AR AR

—8— CHINESE JOURNAL OF FOOD HYGIENE 2024 4F55 36 H5 1 1

FRRE

1 21 4 5 g A B vp = 3R UM AN R e AR BRI 25 PF B R A8 5 2

R 2HMAL, FEE L AE

(1. A T IHAFBRIAFREAFER, LT 100048;2. X B R ZAMNBGITFE TS, E  100022;3. b %

THAFLFGHATAESER, L 1000484 BH T A5 ZAREFNBR AR AT ELLLE,
e 10004855, F M P H 0TI B B R AR F S, TR F M 213022)

i ZE:BN BIFARIHHETREFLTZRABATREREL G THEBAE, TEYREBRFFE L
Moy 2 2R/ E iz EkFR LB REFN, Ak RETH L AREF oM LU 5 AR R AR A 4 Y oh 5 e i
A4 A (LB ILER), &5 10%(V/V) TEA 4% (V/V) T, # B GB 5009. 156—2016 44 5 ik iZ o A B, B4
BASE 42 E R4 E GB 31604, 15—2016 #= GB 31604. 48—2016 FF R B &4 T oyt X AT, BR  4r4F
Ye BB ARVIV) LR, Z R A A TR EHBRFLEHT 10%(1//1/ LB, MEAFRMET, ZRA
Mefe PREM AR EEMANGAE, XN TAEBBEEEBORLL T IS ERAFNTRES S, MAER K
Kby 3G | W K 09 BARE B K R R HA G, zf%uizi/r’rfﬂﬁﬁ‘iwz#fxm%%lau#’i%ﬂflLo it e E R
Hopeg = %ak%?ﬁmﬁﬁ%ﬂéﬁi—zz KE AL R G R A — B Z R A0 A K F TRk R A RS 4G 4 A
W, ZEF SRR EABRBREBRLSN ZRA G THRESTRFYTRREE S AL TFRYILE R, B
BRAR A AR IR o G AR N R AR A B ATk RO KR

KB ZRf; VEk; TH; AR %s; HFEEREL

HE S ES :RI55 XERERIRAS A M E S :1004-8456(2024)01-0008-07

DOI:10. 13590/j. cjth. 2024. 01. 002

Migration of melamine and formaldehyde under acidic conditions in bamboo fiber-melamine
resin tableware
ZHANG Hong'?, JIN Lili’, WENG Yunxuan®*, ZHU Lei’
(1. School of Light Industry, Beijing Technology and Business University, Beijing 100048, China;

2. China National Center for Food Safety Risk Assessment, Beijing 100022, China;3. College of
Chemistry and Materials Engineering, Beijing Technology and Business University, Beijing 100048,
China;4. Key Laboratory of Plastic Hygiene and Safety Quality Evaluation Technology, Beijing 100048,
China;5. Changzhou Safety Testing Center for Entry—Exit Industrial and Consumable Products, Jiangsu
Changzhou 213022, China)

Abstract: Objective To study the migration rule of melamine and formaldehyde under acidic conditions in bamboo
fiber-melamine resin (BM) tableware, discuss the main factors affecting the migration level and safety risks, and provide
suggestions for the safety management of such products. Methods A total of 14 brands of BM tableware (including baby
and infant tableware) with clear identification of bamboo fiber in the market were collected. Ethanol (10%, V/V) and
acetic acid (4%, V/V) were selected, and the tableware were soaked in according to GB 5009. 156—2016, and then
conduct migration tests under acidic conditions according to the national food safety standards GB 31604. 15—2016 and
GB 31604.48—2016. Results When BM tableware was exposed to 4% (V/V) acetic acid, the migration level of

melamine and formaldehyde was much higher than that of 10% (V/V) ethanol. For a single sample, the migration trend of
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melamine and formaldehyde was positively correlated, and long-term repeated exposure to more acidic food may have

caused a higher chance of excessive migration. With increased frequency of use, the migration level of melamine and

formaldehyde increased gradually, which was more obvious in the products with higher bamboo fiber addition. Conclusion

The migration rules of melamine and formaldehyde in BM tableware were basically the same after long term repeated use.

The migration level of melamine better reflected the decomposition of resin. BM tableware had a higher chance of

excessive migration when repeatedly contacting acidic food for a long time, especially for infant products. The guidance on

labels and consumer education should be strengthened and the use of non-conforming raw materials should be eliminated to

promote the development of the industry within safety standards.
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Table 1~ Sample information of bamboo fiber-melamine resin tableware

Gi's FERIEER EEbRIJLEARER WRERAER/L AARERSN A/ dn® 0210 em /L 051 om BB 1 F/dAm® SR S/VAdm?/L)

001 i = Jc —
002 R & I —
003 i S I —
004 i ﬁ Jc —
005 R S J —
006 HE T X —
007 i fo Jc —
008 R T I —
009 i T I —
010 i S X —
011 R ﬁ 0.4 2.86
012 i S Jc —
013 R T o —
014 R & P —

0.25 1.56 6.24
0.15 1.33 8.87
0.85 3.56 4.19
0.56 2.71 4.84
0.29 1.69 5.83
0.5 2.69 5.38
0.22 1.38 6.27
0.41 2.27 5.54
0.35 2.08 5.94
0.56 2.49 4.45
— — 7.15
0.66 2.79 4.23
0.44 2.18 4.95
0.37 2.06 5.57




AR AR

CHINESE JOURNAL OF FOOD HYGIENE

2024 4E%F 36 55 11

AR LT A G TE AL (36 E R R B 24 | s Milli-
Q #ali/k &4t (3£ E Millipore 2y 7 ) ; 8 75 75 YEAX
(RS A AR A PR W) 5 i B TR K i
" RAI AR AT R A .

= RE M (99. 4% , {5 [E Dr. Ehrenstorfer 22 7)) 3
LR (rpral, Bl BB M AR A ) ; LB
(JrHral, e e fl 7m0 A R A A s O (5%
4l e nUIR AR B R A IRA FD) s KGR — &
O WEN IR (99% , bt 28 BB B A BRA R
AN (L g Al , 22 7oAk) s K i T EE (1000 mg/L,
ANPEL) ; Z12%%(97% ,TCI) .

1.3 5k
1.3.1 &l

AR YRR A R A O A B CRR i), T AT R
P42 . MRE GB 31604, 1—2015(H fh % 4
B R b 7 o B M ek A A A 0 3 ) ) Y
BOR W EEALERELY RIS IAE . &
M, 25 P& B 457 00 4 — 3R U e R Y 8 7 TR M T v 7
TR REE Y H 4% (V/V) LR 10%(V/V) Z
T3 500 Ay T R 2 4 b N O A A ik
Py I R Ak S R v A I R M A AL
b AR WRBIE 5T BE B b 3R PR BRI VR B S AL
AR 1 DU 5 0% T80 08 ) 2% 4 3 8% 70 'C .2 h R SH
AR oE LN

Fie R GB 5009. 156—2016( £ i 22 4> [H % b 1
1 i 42 il A et i A A 3K 6 A B vk 3 ) ) 1

MUE BEAT 3~15 WE 2RI K, 4 Ol ] — 1
B An L) o R I R R AT A I AT

B, DUk o B R HE R IR . LB A
1.3.2 ERBEE

P R0 P 152 I 43 1) 4% | GB 31604 15—
20164 F 5 22 4 1 G o 1 1 Ml b RE 2 A 2,
4,6- =& FH-1,3,5- 7 (= RFNE) TR 5 0 E )
K GB 31604. 48—2016{ & it % 4> [E R br il & 4%
fi A et K Al i H T SRS 0 ) B — A 3R
SN RS
1.4 Z5RKIE

45 GB 31604. 1—2015 g #E (1 M 5 , i B 1K
I 235 TR MR Al L ) S o B S i AR (S) 5 AR AL
PHRFL (V) B (S/V) BEATREIE | DA S5 KRR i b J i
SRS TE . ARG T AR S DA A
s Bk 25 B 118 B i DA R 2 ik S L 7 11 P 2 1T AR
AL S/V, TohR R4S ik 19 FE i DA B A B TR T
2350 1) it i 1 TRT A BE 2SO 1 em BEXE R Y S/ V iE AT
TR 4SR5

2 #£R
201 BEMRASTR] £ AT AEL A B Y RS 1 Ol
ARHEIERERE 4% (V/V) LR 10%(V/V) L BEAE
HE BN I R R R R . R GB
31604. 1—2016 Fr#fE"* 1 5& [ £ 5 12 fil ) o o 41k
IR B RLE L 10% (V/V) B S A] LUAE Ry K
B (L BES 5 <10%) B AL 4, DRI T £
B 0L 4 v 9 3T RS O 6 45 S e T S A £F A 9 i AR
L v = SR GRT i R R T B o e R K A R Y
RGO . 4 i R AR A (/AR ) R TS o LR
B UL SEBR S/V B K/IN(6.24/8.87/4.19) 53 5l i
£ 001~003 5 FE A iELETT R 3 IRER K . BHAK
A0 25 3% 2,
#2 ATO YRR R S R AU T BT 4 (70 °CL2h)
Table 2 Migration of melamine and formaldehyde in bamboo

fiber-melamine resin tableware (70 ‘C, 2 h)
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Figure 2 Migration of formaldehyde in bamboo fiber-melamine resin tableware using 4% (V/V) acetic acid as food simulant (70 C, 2 h)
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Migration of melamine in bamboo fiber-melamine resin tableware using 4% (V/V) acetic acid as food simulant (70 ‘C, 2 h)

R E 1K
R S22
nHEESTRE S3IK

003 004 005* 006 007* 008 009 010 011 012* 013 014

JEUE
2.3 K S I Y B R

% I8 B TS 2 k0l e AT R i )
fiE & 754k, GB 31604. 1—2015 A7 i ¥ 5 42 ff ]
il i 6 ] — B 1 AT 3 AR R IR, IR LS 3 Ik
TR 100 25 SRAE Sy e R s . SR, B 1 R 2
RN 4% (V/V) CRAE & WA AU T g 3 1k
TEA R I I, A 2 i 2 i L v = 2R U A R R 1Y
TR SR O B, AR R 3 KiE
B30 1 32 B /K, 43 il o B A S ek B UK B AR (R
at 001.,003) F1Z I TH =5 (FE 006, 008) (Y F i R
4% (V/V) CERFF IR Z2 2 15 TR 5, LLIF5T
HAK A S LA

&S FIE 6 vl L, fE I T AT il 1 A
B, R R = R R AR R AR S T R 3 R R i
B AR KA, IR R R IR E A AR, &R
sty P PR S % a3 A PR (S TR N 1 — SRR 1Y
iE A i bR O, BARIE AR (LSS 3 IRiEH
T 50 45 L Oy ) K ) ) E A A% B (CFE S 001
003) 7F K 1 5 42 437 o 2 M £ i B o B = 2R R
R o BR BRI



B AR R
—12— CHINESE JOURNAL OF FOOD HYGIENE 2024 4F5 36 5 1

0.20
0.18
0.16 [
0.14
i 012
)
=010
0.08 -

0.06 [

2923.65

- -4_//\/\/;%
0.02 £

3000

2000

WHYem™!
3 007 5 HF 20N 1A
Figure 3 Infrared spectra of sample 007

0.50
045
0.40
035
030
T
2025
=
020
0.15
0.10

0.05

0.00 &

4000 3000

2000 1 000

WHvem™!
Bl 4 TEr4E & 15% 5 50 50 10 55 A 4 408 15 ]

Figure 4 Infrared spectra of melamine material with 15% (m/m) bamboo fiber
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Figure 5 Migration rule of melamine in bamboo fiber-melamine resin tableware during long-term reuse (70 ‘C, 2 h)

2.4 AHYER LT AT X AT RS K S5 i

R 4l T R B B i B B B A 1L, AT £F 4 % i | 2L
H T 4k B S 0 EE 92 5%~60% 22 18], 3434 £ 4
I8 B 7R A CRE b 008,010,011 A1 013 %)
RS INT T K TE B SO KSR T L X B R B

KILATER ST 0 AR (<45%) B i 5 = R AR
i 0 HE TS 1 3 S K S U AT 5 T 2 1 4 v P 2T A
Al BT R S I R R (>609% ) I, = 58U A
B 1) i B it BE A G B Ok B RS nm B B b
T+HCE 7))



T EF Yt 5% g A L v = BRSNS AR R M S T A B —— K A —13—
12.00
1000}
on
§) 8.00
Uﬁ 6.00 — 1 H001
% — PEE003
gﬁ W —— FER006
2,00} — 5008
0.00 . : : ; :
FBUK B2k I S 15K
TERSRLE CHL

PR 6 I I A fih 2 P £ IR 7 2T 2 % T A HL P A RE R S A LA (70 °CL,2 )

Figure 6 Migration rule of formaldehyde in bamboo fiber-melamine resin tableware during long-term reuse (70 ‘C, 2 h)
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Figure 7 Average transfer amounts of melamine and formaldehyde in Miamine tableware with different bamboo fiber addition ratios
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