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Regulatory Status of Poly-β-hydroxy butyrate-co-valerate Biopolyester under the
European Union’s Plastics Regulation; Our File No. TI13808.05

Dear Mr. Chen,
The purpose of this letter is to respond to your request for our opinion regarding the status
of Ningbo Tianan Biologic Material Co., Ltd (‘Tianan’)’s poly-β-hydroxy butyrate-co-valerate
(PHBV) biopolyester under the European Union’s Plastics Regulation (EU) No. 10/2011, as
amended (‘the Plastics Regulation’).1 As you know, PHBV biopolyester is listed as a starting
substance at Food Contact Material (‘FCM’) Substance No. 744 (3-hydroxybutanoic acid-3hydroxypentanoic acid, copolymer) in Table 1 of Annex I of the Plastics Regulation, subject to
the specifications set out in Table 4 of Annex I of that Regulation. You asked for our opinion
as to whether Tianan’s PHBV biopolyester complies with these specifications.
In this regard, based on the data and information you have provided us, we confirm that
Tianan’s PHBV biopolyester meets the specifications in Table 4 of Annex I of the Plastics
Regulation and, therefore, may be said to comply compositionally with this Regulation.
Consequently, Tianan’s PHBV biopolyester may be used as a starting substance in the
manufacture of food-contact plastics that are intended to be placed on the market
throughout the EU.
Our conclusions and the legal and regulatory background underlying them are discussed in
detail below.
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Legal and Regulatory Background
A.

The EU Framework Regulation and the EU GMP Regulation

The EU is currently in the process of harmonizing legislation on food-contact substances,
principally by adopting measures (i.e., Regulations and Directives) that are designed to
replace the existing national provisions of the Member States. The EU has adopted the
Framework Regulation (EC) No 1935/2004 on materials and articles intended to come into
contact with food, as amended, governing all food-contact materials, which is presently in
force in all the Member States.2 Article 3.1 of this Regulation establishes the general
principles that food-contact materials and articles must be manufactured in accordance with
good manufacturing practice so that they do not transfer their constituents to food in
quantities that (a) could endanger human health, (b) bring about an unacceptable change in
the composition of food, or (c) bring about a deterioration in the taste or odour of food. To
achieve these objectives, the European Commission is proceeding by adopting specific
measures for certain classes of food-contact materials.
Although it has not achieved full harmonization of the plastics sector, the European
Commission (EC) has adopted Regulation (EU) No 10/2011 on plastic materials and articles
intended to come into contact with food, as amended. This Regulation repealed and replaced
the Plastics Directive 2002/72/EC, as amended, on 1 May 2011. There is no EU harmonization
of the other sectors, such as paper, adhesives, coatings, rubber, printing inks etc. Products
and applications that are not yet covered by specific EU harmonized measures are to comply
with applicable laws of each of the EU Member States, subject to the principle of mutual
recognition.
This principle, as developed by the Court of Justice of the European Union (‘CJEU’) in its
interpretation of the principle of the free movement of goods enshrined in Part 3, Title II of
the Treaty on the Functioning of the European Union (‘TFEU’), allows for the legal importation
and sale in a Member State of products that are legally marketed in another Member State
even if the products do not comply with the specific regulatory requirements of the country
of import. As interpreted by the CJEU, this means that Member States should allow products
that are eligible for mutual recognition to freely circulate within their territory unless they are
able to demonstrate, following, as the case may be, an appropriate authorization procedure,
and under strict conditions as set out by the CJEU, that the product does not present
guarantees for the protection of public health equivalent to those applicable in the country
of import. Further, the Mutual Recognition Regulation (EC) No. 764/2008,3 which sets out the
procedural requirements that must be met before Member States may issue a decision
denying mutual recognition to imported products, became directly applicable in the EU

2

3

Regulation (EC) No 1935/2004 of the European Parliament and of the Council of 27 October 2004 on
materials and articles intended to come into contact with food and repealing Directives 80/590/EEC and
89/109/EEC, as amended
Regulation (EC) No. 764/2008 of the European Parliament and of the Council of 9 July 2008 laying down
procedures relating to the application of certain national technical rules to products lawfully marketed in
another Member State
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Member States on May 13, 2009.4 In the coming years the EC will focus on the improvement
of the application of the mutual recognition principle.5 In this regard, the EC published on
December 19, 2017 a proposal for a Regulation of the European Parliament and of the Council
on the mutual recognition of goods lawfully marketed in another Member State that, amongst
the other, includes a self-declaration to facilitate the demonstration of a product being
already lawfully marketed.6 The proposal is subject to public consultation until 20 March
2018.7
The Good Manufacturing Practice (‘GMP’) Regulation8 sets forth the general rules on GMP,
such as the establishment of quality assurance and quality control systems and the adequate
documentation of those systems. Article 3(a) of the GMP Regulation defines GMP as “those
aspects of quality assurance which ensure that materials and articles are consistently
produced and controlled to ensure conformity with the rules applicable to them and with the
quality standards appropriate to their intended use by not endangering human health or
causing an unacceptable change in the composition of the food or causing a deterioration in
the organoleptic characteristics thereof.”
The GMP Regulation further stipulates that business operators must establish and maintain
appropriate documentation in paper or electronic format with respect to specifications,
manufacturing formulae, and processing, as well as records covering the various
manufacturing operations performed which are relevant to compliance and safety of the
finished material or article. The requirements of the GMP Regulation apply to food contact
materials whether or not they fall within the scope of the Plastics Regulation.
B.

The Plastics Regulation

The most comprehensive of the specific measures currently in place under the Framework
Regulation is the Plastics Regulation.9 We have set out below a brief overview of the Plastics
Regulation below. This is not intended to be a complete overview. Hence, should you wish
us to elaborate any aspects, please do not hesitate to let us know.
4

5

6

7

8

9

Regulation (EC) No. 764/2008 of the European Parliament and of the Council of 9 July 2008 laying down
procedures relating to the application of certain national technical rules to products lawfully marketed in
another Member State and repealing Decision No. 3052/95/EC.
Communication from the EC to the European Parliament, the Council, the European Economic And Social
Committee and the Committee of the Regions “Upgrading The Single Market: More Opportunities for
People and Business” COM(2015) 550 final, page 22, available at
https://ec.europa.eu/transparency/regdoc/rep/1/2015/EN/1-2015-550-EN-F1-1.PDF
Available at
http://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1513151076660&uri=CELEX:52017PC0796
See Have Your Say Platform available at https://ec.europa.eu/info/law/better-regulation/initiatives/com2017-796_en
Commission Regulation (EC) No 2023/2006 of 22 December 2006 on good manufacturing practice for
materials and articles intended to come into contact with food.
Regulation (EU) No. 10/2011 of 14 January 2011 on plastic materials and articles intended to come into
contact with food, as amended. Regulation (EU) No. 10/2011 was amended by Regulation (EU) No.
321/2011, Regulation (EU) No. 1282/2011, Regulation (EU) No. 1183/2012, Regulation (EU) No. 202/2014,
Regulation (EU) No. 2015/174, Regulation (EU) 2016/1416, Regulation (EU) 2017/752, Regulation 2018/79
and Regulation 2018/213. The EC is currently working on 11th amendment to the Plastics Regulation.

KELLER AND HECKMAN LLP

Mr. Xuejun Chen
13 April 2018
Page 4

1. Scope the Plastics Regulation:
The Plastics Regulation establishes specific requirements for the manufacture and marketing
of plastic FCMs that fall under the following categories:
•

materials and articles and parts thereof consisting exclusively of plastics;

•

plastic multi-layer materials and articles held together by adhesives or by other
means;

•

the above plastic materials and articles when printed and/or covered by a coating
;

•

plastic layers or plastic coatings, forming gaskets in caps and closures, that
together with those caps and closures compose a set of two or more layers of
different types of materials ;

•

plastic layers in multi-material multi-layer materials and articles.10
2. Compositional requirements

The Plastics Regulation regulates the manufacture of plastics by establishing one positive list
of permissible monomers/ other starting substances/ macromolecules obtained from
microbial fermentation and additives permitted for use in the manufacture of food-contact
plastic materials (known as ‘the Union List’).11 The Union list also indicates whether
substances may be used as PPAs, although it does not constitute a positive list for PPAs and
these substances remain subject to EU Member State legislation if they are not listed in the
Plastics Regulation.12
Monomers, other starting substances and additives intended for use in the production of
food-contact plastics must, therefore, be included on the Plastics Regulation unless a specific
exemption applies. Notably, in accordance with Articles 13 and 14 of the Plastics Regulation
and provided that certain conditions are met, the functional barrier concept may be availed
of for plastic multi-layer materials and articles and multi-material multi-layer materials and
articles, where the non-food-contact layer contains monomers, other starting substances or
additives that not listed on the Plastics Regulation (except for vinyl chloride monomer, which
must comply with Annex I of the Plastics Regulation).13

10
11

12
13

See Article 2, paragraph 1 of the Plastics Regulation
With respect to additives, additives used on the Provisional List of Additives may also be used subject to the
national laws in the EU Member States. The Provisional List of Additives consists of those additives for which
a valid petition was submitted to the EFSA by 31 December 2006 but that have not yet been included on
the Plastics Regulation. Additives on the Provisional List of Additives may continue to be used, subject to
national law, until such time as a decision is taken as to whether to include them in the positive list of
additives set out in the Plastics Regulation
See Article 6, paragraph 1 of the Plastics Regulation
Article 3, paragraph 15 of the Plastics Regulation outlines that «functional barrier» means a barrier
consisting of one or more layers of any type of material which ensures that the final material or article
complies with Article 3 of Regulation (EC) No 1935/2004 and with the provisions of this Regulation”
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Colorants and solvents14 may be used in the manufacture of plastic materials and articles
subject to national law. By contrast, aids to polymerization and NIAS are not subject to the
positive list requirements of the Plastics Regulation or Member State legislation but must
comply with Article 3 of the Framework Regulation.15
3. Applicable migration limits, restrictions and/or specifications
All substances used in the manufacture of plastic layers in plastic materials and articles must
be of a technical quality and a purity suitable for the intended and foreseeable use of the
materials and articles.16 Further, listed monomers, starting substances and additives must
comply with the applicable SMLs, where assigned. Annex II of the Plastics Regulation sets out
SMLs for aluminum, barium, cobalt, copper, iron, lithium, manganese, nickel, zinc and primary
aromatic amines, which must be met in the final plastic material or article. Note that the new
SML for aluminum and the lower SML for zinc will apply as from 14 September 2018. The SML
for nickel will apply from 19 May 2019.
With respect to the OML, Article 12 of the Plastics Regulation provides that plastic materials
and articles shall not transfer their constituents to food simulants in quantities exceeding 10
milligrams of total constituents released per dm2 of food contact surface area (10 mg/dm2).
This limit is set at 60 milligrams of total constituents released per kilogram (60 mg/kg) of food
simulant in the case of plastic materials and articles intended to be brought into contact with
food intended for infants and young children, as defined by Commission Directives
2006/141/EC17 and 2006/125/EC.18
4. Declaration of compliance and supporting documentation requirements
The Plastics Regulation requires that a written Declaration of Compliance (‘DoC’) be provided
at all marketing stages, other than the retail stage, for substances used in the manufacture of
plastic materials, intermediate plastic materials and the final plastic material or article.19
Annex IV (Declaration of Compliance) of the Plastics Regulation details the information that
should be included in the DoC.
We note also that the European Commission published a guidance document dated 28
November 2013 entitled “Union Guidance on Regulation (EU) No 10/2011 on plastic materials
and articles intended to come into contact with food as regards information in the supply
chain” to assist business operators in determining the information that they must provide in
14
15
16
17

18

19

See Article 6, paragraph 2 of the Plastics Regulation
Ibid., Article 6, paragraph 4 read in conjunction with Article 19
See Article 8 of the Plastics Regulation
Commission Directive 2006/141/EC of 22 December 2006 on infant formulae and follow-on formulae was
repealed by Commission Delegated Regulation (EU) 2016/127 of 25 September 2015 supplementing
Regulation (EU) No. 609/2013 of the European Parliament and of the Council as regards the specific
compositional and information requirements for infant formula and follow-on formula and as regards
requirements on information relating to infant and young child feeding that will apply as of 22 February
2020
Commission Directive 2006/125/EC of 5 December 2006 on processed cereal-based foods and baby foods
for infants and young children
See Article 15, paragraph 1 of the Plastics Regulation
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the DoC, given that the content of the DoC set out in Annex IV of the Plastics Regulation does
not distinguish between the different stages in the supply chain, and some of the terms used
are unclear.
The Plastics Regulation also requires business operators to maintain appropriate
documentation on file to demonstrate that materials and articles, and products from
intermediate stages of their manufacturing as well as substances intended for manufacturing
those materials and articles comply with the requirements of the Plastics Regulation. This
supporting documentation must be made available to national authorities upon request.20
II.

Compliance of PHBV Biopolyester with Plastic Regulation Specifications

We understand that Tianan’s PHBV biopolyester (CASRN 80181-31-3) is manufactured
biologically with the use of a bacterium which we understand to be Alcaligenes eutrophus
where the repeating units are derived from 3-hydroxybutanoic acid and 3-hydroxypentanoic
acid. The bacteria are fed cornstarch, which is converted in the bacterium’s cell wall into the
final polymer.
PHBV biopolyester is explicitly cleared for use in plastics by virtue of the listing for the polymer
at FCM substance No. 744 in Table I of Annex I of the Plastics Regulation as 3-hydroxybutanoic
acid-3-hydroxypentanoic acid, copolymer. More specifically, it is listed in column 6 (use as
monomer or other starting substance or macromolecule obtained from microbial
fermentation) of Table I and is subject to the restriction that the substance must be used as a
product obtained by bacterial fermentation and that it must meet the specifications set out
in Table 4 of Annex I. There are no restrictions with respect to the types of foodstuffs in
contact with which the polymer may be used. Thus, the polymer as described therein may be
used in food contact applications generally.
Table 4 of Annex I defines the PHBV copolymer listed as FCM substance No. 744 of the Plastics
Regulation. It also sets out the CAS Registry number applicable to the copolymer, as well as
specifications for the structural formula, average molecular weight, assay, description,
solubility, restrictions and purity of the copolymer. Our evaluation of Tianan’s PHBV
biopolyester relative to these specifications is based on the data you have provided us, which
is discussed in detail below.
A.

Definition

Table 4 of Annex I sets out a concise definition of the manufacturing process of the substance
that would be classified as 3-hydroxybutanoic acid-3-hydroxypentanoic acid, copolymer or
poly(3-D-hydroxybutanoate-co-3-D-hydroxypentanoate). Based on the information you have
provided us, we understand that PHBV biopolyester is produced through fermentation of
Alcaligenes eutrophus with glucose and propanoic acid as carbon sources. We further
understand that the organism used has not been genetically engineered and has been derived
from a single wild-type organism Alcaligenes eutrophus strain HI6 NCIMB 10442. Master
stocks of the organism are stored in freeze-dried conditions. Submaster stock is prepared
20

See Article 16 of the Plastics Regulation
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from the master stock and stored in liquid nitrogen and used to prepare inocula for the
fermenter. The fermentation broth is simultaneously heated and mechanically disturbed
under high pressure (up to 80ºC) for one hour to inactivate the microorganism and isolate the
copolymer. The copolymer is then washed and dried.
This manufacturing process for PHBV biopolyester, while described slightly differently than in
the Plastics Regulation, does, nonetheless, conform to the overall definition set out in Table
4 of Annex I.21
B.

Structural formula

The structural formula set out in Table 4 of Annex I for PHBV biopolyester is
CH3
CH3
O

CH2

O

CH CH2 C

m

O

O

CH CH2 C

n

where n/(m+n) greater than 0 and less or equal to 0.25

The chemical structure of PHBV biopolyester set out in National Research and Analytical
Center of Electrochemistry and Spectroscopy Result Report (NARCES 2008-001) of January 15,
2008 corresponds to the structure set out in Table 4 of Annex I. This report indicates that the
ratio of hydroxybutanoic acid and hydroxypentanoic acid (or m:n) is 7.67:1. Therefore,
n/(n+m) = 1/(1+7.67) = 0.13. This result complies with the specifications in the report (greater
than 0 and less than or equal to 0.25).
C.

Average Molecular Weight

Table 4 of Annex I stipulates that the average molecular weight must not be less than 150,000
Daltons (measured by gel permeation chromatography or GPC). The GPC test report of 7 June
2000 indicates that the molecular weight of PHBV biopolyester is 453,730 Daltons, which
complies with this provision of Table 4 of Annex I.
D.

Assay

The assay specification in Table 4 of Annex I requires not less than 98% poly(3-Dhydroxybutanoate-co-3-D-hydroxy-pentanoate) analysed after hydrolysis as a mixture of 3-Dhydroxybutanoic and 3-D-hydroxypentanoic acids. The National Research and Analytical
Center of Electrochemistry and Spectroscopy Result Report (NARCES 2008-001) of January 15,
2008 indicates an impurity level in the sample of 1.6%, resulting in a 98.4% purity level.
Therefore, the sample used for the tests conforms to this specification.

21

Importantly, the specified strain and general fermentation of the samples match in descriptions. Further, in
both instances, the copolymers are isolated using heat, washed and dried
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Description

Report No. NTSQP[2007]C1539, dated December 14, 2007, and issued by the China National
Centre for Quality Supervision & Testing of Plastics Products describes the sample used for
testing as “white powder” which also corresponds to the description in Table 4 of Annex I
“White to off-white powder after isolation.”
F.

Solubility

Table 4 of Annex I states that PHBV biopolyester must be “soluble in chlorinated hydrocarbons
such as chloroform or dichloromethane but practically insoluble in ethanol, aliphatic alkanes
and water.” Ningbo Institute of Material Technology & Engineering carried out the tests to
validate the solubility of PHBV biopolyester in different solvents (deionized water, absolute
ethanol, hexane and chloroform). In a report entitled “Test Report on Solubility of PHBV in
Different Solvents” dated March 28, 2008, the Institute found that PHBV “is completely
soluble in chloroform, where the chloroform solvent is in light yellow, while in deionized
water, absolute ethanol and hexane, PHBV is almost insoluble. Color of these three solvents
almost has no change in color.” Therefore, Tianan’s PHBV biopolyester is compliant with this
solubility specification.
G.

Restriction

Table 4 of Annex I sets a restriction on the “QMA” (i.e., residual level) for crotonic acid of 0.05
mg/6 dm². Report No. NTSQP[2007]C1540 dated January 7, 2008 issued by the China National
Centre for Quality Supervision & Testing of Plastics Products confirms that the QMA for
crotonic acid in PHBV biopolyester is <0.02 mg/6 dm² which is less than the limit set out in
Table 4 of Annex I. Having reviewed the method of analysis, we can conclude that Tianan’s
PHBV biopolyester complies with the restriction on the QMA for crotonic acid.
H.

Purity

Testing confirmed that the level of heavy metals detected prior to granulation of the raw
material copolymer powder was less than the limits set out in Table 4 of Annex I. The results
are set out in the chart below:
Heavy Metal
Nitrogen
Zinc
Copper
Lead
Arsenic
Chromium

22

Level Detected (mg/kg)
160022
6.8
1.2
0.18
0.037
0.022

Limit in Table 4 of Annex I
(mg/kg)
2500
100
5
2
1
1

Report No. NTSQP[2007]C1539 dated December 14, 2007 issued by the China National Centre for Quality
Supervision & Testing of Plastics Products
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Accordingly, based on the information you have provided us, we can conclude that Tianan’s
PHBV biopolyester meets the specifications in Table 4 of Annex I of the Plastics Regulation
and, therefore, may be said to comply compositionally with the Plastics Regulation.
We trust that you will find this letter to be fully responsive to your request for our opinion on
this matter. Should you have any further questions, or if we may be of assistance in any other
way, please do not hesitate to contact us.
Cordially yours,

Rachida Semail
Avocat au Barreau de Paris

