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Abstract Jatropha curcas seeds are rich in non-edible
oil, and this plant has received much interest in recent
years, especially with respect to biodiesel production.
Owing to the high content of phospholipids, crude jatropha
oil has to be refined before further use. Conventional refin-
ing processes have several environmental and energetic
shortcomings. Thus, the search for alternative degumming
methods has become relevant. This study compares the
enzymatic degumming of screw-pressed crude jatropha
oil with Lecitase Ultra (phospholipase Al) and LysoMax
(phospholipase A2). Degumming with phospholipase A2
was less effective that degumming with phospholipase
Al. Phospholipase Al showed the highest reaction rate at
50 °C, 700 rpm stirring, 3 mL of water per 100 g of oil, and
with 75 ppm of added phospholipase. To ensure optimum
enzyme activity, the pH was adjusted to 5. The phosphorus
content was reduced continuously for reaction times up to
3 h. The residual phosphorus content was found to be inde-
pendent of its initial level. Laboratory experiments showed
that enzymatic degumming of jatropha oil with phospholi-
pase Al at the adapted parameters enables the phosphorus
content to be reduced to levels below 4 ppm.
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Introduction

There has been significant interest in the tropical oil plant
Jatropha curcas L. over the last two decades. This interest is
based on the trend towards energy sustainability, because jat-
ropha is a non-demanding oil plant that grows on any type of
soil. Jatropha seeds contain about 35 % non-edible oil, thus
providing an alternative oil source that avoids the ‘tank or
table’ discussion. So far, research has mainly focused on the
utilization of jatropha oil for biodiesel production [1].

In order to prepare the crude oil for energetic as well
as technical applications, refining is essential. The con-
ventional chemical refining process includes degumming,
neutralization, bleaching, and deodorization that seek to
remove non-triglyceride impurities from the oil. All of
these steps have disadvantageous environmental and ener-
getic aspects [2].

This study concentrates on the degumming step, namely
the removal of phospholipids from the oil. Phospholipids,
such as iron phosphatides, can reduce the oxidative stability
of the vegetable oil and can inhibit chemical catalysts during
biodiesel production. In addition, they impede the separation
of biodiesel and glycerol as a result of their strong emulsify-
ing effect. A high phosphorus content in the oil can lead to
coking in engines and result in higher ash content [2—4].

Several types of degumming procedures are carried out
industrially depending on the requirements of the refin-
ing. Cmolik and Pokorny [2] reviewed the conventional
processes, such as water and acid degumming. However,
conventional chemical degumming processes have several
shortcomings with respect to oil loss and environmental
pollution. Hence, research is urgently needed to establish
alternative and more sustainable processes. Presently, the
most important alternative process that has been examined
is enzymatic degumming. The enhanced product yields, the
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savings in operational costs for chemicals, and the reduc-
tion of wastewater achieved by an enzymatic process have
favored this approach [5]. The first industrial enzymatic
degumming process (EnzyMax) was developed by Lurgi
GmbH and Roehm GmbH in the 1990s. Here, the phospho-
lipids are hydrolyzed with phospholipase A2. The develop-
ment of the EnzyMax process initiated numerous research
activities on enzymatic degumming. The process was fur-
ther developed for different oils [6, 7].

Currently, the most commonly utilized phospholipases
in enzymatic degumming are the phospholipases A1 and A2
that catalyze, respectively, the hydrolysis of phospholipid
free fatty acids in sn-1 and sn-2 positions. Several phos-
pholipase A preparations are commercially available. Their
utilization in vegetable oil degumming was recently inves-
tigated with rice bran [7], rapeseed [8], and soybean [9]
oils. The phosphorus content of these oils was decreased to
less than 10 ppm. This, however, falls short of the biodiesel
standard DIN EN 14214 of November 2012, which requires
a level of less than 4 ppm phosphorus in the biodiesel.

The phosphorus content of crude jatropha oil varies
greatly depending on the jatropha variety, storage time, and
conditions, and the oil extraction method [3, 10]. Accord-
ing to the study by Rao et al. [4], the jatropha oil phospho-
lipid fraction contains 60.5 wt % phosphatidyl choline,
24.0 wt % phosphatidyl inositol, and 15.5 wt % phosphati-
dyl ethanolamine. Also, the fatty acid composition and
configuration are reported. Saturated fatty acids (mainly
palmitic and stearic acid) are mostly located in the sn-1
position, whereas unsaturated fatty acids (mainly oleic and
linoleic acid) are found in the sn-2 position.

The conventional degumming process combined with
ultrafiltration membrane separation of jatropha was
recently investigated by Liu et al. [3]. A reduction of the
phospholipid content from 1,200 to 20 ppm was achieved.
Hsu et al. [11] reported a new method for phospholipid
removal from crude jatropha oil using a mesoporous carbon
aerogel membrane that decreased the phosphorus content
from 87 to 17 ppm. Enzymatic degumming of crude jat-
ropha oil has not yet been reported, and hence is the subject
of this work. The enzymatic degumming was performed
using commercially available phospholipases Al and A2
that are expected to be rather unspecific and thus active on
all common phospholipids [6]. The results are compared to
water and acid degumming.

Materials and Methods
Raw Materials and Chemicals

Jatropha seeds were obtained from a local retailer from
Rajasthan (India). The seeds were stored at 14 °C until
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processed. Crude jatropha oil was extracted by screw-
pressing the seed, and this oil was stored at 0 °C until use.
The phosphorus content of the pressed oil was 43 ppm
(1,100 ppm phospholipids), and acid value of the oil was
9.8 mg KOH per gram of oil.

All chemicals used were obtained from Th. Geyer GmbH
& Co. KG (Renningen, Germany) and were of analytical
grade. Lecitase Ultra (PLA1) with an activity of 9,650 U/g
and LysoMax (PLA2) with an activity of 800-1,100 LATU/g
were purchased from Novozymes A/S (Bagsvaerd, Denmark)
and Danisco A/S (Copenhagen, Denmark), respectively.

Enzymatic Degumming

Preliminary experiments were conducted for both enzymes.
According to the supplier, PLA2 activity is increased by the
addition of NaCl. Therefore, an enzyme solution of PLA2
was prepared consisting of 100 uL of PLA2 and 900 pL
of a 3 wt % NaCl solution. A 300-pL aliquot of this solu-
tion was taken and diluted with 2,700 uL of demineralized
water to give a 1 % enzyme solution.

To degum with PLA2, 100 g of screw-pressed crude
jatropha oil was stirred with a magnetic stirrer at 300 rpm
and heated to 50 °C. Afterwards, the pH was adjusted either
to 5.3 with citric acid or to 8.8 with sodium hydroxide or
was not adjusted. One milliliter of PLA?2 solution (equal-
ing 100 ppm) was added. To distribute the enzyme, the oil-
water—enzyme mixture was stirred at 700 rpm for 5 min.
The reaction time was 3 h with stirring at 300 rpm. Inac-
tivation of the enzyme was achieved by heating the oil at
90 °C for 10 min. The oil and water phases were separated
by centrifugation (10 min, 4,000g).

To degum with PLA1, 100 g of screw-pressed crude
jatropha oil was stirred with a magnetic stirrer at 300 rpm.
After addition of 2 mL of demineralized water, the pH level
was lowered by adding 60 uL of 10 wt % citric acid solu-
tion. Then, the mixture was heated to 50 °C and the pH was
adjusted to 5.3 (reported optimum level [5]) by the addition
of 1 M NaOH solution. As a second experiment, the deg-
umming was performed without the addition of citric acid
and sodium hydroxide. The mixture was stirred for 5 min
and 50 ppm of PLA1 was added. Further processing was
performed as described for PLA2 degumming.

The effect of different reaction parameters on the reduc-
tion of the phosphorus content in crude jatropha oil during
enzymatic PLA1 degumming was studied. The process was
conducted as described above including the citric acid pre-
treatment. To study the effect of the individual parameters
each factor was varied as outlined in Table 1 while all other
parameters were kept constant.

The initial level of phospholipids was consciously varied.
Therefore, either phosphatidyl choline was added to the oil or
phospholipids were removed by conventional acid degumming.
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Table 1 Parameters varied in order to investigate the enzymatic deg- Statistical Analysis

umming of crude jatropha oil with PLA1

Parameter Levels investigated Significant differences in residual phosphorus con-

Reaction time (min) 15-30-60-90-120-180-240-

300-360
Temperature (°C) 30-40-50-60
Stirring rate (rpm) 100-300-500-700
Water content (mL/100 g) 1-2-3-4-5

0-10-25-50-75-100
250-440-1,100-1,700-4,100

PLA1 concentration (ppm)

Phospholipid concentration of
the oil (ppm)

To water degum, 100 g of screw-pressed crude jat-
ropha oil was heated to 80 °C. After the addition of 5 mL
of water, the mixture was stirred by a magnetic stirrer at
500 rpm for 15 min. Subsequently, the oil and water phases
were separated by centrifugation (10 min, 4,000g).

To acid degum, 100 g of screw-pressed crude jatropha
oil was heated to 80 °C. Subsequently 4 mL of a 10 % cit-
ric acid solution was added and the mixture was stirred
at 500 rpm for about 45 min. Afterwards the mixture was
cooled down slowly and the oil and water phases were sep-
arated by centrifugation (10 min, 4,000g). All degumming
procedures described above were performed in duplicate.

Oil Analysis

Their phosphorus content of the degummed samples was
analyzed using inductively coupled plasma emission spec-
trometry according to the method outlined in DIN EN
14107. The sum of magnesium and calcium was deter-
mined using the method outlined in DIN EN 14538 that
measures these ions by inductively coupled plasma emis-
sion spectrometry. Acid values were determined according
to the DGF-Einheitsmethode C-V2 (06) [12] by titration. A
known amount of oil (approximately 1 g) was dissolved in
50 mL of 1:1 (v/v) ethanol/diethyl ether. Phenolphthalein
was added as an indicator, and the solution was titrated to
the transition point with 0.1 M KOH. Acid values were cal-
culated using the following formula:

mmol

Molar mass KOH[ e ] x KOH concentration{%lol] x KOH volume [ml]

tents were calculated using Anova and the Scheffé test
(p < 0.05). The data represent the mean + standard devia-
tion of at least two values.

Results and Discussion

Conventional degumming processes have inherent disad-
vantages, such as high oil loss and the utilization of aggres-
sive chemicals, and enzyme-assisted processes are consid-
ered to be a promising alternative. Parameter screening, as
reported here, is a prerequisite for successful development
of an enzymatic degumming process. The reaction time,
temperature, stirring rate, pH value, and enzyme and phos-
pholipid content have already been identified as key pro-
cess parameters [8, 13]. In this study these parameters were
varied systematically for the enzymatic degumming of jat-
ropha oil on a laboratory scale.

Modification of the Degumming Procedures

Prior to the systematic parameter screening, the basic
degumming procedures using PLA1 and PLA2 were
designed on the basis of preliminary data and literature
information. As described by the producer, PLA2 activity
is high over a wide pH range (between 5 and 10) with an
optimum at pH 8.5. Dijkstra pointed out that acidic pre-
treatment is indispensable for PLA2 degumming because
the enzyme is hydrophilic and thus does not act on non-
hydratable phospholipids dissolved in the oil [6, 14].
However, no detailed study on PLA2 degumming has yet
been reported.

In order to define a degumming strategy, PLA2 degum-
ming was carried out using three different pH levels as
described in the Sect. “Materials and Methods”. No sig-
nificant differences were found between the different meth-
ods. The initial phosphorus content of crude jatropha oil
of 43 ppm was reduced to levels between 15 and 17 ppm.

)

Acid value [mg/g] =

Initial weight oil [g]

To determine pH, an aliquot of 4 mL of the water in
oil emulsion was mixed with 4 mL of distilled water.
Phase separation was achieved by centrifugation (10 min,
4,000g). The pH value of the aqueous phase was meas-
ured by a pH electrode (ProLab 2000, SI Analytics GmbH,
Germany).

Thus, the efficiency of PLA2 degumming appeared to be
low regardless of the chosen conditions.

The optimum pH for the highest activity of PLALI is
stated to be approximately 5 [5]. However, as the addition
of citric acid to adjust the pH to 5 already causes coagu-
lation and precipitation of some of the phospholipids,
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Fig. 1 Influence of reaction time on the enzymatic degumming of
crude jatropha oil (initial phosphorus content 43 ppm) performed
with PLA1 [means with the same superscript letters indicate no sig-
nificant differences (p < 0.05)]. Reactions were carried out at 50 °C
under continuous stirring at 300 rpm with 50 ppm of enzyme

Dijkstra described PLA1 degumming as an ‘acid refining
process in disguise’ [6].

In order to evaluate the impact of the addition of citric
acid in PLA1 degumming, the procedure was performed
with and without an acidic pretreatment. There was a sig-
nificant difference between the two approaches. Degumming
without the addition of citric acid reduced the initial phos-
phorus content from 43 to 15 ppm, whereas the phosphorus
content was reduced to 6 ppm with the acidic pretreatment.

On the basis of the discouraging preliminary results,
PLA2 degumming was not further pursued. The phospho-
rus reduction achieved with PLA1 was considered far more
promising.

Impact of Process Parameters on PLA1 Degumming

As reaction time is a crucial economic parameter, the
enzymatic degumming was monitored for processing
times between 15 min and 6 h (Table 1). A very fast ini-
tial decrease in the phosphorus content from 43 to below
15 ppm was achieved in 15 min (Fig. 1). The phospho-
rus concentration decreased further to values close to the
required limit of 4 ppm after 4-5 h. This observation is in
line with the known fact that water degumming (elimina-
tion of hydratable phospholipids) is fast and the hydrolysis
of non-hydratable phospholipids is much slower [15].

Figure 1 shows that the phosphorus content remains
practically constant after 3 h of reaction time. Conse-
quently, all further experiments were limited to 3 h. Simi-
lar results were found by Yang et al. [5] who studied enzy-
matic degumming of rapeseed and soybean oil with the
same PLA1. However, the phosphorus levels achieved after
5 h of 8 and 6 ppm, respectively, are short of the required
4-ppm level.

A known side effect of enzymatic degumming with
phospholipases of type A is the slight increase of the acid
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Fig. 2 Influence of temperature on the efficiency of enzymatic deg-
umming of crude jatropha oil (phosphorus content 43 ppm) using
PLA1 [means with the same superscript letters indicate no significant
differences (p < 0.05)]. Reactions were carried out for 3 h under con-
tinuous stirring at 300 rpm with 50 ppm of PLA1

value in the oil caused by the cleavage of the phospholip-
ids into free fatty acids and lysophosphatides [6] and also
by the suppressed but existing lipase side activity of the
phospholipases [7, 16]. This should be kept to a minimum.
During the first 15 min of the degumming process, a slight
increase in the acid value of 0.2-0.6 mg KOH/g oil was
observed. No significant changes in the acid value were
observed on further progression of the reaction.

Enzyme activity is known to be temperature-dependent.
However, the general application of the Arrhenius equation
is limited by the thermal stability of the enzyme prepara-
tion. Therefore, optimal temperatures have to be identified
for each type of enzyme. Here, the temperature was varied
between 30 and 60 °C to study the influence on the degum-
ming activity of PLA1 (Table 1).

The highest enzyme activity was found at 50 °C (Fig. 2).
At this temperature, the phosphorus content was reduced
to 6 ppm. At higher temperatures the phospholipase activ-
ity decreases, which is attributed to enzyme denaturation.
The free fatty acid content of the oil was not affected by
the chosen temperature. Similar results have already been
obtained for other vegetable oils [5, 8, 13, 17].

In addition to the general fact that stirring improves
mass transfer by forced convection, the degumming process
could also be influenced by the generation/regeneration of
the oil-water interface during the process. The proximity
of the water-soluble PLA1 and oil-soluble phosphatides is
important for the reaction, as already indicated by earlier
studies showing that a large interface is required for com-
plete conversion of the phospholipids in minimum time
and with low enzyme dosage [5, 18]. However, the shear
tolerance of PLA1 might interfere with the application of
high stirring rates. Initially, the oil-water—enzyme mix-
ture was stirred thoroughly at 700 rpm for 5 min to ensure
homogenous distribution of the enzyme and a large surface
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Fig. 3 Influence of stirring rate on the efficiency of enzymatic deg-
umming of crude jatropha oil (phosphorus content 43 ppm) using
phospholipase Al [means with the same superscript letters indicate
no significant differences (p < 0.05)]. Reactions were carried out for
3 h at 50 °C under continuous stirring with 50 ppm of PLA1

area. Subsequently, the stirring rate was reduced to levels
between 100 and 700 rpm (Table 1).

Within this range, the enzyme activity increases almost
linearly with increasing stirring rates (Fig. 3). Minimum
residual phosphorus levels as low as 1 ppm were achieved
at 700 rpm. Values lower than the specified 4 ppm were
achieved with stirring rates of 500 rpm and higher.

Enzymatic degumming reduces the oil loss and waste
water compared with conventional processes, because the
lysophosphatides retain about 50 % less oil than the origi-
nal phospholipids. Their presence in the sludge additionally
facilitates the separation of the oil and water phase. How-
ever, a certain amount of water is necessary to keep the
water-soluble phospholipase acting at the interface of the
oil and water [6, 19].

Earlier studies on the degumming of crude rice bran
oil with the same PLA1 [17] found water levels of
1.5 mL/100 g oil to be optimum. In the present study, the
water level was varied between 0.5 and 5 mL/100 g oil
(Table 1). The results show that the residual phosphorus
content of crude jatropha oil was further reduced by PLA1
with increasing water contents up to 5 mL/100 g oil (see
Fig. 4). The acid value of the oil was not affected by the
different process conditions. The target of a maximum of
4 ppm phosphorus can be fulfilled by the addition of 3 mL
of water per 100 g of oil. The results were similar to those
reported for the degumming of crude rice bran oil [17].

Enzyme concentration seems to be a crucial parameter
for efficient enzyme-assisted degumming of jatropha oil.
Therefore, the PLA1 content was varied in the range of
0-100 ppm (Table 1).

As expected, higher PLA1 concentrations gave a lower
residual phosphorus content (Fig. 5). As enzymes are still
relatively expensive, it is sought to be minimize their use.
A phosphorus content of less than 4 ppm can be achieved
with an enzyme concentration of 75 ppm. In a similar

2139
20 a}
T
o
e
= 154
3
£ b
8 3
10
g b/c
s ¢ c
5_
] {
[] C c
=
* 0 . : s

Water content (ml/100 g)

Fig. 4 Influence of water content on the efficiency of enzymatic deg-
umming of crude jatropha oil (phosphorus content 43 ppm) using
PLA1 [means with the same superscript letters indicate no significant
differences (p < 0.05)]. Reactions were carried out for 3 h at 50 °C
under continuous stirring (300 rpm) with 50 ppm of PLA1
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Fig. 5 Influence of enzyme content on the efficiency of enzymatic
degumming of crude jatropha oil (phosphorus content 43 ppm) using
PLA1 [means with the same superscript letters indicate no significant
differences (p < 0.05)]. Reactions were carried out for 3 h at 50 °C
under continuous stirring (300 rpm)

study on rice bran oil [17], the enzyme dosage (30-50 ppm
PLAT1) was only varied in a narrow range and thus did not
lead to significant differences in the residual phosphorus
levels. In line with the comments by Dijkstra [14], the deg-
umming procedure was also carried out without the addi-
tion of a phospholipase to evaluate a potential hidden acid
degumming contribution. The impact of acid degumming
can be seen in Fig. 5, with the phosphorus content being
reduced from 43 to 18 ppm.

The natural phospholipid content of crude jatropha oil
varies depending on the jatropha variety, storage time, and
conditions, and oil extraction method [3, 10] and might
have a significant impact on the degumming. Therefore,
knowledge about the influence of different initial levels of
phospholipids is quite important. The phospholipid content
of the oil was varied between 250 and 4,100 ppm, which
is equivalent to phosphorus contents of 10-160 ppm. The
relative reduction of the phosphorus content on enzymatic
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Fig. 6 Relative reduction of the phospholipid content of crude jat-
ropha oil as a function of the initial phospholipid content for enzy-
matic degumming using PLA1 [means with the same superscript
letters indicate no significant differences (p < 0.05)]. Reactions were
carried out for 3 h at 50 °C under continuous stirring at 300 rpm with
50 ppm of PLA1

degumming was measured (Fig. 6). The higher the initial
phosphorus level, the greater was the relative reduction of
the phosphorus content. The residual phosphorus content
was found to range between 4 and 6 ppm for all the starting
materials. These results indicate that the degumming pro-
cedure that was used is applicable to a wide range of lev-
els of phosphatidyl choline in the starting material without
variation in the resulting residual phospholipid content. As
Figs. 1 and 5 clearly show, for an initial phosphorus load of
43 ppm there is only limited flexibility in reaction time and
enzyme usage if the specified target level of a maximum of
4 ppm phosphorus is to be achieved.

Comparison of Enzymatic and Conventional Degumming
Procedures for Screw-Pressed Crude Jatropha Oil

Currently, most crude oil is degummed conventionally. In
order to evaluate the potential of enzyme-assisted degum-
ming, the procedures developed in the present study were
compared to two conventional procedures, namely water
and acid degumming. Comparison was done with respect
to the reduction of the phospholipid and combined Ca and
Mg contents. The alkaline earth concentration of biodiesel
is required to be lower than 5 ppm (biodiesel standard DIN
EN 14214, November 2012). The initial Ca and Mg content
of crude jatropha oil was 14 ppm.

As already mentioned, the phosphorus content of crude
jatropha oil was about 43 ppm. Water degumming reduced
the phosphorus content to 19 ppm, whereas the content
was lowered to 9 ppm by acid degumming. Levels in this
range were expected, because it is known that very low
phosphorus contents cannot be achieved by a single water
or acid degumming step [20, 21], but require more com-
plex approaches such as TOP or dry degumming applying
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Table 2 Comparison of conventional and enzymatic degumming
procedures with regard to the reduction of the phosphorus (P) and Ca
and Mg content

Oil phase Content (ppm)
P Ca and Mg
Crude jatropha oil 43 14
After water degumming 19 14
After acid degumming 9 7
After PLA1 degumming?* 1 5

4 50 ppm PLA1 at 50 °C for 3 h, continuous stirring at 700 rpm

higher amounts of acids [22, 23]. The residual phosphorus
content of 19 ppm after the water degumming procedure is
probably caused by non-hydratable salts of phosphatidic
acid and by poorly hydratable phosphatidyl ethanolamine.
As expected, the Ca and Mg content was not reduced by
water degumming and remained at 14 ppm. These results
are in line with those of Zufarov et al. [24] confirming
that water degumming, in contrast to acid degumming, is
only suitable for the removal of hydratable phospholip-
ids. Acid degumming reduced the phospholipid content to
9 ppm. Simultaneously, the Ca and Mg content was halved
(Table 2). Acid degumming is based on the decomposition
of non-hydratable phospholipids by citric acid, thereby
also removing Ca and Mg chelated with the acid. Thus it is
likely that besides the residual phosphatidyl ethanolamine
at least some of the non-hydratable phospholipids were
removed during this process.

These results are in line with the findings of Hvolby [25]
who reported that the ratio of Ca + Mg/P varies between
0 and 1 as a function of the pH during degumming (see
Table 2).

It was concluded that enzyme-assisted degumming is
suitable for lowering the phosphorus content of various
starting crude jatropha oils to levels below the required
4-ppm specification. Incubating crude jatropha oil with
50 ppm of PLA1 at 50 °C for 3 h under continuous stirring
at 700 rpm produces degummed jatropha oil with a residual
phosphorus content of approximately 1 ppm and a Ca and
Mg concentration of 5 ppm (Table 2).

Conclusions

The enzymatic degumming of screw-pressed crude jat-
ropha oil using PLA1 was investigated systematically on a
laboratory scale. Low residual phosphorus contents of less
than 4 ppm were achieved using the developed procedure.
The robustness of the enzymatic process was indicated by
the almost identical low levels of residual phosphorus that
were achieved independent of the initial phosphorus level.
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As the parameter screening was performed one-dimen-
sionally by varying one single parameter at a time, addi-
tional work should be carried out to study the interrelation
of reaction parameters. Even though the enzymatic degum-
ming process offers significant benefits, for example lower
oil loss and the saving of chemicals, the costs incurred for
the enzyme still makes the process economically unviable.
Consequently, matters such as enzyme immobilization and
enzyme regeneration [25, 26] also need to be addressed in
addition to the process optimization work.

Currently, scaling up the laboratory experiments is not
feasible because high-shear mixing is required in order to
guarantee interface creation. Other possibilities for generat-
ing the required interfaces must be researched.
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