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TI TLE 21--FOOD AND DRUGS
CHAPTER | - - FOOD AND DRUG ADM NI STRATI ON
DEPARTMENT OF HEALTH AND HUVAN SERVI CES
SUBCHAPTER B- - FOOD FOR HUMAN CONSUMPTI ON ( CONTI NUED)

PART 177 -- |1 NDI RECT FOOD ADDI Tl VES: POLYMERS

Subpart B--Substances for Use as Basic Conmponents of Single and Repeated
Use Food Contact Surfaces

Sec. 177.1010 Acrylic and nodified acrylic plastics, senirigid and
rigid.

Semrigid and rigid acrylic and nodified acrylic plastics may be safely
used as articles intended for use in contact with food, in accordance
with the follow ng prescribed conditions. The acrylic and nodified
acrylic polyners or plastics described in this section also nmay be
safely used as conponents of articles intended for use in contact with
f ood.

(a) The optional substances that may be used in the formulation of the
semrigid and rigid acrylic and nodified acrylic plastics, or in the
formul ation of acrylic and nodified acrylic conponents of articles,

i ncl ude substances generally recogni zed as safe in food, substances used
in accordance with a prior sanction or approval, substances pernitted
for use in such plastics by regulations in parts 170 through 189 of this
chapter, and substances identified in this paragraph. At |east 50

wei ght - percent of the polyner content of the acrylic and nodified
acrylic materials used as finished articles or as conponents of articles
shal | consist of polymer units derived fromone or nore of the acrylic
or methacrylic nonomers listed in paragraph (a)(1l) of this section

(1) Honopol ymers and copol yners of the foll owi ng nononers:
n- Butyl acrylate.

n- Butyl nethacryl ate.
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Et hyl acryl ate.

2- Et hyl hexyl acryl ate.
Et hyl met hacryl ate.
Met hyl acryl ate.

Met hyl net hacryl at e.

(2) Copolyners produced by copol yneri zing one or nore of the nononers
listed in paragraph (a)(1) of this section with one or nore of the
fol |l owi ng nmononers:

Acrylonitrile.

Met hacrylonitrile.

[ al pha] - Met hyl styrene.

Styrene.

Vi nyl chloride.

Vi nyl i dene chl ori de.

(3) Polymers identified in paragraphs (a)(1l) and (2) of this section
contai ning no nore than 5 wei ght-percent of total polyner units derived
by copol yneri zation with one or nore of the nononers listed in paragraph
(a)(3)(i) and (ii) of this section. Mnoners listed in paragraph (a)(3)
(ii) of this section are limted to use only in plastic articles

i ntended for repeated use in contact with food.

(i) List of mnor nobnomers:

Acryl am de

Acrylic acid

1, 3-Butyl ene glycol dinmethacrylate

1, 4-Butyl ene gl ycol dimethacryl ate.

Di et hyl ene gl ycol dinethacryl ate.

Di propl yl ene gl ycol dinethacryl ate.

Di vi nyl benzene.

Et hyl ene gl ycol dinethacryl ate.

| taconi c acid.

Met hacrylic acid.
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N- Met hyl ol acryl am de.

N- Met hyl ol net hacryl am de.

4- Met hyl - 1, 4- pent anedi ol di net hacryl at e.
Propyl ene gl ycol dinethacrylate.

Trivi nyl benzene.

(ii) List of minor nononers limted to use only in plastic articles
i ntended for repeated use in contact with food:

Allyl methacryl ate [ Chemi cal Abstracts Service Registry No. 96-05-9]
tert-Butyl acrylate.

tert-Butyl am noet hyl methacryl ate.

sec- Butyl nmethacryl ate.

tert-Butyl nethacryl ate.

Cycl ohexyl nmethacryl ate.

Di net hyl am noet hyl et hacryl at e.

2- Et hyl hexyl nmet hacryl ate.

Hydr oxyet hyl nethacryl ate.

Hydr oxyet hyl vinyl sulfide.

Hydr oxypr opyl nethacryl ate.

| sobornyl met hacryl ate.

| sobutyl nmethacryl ate.

| sopropyl acryl ate.

| sopropyl methacryl ate.

Met hacryl am de.

Met hacryl am doet hyl ene ur ea.

Met hacr yl oxyacet am doet hyl et hyl ene urea.
Met hacryl oxyaceti c acid.

n- Propyl nmethacryl ate.

3,5,5-Trinet hyl cycl ohexyl methacryl ate.
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(4) Polymers identified in paragraphs (a)(1), (2), and (3) of this
section are mxed together and/or with the follow ng pol ymers, provided
that no chem cal reactions, other than addition reactions, occur when
they are m xed:

But adi ene-acrylonitrile copol yrmers.

But adi ene-acrylonitril e-styrene copol yners.

But adi ene-acrylonitril e-styrene-nmethyl nethacrylic copol yners.
But adi ene- styrene copol yners.

Butyl rubber.

Nat ural rubber.

Pol ybut adi ene.

Poly (3-chloro-1, 3-but adi ene) .

Pol yester identified in 175.300(b)(3)(vii) of this chapter
Pol yvi nyl chl ori de.

Vi nyl chloride copolynmers conplying with 177.1980.

Vi nyl chloride-vinyl acetate copol yners.

(5) Antioxidants and stabilizers identified in 175.300(b) (3)(xxx) of
this chapter and the foll ow ng:

Di-tert-butyl-p-cresol

2- Hydr oxy- 4- net hoxybenzophenone.

2- Hydr oxy- 4- net hoxy- 2- car boxybenzophenone.
3- Hydr oxyphenyl benzoate.

p- Met hoxyphenol

Met hyl salicyl ate.

Cct adecyl 3,5-di-tert-butyl-4-hydroxyhydroci nnanate (CAS Reg. No. 2082-
79-3): For use only: (1) At levels not exceeding 0.2 percent by weight
in semrigid and rigid acrylic and nodified acrylic plastics, where the
finished articles contact foods containing not nmore than 15 percent

al cohol ; and (2) at levels not exceeding 0.01 percent by weight in
semrigid and rigid acrylic and nodified acrylic plastics intended for
repeat ed food-contact use where the finished article may be used for
foods containing nore than 15 percent al cohol

Phenyl salicyl ate.
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(6) Rel ease agents: Fatty acids derived fromaninal and vegetable fats
and oils, and fatty al cohols derived from such acids.

(7) Surface active agent: Sodi um dodecyl benzenesul f onat e.
(8) M scellaneous naterial s:

Di (2-ethyl hexyl) phthalate, for use only as a flow pronoter at a | eve
not to exceed 3 weight-percent based on the nononers.

Di net hyl phthal ate.
Oxalic acid, for use only as a polynerization catal yst aid.

Tetraet hyl enepentami ne, for use only as a catal yst activator at a | evel
not to exceed 0.5 wei ght-percent based on the nononers.

Tol uene.
Xyl ene.

(b) The semirigid and rigid acrylic and nodified acrylic plastics, in
the finished formin which they are to contact food, when extracted with
t he solvent or solvents characterizing the type of food and under the
conditions of time and tenperature as determined fromtables 1 and 2 of
176.170(c) of this chapter, shall yield extractives not to exceed the
foll owi ng, when tested by the methods prescribed in paragraph (c) of
this section. The acrylic and nodified acrylic polymers or plastics

i ntended to be used as conponents of articles also shall yield
extractives not to exceed the following limtations when prepared as
strips as described in paragraph (c)(2) of this section

(1) Total nonvolatile extractives not to exceed 0.3 nilligram per square
inch of surface tested.

(2) Potassium permanganate oxi dizable distilled water and 8 and 50
percent al cohol extractives not to exceed an absorbance of 0.15.

(3) Utraviolet-absorbing distilled water and 8 and 50 percent al coho
extractives not to exceed an absorbance of 0. 30.

(4) U traviol et-absorbing n-heptane extractives not to exceed an
absor bance of 0. 10.

(c) Analytical nethods--(1) Selection of extractability conditions.
These are to be chosen as provided in 176.170(c) of this chapter

(2) Preparation of sanples. Sufficient sanples to all ow duplicates of
all applicable tests shall be cut fromthe articles or fornmed fromthe
pl astic conposition under tests, as strips about 2.5 inches by about
0.85-inch wide by about 0.125-inch thick. The total exposed surface
shoul d be 5 square inches +/-0.5-square inch. The sanples, after
preparation, shall be washed with a clean brush under hot tapwater,
rinsed under running hot tapwater (140 deg. F minimun), rinsed with
distilled water, and air-dried in a dust-free area or in a desiccator

(3) Preparation of solvents. The water used shall be double-distilled
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water, prepared in a still using a block tin condenser. The 8 and 50
percent (by volume) al cohol solvents shall be prepared from et hyl

al cohol neeting the specifications of the United States Pharmacopeia XX
and diluted with double-distilled water that has been prepared in a
still using a tin block condenser. The n-heptane shall be

spect rophotonetri c grade. Adequate precautions must be taken to keep al
sol vents dust-free.

(4) Blank val ues on solvents. (i) Duplicate deterninations of residua
solids shall be run on sanples of each solvent that have been exposed to
the tenperature-time conditions of the extraction test w thout the
plastic sanple. Sixty mlliliters of exposed solvent is pipetted into a
cl ean, wei ghed platinumdish, evaporated to 2-5 nmilliliters on a
nonsparki ng, |owtenperature hot plate and dried in 212 deg. F oven for
30 minutes. The residue for each solvent shall be determnined by weight
and the average residue weight used as the blank value in the tota
solids determ nation set out in paragraph (c)(6) of this section. The
resi due for an acceptable solvent sanple shall not exceed 0.5 milligram
per 60 mlliliters.

(ii) For acceptability in the ultraviolet absorbers test, a sanple of
each solvent shall be scanned in an ultraviol et spectrophotoneter in 5-
centinmeter silica spectrophotonetric absorption cells. The absorbance of
the distilled water when neasured versus air in the reference cell shal
not exceed 0.03 at any point in the wavel ength region of 245 to 310 m
[micro]. The absorbance of the 8 percent al cohol when neasured versus
distilled water in the reference cell shall not exceed 0.01 at any point
in the wavel ength region of 245 to 310 nim cro]. The absorbance of the
50 percent al cohol when nmeasured versus distilled water in the reference
cell shall not exceed 0.05 at any point in the wavel ength regi on of 245
to 310 m{micro]. The absorbance of the heptane when neasured versus
distilled water in the reference cell shall not exceed 0.15 at 245, 0.09
at 260, 0.04 at 270, and 0.02 at any point in the wavel ength region of
280 to 310 mmicro].

(iii) Duplicate ultraviolet blank determ nations shall be run on sanples
of each solvent that has been exposed to the tenperature-tine conditions
of the extraction test without the plastic sanple. An aliquot of the
exposed sol vent shall be neasured versus the unexposed solvent in the
reference cell. The average difference in the absorbances at any

wavel ength in the region of 245 to 310 nfmcro] shall be used as a bl ank
correction for the ultraviol et absorbers neasured at the sane wavel ength
according to paragraph (c)(8)(ii) of this section

(iv) The acceptability of the solvents for use in the pernmanganate test
shal | be deternined by preparing duplicate pernmanganate test bl anks
according to paragraph (c)(7)(iv) of this section. For this test, the
directions referring to the sanple extract shall be disregarded. The

bl anks shall be scanned in 5-centineter silica spectrophotonetric cells
in the spectrophotoneter versus the appropriate solvent as reference.
The absorbance in distilled water in the wavel ength regi on of 544 to 552
nfmcro] should be 1.16 but nust not be less than 1.05 nor nore than
1.25. The absorbance in the 8 and 50 percent al cohol nust not be |ess
than 0.85 nor nore than 1. 15.

(v) Duplicate permanganate test determ nations shall be run on sanples
of distilled water and 8 and 50 percent al cohol solvents that have been
exposed to the tenperature-tine conditions of the extraction test

wi t hout the plastic sanple. The procedure shall be as described in
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paragraph (c)(7)(iv) of this section, except that the appropriate
exposed solvent shall be substituted where the directions call for
sanmpl e extract. The average difference in the absorbances in the region
of 544 to 552 n{micro] shall be used as a blank correction for the

det erm nati on of pernanganate oxidi zabl e extractives according to
paragraph (c)(7)(iv) of this section.

(5) Extraction procedure. For each extraction, place a plastic sanple in
aclean 25 millinmeters * 200 mllineters hard-glass test tube and add
solvent equal to 10 mlliliters of solvent per square inch of plastic
surface. This amount will be between 45 nilliliters and 55 milliliters.
The sol vent must be preequilibrated to the tenperature of the extraction
test. Close the test tube with a ground-gl ass stopper and expose to the
specified temperature for the specified tine. Cool the tube and contents
to roomtenperature if necessary.

(6) Determination of total nonvolatile extractives. Renove the plastic
strip fromthe solvent with a pair of clean forceps and wash the strip
with 5 mlliliters of the appropriate solvent, adding the washings to
the contents of the test tube. Pour the contents of the test tube into a
cl ean, wei ghed platinumdish. Wash the tube with 5 nilliliters of the
appropriate solvent and add the solvent to the platinumdish. Evaporate
the solvent to 2-5 mlliliters on a nonsparking, |owtenperature
hot pl ate. Conplete the evaporation in a 212 deg. F oven for 30 m nutes.
Cool the dish in a desiccator for 30 mnutes and weigh to the nearest
0.1 mlligram Calculate the total nonvolatile extractives as foll ows:

Milligrams extractives e-b

per square inch =

Extractives in partz: b
PR 22100

per million =

wher e:
e=Total increase in weight of the dish, in nilligrans.

b=Bl ank val ue of the solvent in mlligrans, as deternined in paragraph
(c)(4) (i) of this section.

s=Total surface of the plastic sanple in square inches.

(7) Determnation of potassi um pernanganate oxi di zabl e extractives. (i)
Pipette 25 milliliters of distilled water into a clean 125-mlliliter
Erl enneyer flask that has been rinsed several times with aliquots of
distilled water. This is the blank. Prepare a distilled water solution
containing 1.0 part per mllion of p-methoxyphenol (nelting point 54-56

deg. C, Eastnan grade or equivalent). Pipette 25 mlliliters of this p-
net hoxyphenol solution into a rinsed Erlennmeyer flask. Pipette exactly
3.0 miIliliters of 154 parts per nillion aqueous potassi um permanganat e
solution into the p-nmethoxyphenol and exactly 3.0 milliliters into the

blank, in that order. Swirl both flasks to m x the contents and then
transfer aliquots fromeach flask into matched 5-centi neter
spectrophotonetri c absorption cells. The cells are placed in the

spect rophot oneter cell conpartment with the p-nmethoxyphenol solution in
the reference beam Spectrophotonetric measurenment is conducted as in
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paragraph (c)(7)(iv) of this section. The absorbance reading in the

regi on 544-552 nimcro] should be 0.24 but must be not |ess than 0.12
nor nmore than 0.36. This test shall be run in duplicate. For the purpose
of ascertaining conpliance with the Iinitations in paragraph (b)(2) of
this section, the absorbance neasurenents obtained on the distilled

wat er extracts according to paragraph (c)(7)(iv) of this section shall
be multiplied by a correction factor, calculated as foll ows:

0.24
Lyverage of duplicate ganethozyphenol

= Correction factor for water extracts.

absotrbance detertninations according to

this paragraph (o)1) of this section

(ii) The procedure in paragraph (c)(7)(i) of this section is repeated
except that, in this instance, the solvent shall be 8 percent al cohol
The absorbance in the regi on 544-552 nim cro] should be 0.26 but nust be
not less than 0.13 nor nore than 0.39. This test shall be run in
duplicate. For the purpose of ascertaining conpliance with the
limtations prescribed in paragraph (b)(2) of this section, the

absor bance measurenments obtained on the 8 percent al cohol extracts
according to paragraph (c)(7)(iv) of this section shall be nultiplied by
a correction factor, calculated as foll ows:

0.26 _ Correction factor for aqueous

Average of duplicate prmethoxyphenol - percent alcohol extracts.
absorbance determination according to
this paragraph {c){7{u) of this section

(iii) The procedure in paragraph (c)(7)(i) of this section is repeated
except that, in this instance, the solvent shall be 50 percent al cohol
The absorbance in the regi on 544-552 nimcro] should be 0.25 but nust be
not less than 0.12 nor nore than 0.38. This test shall be run in
duplicate. For the purpose of ascertaining conpliance with the
limtations prescribed in paragraph (b)(2) of this section, the

absor bance nmeasurenents obtai ned on the 50 percent al cohol extracts
according to paragraph (c)(7)(iv) of this section shall be nultiplied by
a correction factor, calculated as follows:

0.25 _ Correction factor for 50 percent

Lverage of duplicate ganethoxyphensl - aqueous alcohol extracts.
absorbance detertminations according to

paragraph (c){11) of this section

(iv) Water and 8 and 50 percent al cohol extracts. Pipette 25 milliliters
of the appropriate solvent into a clean, 125-milliliter Erlenneyer flask
that has been rinsed several times with aliquots of the sane sol vent.
This is the blank. Into another simlarly rinsed flask, pipette 25
milliliters of the sanple extract that has been exposed under the
conditions specified in paragraph (c)(5) of this section. Pipette
exactly 3.0 milliliters of 154 parts per nillion agueous potassium

per manganate solution into the sanple and exactly 3.0 mlliliters into
the blank, in that order. Before use, the potassi um pernanganate
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solution shall be checked as in paragraph (c)(7)(i) of this section

Both flasks are swirled to nmix the contents, and then aliquots from each
flask are transferred to matched 5-centi neter spectrophotonetric
absorption cells. Both cells are placed in the spectrophotoneter cel
conpartnent with the sanple solution in the reference beam The

spect rophotoneter is adjusted for 0 and 100 percent transmittance at 700
nfmcro]. The spectrumis scanned on the absorbance scale from 700 m
[mcro] to 500 nfmcro] in such a way that the region 544 nimcro] to
552 nfmcro] is scanned within 5 nmnutes to 10 nminutes of the tine that
per manganat e was added to the solutions. The hei ght of the absorbance
peak shall be measured, corrected for the blank as determined in

par agraph (c)(4)(v) of this section, and nultiplied by the appropriate
correction factor determ ned according to paragraph (c)(7) (i), (ii),
and (iii) of this section. This test shall be run in duplicate and the
two results averaged.

(8) Determination of ultraviolet-absorbing extractives. (i) Adistilled
wat er solution containing 1.0 part per mllion of p-nethoxypheno
(rmelting point 54 deg. C-56 deg. C. Eastman grade or equival ent) shal

be scanned in the region 360 to 220 nimcro] in 5-centinmeter silica
spect rophotonetric absorption cells versus a distilled water reference.
The absorbance at the wavel engt h of nmaxi num absorbance (shoul d be about
285 nfmcro]) is about 0.11 but rmust be not |ess than 0.08 nor nore than
0.14. This test shall be run in duplicate. For the purpose of
ascertaining conpliance with the limtations prescribed in paragraph (b)
(3) and (4) of this section, the absorbance obtained on the extracts
according to paragraph (c)(8)(ii) of this section shall be nultiplied by
a correction factor, calculated as foll ows:

0.11 _ Cotrection factor for ultraviolet

Average of duplicate gmethoxyphenol - absorbers test.
absorbance determinations according to

this paragraph (c)(E)1) of this section

(ii) An aliquot of the extract that has been exposed under the
conditions specified in paragraph (c)(5) of this section is scanned in

t he wavel ength region 360 to 220 ninicro] versus the appropriate solvent
reference in matched 5-centineter silica spectrophotometric absorption
cells. The hei ght of any absorption peak shall be nmeasured, corrected
for the blank as deternined in paragraph (c)(4)(iii) of this section
and nultiplied by the correction factor determ ned according to
paragraph (c)(8)(i) of this section.

(d) I'n accordance with current good nanufacturing practice, finished
semirigid and rigid acrylic and nodified acrylic plastics, and articles
cont ai ni ng these polynmers, intended for repeated use in contact with
food shall be thoroughly cleansed prior to their first use in contact
with food.

(e) Acrylonitrile copolynmers identified in this section shall conply
with the provisions of 180.22 of this chapter.

(f) The acrylic and nodified acrylic polyners identified in and
conplying with this section, when used as conponents of the food-contact
surface of an article that is the subject of a regulation in this part
and in parts 174, 175, 176, and 178 of this chapter, shall conply with
any specifications and linitations prescribed by such regulation for the
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article in the finished formin which it is to contact food.

[42 FR 14572, Mar. 15, 1977, 42 FR 56728, Cct. 28, 1977, as anended at
43 FR 54927, Nov. 24, 1978; 45 FR 67320, Cct. 10, 1980; 46 FR 46796,
Sept. 22, 1981; 49 FR 10108, Mar. 19, 1984; 49 FR 13139, Apr. 3, 1984;
50 FR 31045, July 24, 1985]
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