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a b s t r a c t

Partial hydrolysis catalyzed by phospholipase A1 (Lecitase Ultra) in a solvent free system was firstly used
to produce diacylglycerols (DAGs)-enriched soybean oil. In this study, five reaction parameters namely
agitation speed (100–500 rpm), reaction time (2–10 h), water content (10–50 wt% of oil mass), enzyme load
(5–40 U/g of oil mass), and reaction temperature (30–70 ◦C) were investigated. The reaction was up-scaled
to 1 kg of soybean oil at 40 ◦C of reaction temperature, with 300 rpm of agitation speed, 40 wt% of water
hospholipase A1
artial hydrolysis

content, 6 h of reaction time and 22 U/g of enzyme load. Purification by molecular distillation yielded 70%
DAG-enriched oil with 42.64 wt% of DAG. The composition of acylglycerols of soybean oil and the DAG-
enriched soybean oil was analyzed and identified by high performance liquid chromatography (HPLC)
and HPLC/electrospray ionization/mass spectrometer. The released fatty acid from the partial hydrolysis
of soybean oil catalyzed by phospholipase A1 showed a higher saturated fatty acid content than that of
the raw material. Compared to the lipase catalyzed process, this new phospholipase A1 catalyzed one
showed the advantages of low amount production of byproduct, namely, monoacylglycerols.
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. Introduction

Obesity and heart diseases have been more serious in the big
ities in developing countries as well as in developed countries due
o the diets high in fats and oils [1]. However, fats and oils are also
mportant sources of energy, essential fatty acids and fat-soluble
itamins [2]. The reduced consumption of high fats and oils diets
nd the intake of healthy oils and a balance of types of fats are
ecommended by the public health organizations.

Diacylglycerols (DAGs) are esters of glycerol in which two of
he hydroxyl group are esterified with free fatty acids (FFAs). They
resent in there different isomeric forms: 1,2-DAG, 2,3-DAG and
,3-DAG. It occurs as a natural component of acylglycerols in various
ats and oils at levels up to 10% (w/w) [1]. Studies on both ani-

als and humans have shown the beneficial health effects of DAGs.
lthough DAG has similar digestibility and energy value as triacyl-
lycerol (TAG), it has the ability to decrease postprandial lipids level

3–6]. Consumption of DAGs is also shown to reduce body weight
nd accumulation of visceral abdominal fat [7,8]. It is suggested
hat the beneficial health effects of DAGs is due to the differences
n digestion and absorption of TAGs and DAGs. The acyl migration

∗ Corresponding author. Tel.: +86 20 87113914; fax: +86 20 87114954.
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rom 1,2-DAG to 1,3-DAG occurred in the stomach showed that dia-
ylglycerols isomers had the same function for human health [9].
he commercial DAGs-enriched functional oil was appeared in the
arket of Japan and the USA in 2003. DAGs are generally regarded

s safe (GRAS) food stuff by the FDA of the USA and is approved
s a substitution for TAG in the fats and oils in many developed
ountries.

DAGs can be produced chemically or enzymatically through
sterification, glycerolysis and partial hydrolysis processes. The
nzymatic processes are preferred because of their mild reac-
ion condition and safe products. In lipase-catalyzed esterification,
AGs are synthesized through esterification of FA and glycerol with
imultaneous removal of water [10–12]. Glycerolysis, on the other
and, involved removal of an acyl moiety from the TAGs molecule
nd by acylation of monoacylglycerols (MAGs) formed during reac-
ion [13,14]. Due to the low activity of lipase in the non-aqueous
nd high viscosity of glycerol during esterification and glycerolysis,
he yield of DAGs was quite low and the byproduct of monoa-
ylglycerols (MAGs) was very high. Partial hydrolysis of TAGs to
roduce DAGs by lipase is more attractive than the others due

o the plentiful output of main feedstock, the vegetable oils and
nimal fats, and the cheap reactant, the water. However, the high
mount of MAGs produced in the partial hydrolysis catalyzed by
ome commercial lipases was the main disadvantage of these pro-
esses [15].

http://www.sciencedirect.com/science/journal/13811177
http://www.elsevier.com/locate/molcatb
mailto:femmzhao@scut.edu.cn
dx.doi.org/10.1016/j.molcatb.2008.07.008
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Phospholipase A1 (PLA1) constitutes a very diverse subgroup
f phospholipases with 1-acyl hydrolysis activity. PLA1 displays
road substrate specificity and harbors some lipases activity con-
idering sequence identity similarity of PLA1 to lipases [16]. PLA1
s used to catalyze the hydrolysis of phospholipids to produce
he sn1-lysophospholipids which will change to more stable sn2-
ysophospholipids by the acyl migration. The commercial PLA1
Lecitase Ultra, by Novozymes A/S, Bagsvaerd, Denmark) is a
reparation obtained from the fusion of the genes of the lipase
rom Thermomyces lanuginosa and the phospholipase from Fusar-
um oxysporum recommended for the degumming of crude edible
il for hydrolysis of non-hydratable phosphatides/gums (NHP)
nto hydratable phosphatides (HP) and hydrolysis of lecithin,
he byproduct of edible oil industry. The hydrolysis of TAG
as observed during our previous experiments of hydrolysis of

oy lecithin catalyzed by PLA1. So far, PLA1 for partial hydrol-
sis of TAG to produce DAG-enriched oil has received little
ttention.

In this study, the partial hydrolysis of soybean oil catalyzed by
LA1 was firstly introduced to produce the DAG-enriched oil. Five
eaction conditions namely agitation speed, reaction temperature,
eaction time, water content and enzyme load were investigated.
he optimal conditions were applied to hydrolysis of 1 kg of soy-
ean oil. The final product was purified by the molecular distillation
MD) to remove the free fatty acid. The HPLC and HPLC/ESI/MS were
ntroduced to analyze and identify the acylglycerol composition of
oybean and the final product.

. Materials and methods

.1. Materials

Refined soybean oil was purchased from Donghai Cereal and Oil
o. Ltd. (Zhangjiagang, Jiangsu, China). Commercial phospholipase
1 (Lecitase Ultra) was obtained from Novozymes A/S (Bagsvaerd,
enmark). The PLA1 was claimed to have enzyme activity of
0,000 U/mL for hydrolyzing the acyl group.

.2. Enzymatic activity assay determination

This assay was performed by measuring the free fatty acid
eleased from TAGs in the hydrolysis of 5 g of soybean oil in 100 mL
.25 mM sodium phosphate buffer with 0.1 mL of Lectitase Ultra at
H 6.8 and 40 ◦C for 10 min with shaking (approx. 180 rpm), and the
mount of free fatty acid was determined by titration with 0.01 M
OH solution. One unit was defined as the amount of enzyme that
as necessary to hydrolyze 1 �mol of fatty acid from TAGs per
inute under the conditions described above.

.3. Hydrolysis of soybean oil

Five variables and their levels were specified as agitation speed
100–500 rpm), reaction time (2–10 h), enzyme load (6–40 U/g, of
he oil mass), reaction temperature (30–70 ◦C) and water content
10–50 wt%, of the oil mass). The partial hydrolysis of soybean oil
t different reaction conditions were performed in a 250 mL three-
ecked round bottomed flask. Firstly, the water bath was heated to
he desired temperature, and the soybean oil of 50 g was introduced
o the flask. Desired amount of enzyme and water content were

hen added to the flask. The reaction was started by the mechanic
tirring for desired time. After reaction, 10 mL of reaction mixture
ere then withdrawn and centrifuged at 10,000 rpm for 5 min to

eparate into two layers, the upper oil layer and the lower water
ayer. The acid value of the upper oil layer was determined by titra-

m
p
i
d

sis B: Enzymatic 56 (2009) 165–172

ion with 0.1 M KOH solution. All determinations were performed
n duplicate and the mean value is reported.

.4. Pilot plant production

One kg of soybean was hydrolyzed at agitation speed of 300 rpm,
emperature of 40 ◦C, water content of 40%, reaction time of 6 h and
nzyme load of 22 U/g. After reaction, the mixture was settled for
0 min to separate into two layers. The upper oil layer was the mix-
ure of DAG, unreacted TAG and the free fatty acid. The lower layer
as the enzyme solution with some remaining enzymatic activ-

ty which could be potentially applied for next term hydrolysis. The
ower layer was drained, and then the upper layer was collected. The
il layer was transferred to a round bottomed flask and evaporated
o remove the residual water under the vacuum.

.5. Purification of DAGs

To remove FFA from the reaction mixture, the conditions for the
istillation process were: evaporator vacuum, 1 Pa; roller speed,
00 rpm; and condenser temperature, 40 ◦C; evaporator tempera-
ure, 130 ◦C; feed rate, 0.5 l/h; feed temperature, 80 ◦C. After the

D, the light phase with free fatty acid and the heavy phase with
AG and TAG were collected. The heavy phase was molecular dis-

illated again to remove the residual free fatty acid at the same
arameters, because the acid value of final product was not over
.20 mg KOH/g for the directly edible purpose. The heavy phase was
ollected as the diacylglycerol-enriched soybean oil (DESO).

.6. Analysis of acylglycerol by HPLC and HPLC/ESI/MS

The acylglycerol composition of soybean oil and DESO was ana-
yzed by reverse-phase high performance liquid chromatography
HPLC-RP). Samples were dissolved into mobile phase (acetonitrile
nd isopropanol, 56:44, v/v) with the concentration of 10 mg/mL,
ollowed by filtered through a 0.45 �m nylon membrane filter
o remove impurities. Twenty microliters of sample were then
njected into a Diamonsil C18 5 �m (150 mm × 4.6 mm) (Dikma,
SA) column by HPLC (Aglient 1100, USA) with a refractive index
etector. The flow rate was set at 1 mL/min. The area of peaks was
alculated as the content of acylglycerols.

The composition of acylglycerol was identified by the
PLC/ESI/MS. Samples were dissolved in the concentration
f 1 mg/mL, and then were injected into a PinnadeII 5 �m
150 mm × 2.1 mm) (RESTEK, USA) column by an Aglient 1100 HPLC.
he column was connected with a 4000 QTRAP mass spectrometer
Applied Biosystems, USA) with an atmospheric pressure ion source
o sample positive ions from the electrospray interface. Formic acid
0.5%) in acetonitrile/isoproanol (55:45, v/v) was added to improve
he ionization. The mass spectra, between the m/z of 300 and 1200,
ere obtained with an ion scan rate of 5500 amu/s.

.7. Diacylglycerol fraction analysis

Sn-1,3-DAG and sn-1,2(2,3)-DAG was isolated by thin layer chro-
atography (TLC) on silica gel plates (SIL GF254, 20 cm × 20 cm,

.25 mm),using benzene: diethyl ether: acetic ether: acetic acid
80:10:10:0.2, v/v/v/v) as developing mixture. The sn-1,3-DAG
raction (RF = 0.87) and sn-1,2(2,3)-DAG fraction (RF = 0.78) were
craped off and extracted with diethyl ether (2 mL × 3).
Samples of DAGs were then filtered through a 0.45 �m nylon
embrane filter to remove impurities. Twenty microliters of sam-

le were injected into a LichrosorbSi-60 5 �m (250 mm × 4.6 mm
.d., Alltech, USA) column by HPLC (LC20 AT, Shimadzu, Kyto, Japan)
etected at UV 210 nm. The flow rate of mobile phase composed of
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The high water content increased the interfacial surface area mean-
while decreased the enzyme concentration, and the low enzyme
concentration was negative for the hydrolysis rate of TAGs.

The AV of the oil layer increased very rapidly (from 1.65 ± 0.45
to 40.42 ± 2.02 mg KOH/g) at low value of enzyme load (less than
ig. 1. The influence of agitation speed on acid value of oil layer at the reaction
emperature of 40 ◦C, enzyme load of 20 U/g (of oil mass), water content of 20 wt%
of oil mass) and reaction time of 2 h.

-hexane with isoproponol containing 2% H2O (99.6:0.4, v/v) was
et at 1 mL/min. The ratio of sn-1,3 DAG and sn-1,2(2,3)-DAG were
alculated by area of peaks.

.8. Fatty acid composition analysis

The fatty acid composition of the soybean oil, the DESO and the
ight phase of MD were analyzed by the gas chromatography (GC
00A, Kechuang China) equipped with a capillary column (HP-5,
0 m × 0.32 mm × 0.25 �m) and a flame ionization detector (FID).
itrogen was used as the carrier gas. The injection was performed

n split mode with a split ratio of 80:1. Samples of soybean oil and
ESO of 4 g were reacted with 40 mL of methanol and then 0.5 mL of
M methanolic KOH was added, after 10 min, n-hexane (20 mL) and
ater (40 mL) were added. The upper organic phase was dried over

nhydrous Na2SO4 and then concentrated under nitrogen steam for
nalysis. The lighter phase of MD (free fatty acid) of 4 g was reacted
ith 50 mL of 1 M methanolic H2SO4 for 15 min, and then n-hexane

30 mL) and water (100 mL) was added. The upper phase was dried
nd concentrated for analysis. The FAME (fatty acid methyl ester)
olution was injected at the injector temperature of 240 ◦C, column
emperature of 195 ◦C, FID temperature of 240 ◦C and carrier gas
N2) flow of 60 mL/min. The percentage of each fatty acid was based
n the area response using FID detector.

. Results and discussion

.1. Enzymatic activity assay determination

The enzyme activity of Lecitase Ultra was 771.72 ± 36.80
n = 3) U/mL under the measurement condition. For the convenient
f enzyme load; the claimed activity of Lecitase Ultra was used in
his study.

.2. Partial hydrolysis of soybean oil

The acid value of oil layer varied with agitation speed at a narrow
ange (from 30.65 ± 0.93 to 39.58 ± 0.80 mg KOH/g) (see Fig. 1). For
artial hydrolysis, the interfacial surface area between water and

il had an effect on PLA1 activity. With a higher agitation speed,
he interfacial surface area was larger, which would promote the
ydrolysis rate by adsorption of more amount of enzyme on the

nterfacial surface. However, it was reported that the shear effect
aused by too high agitation speed decreased the enzyme activity

F
p
a

ig. 2. The influence of reaction time on acid value of oil layer at the reaction tem-
erature of 50 ◦C, enzyme load of 10 U/g (of oil mass), agitation speed of 300 rpm
nd water content of 20 wt% (of oil mass).

17]. Therefore, the agitation speed for the following reaction was
xed at 300 rpm. Theoretically, the more fatty acids are released,
nd the higher DAGs are produced. For the partial hydrolysis of TAG,
he optimal conditions were investigated to release the maximum
mount of fatty acid, namely the maximum acid value (AV) of oil
ayer of the reaction mixture.

The influence of reaction time on AV of oil layer in the soybean oil
as shown in Fig. 2. The AV increased with the increasing of reaction

ime. However, it was not over12 mg KOH/g even at reaction time of
0 h, enzyme load of 10 U/g, water content of 20 wt% (oil mass) and
eaction temperature of 50 ◦C. Because of the immiscibility of oil in
he water, the area of interfacial surface was depended on the water
ontent in the reaction system at a fix agitation speed. The hydroly-
is rate was quite slow at low water content. At a high water content
40 wt%, of oil mass), the acid value reached 18.07 ± 0.15 mg KOH/g
t enzyme load of 14 U/g (of oil mass), reaction time of 4 h and reac-
ion temperature of 50 ◦C (see Fig. 3). However, the AV decreased
o 14.38 ± 0.60 mg KOH/g at water content of 50 wt% (of oil mass).
ig. 3. The influence of water content on acid value of oil layer at the reaction tem-
erature of 50 ◦C, enzyme load of 14 U/g (of oil mass), agitation speed of 300 rpm
nd reaction time of 4 h.
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ig. 4. The influence of enzyme load on acid value of oil layer at the reaction tem-
erature of 50 ◦C, reaction time of 4 h, agitation speed of 300 rpm and water content
f 40 wt% (of oil mass).

0 U/g, of oil mass), but it became flat when the En was over 20 U/g
of the oil mass) (see Fig. 4). Due to the high excess of addition of
ater than theoretically required for the hydrolysis, the interfacial

urface area between the water and oil was quite stable during the
eaction when the agitation speed was fixed. At the low enzyme
oncentration, PLA1 adsorpted to the surface of oil and water was
ot saturated, so the hydrolysis rate was decided by the enzyme
oncentration on the surface. However, when the surface was satu-
ated with PLA1 at a high concentration, increasing of enzyme load
howed no significant influence on the hydrolysis of TAGs.

The AV of oil layer increased at a low temperature range (less
han 40 ◦C), but decreased at a high temperature (over 60 ◦C) (see
ig. 5). PLA1 showed even no activity to TAGs at reaction temper-
ture of 70 ◦C (the AV of oil layer was 2.36 ± 0.03 mg KOH/g). The
uitable temperature for hydrolysis by PLA1 was 40 ◦C which was
ccordance with the recommended temperature by the producer.
eaction temperature plays an important role in enzyme activation
nd deactivation. PLA1 become more susceptible to thermal deacti-

ation at a high temperature. No emulsification was observed after
he partial hydrolysis, which was accordance with the result that
ew of monoacylglycerol (MAG) was newly formed in the reaction
y the HPLC analysis.

ig. 5. The influence of reaction time on acid value of oil layer at the enzyme load
f 18 U/g (of oil mass), reaction time of 3 h, agitation speed of 300 rpm and water
ontent of 40 wt% (of oil mass).
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ig. 6. HPLC chromatogram of diacylglyerol-enriched soybean oil by reversed phase
olumn (C-18 5 �m 150 mm × 4.6 mm) and an RI detector with a mobile phase of
cetonitrile/isopropanol (55:45), coupled to a mass spectrometer. L, linoleic; Ln,
inolenic; O, oleic; P, palmitic; S, stearic.

.3. Scaling up of partial hydrolysis

One kilogram of refined soybean oil was hydrolyzed at reac-
ion temperature of 40 ◦C, with water content of 40 wt% (of the
il mass), reaction time of 6 h and enzyme load of 22 U/g (of
he oil mass). After settling for 1 h for separation, the acid value
f oil layer of the production was analyzed with the value of
3.80 ± 1.26 mg KOH/g. The oil layer from the partial hydrolysis pro-
ess consisted of DAGs, free fatty acid (FFA) and TAG. The FFA can
e separated from the final product by the MD, but the separation
f TAGs from the DAGs was quite difficult due to the small vapor
ressure difference between DAGs and TAGs. Therefore, TAG is not
emoved and remained in the final product. The up-scaled oil layer
500 g) was molecular distillated into two phase. The light phase of
35.4 g was the released free fatty acid by partial hydrolysis with
he acid value of 194.62 ± 2.54 mg KOH/g, and the heavy phase of
64.6 g was the DAG and unhydrolyzed TAG with the acid value of
.42 ± 0.23 mg KOH/g. After the second time distillation, the acid
alue of the heavy phase with light yellow color which was similar
o the soybean oil was 350.2 g with an AV of 0.14 ± 0.02 mg KOH/g.
he yield of DESO was 70%.

.4. Acylglycerol analysis by HPLC and HPLC/ESI/MS

Fig. 6 was the HPLC chromatogram of samples of soybean oil and
he DESO where acylglycerols were identified by mass spectrome-
ry. Some TAG did co-elute. A similar chromatographic profile was
bserved when coca butter TAG was analyzed by HPLC-RP system
18]. The retention time of acylglycerol by the HPLC-RP increases
ith the equivalent carbon number (ECN) defined as total carbon
umber (CN) minus two times the number of double bonds (DB), i.e.
CN = CN − 2DB. The acylglycerol with the same ECN did co-elute
nder some conditions [19]. The percentages of each TAG based on
rea response using a RI detector are in Table 1. Compared to PDA
etector, RI detector is more suitable for determining the content
f acylglycerol, since the refractive index of them is very similar,
nd the area response could be used directly for the calculation
f the content of acylglycerol [20]. The DAG content in the DESO
as 42.64 wt% determined by HPLC-RP. The composition of TAG in
oybean oil was very similar to that reported by other researchers
19].

A variety of chromatographic techniques have been evaluated to
etermine acylglycerol (MAG, DAG and TAG) composition of many

ipid sources such as thin layer chromatography (TLC), GC, GC–MS
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Table 1
Composition, mass (M), mass of sodium and potassium adduct molecular ion, the equivalent carbon numbers (ECN) of acylglycerol in the soybean oil and diacylglycerol-
enriched soybean oila

Acylglycerol ECN M [M+Na]+ (m/z) [M+K]+ (m/z) Soybean oil Diacylglycerol-enriched soybean oil
composition (%)b composition (%)b

MAG 1.34 2.12
DAG 2.28 42.64
LLn 26 614 638 654 0.36 5.59
LL 28 616 640 656 0.65 17.17
LO 30 618 642 658 0.97 15.03
OO 32 620 644 660 0.30 4.85
TAG 96.38 55.24
LLnLn 38 874 898 914 1.55 2.04
LLLn 40 876 900 916 8.17 6.69
LLL + OLLn 42 878, 878 902, 902 918, 918 25.57 19.41
OLL 44 880 904 920 17.95 9.99
LLP 44 854 878 894 17.03 8.42
OLO 46 882 906 922 9.66 2.69
LOP + SLL 46 856, 882 880, 916 896, 922 9.84 4.66
SLO + OOP + SLP 48 884, 858, 858 918, 882, 882 924, 898, 898 6.61 1.34
SOO + SOP 50 886, 860 910, 884 926, 900 – –
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a The relative acylglycerol composition of the chromatogram peaks was achieved
iacylglycerol; TAG, triacylglycerol; L, linoleic; Ln, linolenic; O, oleic; P, palmitic; S, s
b Results are means of two replications.

nd HPLC [20]. The HPLC/ESI/MS seems to be a suitable analytical
ethod to completely elucidate the composition of the acylglycerol

resent in crude vegetal oils [21]. In contrast to atmospheric pres-
ure chemical ionization (APCI) which produces ion fragments, ESI
id not produce these ions. A large amount of structural information
as provided by this technique.

The presence of sodium and potassium adducts in the MS spec-
ra collected during lipid analysis has been well documented in the
iterature [22–24]. When an acylglycerol was dissolved in an acidic
olvent such as formic acid, electrospray mass analysis produced
nly a weak ion current for the protonated molecule. Sodium and
otassium adduct ions, which are formed because they are present
s a low-level impurity in the sample, were often more abundant
han the protonated molecules. When the total ion chromatogram
f soybean oil and the DESO was analyzed, sodium and potassium
dduct molecular ions [M+Na]+ and [M+K]+ were identified by the
andem mass spectrometry (see Fig. 7).

.5. Diacylglycerol fraction analysis

Diacylglycerol fraction including sn-1,3-DAG,sn-1,2-DAG and
n-2,3-DAG could be isolated by the TLC firstly, and then after
erivatization, these three isomers were separated by HPLC with
ormal phase silica gel column [25,26]. However, Sn-1,2-DAG and
n-2,3-DAG were not separated by the normal phase column with-
ut derivatization [13]. High temperature gas chromatography has

een used to obtain the information of profile of DAG fraction,
ut the peak of sn-1,2-DAG and sn-2,3-DAG was not separated
9]. Sn-1,2-DAG and sn-2,3-DAG have very similar physical and
iochemical properties, it is the reason why these two isomers
ere not separated in this study. After isolated by the TLC, the sn-

f
d
s
t
f

able 2
he fatty acid composition of soybean oil, light phase of molecular distillation and diacylg

atty acid Composition (%)a

Soybean oil Light phase of

almtic acid 11.75 15.89
leic acid 28.37 30.73
inoleic acid 55.40 47.36
inolenic acid 4.48 6.01

a Results are means of two replications.
tegration of the peak area obtained by a RI detector. MAG, monoacylglycerol; DAG,
.

,3-DAG and sn-1,2(2,3)-DAG was analyzed by the NP-HPLC. The
eak area responded by the UV detector showed that the ratio
f sn-1,3-DAG vs. sn-1,2(2,3)-DAG was 1.08 ± 0.05 (n = 7). There-
ore, sn-1,3-DAG content in the scaled-up DESO was 22.14 wt%, and
n-1,2(2,3)-DAG content was 20.50 wt%. The ratio of sn-1,3-DAG
s. sn-1,2(2,3)-DAG varied with the reaction time (2–72 h) when
he 1,3-specific lipases were used to catalyze glycerolsis of fatty
cid to produce diacylglycerol. Sn-1,3-specific lipases showed no
dvantage on increasing the content of sn-1,3-DAG when com-
ared to no-specific lipases. [13]. But for re-esterification of fatty
cid ethyl esters with glycerol catalyzed by sn-1,3-regiospecific
ipase, more sn-1,3-DAG was produced at a low temperature (12 ◦C)
26] Due to the short reaction time (2–8 h) in this study, the
nfluence of time on the ratio of sn-1,3-DAG against sn-1,2(2,3)-
AG was not investigated. The digestion research showed that
n-1,2(2,3)-DAG was changed into sn-1,3-DAG by acyl migration in
he stomach with acidic environment, which proved that the sn-
,2(2,3)-DAG had the same function as sn-1,3-DAG did in our body
9].

.6. Fatty acid composition analysis

The main fatty acids composition of soybean oil, DESO and the
ight phase of MD were shown in Table 2. Compared to the soybean
il, the palmatic acid content of light phase of MD increased from
0.75 to 15.89 wt%. However, the linoleic acid content decreased

rom 55.40 to 47.36%. The composition of light phase from MD is
irectly from the released fatty acid by PLA1 catalyzed hydrolysis of
oybean oil. In natural vegetable oils, the saturated fatty acids take
he priority to distribute in the sn-1 position, and the unsaturated
atty acids, such as the linoleic acid, often take the sn-2 position.

lycerol-enriched soybean oil

molecular distillation Diacylglycerol-enriched soybean oil

10.35
30.32
56.13

3.19
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LA1 was reported to have the selectivity for sn-1 acyl position of

he phospholipids molecular [16]. However, since Lecitase Ultra was
btained from the fusion of the genes of the lipase from T. lanugi-
osa and the phospholipase from F. oxysporum [27], we postulated
hat it might possess some extent of 1,3 specificity to TAGs. The
ommercial T. lanuginosa lipase (Lipozyme TL IM) which showed

a
T
a
[
i

ig. 7. Sodium and potassium adduct molecular ion [M+Na]+ and [M+K]+of representati
m/z 916.2), (b) [SOO]+ (m/z 910.2), (c) [LLn]+ (m/z 637.8), (d) [OO]+ (m/z 644.0).
sis B: Enzymatic 56 (2009) 165–172

,3 specificity to TAGs was used for catalysis of transesterification

nd glycerolsis [13–15]. The big difference of partial hydrolysis of
AGs between Lecitase Ultra and lipase (LipozymeRM IM) was the
mount of production of byproduct of monoacylglycerols (MAGs)
15]. No large amount (see Table 1) production of MAG was observed
n the hydrolysis of TAG by PLA1 in this study.

ve TAG and DAG present in soybean oil and DAG-enriched soybean oil. (a) [LLLn]+
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Fig. 7.
. Conclusion

PLA1 was successfully applied in this study to the partial hydrol-
sis of soybean oil to produce DAG-enriched vegetable oil. The
ve reaction parameters were carefully investigated. The scaled up
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t

nued ).
ydrolysis was conducted at reaction temperature of 40 ◦C, with
ater content of 40 wt% (of oil mass), reaction time of 6 h and

nzyme load of 22 U/g (of oil mass). The DESO with a yield of 70%
as obtained by molecular distillation of scaled up oil layer with

he AV of 53.80 ± 1.26 mg KOH/g. The HPLC-RP with a RI detec-
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or and the HPLC/ESI/MS were used to analyze the acylglycerols
omposition of soybean oil and the DESO. The DESO which has
2.64 wt% DAG has the potential to be applied for cooking oil
or healthy diet. The fatty acid released from the PLA1 catalyzed
ydrolysis has a 15.89 wt% of palmatic acid other than 11.75 wt%
f that in the soybean oil. Compared to the lipase catalyzed pro-
ess, this new PLA1 one shows the advantages of low production of
onoacylglycerols.
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