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Reduction of 3 — chloropropanol esters and glycidyl esters
precursors in model oils by enzyme — catalyzed esterification
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Abstract; Aimed at solving the problem of high temperature conditions during the refining process that
predispose oils to the production of 3 — chloropropanol esters and glycidyl esters, which are risk factors
that are harmful to human beings, enzyme — catalyzed esterification of fatty acid oleic acid with the
monoglycerides and diglycerides in soybean model oils was conducted to reduce the contents of
monoglycerides and diglycerides, precursors of 3 — chloropropanol esters and glycidyl esters. The
esterification reaction conditions were optimized using single factor experiment and response surface

methodology, including reaction temperature, lipase dosage ( based on the total mass of raw materials) ,

substrate ratio ( molar ratio of the amount of fatty
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esterification, and the contents of 3 — chloropropanol esters and glycidyl esters in the two deodorized oils
were compared. The results showed that the optimal esterification reaction conditions were Lipozyme RM
IM as the enzyme, lipase dosage 5.64% , reaction temperature 78. 82 °C | substrate ratio 17.31:1, and
reaction time 29.05 h. Under these conditions, the esterified products obtained after 10 — fold scale — up
test contained (0.29 +0.01)% of monoglycerides, (2.39 £0.03)% of diglycerides, and (97. 32 =
0.04) % of triglycerides, and the contents of monoglycerides and diglycerides were 92. 01% and 75.
05% lower than that of the soybean model oils, respectively. Compared with the soybean model oils
without esterification, the contents of 3 — chloropropanol esters and glycidyl esters of esterified soybean
model oils after simulated deodorization were reduced by 58.06% and 89.72% ,which were 0.26 mg/kg
and 0. 51 mg/kg, respectively, and they were in line with the requirements of the EU standard. In
conclusion, the production of 3 — chloropropanol esters, especially glycidyl esters, can be effectively
controlled by reducing the contents of monoglycerides and diglycerides through esterification reaction.

Key words: 3 — chloropropanol esters; glycidyl esters; monoglycerides; diglycerides; soybean model
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Fig.1 Effect of lipase type on esterification reaction
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Fig.3 Effect of lipase dosage on esterification reaction
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Fig.4 Effect of substrate ratio on esterification reaction
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Table 1 Response surface methodology design and results of soybean model oil esterification reaction

W = A/C B/ % C D/h Y,/ % Y,/ % Y/ %

1 90 5 10:1 24 0.48 +0.04 3.01 £0.35 96.51 £0.38
2 90 5 20:1 24 0.50 +0.01 2.49 +0.11 97.01 +0.12
3 80 5 10:1 36 0.47 £0.02 2.72£0.10 96.81 +0.08
4 70 7 15:1 24 0.64 +0.01 2.99 +0.07 96.37 +0.06
5 80 7 10:1 24 0.56 £0.11 2.65 +£0.12 96.79 £0.23
6 70 5 15:1 36 0.01 £0.02 3.15+0.28 96.84 +0.30
7 70 5 10:1 24 0.52+£0.10 3.32+0.01 96.16 £0.09
8 90 5 15:1 36 0.51 +0.04 2.56 +0.30 96.93 +0.27
9 80 3 20:1 24 0.67 £0.05 2.62 +£0.16 96.71 £0.11
10 90 7 15:1 24 0.44 +0.05 2.29 +0.08 97.27 +0.13
11 80 5 15:1 24 0.29 +0.01 1.96 £0.38 97.75 +0.37
12 80 3 15:1 36 0.52 £0.06 2.45 £0.24 97.03 £0.18
13 80 3 15:1 12 0.37 +0.01 2.75+0.35 96.88 +0.34
14 80 5 15:1 24 0.05 £0.06 1.85+0.13 98.10 £0.20
15 70 5 15:1 12 0.57 £0.16 3.24 +0.05 96.19 £0.11
16 70 5 20:1 24 0.75+0.04 3.05+0.01 96.20 +0.03
17 80 7 15:1 36 0.35 +0.01 2.33+£0.23 97.32 £0.21
18 90 3 15:1 24 0.41 +0.01 3.22+0.01 96.37 +0.02
19 80 7 20:1 24 0.52+0.13 2.07 £0.28 97.41 £0.41
20 80 5 15:1 24 0.46 +0.18 1.70 £0.08 97.84 +0. 10
21 80 5 15:1 24 0.11 +£0.01 2.01 £0.10 97.88 £0.11
22 80 5 15:1 24 0.28 £0.13 1.96 +£0.06 97.76 £0.08
23 80 5 20:1 36 0.47 +0.01 2.19+0.01 97.34 +0.01
24 80 3 10:1 24 0.44 £0.09 3.16 £0.15 96.40 £0.24
25 80 5 20:1 12 0.36 £0.12 2.64 +0.05 97.00 +0.08
26 80 7 15:1 12 0.43 £0.08 2.86 £0.04 96.71 £0.03
27 80 5 10:1 12 0.47 £0.05 3.07 +0.13 96.46 £0.26
28 90 5 15:1 12 0.42 +0.05 2.93+0.12 96.65 +0.11
29 70 3 15:1 24 0.48 £0.08 2.99 £0.04 96.53 £0.03
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Table 2 Analysis of variance of diglycerides
regression model
A R B Uy F p
i 6.94 14 0.49 31.04 <0.000 1
A 0.46 1 0.46  45.09 <0.000 1
B 0.25 1 0.25 11.74 0.004 1
C 0.67 1 0.67 55.78 <0.000 1
D 0.47 1 0.47 22.78 0.000 3
AB 0.34 1 0.34  27.68 0.000 1
AC 0.02 1 0.02 0.04 0.846 1
AD 0.46 1 0.46 1.23 0.286 7
BC 0.25 1 0.25 0.06 0.8158
BD 0.67 1 0.67 0.83 0.378 3
cD 0.47 1 0.47 0.16 0.698 4
A 0.34 1 0.34 221.29 <0.000 1
B’ 0.02 1 0.02 44.42 <0.000 1
c 0.46 1 0.46  63.19 <0.000 1
D? 0.25 1 0.25 51.75 <0.000 1
B2 0.22 14 0.02
He 1 T5 0.16 10 0.02 1.05 0.526 4
AixHwzE  0.06 4 0.02
pavil 7.17 28
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Table 3 Analysis of variance of triglycerides

regression model

P TR BHE B F p
A 8.11 14 0.58 36.50 <0.000 1
A 0.46 1 0.46  28.99 <0.000 1
B 0.25 1 0.25 16.08 0.001 3
C 0.67 1 0.67 42.34 <0.000 1
D 0.47 1 0.47  29.73  <0.000 1
AB 0.34 1 0.34  21.19 0.000 4
AC 0.02 1 0.02 1.06 0.319 7
AD 0.03 1 0.03 2.16 0.164 1
BC 0.01 1 0.01 0.69 0.418 6
BD 0.05 1 0.05 3.33 0.089 3
cD 0.00 1 0.00 0.00  0.9689
A2 4.10 1 4.10 258.56 <0.000 1
B 1.39 1 1.39  87.59 <0.000 1
c 1.96 1 1.96 123.26 <0.000 1
D’ 1.13 1 1.13  70.96 <0.000 1
B2 0.22 14 0.02
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