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The Kinetics of Hydrolysis of Nigella sativa (Black Cumin) Seed Oil
Catalyzed by Native Lipase in Ground Seed
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Istanbul Technical University, Faculty of Chemistry-Metallurgy, Chemica! Engineering Department, 80626 Maslak-Istanbul, Turkey

Kinetics of the lipolysis of Nigella sativa oil catalyzed
by native lipase in crushed seed were studied between 20
and 90°C. Data fitted the pseudo first-order rate equa-
tion at 20, 30 and 40°C; and the pseudo second-order equa-
tion at 50, 60 and 70°C, but neither equation fit at 80 and
90°C. Lipolysis approximated first-order with respect to
water.
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Nigella sativa (black cumin) seeds are used for edible and
medical purposes. N. sativa seed contains 30-35% oil. The
presence of lipase in the seed results in enzymatic
hydrolysis at ambient temperature during harvesting,
handling and processing of oil (1). Therefore, the seed oil
often has a free fatty acid content of 40% or higher.

Many investigators have studied the enzymatic hydroly-
sis of fats and oils as an attractive alternative to the cur-
rently used high-pressure and high-temperature processes
for the industrial production of fatty acids (2-5). In all
the research, lipases of different origin were studied, and
the conditions to reach a given high acid value were deter-
mined. Lipolysis by native lipases was not employed, and
the subject was not investigated in view of the reaction
kinetics. However, the hydrolysis of tallow, coconut and
olive oil by lipase from Candida rugosa showed that these
reactions could be approximated by first-order kinetics
(6,7).

The purpose of the present study is to develop rate equa-
tions for enzymatic hydrolysis of N. sativa seed oil by
native lipase at several temperatures and moisture con-
tents and, hence, to elucidate the role of process
parameters on the reaction rate.

EXPERIMENTAL PROCEDURES

Materials. N. sativa seeds of Turkish origin were pur-
chased locally. The oil content of the seed on a moisture-
free basis was 22%, moisture was 5.6%. The free fatty acid
content of the seed oil was 2.5%. All the chemicals used
for experiments were of analytical grade (Merck, Darm-
stadt, Germany).

Experimental set-up. Enzymatic hydrolysis by native
lipase was carried out in a closed Pyrex petri dish with
an id. of 14 cm, a height of 2.4 ¢cm and a wall thickness
of 0.2 cm,

Enzymatic hydrolysis of Nigella sativa seed oil in
ground seed. The petri dish was heated in an oven to the
desired temperature, filled with ground seeds (600-1400
um) that had been crushed in a blender and then kept at
constant temperature for 8 h. The samples were with-
drawn at the predetermined time intervals and pressed
immediately with a laboratory-type Carver hydraulic press
{Fred S. Carver Inc., Wabash, IN) under 69 X 10 N*m2
{Pa) pressure at ambient temperature; the oil obtained
within the first minute was pipetted for analysis. Then
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0.1 g oil was added to 10 mL chloroform and analyzed by
thin-layer chromatography-flame ionization detection
(TLC-FID) analyzer (Iatron Laboratories Inc., Tokyo,
Japan). At the same time, the change in the moisture con-
tent of the seeds was determined. These procedures were
conducted at temperatures between 20 and 90°C with in-
crements of 10°C.

To examine the effect of water content on enzymatic
hydrolysis, ground seeds were mixed with water to average
moisture contents of 5.00, 9.23 and 14.32%. All reactions
were conducted at 50°C.

Analysis of sample. The oil samples (0.1 g 0il/10 mL
CHCIl,, 1uL) were quantitatively analyzed by the
Iatroscan TH-10 TLC-FID analyzer with Chromarod S III
rods (Iatron Laboratories) under the following conditions:
flow rate of hydrogen, 160 mL/min; flow rate of air,
2000 mlL/min; scan speed, 30 s/scan.

Separation of lipid by petroleum benzine/diethyl ether/
acetic acid (70:30:2) into triglyceride (TG), fatty acid (FA),
1,3-diglyceride (1,3-DG), 1,2-diglyceride (1,2-DG), 2-mono-
glyceride (2-MG) and 1-monoglyceride (1-MG) was done
according to the procedures of Tanaka (8) and Ranny (9).

RESULTS AND DISCUSSION

The integral method was used to correlate the experimen-
tal data. For this purpose, a differential rate equation
based on the disappearance of functional groups was con-
structed by assuming that the reaction was pseudo first-
order under the applied conditions. The hydrolysis of
triglycerides is a consecutive and reversible reaction. The
reaction can be driven to completion by the addition of
one of the reactants in excess, or by removal of one of the
products.

By assuming that the lipolysis reaction is pseudo first-
order with respect to the TG, the following rate equation
is obtained:

k't = La[TG],/La[TG] i

where [I'G], and [TG] are the concentrations of TG at the
initial time and at time t, respectively;

k' = kW] (2]

where k’ is the overall pseudo rate constant, k is the overall
rate constant or velocity, (W] is the average concentration
of water and n is the reaction order with respect to water.

Based on the above considerations, the rate data from
the lipolysis reaction in ground seeds would fit with Equa-
tion 1. To test this rate equation, Ln[TG] was plotted
against time. In this procedure, the weight percentage of
TG was used as concentration because [TG]/[TG] is a
concentration ratio and its value is independent of units,
provided that the same units are used for both [TG], and
[TG]. Least-square approximation was applied, in fitting
a straight line to the experimental data, and in each case
the standard error of estimate(s), correlation coefficient
{r) and coefficient of determination (r?) were determined.
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As can be seen from Figure 1, the reactions at 20, 30
and 40°C followed pseudo first-order kinetics. On the other
hand, for the reactions conducted at 50, 60 and 70°C, there
was a decrease in the correlation coefficient and coefficient
of determination for the pseudo first-order kinetic model.
The coefficient of determination is especially important
because the value of r? X 100 represents the percentage
of original uncertainty as explained by the linear model
(10). Figure 2 shows that the reaction at these tempera-
tures fitted the pseudo second-order reaction kinetic model
better (shown in Equation 3).

k'*t = U[TG] ~ 1U[TG], [3]

5
v 7 Uﬁ:ﬁ
1.[- +
’r
o
[
5
2+
T
ol . PUREES WSS WS VRS NUNS W SN N S |

i 1 i
) 60 120 180 240 300 360 40 480
TIME (min)

FIG. 1. Determination of the reaction order in the enzymatic
hydrolysis of Nigella sativa seed oil. 01, 20°C; s (standard error of
estimate) = 1.9629 X 102, ¢2 (coefficient of determination) = 0.9546;
-iz-, 30°C; s = 2.2568 X 102, r2 = (0.9867; O, 40°C; s = 2.2463 X 102,
r2 = 0.9909.
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FIG. 2. Determination of the reaction order in the enzymatic
hydrolysis of Nigella sativa seed oil. [1, 50°C; s (standard error of
estimate) = 4.1993 X 104, r2 (coefficient of determination) =
0.9941; O, 60°C; s = 4.0880 X 104, r2 = 0.9953; A, 70°C; s
6.4425 X 10—4, r2 = 0.9916.

JAOCS, Vol. 69, no. 12 (December 1992)

In view of the difficulty of establishing the concentration
in mole per liter at the applied conditions, the TG con-
centration is expressed as weight percentage.

For the reactions conducted at 80 and 90°C, there was
an increase in triglyceride concentration after 3 and 4 h
(see Fig. 3), and the data did not fit the pseudo first- or
the pseudo second-order reaction rate equation. This
might be related mainly to the loss of lipase activity and
loss of water from the seed at these temperatures. The
water content of seeds varied from 5.6 to 2.76% at 80°C
and from 5.6 to 1.72% at 90°C. At these ratios, the equi-
librium conversion is much lower and reverse reactions are
much faster, because the excess water is less than twice
that of theory.

The overall pseudo rate constants determined from the
slopes of the straight lines shown in Figures 1 and 2 are
presented in Table 1. As mentioned before, the reactions
followed pseudo second-order kinetics at 50, 60 and 70°C.
This may be due to the change of the reaction mechanism
with decreases of lipase activity and water content at
these temperatures. Usually, lipases lose their activities
at 50-60°C, depending on the type of lipase (11). The
change in the reaction order with temperature and the
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FIG. 3. Change of triglyceride content during the enzymatic
hydrolysis of Nigella sativa seed oil conducted at 80°C and 90°C.
0, 80°C; O, 90°C.

TABLE 1

The Overall Pseudo Rate Constants for the Enzymatic Hydrolysis
of Nigella sativa Seed Oil in Ground Seed

Average water Pseudo rate

Temperature concentration constant,® k'
(°C) (wt%) (min)—1

20 5.60 5.55 X 10~4

30 5.29 1.13 X 103

40 5.33 1.97 X 10-3

50 5.00 435 X 10-5

60 4.86 6.99 X 105

70 4.49 1.07 X 10—4

@The units of pseudo rate constants for the enzymatic hydrolysis
reactions conducted at 50, 60 and 70°C are (wt%)—1*(min)—1.
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extent of the reaction also was observed by others. Freed-
man et al. (12) explained previously that lowering the
molar ratio of alcohol to vegetable oil in the transesterifi-
cation reaction of soybean oil caused a change in the for-
ward reaction order and reduced the conversion. The for-
ward reaction for a 6:1 molar ratio of alcohol to oil followed
second-order kinetics, whereas it appeared to be pseudo
first-order at a 30:1 molar ratio. Smith and co-workers (13)
explained that the esterification of rosin with penta-
erythritol in concentrated solution followed second-order
kinetics at 260°C, whereas it appeared to be third-order
at 300°C. In addition, data from the reaction carried out
at 280°C could be fitted to either of the second- or third-
order rate equations (13).

To predict the reaction order with respeet to the water
content, the value of k' at 50°C was determined at three
different concentration levels of water (Fig. 4). The k’
values were 4.35 X 1075, 9.15 X 1075 and 1.48 X 10~* at
an average water content of 5.00, 9.23 and 14.32%, respec-
tively. Equation 2 can be rewritten as follows:

Ink’=Lnk + n"'Ln (W] [4]

Lipolysis in ground seed was approximately first-order
in water (n =1). This result can be used to understand the
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FIG. 4. Determination of the overall pseudo rate constant, k' at dif-
ferent concentrations of water at 50°C. O], 5%; s (standard error of
estimate) = 4.1993 X 10—4, r? (coefficient of determination)
0.9941; O, 10%; s = 1.6951 X 10-3, r2 = 0.9834; ®, 15%; s
1.1654 X 103, r2 = 0.9896.

effect of water concentration on the net yield of fatty acids
by lipolysis. A similar approach was applied in the kinetic
study of oxirane cleavage in epoxidized soybean oil, which
was modelled as first-order with respect to the epoxide
concentration, and second-order with respect to the acetic
acid concentration (14).

The activation energy and the frequency factor were
12.00 kcal-mol™? and 9.21 X 10* min~* for the first-order
reactions, and 10.98 kcal'mol™ and 2.32 X 10?2
(wt%)1+(min)~! for the second-order reactions, respec-
tively.

These results suggest that an increase in process
temperature will increase the rate of fatty acid formation,
and the net yield of fatty acids may increase unless the
lipase activity and the moisture content are unaffected
by high temperatures. Thus, the net yield of fatty acids
can be maximized if the lipolysis process in ground seed
is carried out at optimum temperature and water con-
centration.

REFERENCES

1. Ustiin, G., L. Kent, N. Cekin and H. Civelekoglu, J. Am. Oil Chem.
Soc. 67:958 (1990).

2. Bilyk, A, R.G. Bistline, Jr., M.J. Haas and S.H. Feairheller, Ibid.
68:320 (1991).

3. Virto, M.D., J. M. Lascaray, R. Solozabal and M. de Renobales,
Ibid. 68:324 (1991).

4. Fatty Acids in Industry: Processes, Properties, Derivatives, Ap-
plications, edited by Robert W. Johnson and Earle Fritz, Marcel
Dekker Ine, New York, 1989, pp. 51-59.

5. Bailey’s Industrial Oil and Fat Products, Vol. 2, 4th edn., edited
by Daniel Swern, John Wiley & Sons, New York, 1982, pp.
110-112.

6. Linfield, W.M., R.A. Barauskas, L. Sivieri, S. Serota and RW.
Stevenson, Sr., J. Am. Oil Chem. Soc. 61:191 (1984).

7. Linfield, WM., D.J. O’'Brien, S. Serota and R.A. Barauskas, Ibid.
61:1067 (1984).

8. Tanaka, M., T. Itoh and H. Kaneka, Lipids 15:872 (1980).

9. Ranny, M., Thin-Layer Chromatography with Flame Ionization
Detection, D. Reidel Publishing Company, Prague, 1987, pp.
T4-11.

10. Ezekiel, M., Methods of Correlation Analyses, 2nd edn., John
Wiley and Sons, New York, 1956, pp. 128-162.

11. Ullmanns Encyklopaedie der Technischen Chemie, 4th edn., Vol.
10, Verlag Chemie, Weinheim, Germany, 1975, pp. 481-485.

12. Freedman, B, R.O. Butterfield and E.H. Pryde, J. Am. Oil Chem.
Soc. 63:1375 (1986).

13. Smith, T.L., and J.H. Elliott, 7bid. 35:692 (1958).

14. Zaher, FA., M.H. El-Mallah and M.M. El-Hefnawy, Ibid. 66:698
(1989).

[Received April 29, 1992; accepted October 11, 1992]

JAOCS, Vol. 69, no. 12 (December 1992)



