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Determination of the Migration of Lactide in PLA Food Contact
Materials by Gas Chromatography Mass Spectrometry

ZENG Ying', CHEN Yanfen', ZENG Ming', CHEN Sheng"?, PAN Jingjing'?, LI Dan'?,
ZHONG Huaining'>", DONG Ben"*", ZHENG Jianguo'

(1.National Reference Laboratory for Food Contact Material (Guangdong), Guangzhou Customs Technology Center,
Guangzhou 510623, China;
2.Sustainable Plastic Packaging Joint Innovation Center, Guangzhou 510623, China)

Abstract: The method for the determination of migration of lactide in polylactic acid (PLA) food contact material by gas
chromatography-mass spectrometry (GC-MS) was established. Olive oil simulants were extracted by acetonitrile,
centrifuged and filtered, and then analyzed by GC-MS. Isooctane simulants were directly filtered and analyzed by GC-MS.
The method could achieve the determination of lactide migration in PLA. The limit of detection was 0.01 mg/kg and the
recoveries at spiked levels were 80.0%~120.0%. The relative standard deviations were 2.6%~6.6% (n=6). Seven PLA
samples were analyzed by the method. The detection rate was 85.7% and the range of concentration were 0.033~1.1 mg/kg.
The method had the advantages of high sensitivity, high recovery and accuracy. The detection limit can meet the
requirements of regulations. The method was suitable for migration of lactide in PLA food contact materials. The results

showed that the detection rate of migration of lactide in PLA samples was high and migration of lactide should be paid
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attention to. Compared with isooctane, the migration of olive oil in the sample was higher than that of isooctane under the

substitution condition due to the higher migration temperature of olive oil.

Key words: lactide; migration; PLA food contact material; oily simulant; gas chromatography mass spectrometry
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2 AN, LIS TF =B AR R B R &
) I S, TR BRAZTE T B fe SEE A W I, R
SEER A S Al A ARl SRR R S8 D ] RS 2 R R %S
e, IRFLMR (Polylactic acid, PLA ) J& DIFLAR N =
TRRLIIR G MR G, BTt 2R i
flAA L0, G R R UL — IR PR B (R FLIR T . X,
AT WS RIS AL A AR, A HidE s
PLA AT LUHVER ARl 0 Shipg a4
PR, SRIMTATT G2 AR ERT PLA il Tk
B W A Sl G IR . AR —Fh AT R A A
Kl PLA S 5hiz i, B 1T Rs 225 82a3inggl . A,
=SB AE AEAE XU, LA ) AR A8 XU LB A 555G
U, Bk, mR T R R LR B Sl T AR R
AR R A ARG I T 2 A ST o

ARYESCRR [16—18] 418, RFLIREZ) KEfr A alizL
12 . NACHRANHAACER Y, I A ) iR BB i o),
FFHE A @ AR S, I sl vh —
F S i, ANMEAT LI SRE YA R A TR,
WA AR 22 R TRPARO 1, PNACHRXTIR . B2
A B AE R, JER] WA FAE /K- (NOAEL) iy
100 mg-kg " MARE- K'Y, HATTNZAEERARLE GB 9685-
201624 I FT GB 4806.6-2016) (1) 4: 2
TR MREY) TSN FR T, R BRI BT S
PR AN ARG H RS HH BR: 0.01 mg/kg) o« AR (EU)
No 10/2011P%, TNAEHRH AR FEFS W) 5o 2 I, HiT
BB et 2 AN S (R BR: 0.01 mg/kg) o A T i
JE B R SX M RS E YRR, R DI AT
BTN SRR R IR . SRS FINACHR TR =
M7 2 R IE £/, fUA Mutsuga S8 W AH
- FIEXT K 4% LR 20% ZBEHPNASER I &=
JFHAAR G SRR X 15 Bt P P 22 1 2 2 B A ik,
Rz BRA 0.04 mg/kg, ANYUARBETH B R MZIR, 1 H
By AR AR IR T v . BBAh, PLA & S
flA sk n—yxk M 1 AR ge SRRl S AR & oy
(T, FEXSE . KESE 445, PLA £ WL AR ek
FEFL ) B PN SS R RS X H e il AN T e,
b, T B AR ST I AT LAY v DN 32 R A S R 0 A T
Jrid.

TESEBRIER M A, AT 3L T 5T 4%, AbBRxE A
R, T EABCRE vl AR g v, 30w SR AL AR R
RERIT 95% A TR . AR AP —Fh AR
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FERHE (P ED A R FI A7 XW-80A AUIRER A
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MBS 10 mg/L AE HiEB EArdE T WA . PR
(10+0.1) g WS, 43I0 AR AR FRAT AL ShR v b
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MENETIARUE TR . e bl SR b
(Bl % WOFR B2 0.020, 0.050, 0.10, 0.15, 0.20 mg/L,
VEN e TAER W . LA B R 5P id
PRAE LA RS
1.2.2 5 TR ZESRZSIE GB 31604.1-
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DY I, AR ARE b 1 SO FH 2544, e i RS
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1.2.3  PACHRIER T I Ir s S A 547
1.2.3.1 TR ALEE XA A
7, Fri (10+0.1) g BT 25045, A 2 mL
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B ss o JE B 1 mL B3t ug R HERE/ INB R o
1.2.3.2 fUERFM  CUSEM: RO T REEAE AT
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PR 1 pl,
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BEREES T B RAE S F: 45, 56, 144, EHE
5 56; EPER T 45, 144,

TR S b v s 1) 3R 386 28 - A AH R ) £ B B )
Ak (££0.5% ) B, FH HL X Rz BT e 88 F s for Lb 5
FRUES—2, TEMETUE BAR 00T K RS bRfE T
VER 3 A AR TG BT R, D0 PN SS BRI A dek
BT AN, LIARHE T AR MM BE R AR R, AN 38
i BB T AT RO PN AL bR, AR vERT LR, SR
1.2.4 PNACHRSR B AR E MOl H] i &
St FE 1000 mg/L TN 38 i B9 b Y fifh 55 Vs T80 i R 2]
10 mg/L, E 5 8 ebn vl b B W o A — 50 H e
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1.2.6 THELINESIL  AE 0T GB 5009.156-
2016 E i & A I R TE B A A L A RS
T FRAh By 30 D) Y51 (R, A T RS AS ) A A
(1. M ah, 40 °C, 0.5 h; 2. B 5548, 60 °C,
2 h), RS 1.2.2 AHRERE 52 ol mn AR AR FR Ee, (6
JHARE S 2R 22 0 7 I TR A, A5 B A
EDLY/R
1.2.7 SIS TN AS PR i A2 E AT AL B 7 I8 S5 AR
ZF [ 1.2.3 &1
1.3 HUEAIE

JITAT A S SPA T I K, P 3 H M
B Pn i Agilent MassHunter Quantitative Analysis
B.09.00 A e S i srhT. Z5EfdH Origin
9.1 FAEs
2 RS9
21 FHK
2.1.1 OREAERYEERE  EYEE A T HARI N 3SR AE
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A EE EROPRERTEOL . WFSE SRR, AR R TR AR
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Fig.1 The selected iron chromatograms of lactide
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2.1.2 $RIBOAFIRgERE TR RS AE A L Wk

sl HANBE B4 EALINE, 75 224 R HAri i
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firt al SR AN BEAE SR IBOA TR P70, PRI, AN TEdRIX
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BSOS vl O T 2SR, 250 S5 W A3 2, IRy

91.00%. Ak, PeFH ZIE1EMPRIGE R .

22 FEFUWIIE

221 ZRMENEE. KR e EBR AV A AR v

VMR I TRT R A A AL R (y ), X I 1) ST ik S SR A Al

Fr (x, mg/L) 5% (x, mg/kg) YELRME 7 2. 7 0.020~

0.20 mg/kg( B mg/L) W EJLHIN, hE R R°=

0.995, WA SR 2 REFLePESC R . PRI

ML RE S R DLER 1, EBCA & B & &5

Ff ] PLA ST S50 pOAUY A FFEXT R, s n—

FEEARESS, 32 1.2.3.17 20 EEAE 5, B AR IR S

R, AMEMR L (S/N)AE T 3 I H3aAG Y FR (Limit of
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Table 1 Regression equations, linear ranges and determination coefficient of simulant
B [ 5 7 R LT F (mg/kgimg/L)
SR y=23093.182503x+37.768905 0.9977
. 0.020~0.20
M y=64490.193284x+1413.581534 0.9959

(Limit of quantitation, LOQ), PI-TBIFL4) Fh (18 A6 HY
BRI4 0.01 mg/kg, EHFRITN 0.02 mg/kg, LI O
FELEI AR, 1Z T RE T R BREER, fTH T &
an Rl PLA il 5 PN SS R A B ARSI .

222 MIKCRERKEE SRHAAS Hisfb&EWms
B PLA R S50 iR I SEXT R, 41
BIHEAT 3 7K IR [N FURS 25 5 25 5%, Jin
FrEES3 9 0.020. 0.10. 0.15 mg/kg, B HERKSF
AT 6 145, 7% 1.2.3.1 RUACERIT B HRIAS RN, DAY
[EDKCR B AR R eI 22 WL3e 2, S5 IRERIT, BIKeR
80.0%~120.0%, FHXTFRUENR 22N 2.6%~6.6%, JIiER
A e 100 S 2R ROk, %% 5, W5 /2 GB/T 27404-2008
L83 T e RS £ A A I ) b () S A 2
K, BERE T H 43T A

P2 R[N A ER 1 IR SRR B e 22

Table 2 Recoveries and relative standard deviations of lactide
in different simulants

DLy Jindrdi (mg/kg) W (%) AR IR 22 (%)
0.02 85.0~95.0 5.5
SR 0.10 81.0~90.0 4.7
0.15 80.0~86.7 42
0.02 100.0~120.0 6.6
M 0.10 96.0~114.0 6.4
0.15 100.0~107.0 26

2.3 SEFREEERAEN

AR 1.2.2 5 1.2.3 BEATIER S ST S8
AL B, $2 18 1.2.5 PEA75% B G0 iAo Ay Ak 21, F1)H
1.2.3.2 #ES7 AR T %] 7 5K PLA AE 5 N 22 iR
HOIEAS B SRS h N S BRER B A I, 2 2R AN
% 3 .

3 SERRAEA RIS
Table 3 Test result of actual samples

it R
i MR R SERTBE FERT 3C TR AR B
(mg/kg) (mg/kg) (%)
1# 1.1+0.10 0.068+0.003 0.27+0.02
2# 0.39+0.03 0.042+0.003 0.23+0.02
3# 0.42+0.02 0.039+0.003 0.19+£0.02
4# 0.33+0.03 0.033+0.003 0.086+0.004
S5# 0.76+0.05 0.12+0.010 0.17+0.01
o# 0.19+0.01 <0.01 0.16+0.01
T# <0.01 <0.01 0.023+0.003

MR 3 BYER B A R AT N, eI S A N AL
P IEASIRI A B, JER SRS A N AS G . T8
PPN AR IR I 2%, AT RE S AR B allE RS
R, AR RS BT AR SR S0 TP RO . X

FeIE R R A 2h S a0, BEMARR S ARSI RS S L
= v GO O ey SRS 2 i =1 11 V1 by S PN RYalL
TR RS H T S B IS . — Dy T ] R
PR TR 4 S i, AT PSR YR R 70 °C, i 5
SELEAIT AL IR N 40 °C, PLA FERCRETH v Ff) 5 fie e
R FAESEE T I BRI R, T 38U =
PRI RS I3 = B, B B R IR S PR B Y
AW IR AN, FEON BRI = . 5 —
5, A SCHERRED ) R R, 8l 60 °C JF,
PLA JFUR 5, BtE TR TH S, TN ACHRTE RS 250
WG IN . SEE T  AS R AEAO AR A A P R R AR
1 ) S DR, T BB SEARORE Y A K 3 R e O
FLER /K S AR RGN . T B AE T 19 7K 93 7E 0.023%~
0.13%P 7 S8 2= e K S-S /T 0.02%,
B A v P B R 43K, R, PLA FEZK S50 1Y
RS T K R R N S SO AS R AL e T o

B2, B S ARSI 5 s e A HEL A R R
RO H K 85.7% 5 71.4%, iT % 17 75 Bl FE 0.033~
1.1 mg/kg. WAEHEATEILF GB 9685 M VT4
b, — BRI N AZBE R PLA 58 T A& HkE
o H RIS AR N AKE 0 B T AN
AR EAEAE R F e . PRk, ASHEUFE S AS
B FN 85.7% LI LG4 IR, PLA ££45h b
PIAEHR IR RS e i, T 22 | e, | ZKnT Aim
o A SR 0 e A R 7 381 e AR i T 7RLRE
YA R RARR )2 55 08 N SE R RS, P —IK
PR LR & e s SR S 2o A
24 AFREEBEHTAREETIBEAIELER

AT IRGE S o S T AR A TP TN SE R RS
FE2E TR A, ASSCUHIUEK PLA REG (BE S di5-43- 5]
SR 1#. 5#. 6f. 8#) AT AR RL 5514~ N AZ BRI RS
SCEG . BEEL L SCHHEIAERE S5, Bttt 7t
R, PSR 215 A S i TR S R AT RS e 114 22 A
T, FERLE M e, S A iE 'k Lt
60 C MYIEREIIEPY, PRI = aE kS 70 °C ERIR
FEMCR 60 °C, HABZEAAAAE

XTEGIE] 2 v 40 °C T PRSI RS I S5 2R,
BRT 6#ARKH LIAN, Hodgy = 3R i o e i e | 1
TSRS . T AR 1 25 S AN 2 S B0
HEThiE RS B PRSI T S or e B By e sl .
DIHR, 4 3K PLA FF S FEAE AL ) e A 751 5+
HEEHRTE 60~70 °C 514 RNl T 2 m T
fI17E 40 °C FryiEE, HEUEEEL 10 £5, RHERE
SRR S IR R L T L, P TR R
Jin, NECBRIEREL RGN, 5 SCHkHGE [16] KAL)
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Fig.2 Migration of samples under different test condition
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Sl DN A R AL B AT E s, A FE Ao
AR LE . 20T IR M3 80.0%~120.0%,
FHXTFRAEIRZE A 2.6%~6.6% (n=6), HAT RAEIER . [0l
SRR LGRS . 12T EERAIAGTIINRR 0.01 mg/kg
AEAZ I 2 B N -5 R TR R BRAE 25K, AT LU T2 5L
PR L A DN A PRI AL B0 S PRGN T A,
PN AZHRE AL AU I TA SR POR SCRR . [RIRsE, dam]
DA A s S SR FLIR B AR Al R SC A AR v S 12 ML 2
SRISAEGHE S AT o AL N S BRI RS 1 1 B AR
K 380 85.7%, K6 H ARA Ry, w5 B R e A4 G .
P TS T R IR R, DR T A TR e
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