable.
- Transport/A dditional informaiion: Naot dangerous according to the above specifications.
- UN "Maodel Regulation™: Vaoid

SECTION I5: Regulatory information

- I5.1 Safety, health and environmental regulationsfdegislation specific for the substance or mixiure
- TSCA (Toxic Substances Conirol Aci): ACTIVE

- TSCA new (215t Century Act) ACTIVEEEXEMPT

- Philippines Inventory of Chemicals and Chemical Substances Substance is not listed.
- Chinese Chemical Inventory of Existing Chemical Substances Substance is not listed.
- Anstralian Inventory of Chemical Subsiances Substance s not listed,

- Korean Existing Chemical Inventory KE-22686

- New Zealand Inveniory of Chemicals Suhstance is listed.

- HSN O Approval numbers Substance is not lsted.

- TCSI - Taiwan Chemical Substance Inventory Substance ix listed.

- Japanese Existing Chemical Substances 1-155

- PRTR Class I designated substances Substance is not listed.

- PRTR Class 2 designated substances Substance is not listed,

- Directive 200 X 18EU

- Named dangerons substances - ANNEX I Substance is not {isted.
- Repulation (EU) No 64%20] 2 Substance is not listed,

- EINECS Substance ix listed.

- REACH - Pre-repistered substances Substance is not listed.

- 15.2 Chemical safety assessment: A Chemical Safety Assessment has been carried out.

SECTION 16: Other information

This safety data sheet contains only safety-relevant information. The information is based on the state of our
knowledge at the time of revision, but does not constitute an assurance of product properties, product
information or product specifications and dees not establish a cont ractual legal relationship.

Thix document is only valid in iz unchanged form. Dr. Paul Lohmann® accepts ne responsibility for the form
and content of any changes made by third parties, nor for any resulting damage or claims.

The information is not transferable to other products. Insafar as the product named in this safety data sheet is
mixed, Blended, processed with or withowt other materials, the information in this safety data sheet cannot be
transferred to the new material produced in this way, unless expressly stated otherwise,

The data sheet does not release the user from the obligation to ensure that he acts in accordance with all
regulations in connection with his activity.

- Department issuing SDS: Product safety depariment

{Contd. on page &)
B —
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CHICOR E E Magnesium Carbonate 07-December-2022

INS No. 504(i)

L E R o U x C.A.S Number 546-93-0

Trade name: Magnesium carbonate

- Contact:
- Abbreviations and acronyms:
Rif: Réglement indernational concermant le transpod des morchondizes dongerases par chemin de for (Reguiations Concerming the
Imternational Transpart of Daongerons Coods by Rl )
TCA Q- Indermational Chnil Avialion Crganissiion
Al Accond curopéen sur le ranspon des marchandives dangereuses par Bowle [ Exropean A preemend concerning the nfermational
Carriage of Dangerons Goods by Road)
MG Trrernational Mordime Code for Dangerows Coods
TATA: Iniernational A ir Transport A ssocia fon
GHE: Globally Harmonized System of Clarrificalion and Labelling of Chemicals
EINECE: Enropean fnventory of Existing Commercial Chemical Subsances
CAS: Chemical Abstracts Service (division of the American Chemical Sociey)
PHI': Persident, Biogcoumulalive ard Toxic
wPull: very Peraident and wery Blooccmmlafie
PETR: Law concerning Pollutant Releare and Transfer Regiser

- & Data compared (o the previous version altered.

(Ciontd. of page 5)

EL =
Item B.11
Substance report from the National Institute of Environmental Health Sciences
e The National Institute of Environmental Information does not exist
Health Sciences (NIEHS)/ The National
Toxicology Program (NTP)
https://www.niehs.nih.gov/
e The Agency for Toxic Substances and Non applicable
Disease Registry (ATSDR):
https://www.atsdr.cdc.gov/
e U.S. National Library of Medicine’s https://pubchem.ncbi.nIm.nih.gov/#query=546-93-0
PubChem database:
https://pubchem.ncbi.nlm.nih.gov/
MAGNESIUM CARBONATE; 546-93-0; Magnesite; Carbonic Acid, Magnesium Salt; 13717-00-5; Carbonic Acid, Magnesium Salt (1:1);
‘r:“ Magnesium;Carbonate; Magnesite Dust; ...
Compound CID: 11029
MF: CMgO3; MW: 84.31g/mol
IUPAC Name: magnesium;carbonate
Isomeric SMILES: C(=0)([0-D[O-].[Mg+2]
InChlKey: ZLNQQNXFFQJAID-UHFFFAOYSA-L
InChl: InChi=15/CH203.Ma/c2-1(3)4;/h(H2.2,3 4):/q+2/p-2
Create Date: 2005-06-24
e The Occupational Safety https.//www.osha.gov/sic-manual/2819
and Health Administration Description for 2819: Industrial Inorganic Chemicals, Not Elsewhere Classified
(OSHA): => “magnesium carbonate” is listed :
https://www.osha.gov/ “Establishments primarily engaged in manufacturing industrial inorganic chemicals, not elsewhere

classified. Establishments primarily engaged in mining, milling, or otherwise preparing natural
potassium, sodium, or boron compounds (other than common salt) are classified in Industry 1474.
Establishments primarily engaged in manufacturing household bleaches are classified in Industry
2842; those manufacturing phosphoric acid are classified in Industry 2874; and those
manufacturing nitric acid, anhydrous ammonia, and other nitrogenous fertilizer materials are
classified in Industry 2873”

https://www.osha.qov/chemicaldata/403

Refer to Appendix 1 : Appendix 2 :
POF PDF
MAGNESITE _ MAGNESITE _
Occupational Safety a CAMEO Chemicals _ N
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e The National Institute Refer to Appendix 3 :

for Occupational Safety
and Health (NIOSH): Loz

https://www.cdc.gov/ni

osh/index.htm

CDC - NIOSH Pocket
Guide to Chemical Ha

e U.S. Environmental Not applicable
Protection Agency (U.S.
EPA)

e U.S.Food and Drug https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=184.14
Administration (FDA) 25&SearchTerm=magnesium%20carbonate

[Code of Federal Regulations]
[Title 21, Volume 3
[CITE: Z21CFR184.1425]

TITLE 21--FOOD AND DRUGS
CHAPTER I--FOOD AND DRUG ADMINISTRATICN
DEPARTMENT OF HEALTH AND HUMAN SERVICES
SUBCHAPTER B - FOOD FOR HUMAN CONSUMPTION (CONTINUED)

PART 184 —-- DIRECT FOOD SUBSTANCES AFFIRMED AS GEWERALLY RECOGNIZED AS SAFE

Subpart B - Listing of Specific Substances Affirmed as GRALS

Sec. 184.1425 Magnesium carbonate.

{a) magnesium carbonate (molecular formula approximately (MglO3)4-Mg(OH)2-5H20, CAS Reg. No.
39409%-82-0) is alsc known as magnesium carbonate hydroxide. It is a white powder formed
gither by adding an alkaline carbonate (such as sodium carbonate) to & solution of magnesium
sulfate or by carbonation of a slurry of magnesium hydroxide followed by boiling of the
resulting magnesium carbonate

{b) The ingredient meets the specifications of the Food Chemicals Codex, 3d Ed. (1981), p.
177, which iz incorporated by reference. Copies are available from the Naticnal Academy
Press, 2101 Constitution Ave. NW., Washington, DC 20418, or available for inspection at the
National Archives and Records Rdministration (NWARR). For information on the awvailability of
this material at HARAR, call 202-741-6030, or go to:

http://www.archives.gov/federal register/code of federal regulations/ikbyr locations.html.

{c) In accordance with § 184.1(k) (1), the ingredient is used in food with nc limitaticn
ather than current good manufacturing practice. The affirmation of this ingredient as
generally recognized as safe (GRAS) as a direct human food ingredient is based upon the
following current good manufacturing practice conditicons of use:

{1) The ingredient is used as an anticaking and free-flow agent as defined in § 170.3 (o) (1)
of this chapter:; & flour treating agent as defined in § 170.3(0) (13) of this chapter; a
lubricant and release agent as defined in § 170.3({c) (18) of this chapter; & nutrient

supplement as defined in § 170.3({c) (20) of this chapter; a pH contrecl agent as defined in §
170.3(a) (23) of this chapter; a processing aid as defined in § 170.3(0) (24) of this chapter;
and a gynergist as defined in § 170.3{c) (31) of this chapter.

{2) The ingredient is used in foods at levels not to exceed current good manufacturing
practice.

{d) Prior sanctions for this ingredient different from the uses established in this secticn
do not exist or have been waived.

[50 FR 13538, Apr. 5, 1985; 50 FR 16080, Apr. 24, 1983]

Item B.B.12
Substance research reviews and research bibliographies

Title : Analytical methods in food additives determination: Compounds with functional applications,
Author : Fernanda C.0.L.Martins, Michelle A. Sentanin, Djenaine De Souza

Journal : Food Chemistry, Volume 272, 30 January 2019, Pages 732-750

Refer to Appendix 4
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Substance is petitioned for §205.605(b) (nonagricultural, synthetic)

Why the synthetic
substance is necessary for
the production or handling
of an organic product

Nonsynthetic substances,
synthetic substances on the
National List that could be

used in place of the
petitioned synthetic
substance

7 CFR 205.605 (up to

date as of 8-26-2022)
Beneficial effects to the
environment, human
health, or farm ecosystem
from use of the synthetic
substance that support its
use instead of the use of a
nonsynthetic substance or
alternative cultural
method.

Magnesium carbonate is used during processing of liquid chicory into soluble
powder. The use of Magnesium carbonate as a processing aid in the
production of soluble chicory extract improves the fluidity and therefore the
flow of the powder. Magnesium carbonate is used as a processing aid : anti-
caking agent.

Since well before 2015, we use silicon dioxide (E551) which is an authorized
substance in the manufacture of foodstuffs (conventional as well as organic).
The E551 questions the French authorities as to its nanotechnological
character or not.

The substitution of E551 by E504(i) is authorized as an additive, but not as a
processing aid. However, for the manufacture of dried foodstuffs in powder
form and instant chicory extract in particular, having a powder flow facilitator
as a technological aid (presence in the finished product in a technically
unavoidable trace state and absence of technological effect) is indispensable
during the transformation. Without this type of auxiliary, these foodstuffs
could not be produced.

We would therefore like E504(i) to be authorized again as an authorized

processing aid in the manufacture of foodstuffs (conventional and organic).
§ 205.605 Nonagricultural (nonorganic) substances allowed as ingredients in or on processed products
labelled as “organic” or “made with organic (specified ingredients or food group(s)).”
The following nonagricultural substances may be used as ingredients in or on processed products labelled
as “organic” or “made with organic (specified ingredients or food group(s))” only in accordance with any
restrictions specified in this section.
(b) Synthetics allowed:
[...] Silicon dioxide - Permitted as a defoamer. Allowed for other uses when organic rice hulls are not
commercially available.
[68 FR 61993, Oct. 31, 2003]

Non applicable

Not used during crop fields but after harvest, during the chicory transformation
process.

We would like Magnesium carbonate to be included in the list of substances
authorized as a processing aid.

We will not use Magnesium hydroxide carbonate in the chicory root cultivation
phases but only during factory processing.
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Appendix 1 : MAGNESITE _ Occupational Safety and Health Administration

OSHA Occupational Chemical Database MAGNESITE

MAGNESITEt

CAS # 546-93-0; 13717-00-5
Formula MgCO.
Synonyms

carbonate magnesium; hydromagnesite; magnesium carbonate; magnesium(ll) carbonate

Physical description ‘White, odorless, crystalline powder.

Boiling point decomposes
Freezing pointmelting point 662°F (decomposes)
Flash point

Specific gravity 2.96

Lower explosive limit {LEL)

NFPA health rating

NFPA reactivity rating

Vapor hazard ratio (VHR)
Historical exceedance percentage

Target organs

Analyte code (IMIS no.) 1615 (total); request using analyte code 9135
Sampling group

Sampler/Sampling media Tared low-ash 37 mm PVC filter, 5 microns

[SLTC108]
Sampling time” 240-480 min
Sampling volume (TWA)" 960 L
Sampling flow rate (TWA)" 2 Limin
Sampling volume (STEL/Peak/C)"

Sampling flow rate (STEL/PeakiC)’

Analytical method instruments Gravimetric

Method reference OSHA PW2121 (partially validated)

Notes Samples are analyzed gravimetrically. Results will
be qualified based on the assumption that the
material sampled is as identified by the compliance
officer using available documentation of materials
and processes; no further work on the sample will
be performed due to method limitations.

Special requirements FOR TOTAL DUST SAMPLES, DO NOTUSE A

CYCLONEN

" All samling i above i for OSHA

Sampler/Sampling media

Device
Model/Type

Sampling information
(see manufacturer instructions)

Molecular weight 843
Vapor pressure 0 mmHag (approx)
Vapor density

lonization potential

Upper explosive limit (UEL)

NFPA fire rating

NFPA special instruction

M113 (resp); request using analyte code 9130

Tared low-ash 37 mm PV filter, 5 microns,
preceded by 10 mm nylon Dorr-Oliver cyclone for
respirable samples. [SLTC108]

240-430 min

216L

1.7 Lmin £5%

Gravimetric
OSHA PV2121 (partially validated)

Samples are analyzed gravimetrically. Results will
be qualified based on the assumption that the
material sampled is as identified by the compliance
officer using available documentation of materials
and processes; no further work on the sample will
be performed due to method limitations. The
standard applies to the Respirable Fraction.

Samples must be collected with a Dorr-Oliver
cyclone

‘Safety and Health Officers (CSHOs). please see the comesponding OSHA method reference for complete detads.
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Exposure Limits

OSHA PEL
B-hour TWA
(ST) STEL
{C) Ceiling
Peak
PEL-TWA 15 mgim?* (fotal dust), &
mg/m? (respirable
fraction)
PEL-STEL
PEL-C
Skin notation N
Notes:

See 29 CFR 1910.1000 Table Z-1.

Health factors: See NIH-NLM PubChem.

Carcinogenic classifications: Not listed

REL-TWA

REL-STEL

REL-C

Skin notation

Notes:

IDLH

Notes:

Magnesium Carbonate

INS No. 504(i)

C.A.S Number 546-93-0

NIOSH REL
Up to 10-hour TWA
(ST) STEL
{C) Ceiling

10 mg/m? (total), &
maim® (resp)

AIHA emergency response planning guidelines - ERPG-1/ERPG-2/ERPG-3:

NOAA: CAMEO Chemicals - Magnesite
NIOSH: Pocket Guide to Chemical Hazards - Magne

Literature References

site

ACGIH TLV@®
8-hour TWA
(ST)STEL
(C) Ceiling
TLV-TWA
TLV-STEL
TLV-C
Skin notation N
Notes:

See Appendix B: Particles (insoluble or poorly
soluble) Not Otherwise Specified (PNOS)

07-December-2022

CAL/OSHA PEL

8-hour TWA
(ST) STEL
(C) Ceiling
Peak
PEL-TWA 10 mg/m? (total dust), 5
mag/m* (respirable
fraction)
PEL-STEL
PEL-C
$kin notation N
Notes:

as Particulates not otherwise regulated. See also
footnote [n]

» ACGIH: Documentation of the Threshold Limit Values (TLVs) and Biological Exposure Indices (BE!s) -Appendix B: Particles {insoluble or poorly soluble) Not Otherwise Specified (PNOS). See annual publication for

most recent information

N
Last Updated Date : 01/04/2021
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Appendix 2 : MAGNESITE _ CAMEO Chemicals _ NOAA

30082022 14:48 MAGMNESITE | CAMEQD Chemicals | NOAA

Home Chemical Datasheet Add to MyChemicals I Print Friendly Page |

MAGNESITE

Search Chemicals

New Search Chemical Identifiers | Hazards | Response Recommendations | Bhvsical Properties | Bequlatory Information | Alternate Chemical Names

MyChemicals

What is this information? p
chemicals: 0

View MyChemicals

CAS Number UN/NA Number DOT Hazard Label USCG CHRIS Code
Predict Reactivity 546-93-0 none data unavailable none
NIOSH Pocket Guide International Chem Safety Card
Mobile Site Magnesite (=) MAGNESIUM CARBONATE (7)
Downrload on the NFPA 704
‘ App Store data unavailable
GETTON General Description

>
Google Play White, yellowish, grayish-white or brown crystalline solid or crystalline powder. Density: 3-3.1 g cm-3. An important ore for magnesium. Used
in the manufacture of materials capable of withstanding very high temperatures. Sometimes used to produce carbon dioxide.

Pt = this informarion? ¥

Reactivity Alerts

none

Air & Water Reactions

Mo rapid reaction with air. No rapid reaction with water.

https://cameock .NO3a.. 25038 s

30/08/2022 14:48 MAGMNESITE | CAMEOQ Chemicals | NOAA
Fire Hazard
No information available.

Health Hazard
Excerpt from NIOSH Pocket Guide for Magnesite (7):

Exposure Routes: Inhalation, skin and/or eye contact
Symptems: Irritation eyes, skin, respiratory system; cough
Target Organs: Eyes, skin, respiratory system (NIOSH, 2022)

Reactivity Profile

MAGMNESITE has generally low chemical reactivity. Non-flammable and non-combustible. Reacts with acids and acidic salts to generate
gaseous carbon dioxide with effervescence (bubbling). The reaction may be rapid and exothermic with concentrated sclutions of acids. The
effervescence can create foaming. Incompatible with formaldehyde.

Belongs to the Following Reactive Group(s)

* Carbonate Salts

Potentially Incompatible Absorbents

No information available.

What is this information? p
Isolation and Evacuation

No information available.

Firefighting
No information available.

Non-Fire Response
No information available.

Protective Clothing
Excerpt from NIOSH Pocket Guide for Magnesite (7):

Skin: No reccommendation is made specifying the need for personal protective equipment for the body.

hitps-ticameochemicals.nosa. ical/25038 .
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30V08/2022 14:48

MAGNESITE | CAMEQ Chemicals | NOAA

Eyes: No recommendation is made specifying the need for eye protection.

Wash skin: No recommendation is made specifying the need for washing the substance from the skin (either immediately or at the end of the
work shift).

Remowve: Mo recommendation is made specifying the need for removing clothing that becomes wet or contaminated.

Change: No recommendation is made specifying the need for the worker to change clothing after the workshift. (NIOSH, 2022)

DuPont Tychem® Suit Fabrics

No information available.

First Aid
Excerpt from NIOSH Pocket Guide for Magnesite

Eye: IRRIGATE IMMEDIATELY - If this chemical contacts the eyes, immediately wash (irrigate) the eyes with large amounts of water,
occasionally lifting the lower and upper lids. Get medical attention immediately.

Breathing: FRESH AIR - If a person breathes large amounts of this chemical, move the exposed person to fresh air at once. Other measures
are usually unnecessary. (NIOSH, 2022)

= this information? ¥

Chemical Formula: MgC03

Flash Point: data unavailable

Lower Explosive Limit (LEL): data unavailable
Upper Explosive Limit (UEL): data unavailable
Autoignition Temperature: data unavailable
Melting Point: 662°F (Decomposes) (NIOSH, 2022)
Vapor Pressure: 0 mmHg (approx) (NIOSH, 2022)
Vapor Density (Relative to Air): data unavailable
Specific Gravity: 2.96 (NIOSH, 2022)

Boiling Point: Decomposes (NIOSH, 2022)
Molecular Weight: 84.3 (NIOSH, 2022)

Water Solubility: 0.01 % (NIOSH, 2022)

Ionization Energy/Potential: data unavailable

hitps-//cameochemicals.noaa govichemicall25030 35

30/08/2022 14:48

MAGMESITE | CAMEO Chemicals | NOAA
IDLH: data unavailable

AEGLs (Acute Exposure Guideline Levels)

No AEGL information available.

ERPGs (Emergency Resp Pl ing Guidelines)

No ERPG information available.

PACs (Protective Action Criteria)

Chemical PAC-1 PAC-2 PAC-3

Magnesium carbonate; (Magnesite)
(546-93-0) 45 mg/m3 260 mg/m3 | 1600 ma/m3

(DOE, 2018)

hat s this information?

EPA Consolidated List of Lists

No regulatory information available.

CISA Chemical Facility Anti-Terrorism Standards (CFATS)

Mo regulatory information available.

0SHA Process Safety Management (PSM) Standard List

Mo regulatory information available.

What is this information? p

https-/lcameochemicals.noaa.govichemical/25030 415
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30VD8/2022 14:48

hitp:

MAGHMESITE | CAMEQ Chemicals | NOAA

APOLDA

C.I. 77713

CARBONATE MAGNESIUM

DCI LIGHT MAGNESIUM CARBONATE
DESTAB

GOLD STAR

GOLD STAR (CARBONATE)

GP 20

GP 20 (CARBONATE)

GP 30

GP 30 (CARBONATE)
HYDROMAGNESITE

KIMBOSHI

MA 70 (CARBOMNATE)

MAGFY

MAGNESIA

MAGNESITE

MAGNESIUM CARBONATE
MAGNESIUM CARBONATE (1:1)
MAGNESIUM CARBONATE (MGCO3)
MAGNESIUM CARBONATE; (MAGNESITE)
MAGNESIUM(II) CARBONATE
STAN-MAG MAGNESIUM CARBONATE

About | Brivacy Policy, | Contact Us | Website Satisfaction Survey | Mobile Site
Web site owner: Office of Response and Restoration (), National Ocean Service (), National Oceanic and Atmospheric

Administration (7). USA.gov (7).

CAMEOQ Chemicals version 2.8.0 rev 1.

125036 5/5
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Appendix 3 : CDC-NIOSH Pocket

30/08/2022 14:47 CDC - NIOSH Pocket Guide to Chemical Hazards - Magnesite
f
Promoling preductive workplaces FM"
through safety and health research /

Magnesite

Synonyms & Trade Names

Carbonate magnesium, Hydromagnesite, Magnesium carbonate, Magnesium(ll) carbonate [Note: Magnesite is a naturally-
occurring form of magnesium carbonate.]

CAS No.

546-93-0

RTECS No.

OM2470000

DOT ID & Guide

Formula
MgCO,

30/08/2022 14:47 CDC - NIOSH Pocket Guide to Chemical Hazards - Magnesite

Physical Description

White, odorless, crystalline powder.

Molecular Weight

84.3

Boiling Point

Decomposes

Melting Point

662°F (Decomposes)

Solubility

0.01%
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30/08/2022 14:47 CDC - NIOSH Pocket Guide to Chemical Hazards - Magnesite
Lower Explosive Limit
NA
Noncombustible Solid
Incompatibilities & Reactivities
Acids, formaldehyde
Exposure Routes
34
30/08/2022 14:47 CDC - NIOSH Pocket Guide to Chemical Hazards - Magnesite

Respirator Recommendations

Not available.
iti inf ) h lecti

See also

INTRODUCTION  ICSC CARD: 0969

https:fwww.cdc.govinioshinpg/npgd 037 3. html 4i4
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Appendix 4 : Publication “Analytical methods in food additives
determination: Compounds with functional applications”

Food Chemistry 272 (2019) 7A2-750

Contents lists available at ScienceDirect 5

Food Ch o try CHEMISTRY

journal homepage: www el sevier.com/locatefoodchem

Review
Analytical methods in food additives determination: Compounds with )
functional applications Sy

Fernanda C.0.L Martins®, Michelle A. Sentanin®, Djenaine De Souza™*

* Laberarinis de Bleroanalises Aplicads o Biseee nolagia & 2 Eagenharia de Alimertes — LEABE, Campas de Pains de Mimes, lncgiosrs de (uieies, Unhersdade Federal de

Uberidndie Av. (esilie Varges, 230, (eniro 38 700 126, Poics de Mine: M, Bmsil

b | aberards de Andlice & (advon de Al g Clampess de Pans de Mines, Faruldede de Engenboris Qpdmics, [ntvers dode Federal de Uberlindia, Av. Genllis Varges,

230, Coura JE700-126, Paps de Minoc MG, Brosl

ARTICLE INFO ABSTRACT

Keywerds This work describes the 25 dasses of ood additives that contain about 230 compounds with technological,
Food addittves sengarial andfor micobiological hmctionalities. These compounds are sdded & foods at the procesing,
Amalyrical mezhods packaging and transport stepe, to improve the standamd of quality, durability and stability of the procuct and
Spectrasopy adjust the colour, smell and favour attributes. Food industries nesd to follow national and intemational quality
f‘m‘“@"l’:ﬂ' standards that establish the conditions mder which food additives may be used, and the Bod sty is guar
Food commal antesd by snict quality contmol This review describes the mnalytical techniques used in identification and
quantification of food additives in foodstuffz, highlighting the main characteristics of esch method (specro
scapy, chromatography and eledroanalysiz), and indicating the advantages and disadvantages typical of the
methads used. Perspectives of the chemical analysis in the foad industries are also discussed.
1. Introducton

In the last decades, the increased population and lifestyle changes
promated considerable alterations in the formulaton of food products.
Additionally, the transformaton of the eating habits and modification
in the nutritiona]l demands caused an important transformation in the
fond industries, which involved the incorpomtion of additional food
ingredients to food products. The purpose of these compounds | food
additives) is to add dietary nutrition (fortifiers) (Martins, Franco,
Mufioe, & De Souza, 2017), increase the shelf life and/or to improve the
physicochemical, sensorial and microblological propertes of the in-
dustrialised foods (Damodaran & Padcin, 2017).

A wast variety and quantity of chemical addidves are employed in
industrialised foods, to maintain and/or improve the biological, physi-
cochemical, theological and sensorial propertes, such as pH, texture,
homogenelty, colour, flavour, sweetness, crunchiness, overall quality and
stability, and to extend the expiry date A plethora of compounds pre-
senting specific functonality is wsed to achieve these objectves, pro-
maoting differentated gquality in industrialised foods The food industries
employ about 25 clases of food additdves, which are used according to
the specific legislation of each country and following a food safety policy,
based on the Coder Alimentarius (Food and Agriculture Organisation of
the United Mations,World Health Organisation [FAQ/WHO], 2016).

= Correspanding authar.

For all approved food additives, the legisladon should indicate the
foods to which the food additve may be added, the conditions under
which the food additive may be used and recommend the maximum
permisible quantity of the additive, which is based on a level that
assures consumer safety. For this, the industries and the regulatory
agencies require rdgorous quality control in the identification of the
dazs of the food additives and the level of quantfication at which they
are employed. Ensuring that any illegal additives are avoided, also
demands dgorous evaluation.

The current review describes the different clases of the food ad-
ditives and the main analytical methods employed in the analysis of
these compounds, indicating the advantages, disadvantages and per-
spectives of the chemical analysis in the food industry.

2, Food additves

According to the Codex ABmentories (FAQ/WHO, 2016), which &
recognised a the internatonal standard, food additdves are any com-
pound not typically consumed as a food by isell and not normally wsed
as an ingredient in the food bt is intentionally added in the manu-
facture, pmeesing, preparaton, eatment, packing, packaging, rans-
port and holding of the food, to perform a technological funetion (in-
duding organoleptic). The term does not include additives or

E-mail addresses: miche le@ubfe br (M_A. Sentanin], djenaine@uhnbr (D, De Souzal.

https:/fdod org 10,101 6,5, nodche m 200 808 a0

Received 8 April 201 8; Received in revised form 8 August 2018 Accepted 14 August 2018

Avallable online 23 August 2018
030B-8146/ € 2018 Elsevier Ltd. All rights reserved.
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contaminants added to food for preserving or enhancing the nutritional
properties. The use of food additves improves the quality of the final
product and increases the shelf life of the foodstuffs on retail shelves.

In general, the food industry can only use food additives that offer a
reasonable technological need that cannot be achieved by other eco-
nomically and technically viable methods In addidon, these com-
pounds cannat present a risk to the health of consumers, at the level of
use proposed. Thus, the FAQMWHO (2017, by the implementation of
the Codex ABmentaries, and the European Undon (EL, 2017) establish
the condidons under which food additives may be used by the food
industries

The well-developed food safety policies established by the FAOQ
(2016) and EU (2017) are the point of reference for other afficial food
authorities amund the world and the creation of specific legislation in
other countries. In Brazl, the MNatonal Sanitary Vigilance Agency
(ANVISA) & responsible for the authorisation of the use and inspection
of food additdves in the industries (ANVISA, 2018). Furthermaore, in-
dustries that export industrialised foods need to follow national and
intemational quality standards, according to regulations and laws, and
adequately mest the consumers' expectations, by employing an ade-
quate amount of the food additve

2.1, Food additives clusdficaton

The FAQ and ELl employ the food additives classfication, according
tothe food type in which they may be added. The food type categorises
include, for example, dairy and dairy-based products, fats and ois,
educible ices, fruits and vegetables, confectionery, cereal and cereal
pmoducts, egps and eggs products, sweeteners, salts, spices, soups,
sauces, salads, protein products, foodsuffs intended for nutritional
uses, beverages, ready-to-eat savouries and prepared foods (FAOQAWHO,
2016)

According to the industrial use, the food additives are classified into
25 clases, which include about 230 different compounds. Some com-
pounds present more than one principal acton, due to their different
functionalities, which are dependent on the added quanttes and pro-
cexing mode of the food. Fig. 1 shows the relative percentage of each
fond additive, considering the functional dasses.
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The main technological functons of food additives invaolve pH
control, viscosity, stability and homogenety; the biological functons
are related to stability, degradation process inhibitdon and shelf life;
and/or the sensorial functions include, among athers, colour, smell and
flavour. The concentmation of the incorporated additive, the sep at
which it is added, the mode in which it & added and the food type, can
be adjusted, aceording to the desired functionalities. Table 1 shows the
function and wses of the respective food additves, & described above.

21.1. Acidity neglators
The acidity regulators are substances capable of controlling or

medifying the pH of foodstuffs, thereby influencing the smell, flavour,
visoosity, texture and, mainly, shelf life, by directly impacting on the
oxidation /enzymatic reactions and inhibidon of microbiclogical
growth. These compounds are conastinmed by organic acids, inorganic
aclds, bases and conjugated salts, and can act alone or in conjunction
with the buffering system {Belitz, Groch, & Schieberle, 20000

The organic acids mainly wed as acidity regulators are acetic, citric,
malie, benzole and formic. These acids act as food preservatives, che-
lating or sequesirant agents, in the setting of pectin gels, emulsifiers,
sterilisers, ant-foamers and flavouring agents. The most common basic
acidity megulators ame salts of the phosphates, lactates and citrates,
employed for pH stabilisation, producing a buffering in the foodstuffs
system, colour retention and complexation reactions of metals, to im-
prove the sensorial quality of the fosdstuffs. Strong inorganie acids and
hases are also used in the processing of vegetables and fruits (Msagati,
2015.

Sometimes the pH must be alternated during the industral process,
by using a buffer system, according to the desired pH wvalues. The most
common buffer systems employed are citrc acld sodium citrate (pH
2.1-4.7), acetic acid/sodium acetate (pH 3.6-5.6) and ortho- and pyr-
ophosphate anions (pH 2.0-12.0). These buffers aid in pH contral for
protein stabilisation, without causing alteratons to the smell and fla-
wour of the food (Damodaran & Parkin, 2017).

2 1.2 Antcaking agents
In powdered foods, agglutination and lump formation can oocur,
which decrease the quality and interfere in the solubility and sensorial

W Antifoaming agent

o Antiosidant WHulking agent Carbonating agent

& Carrier W Calour ® Colowr retention agent

® Emulsifier Emulsifying salt H Frrmimg agent

®Flaveor enhancer w Flowr treatment and bleaching agent ® Foamung agent

wielling agent wilazing agent o Humnectant
Preservative o Propellant W Raising agent

H Sequestrant o Stabilizer W Sweetener

8 Thickener

4.35%

Fi]

4.35%
Fig. 1. Percenphiml relathiorship of each class of the food additives use in food industries
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Table 1
Chemical additives used in food industries aconding main technological himctions (FDA-ULS. Food Administ, 2018); (Food and Agriculture Orgamization of the
United Mations World Health Organization, 2006).

Class Addittves

1 Aadity regolatar Gladal aceric acid; Adipass; Alominfom ol fate Carh onate hydrogen carbonate; Ammontom hydroide,
Ascorbic add, 1; Caletom carbonate; Caldom hydrowide; Calcom beaae; Calduom oxide; Cimie Add Pomaric Add; Glooono deda-dactone;
Hydrochlorie add; Lacde acd, L-, D- and DI.; Magnes tom Carbonate, Magnes fum hydroxide; Magnestom hydroxide carbonas; Magnestom oxide;
Malic acid, D1 Phospharic acid; Sodinm dihydrogen phosphate; Trosodinm pho sphate; Phosphares; Potassiom acetar; Potassiom carbonate
Poassium dibydrogen dmate P =l hydmgen carh & Pomssiom hydroo de; Pomssiom beate Sodiom acetar; Sodinm. al oo mom
phosphars; Sodfom arbonae; Sodiom diacears Sodtnm divydrogen drate Sodinm Dl-malare; Sodium fomaraes; Sodiom hydmo g arbonas;
Sodiom hydrowide Sodiom heate Sodiom sesquiarbonar; Tanmtes; Tricaldum cimate; Tripotassiom dirae; Trisodinm dirae;

2 Angcaking agent Cakfom silicar; Camanba wax; Castor odl; Ferric ammoniom cimate; Pernocyanides; Magnesium hydroxide carbonate; Magnesiom amide;
Magnesiom silicar, synshetic; Manndnl; Microorysralline cellukse (celiolose gel); Fhosphars, Palydimesh vl coane; Powdered cellulose; Sals of
myristic, palmidec and stearic adds with ia, cal com, sium and sodinm Sals ofolec acid with calefom, potassiom and sodfom Silicon
diowide, amonphous; Sodinm alominesilicates Sodium carbonate; Sodinm hydrogen carbonate Sodinm sesquicarbonare; Tak:;

3 Arngiaming agent Cakfom alginate, Micoaysalline wax; Mono - and di-ghyeerides of fary acids; Polydimeshylsilorane; Polyehylene gheol;, Polysorbaes; Siicon
dioide, amonp hoos;

4 Anmencidane Ascorbicacid, 1; Ascorby] esters; Barylated hydroxyandsale; Bogylared byd roxyanl nene; Cal dom asoorbase; Citrie Acid; Qmic and fagy add estersaf
glyeerol, Erythorbic add fscascrbic add); Ethylene diamine tera acettes; Goadaoresing Isopropy] cimaes, MNimons ocde; Phosphorc add;
Poassiom laae; Propyl gallae; Sodiom scorbare Sodiom erythorbate sodiom isascorbate); Sodfom bheate Saonons chlor de; Seary] citras;
Zulfies; Tanraes; Terdary bogdh ydrogoinon e Thiod fprop onates; Toon pherals;

5 Bulking agent Hydraonypropy] methy] cellolose; Manminol, Methy] cellubose; Microcrysalline cellnlose ellnlose gell; Polyd enmoses; Powdened celbolose;
Processed Enchema sea weed (PES); Propylene gheeal alginae; Sodiom alginae; Sod fom carb orymesy] celhol ose (cellolose gum]); Sodiom hoae;

L] Carbonaing agent Carbon dicoride;

7 Carriar Castor oil; Cydodewmin, Beta-; Deorines, roased stanch; Gom Arabic {(Acacia gom); Magnesiom hydnoocde crbonae; Polyethylene ghecol, Processed
Enchema sm weed (PES) Silicon dicoride, amorphons;

8 Coloar Allora red AC; Amaranth; Annain exracs, Bxndased; Annan exracs, Mo rbicin dased: Azorobine (Carmotsine) Brilians black Black PN

Bl Hare: bloe PCF; Brown HT; Candhaxan gd g Carame] | - Plain caramel Carame] 11 - Solfie carame; Carame] 11 - Ammonis caramel Carame] IV —
Zulfie anmonia caramel; Camine; Caroenes, Bera:, vegetab le; Carotenadds; Chilom phylls and Chlonoph yllins, copper complexes; Corcoming
Erythrosine; Fast green PCF; Grape skin enrac; Indigotine (ndigo Carmine]; Iron oxides; Loein from tagees secn; Poncean 4R (Cochineal red Al
Riboflaving, Sumsetr yellow FCF; Tanmazine; Zaxanthin, shymthedc

q Coloor mtendon agent Alominom ammonfom salate; Edylene diamine tetra acemars; Fermons ghconate; ferrons leate; Magnestom Carbonare; Magnestom chloride;
Magnesiom bydron de; M st hydroocid e carks Mimrites; St chil aride;

10  Emmbsifier Acede and farty acid esers of ghyeerol;, Agar; Alginic add; A mfam al ginate salrs of phosphatdic add; Beeswar; Candelills wax;
Carob bean gum; Cammagesnan; Castor ofl ; Citric and Bty add esers of ghyeeral, Dexmrins, noased s@rdh; Diacerylanarnic and By aad esers of
glyeeral, Dioay] sodinm sulfesnccnase; Glyeenol ester of wood nosin; Goar gon Gom Arabic (Acada gom) Hydroxyprop ¥l celiolose;
Hydraxypropy] sarch; Karava gom; Konjac fiour; lacde and fany add estars of ghycenol, Ledthing Medy] celiolose; Methyl athyl cdhiloss
Microcrysalline cellnlose (cdhlose gell Mono- and disglycerides of fany adds; Monostanch phosphate; Oxidized starch; Peating; Phosphated
d:lnld:[lmqinre;Mmemememrmewwm”afmﬂs
Palyghyeeral esters of inereserified rianaled add; Pohporyethyk sarbates; Pohvinylmyrroli done; Potassiom alginae; Powdered
cdh]me:mo:uedznd:mimmadmmheﬂmrm&ﬂwa@mrm&m“dmﬂ:&hdmm
palmide and stearic acids with 12, calclom, pomsstom and sodinm; Saks of ol & e acid with calefom, potassiom and sodiom; Sodiom alginae;
Zod fom alumindom phosphaes, Sodinm dihydrogen dmats Sodiom beats Sorbian esers of oy adds Starch acerar; Sanch sodiom ooenyl
suocinate; Staxches, mzyme meard; Sraroy] hayltes; Starny] dmate Socroghyesdes; Sncrose acease isoburyrae; Suoose esters of fary adds;
Sonaose aligoesters, rype 1 and rype IL Tragacanch gom Trisodiom cmate Xanthan gomg

11 Emmkifying sak Sodiom ditwdrogen phospha; Phosphates; Potassium dihydrogen citrae; Sodiom alominiom phosphates; Sodiom bheate Tripotassiom ciirae;
Trisod fom citrae;

12  Firming agent Alominfom ammondom solfare; Calefom chloride; Gakefom hydrowide Caldom bheate Calefom sl fare Condlan; Magnestom solfate; Phosphars;
Pomssiom chlorde; Tricaldom omates

13 Flawvor enhancer Berpoy] peroxide; Calefom 5°gnanylae; Galcom 5nosinae; Galetom 5ariboarme leotides; Calcum di-Lglhamare; Dipotassom 5goanylae;

DisodinmS goan ylaz:; Disodinm 54nosinae; Disadiom 5ribame leotides; Edy]l malol; Gloamic add, L+ ) Goanylc add, 5% nosindcacid, 5%
Magnestum di-L-gloamare; Magnestom sulfaz; Malol, Monoammaoniom Lgluramar; Monopotassiom L-ghramate, Monosodiom L-ghmamate;
Heonme Podssiom 5<dnosinae; Silfies Tanraes,

14  Floor meamment agent  Alpha amylise from Aspergilles oryzae var; Alpha amylase from Bacillos sobeilis; Azodicarbonamide Benzoy] perowide Bromelain; Caletom
lactate; Caleiom coride; Caleinm solfase; Carhohydrase from Beedlbus Sobemifomes; Chlorine; Cimic and fitty ac0d esters of ghyceml Phosphates,

Palysorbaes; Sulfies;

15 Foaming agent Ammontom alginas; Caloom alginate; Carbon diod de; Methy] eghiy] cellokose; Microoystalline cd ks e (cellnlose gell; Nitrogen; Nimons oxide;
Palysorbaes; Suoose esters of fagy acids; Xanthan gon

16 Gelling agens Agar; Alginic acid; Ammonfom alginate; Caletom alginase; Camrageenan; Cord lin; Konjac flour; Pectns; Poassiom alginae; Prooessed Enchemasea
weed (PES); Sodiom alginate; Sodfom carboorymethy] eellukese (cellnkoss gum]; Tara gom

17 Glsing agent Hesmwar; Candelilly war; Camanha war;, Carmagesnarn; Cistor off, Gom Arshic (Acaria gom]); Hydrogenaed poly1-demenes; Konjae floor;

Microcrys alline wax; Mineral oil, high visoosin: Mineral oil, mediom viscosity; Polyethylene ghoo b Pahving] aloohal, Palyving] pyrralid one;
Processed Enchema sea weed (PES); Propylene gheeol; Pullularg Shellae, bleached; Socrose esters of fagy adds; Socrose aligoesters, gpel and gpe

1L Takg

18 Humeoan: Glyeeral; Manndml; Sodiom diwdrogen phosphate; Trisod fom phosphae; Phosphases; Pol ydexmoses, Processed Enchema sea weed (PES)
Progylene ghyeol, Sodiom Dl-male; Sodinm baae;

19 Pressrvative Herpoaes, Calkeinm acemte Calefom pro plonae; Carbon diowide;, Dimethy] dimrbomae; Edhylene diamine tema accntes; Hexamegylme

tegamine; Hidrowyberzoars, para; Isopropy] citrates; Lanric arginare ethy] ester; Lysozyme Matamyein (Fimaricin); Mising Mimies; Ontho-
phenylphenals; Trisodium phosphate, Pomsstom aceate; Propionic ackd; Sodiom acetae; Sodiom discerar; Sorhaes; Solfites;

20 Propelant Carhon dﬂlm:ldz: Mimoger; Nimous o de;

21  Haiking agent A nfam ¢ e A rdam hydrogen carks Ghicono deltadacmne; Sodfom difpdrogen phosphase; Phosphaes; Sodiom alom indam
phosphars; Sodinm arbonae; Sodom hydrogen arbo nae; Sodinom sesquicarbonate

I Sequestrant Caletom solfaw; Citrie Acid; Cimric and farry acid esters of ghyeeral; Disccrylrartaric and fanty acid esers of glyoeral; Eghylene dismd ne tetra acetaes
Glocono dela-bcrne 1sopropy] cirares; Lacde and Gty add esters of ghycenol, Phosphaoric aad; Sodfom diydrogen phosphare; Trisod fom
phosphasr; Potasstom diydmgen citrate; Sod fom aceats Sodiom diaceats Sodium dibydrogen cimate; Sodiom ghoonar; Seary] dirae;
Tarmates; Tricalcum cmate Triethyl citraz; Tri-potassfom citrae; Trisodiom ctraes

A Srahil zer

{comtimed an next page)
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Table 1 {comtinued)

Class Addittves

Acerylaed distarch adipase; Acctyhed disarch phosphar; Actyhed oxidized sarch; Addareard sarch; Agar; Alginic acd; Alkaline meard
starch; Ao mdn fom riamn. sulfae tom alginate; Beeswax, Heached sanch; Caletom alginate; Calcinm chloride; Caro b bean gom; Qmic
and fagy acid esters of ghyeeral, Cordlan; Cyelodexmin, Beg-; Dexrins, roased sarch; Diacayharan and fazy acid esters of ghyeerol; Erhylens
diamine rera aceqtes; Glyeeral ester of wood rosin; Goar gom; Gum Arabic (Acada gom]; Hydrooypropyl cellbose; Hydrorypropy] disanch
phosphar; Hydrorypropy] mesyl celiol ose Hydronypropy] stard, Karava gom; Konjac floar; Laaic and Sy acid esers of gheeerol, Magnestom
chlaoride; Marmiral, Methy] cellnkse; Methyl ety celbol cse; Microoystalline cellnl e (ellokse g} Mono- and diglyenidess of Sy adds
Momno sarch phosphate, Oxidized sarch; Pectns; Phosphated distarch phosphae; Sodinm dibydrogen phosphare; Trisodinm phosphate Phosphares;
Palyderiroses; Polygheeral esters of fazy adds; Palysorbates; Polyviny] pymrolid one; Pomssi om al ginate, Potassiom arbonae; Poassom chloride;
Pomssiom dihydrogen citrae; P tydrogen carks Powdered cellnlose Processed Enchema sea weed (PES); Propylene gheeol alginae;
Sals of myristic, palmiric and stearic adds with a, calcfom, stum and sodmm; Saks of aled acid wigh akofom, potassiom and sodiom
Zodiom alginaw:; Sodiom alomindom phosp b Sndinm cark & Sodinm carboorymethy] cellnkese (cellukose gom); Sodfom dihydrogen citrae;
Sodfom hydrogen carbonar; Sorbitan esters of fasy acids; Sarch accate; Stanch sodiom oceny] sorinate Staeches, eneyme treated; Seanay]
lacryles; Suorose aceare isoburyrane; Snoose esters of Bty adds; Snoose oligoesters, gpe | and gpe 0; Tara gum; Tarmates; Tragacand gum;
Triethy] dmate Tripotassiom citrae; Trisod fom citrae; Xanthan gom

Acesulfame poassim; Alitame; Asparame; Asparame-acesal fme salg Cyclamates; Mannitol, Neotame:; Sacchar ns; Stevial gheeosides; Sooralose
({Trichlorogalacn sooo se)

Acerylaed distarch adipase; Acctyhed disarch phosphar; Actyhed oxidized sarch; Addareard sarch; Agar; Alginic acd; Alkaline meard
starch; Ammoninm al ginate Bleached starch; Caldom alginase; Cinddilla wax; Carob bean gom;, Camagesnan; Cordlan; Cyelodewimin, Beta;
Dextrins, roasted starch; Disarch phosphate Glycerol, Goar gum; Gom Arabic (Acada gom); Hydroxypropy] eeliolose; Hydrompropy] distarch
phosphar; Hydroorypropy] meshyl celiol ose; Hydronypropyl starch; Karaya gom; Konjac flonr Manninol, Methy] cellubose; Meshyl ethy] cellnlose;
Microcrys alline cellnlose (cdhlse gell; Monostarch phosphase; (wided starch; Pectns; Phosphaed disarch phosphas; Sodiom dihydrogen
phosphasr; Trisodinm phosphae; Phosphates; Polydermoses; Polyethylene gheal, Polyving] aleohal ; Pahyvin yipymmolidons, Pomssiom alginate;
Poassium chloride; Powdered cellolose Processed Enchema sea wead (PES); Propylene gheeo] al gnate; Pollolan; Sodiom al ginate; Sodiom

b e ey batess; S diom: carbo xymeshy] cellnlose: (el bl gom); Sodiom lactae; Sarch acetar; Stanch sodinm oremny] soccnae; Sanches,

emzyme Teard Tale Taa gum; Tragacanth gom; Xanthan gom;

pmoperties. Moreover, some food and food ingredients in powder form
can absorh moisture readily when exposed to relative humidity change,
and become sticky, agglomerate and form lumps, potentially leading to
pmoblems in food processing and storage (Figura & Teixeira, 2007).

Consequently, the food industries uwse antcaking agents, which are
added in the production of dred powdered foods, salt, sugar confec-
tions and whey cheese pmducts, among others. The most common
anticaking agents are calcium and magnesium carbonates, phosphates
and silicates. These are high water-binding agents that prevent caking
by selectively binding the water and, notably, do not interfere with the
final appearance of foodstuffs (Blekas, 2016).

2.1.3. Antifoaning agents

Fermentation processes can often present an undesirable foam ap-
pearance because of the presence of surfactants in the fermentation
steps. Hence, the addition of antifoaming agents is necessary to produce
a barder that reduces the cxygen mansfer rate and, consequently, de-
creases the foam production. In practice, the antifoaming agent desta-
bilises the liguid film that covers the air bubble, displacing the sub-
stances from the surface, and thereby preventing the foam stabiliny.
Besides, the antifoaming agent can interact with the surface-active
stabilisers, promoting the collapse of the liquid film and destabilising
the foam, or by dilution of the antifpaming agent in the mixtre
(McClure, Lamy, Black, Kavanagh, & Bartom, 2017).

The inadequate uwse of antiframing agents decreases the shelf life of
the fondstuffs 5o their use should be controlled. The fatty acid esters,
polyesters and silicone-based oik/emuldons are the most common
antifpraming agents applied to food products and bevemges (Msagad,
2012).

2.1.4. Antooxidanis

Onddation by molecular oxygen is the main degradation process in
foodsuffs and occurs as a consequence of the removal of electrons firom
a substrate (typically, oxygen-, nitmogen- or sulphur-containing) to an
atom of oxygen present in the moisture, which gives rise to free radi-
cals Free mdicals are highly reactive towards other molecules, due to
their unpaired electmns, thereby leading to chain reacions. These re-
actions promote los of the nuridonal value and produce an undesir-
able flavour and smell. The inidal sep of the reaction iz thermo-
dynamically unfavourable, so the production of the first few radicals

necessary to initiate the propagaton step requires the presence of a
catalyst (e.g., light, metal ions, heat). To avoid or decrease the velocity
of these reactons, the food industries add anticcddants, which interact
with the free radicals and oxygen, responsible for promoting oxddation
reactions  in  witamins, natwral colours and lipid components
(Damodaran & Paddn, 2017).

Some substances naturally found in food (tocopherol and carotene)
present antioxddant activity and contribute health benefits to in-
dustrialized foodsuffs. All synthetic antoxidants present chemical
struciures similar 1o natural phenolic compounds, which pamicipate in
the oxidation reactions through resonance-stabilised foee radical forms
The main gy nthetic compounds are butylated hydroxyanisole, butylated
hydroxytoluene and tertiary butyhydroguinone (Belitz et al., 2009).
However, such synthetic antioddants are not preferred duve o tox-
icological concerns. Thus, increasing interest is forused on identfiring
plant extracts & sources of antioxidants.

The application of antioxddants in foodstuffs increases the shelf life.
However, their use must be carefully assessed and monitored, due to
toxicity or inadequate concentratons, resulting in the formation of
toxie compounds in foods that can be absorbed by the consumer and
may cauwse health issues, such as degeneratve diseases and mutations
(Shibamoto & Bjeldanes, 2004 Furthermaore, the inappropriate use of
antioxidants can provoke unpleasant alerations in the flavour amd
aroma of the fopdsuffs. The antiocidamt efficiency is increased by the
synergim among antosddants; two or more antioxddants with different
mechanizms (e.g., a combination of metal chelators and free radical
scavengers), two of mome free radical scavengers, whereby one of these
substances is regenerated by others (eg., the ascorbic acid Aocophemls
system ), protective actdon of one antioxddant that undergoes oxdation
to shigld the mome effective anticxidant against cxidation (the inter-
acton between carctencids and tocopherols panly results from this
mechanizm) (Msagad, 2012). Table 1 lists the main antdoxidants wsed
by the food industries.

2 1.5 Bulling agents

The volume is an important chamcteristic of fondstuffs since it
contributes toa fundamental sensorial atribute, the textre. In the food
indusiries, bulking agents are used to increase and stabilise the final
volume of the feedstock and foodstuffs during the processing and sto-
rage Freguently, the addition of sugams to the bulk conributes
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significantly to the final volume. When mokturised with fat, it alows
trapping air in its crystals, and when moisturised with flour, competes
with gluten for water and dissipates the molecules of this protein. Both
actions result in the enhanced lighimess of the mass, imprmoving its
texture,

However, the need for low-calore products has promoted the in-
creased wse of sweeteners, which do not help to give volume to the
mass. Hence, the bulking agents are added to solid and semi-liquid
fonds, 1o increase the final products volume, without affecting the taste
or confributing to the energetic final value of foodstuffs Mannitol,
methyleelulose, microrystalline cellulose and polydexirose are some
common bulking agents inroduced into foods,

2.1.6. Corbomation agens

The cartbonation of beer, fruit juice, wine and soft drinks improves
the tactual perception and provides slight acidity, a tangy taste and
effervescence to these beverages For this, carbon diowide iz added,
according to the necessity of the industrial process and specific legis-
latdon. Carbonation is usually conducted at high pressume and low
temperatume to improve carbon dioxde solubility. Furthermaore, the
retention of substantal gquanttes of carbon dicocdde in solutions at at-
maogpheric pressure is atributed to surface adsorption by colloids and
chemical ligations/interactions. The adequate setting of the carbona-
tion parameters is important in the quantty of carbon dicsdde liberated
in industrial beverages and can be indicative of inferior guality
(Damodaran & Parkin, 2017).

21.7. Carriers

Some food additives can present low solubility or undesirable sta-
bility, interfering in its function and consequentially in the final gquality
and safety of foodstuffe Compounds that aid in the dissoludon, dilu-
tion, dispersion or physical modifications of a food additve, withowt
madifying its techmological properties are termed carriers, and their use
facilitates the handling and application of food additives, such as fla-
vouring and antifpaming agents. Some vegetable and minerals oils are
commonly wed as carriers in food processing (Msagat, 201 Z).

2.1.8. Clarifying and appeanance cormml agents

Turbidity and colour are important chamcteristics related to con-
sumer acceptance of beverages, so the beverage indusiries employ
cerain additves to control these aitributes. These compounds act to
slow down the sedimentation of solids, change the viscosity and den-
sity, and disperse the flavouring by oil compounds, so they are referrad
to as appearance conirol additives (Damodaran & Parkin, 2017).

Clarifying agents are commonly added to improve the appearance of
some beverages, such as fruit juice, beer and wine, by removimg sus-
pended particles or precipitates and preventing oxidative reactions,
which are long-standing issues. Nonetheless, nonselective clarifiers can
cause undesimble effects during the manipulation and can accidentally
maodify the content of the polyphenolic substances. Bentonite and
mantmorllonite clays are clarifying agents primarily used in wine due
to their selectivity to preclude protein precipitation.

Paolyamides and polyvinylpymrolidine remove compounds that pro-
duce undesired flavour in beer. Some types of gelatine rem ove tannins,
proanthocyaning and other polyphenok that compromise the guality of
beverages (Belitz ef al., 2009). Despite intensive we by the food in-
dustries, clarifying and appearance conmrol agents are not considered
among the chemical classes established by the Codex ABmentories
(FAQ/WHO, 2016).

2.1.9. Colors

The first characteristic of foodstuffs evaluated by consumers is the
colour, which is related to the fondsuffs quality and directly influences
the percepton of flavour and sweetness. Moreover, undesimble colour
maodifications during the processing and storage of foodstuffs can be
affected by many factors, such as the presence or absence of oxygen,
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metals, light, oxidatdon reactions, pH and water activity. To overcome
this issue, chemical compounds that impact colour, are intensively wed
by the food industries (Damodaman & Parkin, 2017).

The colours can be matural compounds, termed pigments, derived
from the cells of animal and plant tsues. These colours do mot cause a
residual taste when added in sufficient concemration, and the health
benefits of natural pigments, like camtenoids, carotenes, rbaflavins,
chlarophylls, betalains and other natural colours have been demon-
strated (Msagat, 2012).

However, artificial colours are prefermed by the fond industries due
to their stability, ease of handling during the processing of the foodstuff
and contrml over the intensity of the colourant and thereby low cost.
Table 1 presents the main colours used as food additives. Ponceau 4R,
sunset yellow and amaranth, are sorely wsed, and in some couniries,
their uwe is banned due to the promotion of diseases after accumulation
inm human organisms, smilar to some other synthetic colours
(Shibamoto & Bjeldanes, 20040

2110 Coloer retention agents

Appearance is the most important parameter evaluaied by con-
sumers before deciding whether to purchase the food. As mentioned in
Section 2.1.9, the colour of the foodsuffs directly influences the per-
ception of the freshness and food safety. Colour retention agents, lke
ferrous lactate, magnesum carbonate and magnesium hydmodde, play a
crucial role in stabilising, preserving or intensifying the original food
colour throughout the procesing and stomge (Msagad, 2012). Besides,
the red appearance of meat products is improved by the additdon of
nitrates (FAQWHO, 20170

21.11. Emukifiers

The permanence of the sensorial, physicochemical and rhealogical
properties of the foodstu ffs is ensured by the use of emulsifiers, which
provide a uniform dispersion between the dispersed phase (droplets)
and contimious (bulk) phase, promoting a stable hetern geneous system,
such as water and oil mixtures Emulsifiers encourage stability, increase
shelf life, control rancidity reactions, viscosity and texture, and the
polymorphizm and crystalline structure of fats, solubilise flavours and
inhibit phase sepamtion in fopdstuffs, improving the acceptance of the
industrialised products by consumers (Damodaran & Parkin, 2017

The main emulsfiers used are the mono- and diacylglycerides and
their derivatives, which correspond to amund 75% of the emulsifiers
waorldwide. Many compounds (eg., tartaric acid, succinic anhydride,
ethylene oxide, citric acid) can be reacted with mono and diglycerides of
edible fatty acids to form new emukifiers with different funcions M ono
amd diacety] tartaric acid esters of mono- and diglycerides, for example,
are used as dough condidoners in haked products, particularly, white
bread, mlls and in flour mixes for convenience food. In chocolate pro-
duction, emulsdfiers areadded to avold defects in the appearance, such as
phase separation that can occur (Belitz et al, 20049).

2112 Firming agents
The firmnes and texture of pmcesed products are industrially

ensured through the wse of fiiming agents that stabilise the cellular
structure of fruits and vegetables. These rheological properties are
maintained during the processing, independent of the temperature
variation, using firming agents in sufficient concentration and inhibit
the formation of a bitter flavour (Damodaran & Patdkin, 2017).

Caleium salts, such as chloride, citrate, sulphate, lactate and phos-
phate, are commonly used to improve the effects of hardening before
canning and freezing fruits and vegetables. Pectin and pectic acid re-
main inthe cell wall during the heating of the fruits and vegetables due
to the presence of firming agents added during the industrial process.
This functionality can be improved by the combination of caleium and
aluminium salts. In general, the efficiency of firming agents depends on
the medium pH that is controlled by acetic and lactic acid additons
(Belitz et al., 2009).
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2.1.13 Flovowr enfumcers

Sometmes it is necessary to intensdfy the flavour of foodsuffs to
increase consumer acceptance. Improving the flavour perception at the
maolecule moeptor level consequently promotes the alterations of the
functons or meural systems feelings. For this purpose, flavour en-
hancers are added to foodsuffs during the processing steps (Belitz ot al,
20097 to improve the palatability, chamcterised by sensorial para-
meters, such a complexity, fullnes, body, food flavour, thickness and
contimuity. The use of flavour enhancers can ako contribute to smell,
impmve the perception of sofmess, juicy and creaminess ( Damodaran &
Parkinm, 2017).

Monosodium glutamate is the most known flavour enhancer, which
promates the sensory percepton of the meat -like aroma nates in frozen,
dehydrated or canned fish and meat pmoducts. However, in sensitdve
consumers, monoandium ghitamate causes undesimble disorders, such
as temporary dmowsiness, headache, stomach ache and stiffening of the
joints (Msagati, 2012)

The synthetc flavour enhancers, maltol and ethyl maltol, are often
present in candy and foodstuffs produced from fruits, due to their
ability to promote high sofmess and enhance sweetness The nuclen-
tides, such & S-inosine monophosphate and 5-guanosine monopho-
sphate are used as flavour enhancers in soups, savces, canned meat and
tomato juices, atributed to providing an increased viscosity of liguid
fonds and the sensations of freshness and mamumlness (Belitz et al,
2004, Other flavour enhancers are shown in Tahle 1.

2.1.14 Flowr mreaiment and bleaching agents

Chemical compounds are frequently used by the flour industries to
accelerate the maturatdon and ageing of flour, theeby improving the
fermentation process and the appearance of the flour products. These
substances are classified as flowr treatment and bleaching agents, which
promate the oxidative degradation of carotenoid pigments, by comver-
sion to free mdicak. The manipulaton of the flour of pasta is facilitared
through enzymate inhibitdon and pH control, leading to an improve-
ment in the flour colour and the texumre of the flowr products
(Damodaran & Parkin, 2017).

Some flowr reatments agents include ethyl maltol, disodium 5-
guanylate, disodium 5-inosinate, guanylin acid, glutamic acid and
others Hleaching agents, like sulphites and benmoy] percoddes, improve
the baking of the flour products without changing the colour of the
foodstuffs (Msagat, 2012).

2.1.15 Foaming agenis

Some foodguffs present foam in thelr physical structure to promote
the aemtion, improving the disperdon of the molecules and favouring
the consumers' acceptance by further refining the sensorial character-
istics The food industries employ food addidves, classified & foaming
agents, in the stabilisaton of the foams produced in the manufaciring
steps, which am a prerequidte in the quality contral of various food-
stuffs (Green, Littdejohn, Hooley, & Coo, 20130

Research has demonstrated that the chemical interactions behween
foaming agents and the components of the fordstuffs enrich the sensory
quality of the prodwcts (Green ef al, 2013). The interaction between the
foam structure and the capacity of the foaming agent in the main-
tenance of this stucture can be considerate in industrial processes.
Hydrooolloids (gelatine and ovalbumin) are the most common foaming
agents added during the processing of beers, ice creams, bread and
emukions However, becawse these compounds originate from andmal
spurces, they are rejected by some consumers, indicating the im-
portance of developing alternatives with suitable quality and food se-
curity.

2.1.16 Gellirg agents

The gelling agents are a class of fond additives used to promote gel
formation, which & a viscoelastic semisolid that presents elastic solid
and viscous liguid chamcteristics. The use of gelling agents produces a
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thmee-dimensional physcal structure, improving the homogeneity in
the foodsuff. The gelling agents produce a gel with suitable stability,
which can be a quality indicator, and act in the procesing steps to
enrich the viscosity of the final products (Belitz et al, 2008).

Hydrocolloids, often called gums, function as structuring/gelling
agents via the involvement of specific inter-chain asociations in con-
formatonally ordered junction zomes, which form the basis for the
three-dimensional network characteristic of a gel. The physcal ar-
rangement of these junction zones & dependent on the pH, interest
rheclogy, processing temperatume, texture, quantty of gelling agents,
interactions between the ingredients and the functional characteristics
The gums act &5 cloud agents, coating agents/film formers, clarifying
agents, orystallisation and syneresis inhibitors, suspensdon stabilisers,
binders, whipping agents, swelling agents, mould release agents, foam
stahilisers, flocculating agents, fat mimetics, encapsulating agents,
emulsion stabilisers, bulking agents, binders and bodying agents
(Damodaran & Paddn, 2017).

The aligns, carboxymethylcellulose, carageenan, pectin, alginate,
xanthan and others, shown in Table 1, are the most common gelling
agents wed by the food industries. The types and the quantity used are
defined by the specific legidation, according to each country (Msagati,
2012).

21.17 (Hladng agents

The appearance of some fondstuffs can become more atiractve,
when they look brighter, such as fruit and vegetable candies. Providing
a brighter exterior and protection to the ecernal surface of foodsmffs
can be achieved by the addidon of glazing agents during the mamu-
facturing process. The protective outer coating provided by some
glazing agents, such a5 the waxes in apple peel can ako increase the
shelf life of some fruits and vegetables (FAOQ/WHO, 20017]).

In indusirial processes, the most commaon glazing agents used are
beeswax, candelilla wax, camauha wax, castor oil and polyethylens
glycol, among others shown in Table 1.

21,18 Humectans

During the transport and storage, some foodstuffs can lose moisture,
decreasing the shelf life and damaging the appearance of the product.
In general, the loss of moistore affects the final texture and, conse-
quently, sensorial perception, attributed to the unpleasant drymess or
hardening of the food experdenced by the consumers To avoid this
problem, humectants, ie., substances that protect foods from the
moisture los, may be used in the formulation of foods susceptible to
dryness. Glycerol, mannitol, polydexirose and propylene ghycol are
humectants employed in the fabricaton of sweets, bread, cake and
biseuit fillings, chocolates and other products (Msagati, 2012

21,19 Pressrvatives ‘antindonobiol agents

The preventon of the spollage and assurance of the safety of food
can be obtained by wse of compounds that act as preservatives of
foodstuffs, by presentng antimicrobial properties, preventing the de-
gradation by enzymatic and non-enzymatic reactions. lis realisatdon
depends on some conditions, such as the pH and solubility of the fond.
The use of preservatives/antimicrobial agents increases the shelf life of
the foodstuffs, but at high concentrations, these compounds can pro-
mote an unpleasant taste, intense od our, change in viseosity and colour
retenton, and decrease in the solubility ( Msagat, 2012).

The fond industries employ preservatves/antimicmobial agents
which can be wed to inhibit non-enzymatc browning and enmyme-
catalysed mactions, and the reversible cleavage of proteins (sulphites
and sulphur dicodide). In the meat industries, the sodium and potassium
salts of nitrite and nitrate are often used to preserve cured meat and
sausages. In the production of bread and baked goods, the acetates of
sodium, potassium and calcium, and propionic acid were incorporated
to prevent the gmwth of moulds, thereby increazing the shelf life of
these foodsuffs. Other compounds used for this purpose are benzoate,
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sorbate, epoxides, glyceml esers, and diethyl pyrocarbonate (Belie
et al., 20049).

Some antibiotics are wsed as food preservations, but their use mus
be adequately evaluated, as the consumpton of food treated with an-
tibiotics may cause senstisation of the consumer to the antibiotics used
and may mesult in the emergence of antibiotic-redstant micmorganisms.
In the cheese and yoghurt industries, the inhibidon of undesirable
bacteria, yeasts and fungi is realised by the use of preservatives, such as
benznates, sorbates, natamycin (an antibiotic]) and Lectobacilus, which
maintain the quality of products and improve the nuiridonal gquality,
respectively (Damodaran & Parkin, 2017

2120, Propelants

Some foodstuffs are physically presented as sprays, foams and 1i-
quids. The stabilisation of these forms is a huge challenge in the food
industries Pressurised sercsols, called pmopellants, promote the ex-
pansion of the foodstuffs and are in intimate contact with the food, and
themefore, are considered as food additives. Propellants ame classified
according to their physical state (liquids and gaseous compounds), and
their uwe depends on the food physicochemical property's needs
(Damodaran & Parkin, 2017).

Gasepus propellants are non-toxic, do not promote undesirable fla-
vour and colour, are non-flammahble and present low cost. The mos
commaon gaseous propelants are nimows oxide and carbon dicedide,
employed in systems where foams and sprays are desired, due to their
water solubillity and suitable expansion in closed systems. Carbon di-
oxdde is used in products where the tanginess and tariness are neces-
sary, such as in cheese. Nitrogen & used in ketchup, edible oils and
syrups, in which the foaming can be avoided (Belitz et al., 20049).

The main liguid propellants used in vegetable oils and emulsified
pmducts are octafluorocycdobutane and  chloropent afluoroset hane.
These compounds present low flammability, are non-tocic in low con-
cenfrations and do not interfere with the flavours of the foodsuffs.
Other chloroflusrocarbon compounds are prohibited, as they are en-
vironmentally toxde, promoting degrmadation of the czone layer in the

atmaosphere (Msagad, 201 Z).

2.121. Raidng agens
Raising agents or chemical leavening systems are compounds added

to fondstuffs to promote the expansdon of the dough or batter, im-
pmoving the tecture, sofimess and flavour. The use of mising agents
fosters the release of carbon diowide and the expansion of pasta, which
iz dependent on the concentration and tempermture of paste, that in-
terfere directly in the characteristic of the fondstuffs based on baking
mixes, howsehold, self-rising flours, commenial baking powder and
dough products (Damodaran & Parkin, 2017).

The more common rmising agents contain bicarbonate salt and
carbonate that are soluble in water, promaoting complete lonisation of
carbonate and release of carbon dioxdde The dough or batter are
complex systems, containing proteins and other natural compounds
that can participate in the chemical eactions of the raidng agents,
avoiding the appearance of undesirable flavour in the foodauffs and
assiging in the end pH sabilisadon. Other salt acids used a5 raidng
agents are potassium acld tarmate, sodium aluminium sulphate, §-glu-
conolactone and acid pyrophosphate, which produce gas due to specific
enzyme actons (Msagad, 201Z).

2122 Sequesttes,cheluting agents

Sequestrants or chelating agents ame chemical compounds wsed as
stabilisers of foodstuffs, through complexaton of metals jons that cat-
alyse hydrolytic reactions and degradations process. Metals interfere in
fondstu ffs, modifying the flavour, smell and colous and, consequently,
promate alterations in the final product stability. Some natral com-
pounds present in the feedstocks act as sequestrants or chelating agents,
such as chlorophyll that com plexes with magnesium; ascorbic acid that
complexes iron to impmve its ngeston, some enzymes that complex
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copper and zine; and some proteins that complex iron, among others
(Belitz et al., 20049).

In industrial pmcesses, the sequestant or chelatng agents em-
ployed are chemical compounds that present the functional groups
=NHRg, =§=, =0H, =5H, =0-, C=0, =000H and H,P( ", which have
an unshared pair of electrons that can react with metals jons. The
complexaton  peactions depend on the pH of the medium.
Paolyphosphates and ethylene diamine teira-acetic (EDTA) salts can be
wsed in canned seafood to prevent the formation of gassy crystak, and
in vegetables and fruits to inhibit the discolouration reactions. Some
acidulate also act as sequestrants or chelating agents, such as citric acid
and phosphaoric acid, wed in the soft drinks industries (Damodaran &
Parkin, 2017). The EDTA salts are the most used sequestrants employed
by the food industries, but their use requires rigorous control duee o a
capacity to complex with metals naturally present in humans. The in-
adequate ingestion of certain minerals can promote seriows diseases
(Msagati, 2012}

2123 Stohilisers

The food industries frequenty use compounds to avoid phase se
parations, ensuring the homogenelty of foodauffs. These compounds
are clasified as stabilisers, and their uwse is fundamental to ensuring a
desimble sensorial anribute, particularly, in the stabilsatdon of emul-
sions and suspensions, to improve the texture by inhibiting the for-
mation of crystal and increasing the viscodty, thereby enhancing the
appearance of foodstuffs (Damodaran & Parkin, 200170

Stabilisers are also utilised as thickener agents, gelling agents, sus-
pending agents and glazing agents, as well as to conirol the fluidity and
retention of water in diverse products. The properties of stabilisers are
influenced by the pH, tempermure, concentration, molecular weight
and jonic fores. These foods addidves are used in broths, deserns,
sweels, preserves, ice creams, pasta, dairy products, processed foods,
bakery, soups, biscuits, juices and chocolates Examples of some
common food stabilisers are alginate, carrageenan, casein, carbos-
ymethyleellulose sodium sal, xanthan, guar and locust bean gum
(Belitz et al., 20049).

2124 Sweeleners

Sweeteners are chemical compounds wed to intensify the sweetnes
andsor the perception of the sweet taste, directly influencing the ac-
ceptance of foodstuffs Artificial or non-mutritve sweeteners are often
used as a sugar alternative. These sweeteners ame low in calories. Such
compounds must demonsirate safety at the levels wsed in the food and
have a low mesidual taste. Nuiritdve sweeteners (eg., fructose, isomalt,
sugar aleohaols, makodexiring ame based on different types of carbohy-
drates and have less energy than sugar, but they are not calorie-free.
Sweeteners are chemically divided imto sulphonamides, peptdes,
chlorosaccharides, low-calorie sweeteners and polyok (Damodarmn &
Parkin, 2017).

The sulphonamide sweeteners present a sulphamic acid group and
comprise potassium  acesulfame, cyclamates and saccharing These
compounds are up to 700 times sweeter than sucrose but cause a bitter
and residual metal taste. Research about the toxicities of the sulpho-
namides are contmwversial, but an increased incidence of disases at-
tributed to the ingestion of these subsances has not been proven
(Shibamoto & Bjeldanes, 2004

The peptide sweeteners present suitable sweemess ai low con-
centrations and, consequently, their use promotes insignificant inges-
don of calores. These compoumnds have a sweemess intensity of
200-13,000 times that of sucrose, without residual taste. Despite this,
their use can promote alteration in the flavour of foedsu . Momeover,
for some consumers, the use of these sweeteners can provoke health
problems, such as allergles, heart diseases and phenylketomuria (Belitz
et al., 2009)

The chlomsaccharide sweetensss present a more intense sweetnes
potency (&00-fold) than sucrose (sugar) and are produced by selective
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chlorinaton of the saccharide. These compounds have high crystal-
linity, no bitterness, and good solubility and stability at various tem-
peratumes (Msagati, 201 Z). The polyolk are a chemical clas that beyond
sweetening, promote control of the texiure, crystallisation and wvise-
odty, humidity retention and diminution in the water activity, im-
proving the sofines and water rehydraton propertes of foodstuffs
(Damodaran & Parkin, 2017).

2125 Thickeners

In choosing fondstuffs, the consumer evaluates the texiure and
viscodty, which can influence the perception of the food quality either
positively or negatively. [n some foods, like ice cream, chocolate milk,
cream chesse, mayonnaise and confectionery product coverings, high
viscodty is desirable Therefore, to obtain the necessary viscosity, the
food industries add thickeners in the food processing steps. These added
compounds are water-soluble and hydrophilic, being wsed to disperse,
stabilise or prevent sedimentation of substances in suspensions Gums,
starches, pecting and others (Table 1] are most commaonly used for this

purpose.
3. Analysis of food additives

The use of food additves requires a rigorows food safety policy nce
some compounds can pose a risk to the consumers' health. Some re-
seamhers have shown that the cumulative consumption of food ad-
ditives can provoke allergies, diabetes, obesity and metabolic disorders
(Shibamoto & Bjeldanes, 2004). As a result, each couniry has specific
legislation, encouraging a suitable guality contml in industrialised
fondstuffs, with the identification and gquantification of food additives
used or produced during the industrial process. legal food additives,
used in some industries to mask the degradation process or inadeguate
manipulation procedures, ako need careful monitomed.

Anabrtical technigues are used to identify and quantify different food
additives in feedstocks, independent ingredients, the procesed products
and end-pmducts, and in all intermediate compounds formed during the
manufacturing process. Thus, it & necessary to implement technigues
that provide meliability, selectivity, sensitvity, quicknes, opemational
security and are environmentally friendly and, maindy, low cost, to wse in
quality control and evaluatdon of food safety (Wrolstad et al., 2005).

Regardless of the instrumental technigues (spectmscopic, chroma-
tographic and electroanalytical) employed, the food additives analysis
requires the adequate evaluation of the sampling and pre-treatment
steps and the interpretation of the results, which ame responsible for
success in chemical analysis (Mitra, 2004). The strict sampling proce-
dure iz necessary to guarantee the representativeness of the food
sample, by reflecting all its constituents and so obtaining reliability in
the analytical results. In an ideal sampling procedure, the sample
should be identical considering intrinsic properties from the raw ma-
terials, independents ingredients, the processed products or end-pro-
ducts analyss (Nollet & Toldrd, 2017).

To ensure the representativeness of the samples and, consequently,
the peliability of the analytical results, the sampling protocol is opti-
mised by statistic technigues. The sampling protocol depends on the
size of the sample, vardahbility of the sample components, cost of the
analysiz of each sample and, sometmes, depends on the specific leg-
islation regulating the use and analysis of the food additives, indicating
the procedures and minimum amount of the samples necessary in the
chemical analysis (Nieken, 2014).

The presence of fats, oils, lipids, proteins, carbohydrates, paoly-
saccharide, salts, surfactants, pigments, emukions and turbidity can
interfere in the analyss of fond additves. Hence, pre-treatment of the
foond samples & conducted before the chemical analyss, to remove as
many interfering compounds as possible. The adequate choice of the
sample preparaton method is based on the nature of the food sample
and in the analysis to be performed. Midng, homogenisation, dilution,
centrifugation, distillation, simple solvent extraction, supercritical fluid
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extracton, presaurised-fluid extracton, micmwave-assisted exiraction,
Soxhlet extraction andfor derivation, are some procedures effectuated
as pre-treatments of food samples. These pre-reatments need to be
rapid, simple, inexpensive and environmentally friendly (Wrolstad
et al,, 2005]

The use of microwave-assisted extraction as a pre-reatment method
in high- performance liguid chromatography (HPLC) and near-infrared
(MIR) analysis have been demonstrated enhanced recovery of food
additives, limiting extraction time and solvent waste (Mescatelli et al.,
2017). The employment of magnetic molecularly imprinted polymers
for food additive analysis promote a les tme-consuming pre-con-
centration procedure comparing to classcal methods, with fast ad-
sorption kinetics and selective adsorption capacity (Xu, Miw, Chen,
fhao, & Chen, 2017). Ulirasound-asisted exiraction has been shown as
a suitable pre-treatment method in the food additives analyss, due to
the enhancement of the analytical responses attributed to cavitation
and thermal effects of ulirasonication.

The analytical data in food analysis can be validated wsing statistical
methods, ensuring reliability and analytical quality and adequacy to
specify legislation. The linearity, accuracy, precision, sensitivity, mnge
concentration, limit of detecton, limit of guantitation and robustiness
are analytical pammeters evaluated to demonsirate the analytical
method employed is capable of identifying and quantifying the food
additive, with reliability in complex samples and over a suitable mnge
of concentratdons (Wrolktad ef al, 2005).

There are many analytical techniques availlable for the analysis of
the food additives. The ulimate choice depends on the namume of the
samples (solid, liguid or gas), expected level of the additive, the ana-
lyst's experience, the equipment and reagents available, the tdme of
analysiz, the number of samples and, mainly, the levek of inerfering
substances present in the samples.

Figs. 2—4 show the research mealised during the las 10 years, o
indicate the applicability of the spectroscopie, chromatographic and
electmanalytical techmigques, respectively, for the analysis of the 25
functional classes of food additives. Most of the published papers are
related to the analysis of food addidves that promote toxicities to the
consumer and for cause undesirable flavour in the foodstuffs, which are
acidity regulators, colours, antiowidants and preservatives.

Each technique presented has a set of characteristcs, allowing to
identify and gquantify the additive of interest, with advantages and
disadvantages typical of the methodology used. The main analytical
methods used in the analysis of the food additives in foodstuffs are
classified in spectmscopic (Section 3.1, chromatographic (Secton 3.2
and electroanalytcal technigues (Section 3.3

3.1, Specroscopy bechodiques

The spectroscopy technigues are based on the interaction of eec-
romagnetic radiaton with the matter. The energy from heat, eleciric
discharge or light promote the momentary excitation of the electrons to
a state of greater energy (excited state), and when the electrons return
to the inital energy stams (fundamental states), energy is released,
previpusly absorbed, in the light form. If the light intensity measured &
higher than the added light on the sample oocurs higher light emission
(emission spectroscopy) and if the light intensity measured is lower
than the added light on the sample ocours sbsorption and the measured
imtengty of light & lower (absorpton spectroscopy) (Sooog, Wes,
Haoller, & Crouch, 2014).

Chemical structures of food additives present functional groups,
allowing the absorption and/or emision of electromagnetic radiation
at a known wavelength, which can be employed to quantify food ad-
ditives in feedstocks and foodstuffs. The main methods employed by the
fond industries are ultrmaviolet/visible radiadon (UV /i) spectmscopy
and infrared spectroscopy (IR), which are uwsed in determining the
chemical compostion, textural parameters and quality-related para-
meters (Wmoktad e al, 2005).
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Fig. 2. Researches related to the analytical determinations of food additives in foodstuffs using spectrasoopic methods, from 2007 to 2001 7 years

The UV/Vis technique (from 190 to 800 nmn wavelength) measures
the fraction of radiatdon wransmited through the sample. Iis in-
strumentation requires a source of electromagnetic mdiation, a means
of selecting the wavelength at which the ransmittance is measured and
a detector for measuring the ranamittance. The transmitance is related
to the absorbance and the concentraton of the absorbing species, by
Beer's law (Christian, Dasgupta, & Schug, 2014).

Use of UV/Vis in quality control & adequate in the determination of
different food additives, attributed to its efficiency, low cost, non-de-
structive and envimonmentally friendly approach, and operational
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simplicity, and is considered suitable for online measurement
Howewver, in fopdstuffs analysis, the composton of the samples pro-
motes an undesrable selectivity, due to the presence of other chemical
compounds that absorh electromagnetic radiation. To overcome this
issue, it is necessary to first eat the sample, for further analytical ef-
ficiency and selectwvity (Skoog et al, 2014). The use of artificial neural
network methods is wed to mode]l multicomponent absorbance data
and improve the selectvity of food analysis by UV/Vis techniques
(Esteki, Shahsavar, & Simal Gandara, 2018, Santos & Schug, 2017
In IR spectroscopy, the absorption of light by chemical compounds

B A, A ARA BLA B Canrier
LI BFE BFTAS Blea A WFoa. A
B Ires. W Prap. BRA aEs
OThick.
h, i
IN1014 M ETDIG o7
Years

Ac. B = Acidity Regulator, Antic. 4 = Anficaking Agent; Antif. A = Antifoaming Azent. Antiox. = Antioxidant;: BA = Bulking
Apent; CA=Carbonating Apent; CEA = Calowr Fetention Agent. E = Emubifier: ES = Emulsifying Salt. FA = Firming Agent.

FE= Flavour eohancer; Foa A= Foaming Agent; Gel.

A = Gelling Apent; Gla. A = Glazng Agent H = Humectant;

Pres. = Preservative; Prop. =Propellant; Sa. = Sequestant, Swe. = Swestensr; Thick. = Thichensr;

Fig. 3. Besearches related to the analytical determimations of food additives in foadstulfs using chromatographic methods, from 2007 to 2017 years.
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Ac. B = Aridity Repulator; Antic. A = Anticaking Agent; Anfif A = Antifoammz Azent. Anfiox. = Anfioxidant; BA = Bulking
Agent; CA = Carbonating Agent; CRA = Colour Retention Agent, E = Epmlsifier; ES = Epml:ifying Salt; FA = Finming Agent;
FE = Flavour ephancer; Foa. A= Foaming Agent; Gel A = Gelling Agent; Gla. A = Glazgng Agent; H = Humectant;
Pres. = Preservative; Prop. =Propellant; Seq. = Sequestrant; Swe = Sweetensr; Thick. = Thichener;
Fig. 4. Researches related to the amlytical determinations of food additives in foodstuffs using electmamal ytical methods, from 2007 to 2017 yeas

promotes 4 change in vibratonal energy levels, pesulting in the ab-
sorption of [R mdiadon by different functional groups, at different
frequencies of radiation. The absorpton of radiaton in the near-IR,
from 0L6 to 2.5 pm wavelength, is useful for gualitative analysis, such as
identifying specific functional groups present in substances while mid-
IR, from 2.5 to 15 pm wavelength, is used in quantitative analysis. IR
speciroacopy technigues are widely wed to identify functional groups
in solid, liquids and gaseous samples.

NIR uses a radiation sounce that provides intense radiation in the
06-1.75m range and a detector roughly 100 times mome sensitve
than other [R detectors. Hence, this technigue is used most extensively
for quanttatve applications, either using transmission or diffuse re-
flection measurements that can be taken directly from solid food suffs.
Faor this reason, NIR finds use in the analysis of feedstocks and final
products, such as biscwits, muedi hars, ready-to-eat breakfast products,
procesmed meat products, butter and margarine.

The NIR instrumentation wses multivariaie statistical technigues
and calibration steps to measure the quanttes of various food addidves
in a varety of foodstu ffs, based onthe amount of IR mdiation absorbed
at specific wavelengths. Besides, the method performs rapid quantita-
tive analysiz does not require hazardows meagents and no chemical
waste is generated. However, the high inidal cost of the instrumenta-
tion and the necessity of the specific calibrations for each product
measured are the disadvantages of NIR spectroscopy in the food in-
dustries.

In Fourier transform infrared (FTIR) spectmscopy the instrumenta-
tion uses an interferometer. The radiation is not dispersed, but rather all
wavelengths arrive at the detector simultanecusly. The mesults are
converted to give a typical IR spectrum of the absorbance v frequency
ofthe mdiaton, ugng the Fourier transformations as the mathematical
pmocedure to improve the quality and interpretation of the analytical
results, facilitating the use of IR in food quality contml. This technigue
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provides a rapid and accurate data acquisition and is a non-destruct ive
procedure. It also allows data analysis by a variety of software algo-
rithms that have dramatically increased its practical use in the food
industries (Babushkin, Spiridonov, & Kozhukhar, 2016). In addidon,
FTIR spectmscopy permits determining the concenration of each food
constituent from the absorbance values at a selected wavelength, im-
proving the selectivity in the food analysis. Howewver, like NIR spec-
roscopy, the high initial cost of the instrumentaton i the main
drawback of FTIR in the food industries (Amir et al.,, 201% Van de
Voort, 1992),

Raman spectroscopy is a technigue based on the scattering of light,
whem the frequency of a small fracton of scattered mdiation is dif-
ferent from the frequency of monochromatic incident radiation in the
sample. The Raman spectra are formed from the inelastic collision be-
tween incident monochromatic mdiadon and molecules of the sample
amnd can be used for gualitative and quantitative purposes. The lhses
used in Raman speciroseopy emit radiaton in the near-IR wavelength,
and the intensity of the scartered light & measured ai different fre-
quencies from the incident light. Raman spectroscopy is applicable to
liguids and solid fosdstuffs. The Raman analysis is quick and cheap, due
to a simple preparaton of the samples; however, the weak Raman
scattering promotes a low analytical sensitivity (Bumbrah & Sharma,
2016; Nieken, 2014).

Fluorescence speciroscopy is a technigue hased on the emision of
the electromagnetic radiaton by chemical compounds when a molecule
in the lowest vibratdonal energy level of an excited electronic state re-
ms to a lower energy electmonic state, by emitting a photon after the
absorpton of the light of a specific wavelength (Sddeckd & Téthovd,
2007). The fluorescence spectra are formed by respective wavelengths
for excitation and emission and will depend on the chemical smcre
of the target com pound. Only chemical compounds that present rings
and rigid chemical smctures will emit electromagnetic mdiation with
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considerable intensty because these structures do not allow the mlease
of the energy absorbed by paths other than the emission of light
(Christian et al., 2014].

Fluorescence ingmmentation is like UV/Vis spectmscopy, but the
analytical results are 1-3 orders of magnimde more sensitive than UV/
Viz However, fluorescence is only wsed for rigid chemical structures
analysis, and few compounds in food present these structures, de-
creasing the applicability of this technigue in the food ndustries
(Albani, 2012} The high selectivity of fluorescence is used as an ac-
curate tool to monitor the molecular changes that ocour during food
handling processing or storing of foodstuffs containing sweeteners,
colours and emulsifiers (Christian et al., 2014).

Table 2 provides recent research that developed and applied ana-
Iytical procedures using speciroscopy technigues in the analysis of
variows clases of food additives in a mnge of feedsocks and/or food-
stuffs.

32, Chromatographic ec hoviques

Chromatographic technigues are a set of analytical technigues em-
ployed to separate, identfy and quantify inorganic and organic com-
pounds, based on the paritioning or distribution of a sample between a
mobile and a stationary phase The separaton ecours due to a seres of
equilibiums between the species of interest and the mobile (gas, or
liguid or supercritical fluid) and stationary phase (solid or liquid ad-
sorbed onto a solid suppon).

Chromatographic technigues are classified according to the physi-
cochemical principles involved in the separation. In adsorpton chm-
matogrmaphy, the stationary phase is a solid on which the sample com-
ponents are adsorbed, whereas, in parddon chromatography, the
stationary phase iz a liguid supported on a solid. lon ecxchange chmo-
matogrmphy employs an jon exchange support as the stationary phase.
Exclusion chromatography separates the sobvated molecules by their
ability to penetrate porous pockets and passages in the sationary
phase, asociated with their dze. These separation mechanisms operate
in the two principal types of chromatography wsed in food additive
analysis, gas chromatography (GC) and liquid chromatography (LC)
(Jonsson, 1987)

GC is a versfile technigue that separates and identifies complex
mixures of wolatle compounds and thermally stable organic com-
pounds, wsing an inert gas as the mobie phase and either an im-
maobilised liguid or a solid packed in a cosed tube, as the sationary
phase (Mieken, 2014). The GC instrumentation consists of an inert gas
supply, pressure and flow control regulators, injection port of the
samples, column, detector, and a data recording and processing system.

Preliminarily, the sample is converted to the vapour sate and in-
jected intoa column with a controlled temperature gradient to separate
the maolecules according to several properties, incuding boiling point,
malecular size and polarity. The sample emerges from the column at a
constant flow rate and arrives at the detector where the specific re-
sponse is dependent upon the analyte

A wide variety of detectors, such as thermal conductivity, flame
lonization, electron capture, fllme photometric, photoionisaton, elec-
tmlytic conductivity and mas spectrometry (MS) are commercially
available The appropriate choice will depend on the nature of the
sample to be analysed, and their we can provide either sensitivity or
selectivity in the analysis. The detector signal or chromatographic
peaks are acquired and displayed by a data system as a functon of tdme.
The area under the peak is proportional to the concentration, and so the
amount of substance can be quantitatvely determined by the con-
struction of a calibration curve prepared in the same manner [ W lktad
et al, 2005). Recently, a vacuum UV spectrophotometer was developed
to wee as a GC detector, which measures the absorption of gas-phase
chemical species in the range of 120-240nm, where all chemical
compounds present unigque absorpton specira, permitting a facle de-
convolution of co-eluting food addidves (Santos & Schug, 200170
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The wse of GC requires that the sample be volatile and stable at the
operatonal tempematures, typically from 50 to 300°C. Dervatisations
steps o convert compounds to volatle or thermally stable compounds
can be realised, but derivatisation is not always possible and/or effi-
clent. Besides, GC analysis of food addidve from foodstuffs necessitates
rigomus preparation steps, which genemlly imvolve preparative chro-
matography, such as solid-phase extracton or liguid-liquid extraction,
headspace analyss and distllation. GC insrumentation has an ex-
cessive cost in inital acquistion, maintenance and in the utlisaton of
the equipment. Furthermore, the analys must have high expertise and
technical knowledge of the technigue, mestricing its use in gquality
control to small industries.

Despite the advantages of GO, approximately 80% of known com-
pounds are not sufficiently volatile or stable to be separated by GC.
Instead, the use of LC, especially HPLC, is highly adeguate, where the
mobile phase isa liquid, and the stationary phase is a solid, which can
be adequately chosen to improwve the sepamton and identification of
different chemical clases of organic and inorganic compounds, ac-
conding to the polarity of the target compownds.

The LC analyses are based on the adequate choice of a mobile phase,
composed by organic solvents and for buffer solutions, which promate a
suitable separation of the target compounds based on their differential
affinity between a solid stationary phase and a liquid mobile phase
Classical LC operates at near atmosgpheric pressure by wtilising a peni-
staltic pump or gravity flow to maintain a constant flow of the mobile
phase liguid. HPLC originated foom classic LC thmugh the use of pumps
and specific detectors that promote impmowvements in the separation,
identification and quantification of organic compounds (Wroktad etal.,
2008).

The basic HPLC instumentation is composed of a pump, injectar,
column, detector and data system. The mobile phase, called the eluent,
uwse highly pure organic solvents and buffer solutdons, which are
pumped at a constant flux through the column, promaoting the separa-
don of the components by differences in the affinites between the
mobile and gationary phase The pumps allow the isocrate elution
armngements (constant proportion of solvents during the separation) or
gradient elution (variation in the raton organic solvents and buffer
solutons during the separation) (Christan et al., 2014).

Pumping systems capable of munning a gradient containing up to
four components are largely employed in gquality control labomtories
The injectors are used to place the sample in the flowing mobile phase,
for inroduction onto the column. The most commaon are valve-type
injectors and autosamplers, which are employed to inject large numbers
of samples, such as in food control analysis

The type of column employed defines the type of chromatography.
Normal phase chromatogmphy utilisess a polar stationary phase and
relatively nmon-polar-to-intermediate polarty solvents (hexane and tet-
rahydrofuran) a the mobile phase Reverse phase chmomatography uses
polar organic solvents, such as acetonitrile and methanol joint buffer
solvents. lon exchange chromatography uses lon exchange resins that
are compased of particles carrying fixed podtive or negative charges. In
anion exchange, the statonary phase contains many positively-charged
groups (typically quaternary ammonium ions). MNegatively-charged
species are atracted to the resin and ravel more slowly than the
column than positdvely-charged species. Similarly, positively-charged
species are atiracted to caton exchange resin's negatively-charged
groups (sulfonate groups are often the side-chains in cation exchange
resing). lom chmomatography wses microparticulate ion exchangers, and
the identification and quantification are achieved by conductometric
detection. In size exclusion chromatography, the molecules are sepa-
rated hased on their size (Christian ef al., 2014).

The HPLC columns are composed by high-purity silica partcles with
diameters less than 2 pm, to create high back pressure and present
minor los of efficiency at high flow rates, permitting rapid sepamtions
The zilanol groups present in silica paricles provide polar interaction
sites, and these groups can be functonalised, modifying the polarity of
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the stationary phase acconding to the polarity of the desired oom pound
to be separated. Sometmes, auxiliary columns, called guard columns,
with the same chemical constitution of the column are wsed prior to the
amalytical column (Christian ef al., 2014).

In food amalysis by HPLC, several detectors, which comvert the flux
containing the mobile phase and target compounds to an eleciric sgnal
proportional toits concentration are commonly wed. Among these, the
UV Vis absorpion detector measures the absorption of radiation by
chromophore-containing compounds A fluorescence detector measures
the emitted light. A refractive index detector measures the change in
the refracion index of the mohile phase, due to dissolved analytes.
Elecimchemical detectors ame based either on electrochemical oodda-
ton-reduction of the analyte or changes in conductivity of the eluent.
The MS detector separates and detects ions in the gas phase and is the
mast senstive and selective detector used in HPLC and GC (Christan
et al, 2014). The coupling of HPLC and GC with M$ detection permit
the smultaneous determination of variows food additves in foodsffs
(Logue et al, 2017}

The main advantages of HPLC are efficiency, a great diversity of
stationary phases, high sensitivity due to different detector types and
eagy recovery of the samples with a suitable resolution. However, the
excesmive costs of the instrumentaton, the necessity of a specialised
operator and the genemtion of toode residues from organic solvents are
the main disadvantages of HPLC.

Capillary electrophoress has been indicated as a versatile and high-
performance tool that enables fast and efficient separatons, with low
consumpton of samples, solvents and reagents. This technigue relies on
the electm-migratdon of the concemed species through a capillary
under an electrical field. Coupling capillary electmophoresis separation
with HPLC or MS permits suitable semsitivity and selectivity in food
amalysis (Le et al, 20170

Table 2 lists recent smudies that developed and applied analytical
chromatography technigues in the analysis of different classes of food
additives in various feedstocks and for foodstuffs
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Gas Chromatography; M5

Electmchemical Impedance Spectrascopy; CE

Evaporative Light Scattering Detection; GCE

33 Eecooanalyricd techrdquees

The last two decades have experenced a considerable increase in
the popularity of electroanalytical techniques in food quality contral,
due to the operational dmplicity, low cost and minimum preparaton
samples steps. These technigues measure the elecirical properties, such
as current, potential, charge, resigance, conductance, impedance and
conductivity, to identify and quantify organic compounds, as the eec-
trical properties are pmportional to the target compounds In food
anmalysis, the eleciroanalytical technigues that use the applications of
potential to promote a reaction of electron ransfer folowing a current
measurement, called voltammetric techniques, can be used to identify
and quantify food additdwves in complex samples, such as feedsocks and
foodstuffs (Wang, 2001].

In voltammetric techniques, the potental is changed to promate an
electmon transfer reacton, and the resulting current is recorded a5 a
function of the applied potential, producing a voltammogram that can
be wed in the identification (peak position) and quantification (peak
weight) of the target compounds, but only if this compound is elec-
troactive (reducible or oxddisable). Voltammetric technigues are clas-
sified according to the way the potental is imposed on the elecimde.
Differential pulse voltammetty (DPV) and square wave woltammery
(5WW) are typically used for analytical purposes because the responses
are hased on the superior eimination of the capacitive/hackground
current, promaoting a sensitivity comparable to chromatographic tech-
niques {Scholz, 20100

In DPV, small pulses of fived amplitude superimposed on a linear
potential ramp are applied in the working electmode where the reaction
of interest oocums. The current is messured beforeand afier applying the
pulse, producing a resulting signal that is plotted versus the potential
applied, and consists of the peak current, with a height directly
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propordonal to the concentration of the target compound and a peak
patential that can be wed for its identdty (Dahmen, 1986).

In SWV, a waveform composed of a symmetrical square wave, su-
perimposed on a hase staircase potental, is applied in the working
elecirode. The measured curment presents excellent sensitivity because
the peak currents are measured once at the end of the forward peak and
once at the end of the everse peak, producing a net signal larger than
either the forward or reverse signals, consequently generating a sensi-
tivity higher than the DEV (Wang, 2001].

The analytical advantages of DPV and SWV include excellent sen-
sitdvity with a broad useful linear concentration range for bath in-
organic and organic species, a large number of useful solvents and
electrolytes, a wide range of temperatures, rapid analysis times (sec-
onds), simultaneous determination of several analytes, and the ability
to determine kinetic and mechanistic parameters (Mirceski, Komaorsky-
Lovric, & Lovric, 2007

DPV or SWV requires the use of an electrochemical cell constnted
by two or three electrodes, called the eleciric conductor, plus an inen
electrolytic soludon, called the jonic conductor or supporting elecinn-
Iyte This inert electrolytic solution & wed to decrease the resistance of
the solution, minimise the dectm-migration effects and to conral the
jomic strengths of the medium. Inorganic salts, buffer solutons and
mineral acids are frequently wsed & supporting electmlytes, which can
be pure and should not be easily reduced or cxidised in the potential
range of the analysiz

The instrumentaton consists of two inexpensive integrate cincuits,
one consists of a polarising cireuit that applies the potential between
the working and meference electrodes, and one is 8 measuring circuit
that indicates the current that is produced between the auxiliary and
waorking eecirodes. Consequently, the instrumentation and the analysis
present reladvely modest costs and a considerable operatonally fa-
cility, which ame the main advantages of the electmoanalytical techni-
ques (Wang, 2001).

The change in working electrode promotes alterations in the redox
reaction, consequently, altering the current values meassured, because
the target compounds change their charges at the surface of the elec-
tmde, by exchanging one or more electrons with the conductor. In this
electrochemical reaction, both the reduced and owidized compounds
remain in soluton while the conductor is chemically inert and serves
only as a conductor of electrons The adequate choice of the working
elecirode depends on the redox behaviour of the target compound and
the backgmund cumrent over the potential region used in the analyss.
The eectrical conductivity, surface reproducibility, potential window,
mechanical properties, oost, availability and toodcity, are also important
considerations in the implementation of this technigue (Scholz, 2010).

Mercury, in the forms of the dropping mercury electmde, hanging
dropping mercury electrode and mercury film electmode, was the most
used material becawse it extends the negative potential window, shows
high reproducibility, is readily renewable and has a smooth surface.
However, in the last two decades, it was substinuted by other surfaces,
due to the imitation of only cathodic potential regions and high toxi-
city (Schaolz, 2010).

Solid amalgam electrodes, produced from the mixmre of a metal
powder (eg., silver, copper, platinum and gold) with mercury liguid
following the amalgamation process, presents very cose proprieties to
the mercury electmde but without the mercury resdues (De Souza,
Mascam, & Fatbello-Filho, 2011). These electrodes are a suitable al-
termative in the development of sensing devices for food analysis ap-
plications.

Saolid electrodes com posed of carbon and noble metals have been
used as working electrodes, adding an edended anodic potential
window to monitor oxidisable compounds. Howewver, the analytical
responses are dependent on the sate of the surface eectrode, which
requires pre-reatment and polishing steps to obtain suitable esponses.
Carbon-hased electrodes, such as graphite powder with liguid or solid

binders, carbon fibres, highly-ofented pyrolytic graphite, carbon

*
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nmanotubes and boron-doped diamond, have been evaluated as adequate
surfaces in electroanalyss. Pladmm and gold elecirodes present high
analytical responses but a limited mnge of applications, due to back-
ground currents associated with oxde formaton on their surfaces
(Wang, 2001}

Chemically-modified electrodes represent an important expansion
in the applications of the electroanalytical technigues. These eectrodes
present deliberate surface alieratons, to improve the analytical per-
formance and/or resolve many electroanalytical problems, such as
sensitivity and selectivity. However, the reproducibility asociated with
these modificatons is the main dmwhback to its udlisation in food
conirol analysis (Siera-Rosales, Toledo-Meira, & Squella, 2017; Wang,
2001).

In the last year, the use of electrochemical aptasensors, while are
DMA or RMA aptamers with adequate secondary structures that fune tion
as ligands in different ransduction systems, are capable of binding toa
target molecule with high affinity and specificity ( Amaya-Gonzdlez, de-
los-Santos-Alvarez, Miranda-Ordieres, & Lobo-Castafén, 2013). The
succes in the development of an aptasensor involves immaobilisation of
the aptamer on the tmansducer surface Advances in nanotechnology
have produced aptasensors with adequate stability and surface oov-
ermge by the aptamer while maintaining a high binding affinity in so-
lution, permitting their use in food analyds (Vasilescu, Hayat, Géspér,
B Marty, 2018). The udlisation of porous paper as the substmte for
DMA or RMA aptamer immaobilisaton and construction of an aptasensor
for food analysis has also been reported (Vasilescu et al., 2018).

Table 2 highlights recent studies that developed and applied ana-
Iytical procedures wing dectroanalytical technigues in the analysis of
different classes of food additdves in variows feedstocks and for food-
stuffa All these works evaluated analytical protocols to minimise the
pre-reatment steps and improve the sensitvity and selectivity of the
food analysis.

4, Perspectives in food additives analysis

This review has shown the main food additives classes employed in
the processing, packing and storage steps of fondstuffs, indicating the
principal compounds and their specific applications. The analytical
technigues used by the fond industies in the identification and quan-
tfication of these food additives were also presented, indicating the
advantages and disadvantages of each approach, to supply the necesity
of rigomus analytcal control and, in this way, ensure a suitable quality
and safe food.

In additon, the article presented the literature published in the last
10 years (Figa 2—4) in which spectroscopy, chmomatogmphy and eec-
troanalytical technigues were developed and applied to food additives
analysiz Each method presents specific characterigtics, including sen-
sitivity, selectivity, analysis costs, efficiency and operational facility,
which include minimum sample prepamtion and ease in nstrumenta-
ton wse.

Nonetheless, the imprmovement in the guality of the analytical
methods and a decrease in the operatonal costs still need to be con-
sidered for direct applications in the guality contml by the food in-
dustries. In general, in food industries, the chemical composition of the
samples is known, and so selectvity is not always the fundamental
factor in the choice of the analytical technique. Meanwhile, operational
coats, facllity in the sample preparations and efficiency in the analysis
are essential factors in food quality control laboratories.

The speciroscopic technigues require little or no preparations steps
of the sample and present operatonal facility. However, these techni-
ques have poor selectvity, because all food additives present func tonal
chemical gmoups that absorb or emit light, and, therefore, cannot be
comectly identified using speciroscopic technigues Although, the use of
artificial neural networks can improve the selectivity of food analyss.

The chromatographic techniques promaote an adequate separation,
identification and quantfication of the different classes of food
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additives However, their uwse demands complex pre-treatment of the
food samples and high technical skills by the analyst. Besides, their use
in the food industries increases the operational cost in the gquality
contml because of the high maintenance cost, related to employment of
high-purity standards and reference reagents, and specific columns.
Moreover, the we of chromatogrmphic technmigues in food analysis
produces toxic residues from organic solvenis employed in the analyss.

In the LC technigues, the development of columns specific to food
additives classes and the search for mobile phases with low toxicity and
low ocost are fundamentals factors to be considered in food analysiz In
GC techniques, the derivatisation reactions required to convert the food
additives to volatdle and thermally stable compounds could be im-
proved to expand the use of these technigues in fosd analysis conrol.

The eleciroanalytical technigues employed require the food addidve
to present electmactvity (redueton and or cxidation reactions) at the
elecirode surface, producing current that & used in its gquantificatons.
These technigues exhibit high senstivity, operatdonal facility, are fast,
simple and low cost. Many materials have been developed to improve
the selectivity and thereby enhance the use of the electmanalytical
techmigues in food quality contml. According to Fig. 4, the food ad-
ditives most commonly evaluated by electroanalytical methods are
antiocidants, sweeteners and colourants. The improvement in the pre-
treament of the electrode surface and the development of a material
with a homogeneous surface, with respect to electmchemical actvity,
are fundamentals to extend the applicability of electroanalytical tech-
nigues in food contml analysis.

Development of a specific “fingerprint”, an apparats table to mimic
the human olfactory perception, based on electmnic nose measume and
an appmpriate algorithm, could permit the establishment of the re-
gression models between electronic nose signals and food additives
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