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Abstract — Response surface methodology (RSM) in combination with a 17-run central composite design (CCD) was
applied to optimize the non-catalytic hydrolysis of lard using subcritical water to produce fatty acids (FA). The effects of
three variables including temperature, molar ratio of water to oil and time, and their relationship on FA content were
investigated. A quadratic regression model was employed to predict the FA contents. Optimum reaction conditions for
maximizing the FA content were obtained as follows: reaction temperature of 288.5°C, molar ratio of water to oil of 39.5
and reaction time of 29.5 min. Under the optimum conditions, the predicted and experimentally obtained FA contents
were 97.06% and 96.99%, respectively.
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Fig. 1. Experimental apparatus used in this study for the subcriti-
cal water-mediated hydrolysis.
1. Autoclave reactor
2. Shut - off valve
3. Pressure gauge

4. Hot plate magnetic stirrer
T,, T,: Thermocouple
TC: Temperature controller
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Table 1. Independent variables and their levels for central composite design

Independent Variable Symbol Level

-2 -1 0 1 2
Reaction temperature [°C] X, 260 270 280 290 300
Molar ratio of water to oil X, 30 40 50 60 70
Reaction time [min] X3 5 15 25 35 45

Table 2. Central composite design table and experimental results

Run Lard [g] Water [g] Temperature [°C], X, Molar ratio of water to oil, X, Time [min], X; FA content [%]

1 9.99 10.7 -2 0 0 28.15
2 8.71 11.2 -1 1 -1 32.64
3 9.61 10.3 0 0 0 85.19
4 10.5 9.0 1 -1 -1 82.11
5 7.93 11.9 0 2 0 87.71
6 9.05 9.7 2 0 0 93.73
7 10.44 8.95 1 -1 1 94.97
8 8.71 11.2 -1 1 1 92.76
9 11.9 7.65 0 -2 0 90.17
10 8.48 10.85 1 1 -1 81.66
11 9.66 10.35 0 0 2 94.44
12 9.61 10.3 0 0 0 85.53
13 8.48 10.9 1 94.45
14 10.85 9.3 -1 -1 -1 35.18
15 10.91 9.35 -1 -1 1 85.51
16 9.66 10.35 0 0 -2 18.14
17 9.61 10.3 0 0 0 854
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Table 3. Regression coefficients and ANOVA for FA content

Term Coefficient P value
Constant 86.0774 <0.0001
X, 14.8912 <0.0001
X, -0.0738 0.963
X, 18.0438 <0.0001
X, -6.0203 <0.0001
X, 0.9797 0.261
X, -7.1828 <0.0001
XX, 071 0.587
X, X5 -10.6 <0.0001
X, X5 1215 0.363
R% 99.2%
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Fig. 2. Contour plots of FA content as a function of (A) tempera-
ture and time, (B) temperature and molar ratio of water to
oil, (C) molar ratio of water to oil and time.
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Fig. 3. A gas chromatogram of the main components of FA produced under the optimum conditions: (A) 2.14% myristic acid, (B) 24.2% pal-
mitic acid, (C) 3.51% palmitoleic acid, (D) 0.71% heptadecenoic acid, (E) 9.72% stearic acid, (F) 1.89% elaidic acid, (G) 45.1% oleic
acid, (H) 1.26% linolelaidic acid, (I) 9.87% linoleic acid, (J) 0.21% a-linolenic acid, and 1.39% others.
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