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ABSTRACT

Lipase-catalyzed transesterification between refined bleached deodorized palm olein (RBDO) and palm kernel oil (RBDPKO) has been
investigated to produce medium-long-medium structured lipid (MLM-SL). The synthesis was catalyzed by a specific sn-1,3 commercial
lipase (Lipozyme TL IM) in batch and continuous systems. Progress of the transesterification of this study was monitored as
triacylglycerol (TAG) with equivalent carbon number (ECN) 40, presumably that of 1,3-dilauryl-2-oleoyl-sn-glycerol (LaOLa). The
results showed that lipase-catalyzed transesterification using RBDO and RBDPKO could potentially be used as the main substrate for
MLM-SL synthesis, both for batch and continuous systems. In batch system, transesterification of RBDO and RBDPKO at the ratio of
1:2 at 50°C yielded in the highest concentration of ECN 40 (LaLaO/LaOLa, 7.34%) but also a higher total concentration of partial
acylglycerol fractions (Di- and Monoacylglycerols; DAGs and MAGs). Thus, this condition also obtained transesterified lipid rich in EC
N40 with a lower slip melting point as compared to other substrate ratios. In a continuous system, transesterification at RDBO:RBDPKO
of 1:1 at 50°C and 15 min of residence time were selected as the optimum conditions, resulting in 5.39% EC N40 with a minimum

concentration of DAGs and MAGs.

Keywords: Lipase, MLM-SLs, 1,3-dilauryl-2-oleoyl-sn-glycerol, palm olein, palm kernel oil

INTRODUCTION

Lipid modification has gained attention to many researchers due to its benefit to
improve physicochemical, nutritional, and functional properties of lipid. Lipid
modification can be defined as a change of composition, position, or distribution
of fatty acids on TAG molecule (Iwasaki & Yamane, 2004; Lee et al., 2012).
Blending, hydrogenation, chemical interesterification, and enzymatic
interesterification are common methods to modify lipid. However, the enzymatic
interesterification was preferably used by researchers due to its mild reaction
conditions, higher selectivity (thus, less by-products), and easy recovery of
catalysts (Kadhum & Shamma, 2017; Kim & Akoh, 2015; Samoylova et al.,
2016).

One of the promising products of lipid modification is structured lipid (SL).
Especially for medium-long-medium one (MLM-SL), it contains a long-chain fatty
acid (LCFA, C14-C24) at sn-2 position and medium-chain fatty acids (MCFA, C6-
C12) located at sn-1,3 position (Adamczak & Bornscheuer, 2013). MCFA at sn-
1,3 position can be used as an instant energy source due to its ability to directly
transported into liver. Moreover, MCFA has a little tendency to accumulate in
adipose tissue (Matulka et al., 2006; Nagao & Yanagita, 2010). However, LCFA
located at sn-1,3 position also show high possibility to produce calcium soap in
digestive system (Karupaiah & Sundram, 2007). This indicates the combination
of MCFA and LCFA on same TAG molecule is very potential to be developed due
to their nutritional benefit such as improving fat malabsorption and managing
obesity (Utama et al., 2019).

In this study, refined bleached deodorized palm olein (RBDO) and palm kernel oil
(RBDPKO) were used as main substrates. RBDO contains high oleic acid which
was predominantly located at sn-2 position (Ong & Goh, 2002; Savaghebi et al.,
2012). Oleic acid reported having positive effect on cardiovascular disease.
However, RBDPKO was dominated by MCFA, especially lauric acid. Distribution
of lauric acid in triacylglycerol (TAG) of RBDPKO is relatively balanced (Silalahi
et al., 2018). In addition, RBDO and RBDPKO are commonly used in various
food applications (Chen et al., 2007).

A specific sn-1,3 lipase widely used to produce high concentration of MLM-SL in
transesterification reaction. Lipozyme TL IM (Novozymes A/S) is an immobilized
sn-1,3 specific lipase produced from Thermomyces lanuginosus. The support for
its immobilization is a non-compressible silica gel carrier. In addition, Lipozyme
TL IM showed low economical price as compared to other commercial specific
lipases (Basri et al., 2013; Wang et al., 2008; Yang et al., 2014). In our previous

study, Lipozyme TL IM was more effective (i.e., obtaining higher concentration
of product of interest and higher stability) to produce MLM-SL in
transesterification over acidolysis reaction (Utama et al., 2020). By using this
enzyme, transesterification of RBDO and RBPKO is expected to produce MLM-
SL with ECN 40, particularly 1,3-dilaury-2-oleoyl-sn-glycerol (LaOLa).
Therefore, equivalent carbon number (ECN) 40 was chosen as TAG interest in this
study.

This study aimed to synthesize MLM-SL using RBDO and RBDPKO catalyzed by
Lipozyme TL IM using solvent-free system in batch and continuous systems. The
effect of different mol ratios, reaction times, and residence times was investigated.
The change of TAG composition, acylglycerol fraction composition, and slip
melting point (SMP) after transesterification were also determined.

MATERIALS AND METHODS
Materials

RBDO (iodine value/lV 60) was purchased from PT. Salim Ivomas TBK,
Indonesia. RBDPKO was obtained from PT. Smart Tbk, Indonesia. Lipozyme TL
IM (250 IUN/g) was purchased from Novozyme A/S, Denmark. Solvents, such as
ethanol, acetone, acetonitrile chloroform, heptane, and hexane were purchased
from Merck, Germany. Triglyceride standard mixture (trilaurin, tricaprin,
tricaprylin, tripalmitin, and trimyristin) was purchased from Sigma-Aldrich,
Singapore.

Transesterification in batch system

A total of 15 g of bi-substrate (RBDO and RBDPKO at different substrates mol
ratio 1:1; 1:2; 2:1) was placed in 50 mL Erlenmeyer flask. Lipozyme TL IM (10%
w/w) was added into reaction mixture. The reactions were carried out in solvent-
free system for 0,2,4,16, and 24 h, shaken at 200 rpm at 50°C. After reaction, the
structured lipid product was directly filtered (Whatman No. 4, WHA1004125
Sigma-Aldrich) to separate the enzymes. The products were stored in freezer (T <
-4°C) for further analyses.
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Transesterification in continuous system (packed bed reactor)

The packed bed reactor system was based on our previous work (Utama et al.,
2020b). Packed bed reactor (ID =11mm, H = 80 mm) equipped with jacketed
column was made from glass. The upper and lower ends of cylinder were equipped
with filters. The column was packed with 4.5 g of Lipozyme TL IM. The mixture
of substrate (RBDO and RBDPKO with mol ratio 1:1; 1:2, and 2:1) flowed from
substrate reservoir into packed bed reactor. Three different residence times (15, 45,
and 120 min) were employed in this system. The residence time was calculated
according to Equation 1 (Levenspiel, 1999; Sitanggang, Drews, & Kraume,
2014, 2016).

=1 (1)

where T is the residence time (sec), V and v,, are the working volume of the reactor
(m®) and volumetric flow rate (m3/s), respectively. Temperature at substrate tank
and reactor reaction were maintained at 50°C. Sample was taken from product

reservoir after 3 h of reaction. Each experiment was started with a fresh enzyme
and bi-substrate.

TAG composition analysis

The TAG composition was analyzed using a Hewlett Packed Series 1100 HPLC
system equipped with a refractive index detector (RID), Agilent Technologies,
USA (Utama et al., 2020b). Mobile phase included a mixture of acetone and
acetonitrile (85:15 v/v) at a flow rate of 0.8 mL min™. Before injection, 0.05 g
+0.005 of the sample was diluted using acetone. The injection volume included 20
ul and the percentage area of each peak was monitored for 60 min. The individual
TAG peak was identified based on TAG mixture standard peaks and their
corresponding ECNs. ECN was calculated as CN-2(DB), where the CN was the
total amount of carbon in the TAG molecule without glycerol and the DB was the
number of double bonds on the TAG molecule (Holéapek et al., 2005).

Acylglycerol fraction analysis

The acylglycerol fractions were analyzed by means of a Hewlett Packed Series
6890 autoinjector gas chromatography system (Utama et al., 2020b). A DB-5HT
column (L = 15 m, ID = 320 nm, and thickness = 0.1 pm) was used and coupled
with flame ionization detector (FID) for monitoring the peaks. The complete
procedures were according to AOCS Official Method Cd 11b-91 (AOCS, 2017b).
The sample (0.0250-0.0255 g) was added with 10 pL of tetrahydrofuran and 50 pL
of N-methyl-N-trimethylsilyl-trifluoroacetamide and vortexed at 2400 rpm for 90
s. The test tube was placed in the dark for 10 min. Thereafter, a 2 mL of heptane

was added and thoroughly vortexed at 2000 rpm for 30 s. Sample was left for 30
min at room temperature (27°C) and ready for analysis.

Slip melting point (SMP)

Official procedures from AOCS Official method Cc 3-25 (AOCS, 2017a) were
followed to analyze sample’s slip melting point (SMP). The measurement was
performed in triplicate. Sample was tempered around 10 mm in a capillary tube at
4-10°C for 16 h. The tube was slowly heated in a beaker glass filled with water as
heating medium. The temperature when samples started to rise was reported as
SMP.

Statistical Analysis

One-way analysis of variance (ANOVA) was performed using SPSS 20 software
(IBM, USA). Additionally, Duncan posthoc test was followed to see significant
difference amongt treatments.

RESULTS AND DISCUSSION
TAG composition of structured lipid in batch system

The TAG composition of RBDO, RBDPKO, and blending product (RBDO and
RBDPKO) are shown in Table 1 and Figure 1a. Prior to 20 min of retention time,
RBDPKO was dominated by LalLala (22.43%), LaLaM (13.46%), and CalLala
(9.45%). However, the dominating TAGS changed after 20 min of retention time,
which were POO (28.81%), POP (21.81%), and PLO (13.49%). Blending RBDO
and RBDPKO with different mol ratios (1:1, 1:2, and 1:3) showed a change in
TAG profile. Blending at all ratios resulted in the dominating TAGs of POO, POP,
and Lalala varied in concentration. Lalala (15.33%) showed highest
concentration in blending product with a high proportion of RBDPKO (Figure 2a).
However, the increasing proportion of RBDO showed highest concentration of
POO (20.52%) and reduced concentration of TAG RBDPKO (Figure 3a). In
addition, POO (18.25%) was also found as the highest TAG concentration in
blending product of RBDO:RBDPKO of 1:1 (Figure 4a). This condition indicates
that TAG composition of RBDO was more dominant as compared to that of
RBDPKO at the same mol ratio of blending. In this study, TAG of blending
product used as a representation of initial TAG before transesterification reaction.

Table 1 TAG composition of structured lipid after batch-wise transesterification at different bi-substrate blending ratios.

Chromatogram area (%) of RBDO:RBDPKO

TAG ECN ~ oopo  RBDPK (B} 1:2) 21)

0 TO T2 T4 T16__T24___T0 T2 T4 _Ti6___T24 710 T2 T4 T16 T24
CCC; 24 ND ND ND 173 193 229 326 ND 176 320 552 566  ND 204 336 405 288
ccca 26 ND ND ND 150 153 161 188 ND 228 259 324 374 ND 08 073 085 103
CaCaC 28 ND ND ND 077 083 074 102 ND 142 160 181 161  ND 052 071 082 087
CaCaCa 30 ND ND ND 207 230 248 281 ND 242 276 368 397 ND 170 221 257 247
ClaLa 32 1.54 7.81 310 139 145 146 172 436 218 165 198 268 221 166 172 155 188
CaLala, ClaM 34 ND 9.45 372 284 295 300 344 543 208 237 240 241 285 373 449 502 497
LaLaLa 36 ND 2243 1097 302 279 154 250 1533 471 425 466 294 847 093 094 077 101
LaLam 38 ND 13.46 678 201 196 195 148 939 413 376 366 306 505 096 096 061 071
LaLaO,LaOLa 40 ND 5.37 212 501 494 495 412 308 734 681 58 547 163 244 228 233 236
LaLaP, LaMM 40 ND 7.20 360 397 376 370 327 513 579 537 496 440 309 175 161 173 184
LLM 42 ND 0.82 ND 210 223 235 194 ND 195 193 176 154 ND 213 209 215 221
LMM, LaOM 42 ND 417 189 234 234 231 196 243 214 186 163 143 065 259 204 207 217
MMM, LaPM 42 ND 357 214 317 351 314 296 281 491 450 401 335 200 210 197 215 208
LMO, La0O 44 ND 361 141 309 303 308 261 101 433 405 357 372 201 221 221 234 214
maLdLaOP' 44 ND 451 185 537 517 564 441 225 554 498 422 358 041 539 459 487 499
PLL 44 2.99 1.18 200 869 861 898 797 252 88l 806 725 614 177 805 733 778 830
MOO,0LO 46 1.88 111 162 369 449 459 459 122 434 443 421 358 183 298 300 366 356
MOP,PLO 46 13.49 213 663 312 285 251 200 484 130 129 113 123 812 436 385 409  4.19
PLP 46 9.25 ND 438 142 145 150 130 338 130 170 126 150 626 148 137 157 151
MPP 46 0.00 ND 139 339 355 391 311 182 333 364 28 337 167 352 376 355 315
000 48 5.13 1.38 342 210 224 208 256 267 112 161 088 082 335 278 297 286  2.86
POO 48 28.81 225 1825 685 621 563 526 1348 315 286 282 230 2052 902 748 801  7.85
POP 48 21.81 2.14 1390 594 548 461 512 1014 289 254 290 306 1640 7.80 652 693  6.96
PPP 48 3.49 ND ND 120 127 159 225 185 104 126 122 ND ND 223 297 236 236
S00 50 4.19 ND 245 126 ND 131 152 218 097 127 ND ND 328 281 238 144 ND
POS 50 1.54 7.81 200 163 146 204 155 ND ND ND _ND ND 366 247 183 252 225
Total 92.58 92.57 94.49 79.69 78.33 78.99 75.91 95.34 81.23 80.34 77.48 71.57 95.24 78.50 75.35 78.67 76.58
Other peaks 7.42 7.43 5.51 20.31 21.67 21.01 24.09 4.66 18.77 19.66 22.52 28.43 4.76 21.50 24.65 21.33 23.42

Legend: C = caprylic acid, Ca = Capric acid, L = Linoleic acid, La = Lauric acid, M = Miristic acid, O = Oleic acid, P = Palmitic acid, S = Stearic acid.
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Figure 1 TAG composition based on ECN in (a) blending product, (b) batch
system (t = 2 h), and (c) continuous system (t = 15 min).

The effect of different mol ratios on TAG profile in batch system transesterification
reaction is shown in Table 1 and Figure 1b. The dominant TAGs at initial product
(through blending) were depleted, leading to emergence several new TAG species.
For instance, TAG species of LLM has not appeared in all blending products.
However, after transesterification, LLM was detected on all transesterification
products. Another potential new TAG species based on ECN are shown in Table
2. In general, different mol ratios affect the concentrations of TAGs of structured
lipid product. After batch transesterification, POO, POP, and LaLal a reduced at a
higher rate especially at a mol ratio RBDO: RBDPKO of 1:1. In addition, TAGs
with ECN 36, 46, and 48 were also depleted. In contrast, TAGs with ECN 40, 42,
and 44 had an increase in concentration (Figure 2b). PLL was observe to have the
highest increase in concentration as compared to that of other TAGs. A similar
condition was also showed for RBDO:RBDPKO of 1:2 and 2:1. A higher
proportion of bi-substrate showed a higher reduction of initial dominant TAGs
(Table 1). POO, as adominant TAG at blending product of RBDO:RBDPKO (2:1),
showed the highest decrease during transesterification reaction. LalalLa also
showed the highest decreasing concentration at RBDO:RBDPKO of 1:2. In
addition, all blending ratios also showed an increasing concentration of ECN 24-
30. MAGs and DAGs were also expected to increase. Chen et al. (2007) reported
that transesterification reaction between palm oil and palm kernel oil produced
highest interesterification degree at substrate ratio of 1:1 (w/w).

In this study, the reaction time plays important role in MLM-SL synthesis.
Transesterification of RBDO and RBDPKO showed equilibrium condition at 2 h
of reaction in all binary blend conditions. During 2 h of transesterification, POO,
POP, and LaLala showed highest decreasing concentration. In addition, the TAG
interest (i.e., LaOLa, ECN 40) showed highest concentration at 2 h of reaction
time in all blending ratios. Therefore, reaction time of 2 h was selected as optimum
reaction time in batch system. Longer reaction times showed a slight change in
TAG profile. A longer contact time between enzyme and bi-substrate might
increase the possibility of acyl migration, thus reducing the purity of transesterified
product. This acyl migration was possibly due to increased water activity and
support material for enzyme immobilization. Utama et al. (2020) that reported
highest concentration of MLM-SL from transesterification between RBDO and
tryacprylin catalyzed by Lipozyme TL IM was achieved at 4 h of reaction time.

Lee et al. (2013) demonstrated that 7.26 h of reaction was the optimum reaction
time of transesterification between the palm oil and palm kernel oil.

Table 2 Potential TAG species based on ECN.

ECN TAG potential

24 Ccc

26 CCCa;CCaC;CaCC

28 CaCaC;CaCCa;CCaCa;CCLa;CLaC;LaCC

30 CLaC(::éCa;CaCLa;CaLaC;CLaCa;CaLaC;CCM;CMC;MCC;CCL;CLC;CCL

32 Clala;LaLaC;LaCLa;COC;CCO;0CC;CPC;CCP;PCC;CCaM;CMCa;
CaMC;CaCM;MCaC;MCCa;CaCL;CaLC;CCaL;CLCa;LCaC;LCCa

3 Calala;LaCLa;CLaM;CMLa;LaMC;LaCM;MCLa;MLaC;LLaC;LCLa;C

LCa;CCaL;CaMCa;CaCaM;MCaCa;CaLCa;CaCaL;LCaCa
LalLalLa;CLaP;CPLa;LaCP;LaPC;PLaC;PCLa;CLaO;COLa;0LaC;OCLa;
36 LaOC;LaCO;MMC;MCM;CMM;LLC;LCL;CLL;CaML;CaLM;LCaM;L
MCa;MCaL;MLCa;CalaL;CalLa;LaCL;LaLC;LCLa;LLaC
LaLaM;LaMLIla;MLaLa;Lalal;LaLLa;LLalLa;CMP;CPM;MCP;MPC;PM
38 C;PCM;CaMM;MMCa;MCaM;LCaL;CaLL;LLCa;CLP;CPL;PCL;PLC;L
CP;LPC;SCaCa;CaCaS;CaSCa;CLO;COL;OCL;OLC;LCO;LOC
LaLaO;LaOLa;OLala;LalaP;LaPLa;PLaLa;LalaM;LaMLa;MLaLa;LaL
L;LLLa;LaLLa;CaMO;CaOM;MCa0O;MOCa;0CaM;OMCa;CMS;CSM;S
40 CM;SMC;MCS;MSC;CLS;CSL;LCS;LSC;SCL;SLC;CaLS;CaSL;SCaL;S
LCa;LCaS;LSCa;CaMP;CaPM;PCaM;PMCa;MCaP;MPCa;CaLO;CaOL;L
CaO;LOCa;OLCa;0CaL
MMM;LLL;CPS;CSP;PCS;PSC;SCP;SPC;COS;CS0;SCO;SOC;0CS;0S
C,;CaMS;CaSM;MSCa;MCasS;SCaM;SMCa;CaLS;CaSL;LCaS;LSCa;SLC

42 a;SCalL;CaPP;PCaP;PPCa;Ca00;0Ca0;00Ca;LaLaS;LaSLa;SLalLa;LaP
M;LaMP;MPLa;MLaP;PLaM;PMLa;

24 LaOO;0La0;00La;PLaP;PPLa;LaPP;CSS;SCS;SSC;SCa0;SOCa;CaSO;
Ca0s;0CaS;0SCa;MMO; MOM;OMM;MMP;MPM;PMM;
MOO;00M;0OMO;PMP;MPP;PPM;LOO;00L;OLO;LPP;PLL;PLP;LaPS

46 ;LaSP;PSLa;PLaS;SPLa;SLaP;La0S;LaSO;0SLa;OLaS;La0S;LaSO;LLS
;LSL;SLL;MMS;MSM;SMM

48 PPP;000;SSLa;SLas;LaSS;PSM;PMS;SPM;SMP;MPS;MSP;0OMS;0SM
;SOM;SMO;MSO;MOS;LSP;LPS;SPL;SLP;PLS;PSL

50 SSM;SMS;MSS;POS;PSO;SOP;SPO;0SP;0PS;SO0;00S;0S0;SPP;PSP

,PPS
Legend: C = caprylic acid, Ca = Capric acid, L = Linoleic acid, La = Lauric acid,
M = Miristic acid, O = Oleic acid, P = Palmitic acid, S = Stearic acid.
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Figure 2 TAG chromatograms at RBDO:RBDPKO of 1:2. (a) blending product,
(b) batch-wise (t = 2 h), and (c) continuous transesterification (t = 15 min).
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Figure 5 Effect of residence time on TAG chromatogram at RBDO:RBDPKO of
1:1. (a) T = 15 min, (b) T =30 min, and (c) T = 120 min.

TAG composition of structured lipid in continuous system

Table 3 and Figure 1c show the effect of different mol ratios on TAG profile
changes during transesterification reaction in a continuous system. Based on our
previous work, 15 min of residence time (t) was selected as the optimum residence
time to determine effect of mol ratios (Utama et al., 2020b). Similar to batch
system, continuous transesterification also showed the reduction of initial
dominating TAGs and emergences of new TAG species. In general, PLL had the
highest concentration at all blending ratios. After transesterification, at RBDO:
RBDPKO of 1:1, the dominationg TAGs were PLL, POO, and LaLaO / LaOLa. A
high proportion of RBDO in bi-substrate reduced POO and POP concentration.
Nevertheless, POO and POP were still found as the dominating TAGs in structured
lipid at RBDO: RBDPKO of 2:1. In contrast, a high proportion of RBDPKO led to
a high reduction of LalLala concentration and yielded in structured lipid which
was dominated by TAG species of CCC (ECN 24), PLL, and LaOLa. From these
results, LaOLa was found dominant in two blend ratios of RBDO: RBDPKO which
were 1:1 and 1:2. However, for further analysis, bi-substrate at RBDO: RBDPKO
of 1:1 was selected as the optimal blending condition due to a higher increase in
the concentration of LaOLa and lower production of acylglycerol fraction.

The blending of RBDO:RBDPKO (1:1) was used to investigate the influence of
residence time on the produced TAG profiles. The transesterification was
conducted at three different residence times of 15, 45, and 120 min. From Table 4,
residence time of 15 min showed the highest concentration of LalLaO/LaOLa
(5.39%) as compared to that of other residence times. Longer residence time
showed to reduce the concentration of LaOLa. In addition, the increasing residence
time showed an increase in ECN 24 concentration. At this condition, the increasing
residence time might be expected to produce MAGs and DAGs as by-product. The
presence of water in reaction could facilitate hydrolysis reaction that yielded in
MAGs and DAGs formation. Water availability might come from substrates,
enzyme supports, or solvent used during transesterification. In this study, 15 min
of residence time was selected as optimum condition for performing continuous
reaction. Yang et al. (2014) reported that 30-40 min of residence time was
optimum to produce MLM-SL using soybean oil medium chain triacylglycerol
(MCT) catalyzed by Lipozyme TL IM in PBR system. Xu et al. (2002) also
reported Lipozyme TL IM-catalyzed transesterification between fish oil and MCT
in PBR system with an optimum residence time between 30-40 min. Lai et al.
(2005) reported that acidolysis reaction between RBD palm olein and caprylic acid
in PBR was successfully to incorporate 30.5% caprylic acid into palm olein and
produced MLM-SL.
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Table 4 Effect of residence time (t) on TAG composition of structured lipid in
continuous transesterification.

Residence time (t, min)

TAG ECN Blending 15 45 120
CCC 24 ND 1.19 4.37 7.08
CCCa 26 ND 1.22 2.50 3.03
CaCaC 28 ND 0.77 1.36 1.56
CaCaCa 30 ND 2.03 3.93 4.61
ClaLa 32 3.10 1.19 2.34 2.67
Calala, ClaM 34 3.72 2.42 4.02 4,91
LalLala 36 10.97 2.32 1.62 1.40
LaLaM 38 6.78 211 1.32 1.32
LaLaO 40 2.12 5.39 3.79 3.13
LaLaP, LaMM 40 3.60 3.96 2.93 2.40
LLM 42 0.00 2.55 1.95 1.48
LMM, LaOM 42 1.89 2.59 1.86 1.43
MMM, LaPM 42 2.14 3.80 2.66 2.17
LMO, LaOO 44 141 3.45 2.56 214
MPL, LaOP, MMO 44 1.83 5.77 4.22 3.12
PLL 44 2.00 10.06 7.16 5.49
MOO,0LO 46 1.62 5.23 4.08 2.83
MOP,PLO 46 6.63 2.73 2.06 1.55
PLP 46 4.38 1.95 1.34 1.07
MPP 46 1.39 4.88 3.05 2.53
000 48 342 2.50 1.68 1.19
POO 48 18.25 5.58 4.38 321
POP 48 13.90 4.93 3.98 2.98
PPP 48 nd 1.63 1.38 1.00
SO0 50 2.45 ND ND ND
POS 50 2.90 1.46 1.76 ND
Total 94.49 81.70 72.30 64.31
Other Peak 5.51 18.30 27.70 35.69

Acylglycerol fraction analysis

Water plays important role in lipase-catalyzed interesterification. High moisture
content in reacting medium leads to hydrolysis over interesterification. However,
the presence of a small amount of water is still required as lubricant to maintain
the rigidity of enzyme (microaqueous system). The interesterification reaction
might produce DAGs, MAGs, FFAs, and glycerol as by- products. In continuous
transesterification, the increasing residence time led to increased concentration of
DAGs, MAGs, FFAs, and glycerol at the end of reaction. Moreover, the increasing
proportion of one of substrates also increased the possibility of producing by-
products. Chen et al. (2007) reported that lipase-catalyzed transesterification
between RBDO and RBDPKO catalyzed by Pseudomonas sp. lipase and
Rhizomucor miehei lipase. Their studies indicated that higher proportion of
RBDPKO or RBDO produced higher hydrolysis rates. However, at the equal
proportion of RBDO and RBDPKO, enzyme was expected to hydrolyze TAG from
RBDO and RBDPKO at the same reaction rate. After certain level, enzyme thus
re-esterified fatty acids into TAG structures.

mTAG ®WDAG

MAG ®wFFA sGLYCEROI

Figure 6 Acyglycerol fraction of substrates, blending products, and structured lipid
product (batch-wise t = 2 h, and continuous transesterification t = 15 min).

Figure 6 shows that RBDO and RBDPKO were only composed by TAGs and
DAGs. After the blending process, the proportion of DAGs was reduced. At
RBDO:RBDPKO of 2:1, a higher total concentration of TAGs (97.94%) was
obtained as compared to that of other blending products. This indicated a high
concentration of RBDO in blending product led to higher TAG concentration.
After transesterification reaction either in batch or continuous system, the
concentrations of MAGs, DAGs, FFAs, and glycerol increased. Zhang et al.
(2001) also reported that DAGs, MAGs, FFAs, and glycerol were by-products of
transesterification, produced by a preferred hydrolysis reaction. In a batch

transesterification, the highest total concentration of TAGs (83.95%) was produced
at RBDO:RBDPKO of 2:1. However, in a continuous reaction, the highest total
concentration of TAGs (86.72%) was found at RBDO:RBDPKO of 1:1. In
addition, the total concentration of TAGs in the continuous reaction was relatively
higher than the batch system. This condition might be caused by different optimum
conditions in batch and continuous transesterification. In a batch system, 2 h of
reaction facilitated the bi-substrate to reproduce TAGs through the
interesterification reaction. During lipase-catalyzed transesterification, a new TAG
species was produced step-wise. Lipase hydrolyzed TAGs to produce DAGs and
MAGs. Furthermore, between DAGs, MAGs and FAs possibly reacted again to
produce a new TAG species. However, in a continuous reaction, bi-substrate had
a contact time with the enzyme molecules theoretically for 15 min. It was assumed
the reaction still in a condition to produce DAGs and MAGs as intermediate
products. Therefore, the total concentration of DAGs and MAGs were relatively
higher in continuous transesterification rather than batc process.

Slip melting point (SMP) of structured lipid

SMP is commonly used as an indicator of physical properties of lipid. This can be
used to determine future application of MLM-SL during food product
development. The concentration of MAGs and DAGs may affect crystal formation,
hardness of lipids thus melting point of lipids (Basso et al., 2010; Saberi et al.,
2011) In addition, types of fatty acid (length of carbon chain, presence of double
bond) and isomer positions of fatty acids on DAGs and MAGs were reported to
influence SMP of lipid. (Subroto et al., 2019) reported that high concentration of
total saturated fatty acids in DAGs and MAGs increased melting point of lipid. In
addition, Siew (2002) reported that sn-isomers especially 1,2 isomers of DAGs
were shown to be more effective in increasing fat melting point. SMP of structured
lipid product is shown in Figure 7. After transesterification, SMP was increased
due to changes of acylglyerol fraction composition. Generally, the increasing of
DAG concentration reduces SMP. Moreover, the increased total concentration of
TAG elevates the SMP of lipid.

In this study, longer residence time in continuous transesterification produced high
concentration of DAGs and MAGs which correlated to the decrease of SMP of
structured lipid. A high proportion of RBDPKO fraction in bi-substrate might
enhance the formation of DAGs composed of medium saturated fatty acids. This
condition also led to a reduction of SMP of structured lipid. The reduction of SMP
in structured lipid due to a higher protion of RBDPKO was consistent especially
at RBDO:RBDPKO of 1:2 either in batch or continuous transesterification. This
was corresponding to (Norizzah et al. (2018) that also mentioned a reduced SMP
during enzymatic interesterification between palm oil and RBDPKO. In addition,
at RBDO:RBDPKO of 1:1 showed higher SMP than at RBDO:RBDPKO of 2:1.
This condition might be caused by the excessive concentration of RBDO that
facilitated the production of DAGs and MAGs. As mentioned earlier, a high total
concentration of MAGs and DAGs could lead to the reduction of SMP of structured
lipid. On other hand, melting profile was also affected by the concentration of
trisaturated TAG such as PPP. After transesterification, PPP was detected in
structured lipid product at RBDO:RBDPKO of 1:1 and 2:1. However, PPP was
decreased at RBDO:RBDPKO of 1:2. In this study, by evaluating the SMP, thus
thermal properties of the produced structured lipid from RBDO and RBDPKO
transesterification, the produced structured lipid showed potential application in
food especially in solid form like chocolates or confectionary products.
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Figure 7 SMP of blending and structured lipid products (batch system t =2 h, and
continuous transesterification t = 15 min).

CONCLUSION

RBDO and RBDPKO can potentially be used as the main substrates for producing
MLM-SL, especially for TAG species of LaOLa either in batch or continuous
lipase-catalyzed transesterification. In batch system, 2 h of reaction time and at
RBDO:RBDPKO of 1:2 were selected as the optimum reacting conditions.
RBDO:RBDPKO of 1:1 and residence time of 15 min were obtained as the
optimum working conditions for continuous transesterification in PBR. A higer
portion of bi-substrate fraction increased the possibility to produce DAGs and
MAG:s that led to SMP redcution of structured lipid.
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