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Migration volume determination and migration patterns of 11

antioxidants from degradable polylactic acid straws
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(Guangdong Testing Institute of Product Quality Supervision, Foshan, Guangdong 528300, China)

Abstract: [ Objective] To establish a high-performance liquid chromatography (HPLC) method for the simultaneous determination of the
migration volumes of 11 antioxidants from polylactic acid (PLA) straws and to assess the migration risk. [ Methods] The migration patterns
of the 11 antioxidants from PLA straws are investigated in four food simulants: 10% ethanol, 4% acetic acid, 95% ethanol, and olive oil.
Additionally, the 11 antioxidants are separated by gradient elution on Agilent Poroshell 120 EC-C,y (4.6 mm X250 mm, 5 pm)
chromatographic column with methanol-water as the mobile phase. Furthermore, the influence of different simulants, temperature, and time
on migration behavior is investigated using a positive sample as the object. [ Results] The 11 antioxidants demonstrate excellent
performance in chromatographic separation and exhibit potent linearity in the ranges of 0.5 to 15.0 mg/L and 1.0 to 30.0 mg/L. The
correlation coefficients exceed 0.998, the spiked recoveries range from 83.2% to 102.8%, and the relative standard deviations range from
0.64% to 8.59%. [ Conclusion] This method is simple, sensitive, and accurate, thus suitable for the migration volume determination of the
11 antioxidants from degradable PLA straws. The highest migration volume of the 11 antioxidants is observed in oil-based food simulant.
Also, the migration volume is positively correlated with temperature, reaching a plateau at about 60 °C (close to the glass transition
temperature of PLA).
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Figure 2 Chromatograms of 11 antioxidants (A=280 nm)
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Table 1 Linear equation, correlation coefficients (R*), limits of detection (LODs) , and limits of quantitation (LOQs) of

11 antioxidants in different simulants

[iaex7] AU L1k R KRB R LOD/(mg-L™ ') LOQ/(mg-L ")

PG 10% 21 y=35.915 5x—33.297 6 0.998 7 0.3 1.0
4% R y=64.626 5x—10.626 1 0.999 6

TBHQ 10% 21 y=10.895 0x—6.850 7 0.999 2 0.2 0.6
4% R y=27.891 2x—24.547 7 0.998 4

BHA 10% 25 y=38.383 9x+1.614 7 0.999 9 0.15 0.5
4% TR y=26.419 7x+0.346 9 0.999 9

DBP 10% 21 y=16.478 3x+9.896 2 0.999 2 0.2 0.6
4% 1R y=13.526 6x—0.437 5 0.999 4

AL 300 10% 2. T y=143.036 1x+4.195 5 0.999 5 0.15 0.5
4% 1R y=20.955 5x—4.710 4 0.999 0

BHT 10% & y=13.973 9x+0.254 7 0.999 6 0.3 1.0
4% LR »y=8.591 9x—1.361 1 0.999 3

BHEB 10% £ 15 y=12.026 3x—2.474 0 0.999 5 0.3 1.0
4% LR y=8.507 0x—2.478 5 0.999 2

HrAA AL 2246 10% &% y=18.358 8x—3.125 6 0.999 4 0.2 0.6
4% 1R y=12.024 5x—4.326 8 0.999 3

P 425 10% 2,5 y=17.301 1x—2.536 8 0.999 3 0.3 1.0
4% 2. 1% y=11.938 4x—5.187 3 0.999 1

YA 129 10% 2. y=14.740 6x—2.952 9 0.999 1 0.3 1.0
4% 1R »y=10.888 5x—5.000 9 0.999 0

Ak 1010 10% 2 y=8.3117x—0.772 1 0.999 8 0.3 1.0
4% 1R y=5.637 6x—2.123 1 0.999 0
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Table 2 Linear equation, correlation coefficients (R*), limits of detection (LODs) , and limits of quantitation (LOQs) of

11 antioxidants in oil-based stimulant

L& XY LR MXRER LOD/(mg-kg ')  LOQ/(mg-kg ")
PG 95% 7, T y=37.167 7x—11.772 6 0.998 9 0.3 1.0
ROE i y=35.175 6x—15.777 8 0.999 2 0.4 1.2
TBHQ 95% Z. T y=18.815 9x+6.678 2 0.999 4 0.2 0.6
RO il y=23.862 4x—28.254 6 0.999 5 0.3 1.0
BHA 95% Z. T y=28.794 0x+2.515 8 0.999 1 0.15 0.5
e RTH y=24.386 4x+2.686 4 0.999 2 0.2 1.5
DBP 95% Z. 1 y=17.868 8x+1.380 9 0.999 4 0.2 0.6
IR 70 y=12.088 1x+5.256 3 0.999 7 0.3 1.0
B AL 300 95% £, »=32.019 0x+18.514 0 0.999 6 0.15 0.5
RS 7k y=34.045 3x+5.226 6 0.999 2 0.2 1.5
BHT 95% Z. 1 y=15.758 6x+3.940 1 0.999 0 0.3 1.0
R y=12.421 7x+1.358 7 0.999 2 0.4 1.2
BHEB 95% 7.1 y=11.457 8x+1.167 4 0.999 1 0.3 1.0
HIORE y=14.5312x+3.5313 0.998 8 0.4 1.2
P 2246 95% .M »=20.5553x10.899 3 0.999 7 0.2 0.6
M I y=14.538 6x—5.384 2 0.999 2 0.3 1.0
B AL 425 95% £, T y=19.357 9x+3.711 0 0.999 1 0.3 1.0
RS i y=21.445 8x—2.564 7 0.999 3 0.4 1.2
B 129 95% < T y=13.848 8x+1.238 2 0.999 3 0.3 1.0
RO il y=10.867 4x—11.586 4 0.999 0 0.4 1.2
LAl 1010 95% T »=9.139 3x+1.5118 0.999 1 0.3 1.0
RS 7ih y=8.457 5x—1.686 4 0.999 7 0.4 1.2
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Table 3 Recoveries and relative standard deviations (RSDs) of 11 antioxidants in different food simulants

L) &Y PNIlIES [ 18 3 /% AT A5 4 Dt 22 /%
10% B PG 1,2, 10 mg/L 96.1, 94.6, 91.7 3.42, 0.64, 7.94
TBHQ 1,2, 10 mg/L 88.6, 95.8, 92.1 8.59, 8.43, 6.26

BHA 0.5, 1.0, 5.0 mg/L 100.2, 98.3, 100.6 1.01, 1.16, 1.08

DBP 1,2, 10 mg/L 93.8, 90.5, 95.9 3.83, 6.23, 1.46

PrE AL 300 0.5, 1.0, 5.0 mg/L 91.8, 88.7, 92.6 1.81, 1.82, 3.46

BHT 1,2, 10 mg/L 98.3, 93.7, 913 2.50, 1.65, 2.60

BHEB 1,2, 10 mg/L 95.2, 94.1, 98.5 1.24, 1.55,2.72

P L 2246 1,2, 10mg/L 92.4,93.2, 98.4 2.18, 1.98, 2.92

Bk 425 1,2, 10 mg/L 96.7, 96.1, 99.1 1.52, 2.10, 3.31

P 1290 1,2, 10 mg/L 96.2, 90.8, 99.6 2.05, 1.62, 3.62

Bk 1010 1,2, 10 mg/L 90.7, 94.2, 89.4 1.84, 2.93, 4.08

4% 1R PG 1,2, 10 mg/L 96.2, 88.9, 91.8 3.55, 0.99, 0.63
TBHQ 1,2, 10 mg/L 98.6, 91.1, 88.4 4.56, 2.38, 2.65

BHA 0.5, 1.0, 5.0 mg/L 96.8, 98.7, 97.7 1.29, 2.61, 0.69

DBP 1,2, 10 mg/L 98.7, 101.2, 100.3 3.79, 2.21, 3.41

AL 300 0.5, 1.0, 5.0 mg/L 102.7, 90.8, 93.5 4.69, 6.32, 4.91

BHT 1,2, 10 mg/L 102.8, 98.0, 100.7 1.36, 3.95, 1.15

BHEB 1,2, 10 mg/L 96.8, 94.9, 96.9 1.79, 6.29, 4.39

B AL 2246 1,2, 10 mg/L 97.1, 89.9, 96.3 1.26, 2.64, 3.45

AL 425 1,2, 10 mg/L 97.2, 99.1, 94.5 1.69, 2.71, 2.18

PrE AL 1290 1,2, 10 mg/L 99.8, 100.6, 94.5 1.96, 4.77, 1.98

BLEALF 1010 1,2, 10 mg/L 99.9, 96.2, 95.6 1.42, 4.84, 1.28

95% LB PG 1,2, 10 mg/kg 89.4, 91.6, 95.2 3.38, 2.54, 1.63
TBHQ 1,2, 10 mg/kg 90.5, 91.3, 92.8 2.54,2.87, 7.58

BHA 0.5, 1.0, 5.0 mg/kg 94.5, 97.9, 99.1 1.78, 1.15, 1.02

DBP 1,2, 10 mg/kg 97.2, 101.6, 98.1 2.06, 0.51, 0.71

P44k 7 300 0.5, 1.0, 5.0 mg/kg 92.4, 93.3, 98.6 2.70, 1.04, 0.84

BHT 1,2, 10 mg/kg 99.7, 94.9, 97.4 3.58, 1.26, 1.26

BHEB 1,2, 10 mg/kg 102.5, 96.1, 96.2 1.73, 1.21, 0.86

YA AL 2246 1,2, 10 mg/kg 93.5, 95.6, 97.1 1.34, 0.78, 0.85

B AL 425 1,2, 10 mg/kg 94.8, 97.3, 97.9 2.10, 1.47, 0.92

YA AL F 1290 1,2, 10 mg/kg 89.3, 96.6, 97.5 5.53, 1.33, 0.87

oA L7 1010 1,2, 10 mg/kg 91.4, 90.4, 96.2 4.03, 1.19, 1.04

HHCAYE PG 1,2, 10 mg/kg 92.6, 94.8, 89.3 3.99, 3.53, 4.97
TBHQ 1,2, 10 mg/kg 93.2, 85.8, 91.5 737, 4.92, 4.96

BHA 0.5, 1.0, 5.0 mg/kg 93.6, 90.6, 84.9 439, 3.14, 6.81

DBP 1,2, 10 mg/kg 89.6, 85.3, 88.5 2.62, 5.86, 5.19

AL 300 0.5, 1.0, 5.0 mg/kg 88.1, 85.9, 84.5 3.87, 2.84, 7.01

BHT 1,2, 10 mg/kg 83.9, 89.8, 85.3 6.61, 5.22, 5.11

BHEB 1,2, 10 mg/kg 90.1, 91.1, 94.8 6.15, 5.76, 5.47

oAk 7 2246 1,2, 10 mg/kg 83.2, 93.6, 90.0 6.16, 5.61, 5.44

Y b 425 1,2, 10 mg/kg 94.5, 85.6, 83.7 5.08, 2.62, 5.31

P b 1290

-
Pk 1010

1,2, 10 mg/kg

2, 10 mg/kg

83.8, 84.1, 88.1
94.7,91.7, 87.0

7.04, 7.33, 4.21
5.88, 4.68, 5.12
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