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Abstract: The effects of steam distillation and two-stage dual-temperature steam distillation on the removal of phthalate ester plasticizers
dibutyl phthalate (DBP) and di (2-ethylhexyl) phthalate (DEHP) from edible oils were investigated. Meanwhile, the effect of operating
conditions on the loss of vitamin E and the formation of #rans-fatty acids (TFAs) in edible oils were discussed. The results showed that when the
distillation was conducted at 240 ‘C for 100 min, the DBP content in camellia oil and soybean oil was reduced from 2.63 and 3.01 mg/kg to
0.164 and 0.232 mg/kg, respectively. When the distillation was conducted at 260 C for 100 min, the content of DEHP in two oils was reduced
to 0.784 and 1.226 mg/kg from 7.72 and 3.24 mg/kg, respectively. All the above DBP and DEHP content after distillation was lower than the
national standards (DBP<0.3 mg/kg; DEHP<1.5 mg/kg). To reduce the DEHP content to be lower than the national standard, steam distillation at
260 ‘C for 100 min was required. Under these conditions, the loss rates of vitamin E in camellia oil and soybean oil were 40.6% and 21.4%,
respectively, and the content of TFAs in soybean oil was increased to 4.75%. A two-stage dual-temperature steam distillation (190 ‘C, 60 min
and 260 °C, 30 min) reduced the DBP and DEHP content to be lower than the national limits under a short high-temperature condition, and the
loss of vitamin E and the content of TFAs were significantly reduced.

Key words: phthalate ester plasticizer, edible oils, steam distillation, two-stage dual-temperature distillation, vitamin E, trans-fatty acids
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Fig.1 Effect of distillation temperature on the DBP (a) and
DEHP (b) content in camellia oil
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Fig.2 Effect of distillation temperature on the DBP (a) and
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DEHP [l B3 A Z5E 58 il B (n 260 “C) &1 R k7.
2.1.3 REEABEMFT S F VA= TFA %76
HUZEPEESTE] 100 min, ZEGEIEEE 43718 200 °C.
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Table 1 Effect of distillation temperature on the Vy; content in camellia oil and soybean oil (x10?mg/g)

o-TP S-TP »-TP 5-TP o-TT (p+y) -TT  O-TT Vi
FAtd 24.48+0.12 0.72+0.01 0.76+0.01 - 0.85+0.02 2.04+0.01 - 28.85+0.17
Z 200°C  2090£021  0.72+0.01 0.72::0.02 - 0.69+0.01 2.03+0.02 - 25.06+0.15
#220°C 2035£0.18  0.69+0.02 0.710.01 - 0.69+0.06 1.89+0.06 - 24.3340.12
M 240°C 1607007 0.67+0.04 0.69+0.07 - 0.59+0.04 1.85+0.05 ¢ 19.87+0.12
260°C  13.61£0.11  0.67+0.02 0.66+0.05 - 0.49+0.02 1.71£0.02 - 17.14+0.10
Fobbd  18.63x0.10  2.80£0.05 90404041  28.41£028  0.92:+0.08 2.54+0.01 - 143.70+0.51
K 200°C  18.34+0.18  2.67+0.09  82.95+0.64  2634£0.16  0.86+0.04 2.48+0.03 - 133.64+0.29
2 220°C  17.94£035  2.66+0.10 81924046  2631+0.18  0.77+0.02 2.46+0.02 : 132.06+0.28
o 240°C 16.80£0.19  2.62+0.07  7434£027 26224022  0.77£0.07 2.39+0.08 - 123.14+0.16
260°C 1543041 2332013  72.63£046  19.62+0.14  0.76£0.03 2.25+0.06 - 113.02+0.19
E CORAH
R 2 KHETRFRIBEET TFA S
Table 2 Effect of distillation condition on the TFA content in soybean oil
i, 8 2 100 min . . 240 °C ' .
200 °C 220 °C 240 °C 260 °C 80 min 100 min 120 min 140 min
STFA%  0.05£0.009 0.94+0.010  129+0.012  4.75+0.028 1.03£0.007  129+0.009  135£0.013  2.30+0.021
FH# 1 BTN, 7EZETRR ] 100 min B, FfE 2518 a  q6
EIERITEE, SRR GE Ve S REEiAE, T B el
HZRIBR L E] 260 CRE, ZOFFIAIKTIM Ve 63 0ol —~—fiii200 C
PRASY N 40.6%H1 21.4%. [T LAA Y, Bk 5 osl
A Ve EEA DN o-TP, LA ERE SR & o6 f
[¥) 84.9%, TT &EICH Ve SR 10.0%; JFEKT A o4l
W Ve FEBL D 9-TP. 6-TP. o-TP, =Fh4%)> 02
i Ve SE 1 95.6%, TT S&AUN Ve BER 2.4%. "R 20 20 20 260 270
M2 WLV, FEZSIRINTE] 100 min I, BEFE BRI / °C
ZATRIREE A =, K TFA & &8 8T s, G b 100
Hogiid 240 °C e, HEREET . BRREN
260 °CIFf, TFA &7t i ERR oA s 2 oo
4.75%, & 240 °CIN'( 3.68 155, 4F5HIIEEE y 240 °C @ 6o L 180
I, EORBE MR (A E e AARR &r  hn,  (HAEANE f;: wl :}Egégg :g
i 120 min Y EOK 28 VR TR B 0 Tl AR 7= 4k §
N, TFA &8 DU HIE<2% ) 224K TS, 2% 20F
HIJE ARl I RAS H TFA, 3X AT A2 RN AT 0 . 1 \ . .
R 230 240 250 260 270

HH AR S BRI JRRIRR 5 s A K A
e, PG AR

22 WES IR AZK IR i g PAEs 8y
RS

180

Fei i / C

5 F—NERFRIBEEXT KM DBP &8 (a) RAFRE (b) Y

2l
Fig.5 Effect of the first-stage distillation temperature on the

DBP content (a) and removal rate (b) in soybean oil
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Fig.6 Effect of the first-stage distillation temperature on the

DEHP content (a) and removal rate (b) in soybean oil
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