Accepted Manuscript LWT-

Food Science and Technology

Enzymatic preparation and facile purification of medium-chain, and medium- and
long-chain fatty acid diacylglycerols

Guanghui Li, Jiazi Chen, Xiang Ma, Zhen Zhang, Ning Liu, Yong Wang

Pl S0023-6438(18)30161-0
DOI: 10.1016/j.lwt.2018.02.032
Reference: YFSTL 6887

To appearin: LWT - Food Science and Technology

Received Date: 18 October 2017
Revised Date: 11 February 2018
Accepted Date: 13 February 2018

Please cite this article as: Li, G., Chen, J., Ma, X., Zhang, Z., Liu, N., Wang, Y., Enzymatic preparation
and facile purification of medium-chain, and medium- and long-chain fatty acid diacylglycerols, LWT -
Food Science and Technology (2018), doi: 10.1016/j.lwt.2018.02.032.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

bLoAlgeq pA 1P6 YN2is|isy Sfous| NUIAGLRIA

AI6M W6[gqLs’ CIISIou suq 21wNgl bsbele gf TOI6 SC K pLondy fo Aon PAJ‘TL COBE


https://core.ac.uk/display/159464339?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://doi.org/10.1016/j.lwt.2018.02.032

10
11
12
13

14

15

16

17

18

19

20

21

22

23

24

25

26

27
28

Enzymatic preparation and facile purification of medium-chain, and medium-

and long-chain fatty acid diacylglycerols

Guanghui L Jiazi Chef®* Xiang M4, Zhen Zhan Ning Liu®, Yong Wand">"

4Department of Food Science and Engineering, Coldé@zrience and Engineering, Jinan
University, Guangzhou 510632, China

®Guangdong Engineering Technology Research Cem@il® and Fats Biorefinery, Guangzhou
510632, China

°Research School of Chemistry, The Australian Naticmiversity, Canberra, ACT 2601, Australia
4School of Food Science and Engineering, South Chinizersity of Technology, 381 Wushan
Road, Guangzhou 510641, China

¢School of Food and Biological Engineering, Shaadsmiversity of Science and Technology, Xi'an
710021, China

! Both authors contributed equally to this manuscrip

* Corresponding author
Yong Wang, Department of Food Science and Engineering, Jimaversity, Guangzhou 510632,
China.

Telephone: +86-020-85227126. Fax: +86-020-85226E8%xil: twyong@jnu.edu.cn




29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

a7

48

49

50

51

52

53

54

ABSTRACT

High purity diacylglycerols (DAG) rich in medium-aim fatty acid diacylglycerols (MCD)
and medium- and long-chain fatty acid diacylgly¢e(dLCD) were prepared via the enzymatic
esterification of monoacylglycerols (MAG) with cgbc acid followed by molecular distillation
(MD), solvent fraction and low-temperature cengdtion. The content of DAG in the crude
product was 44.8+0.1%, under the selected estatiific conditions, which were MAGs/caprylic
acid mole ratio of 1:3, reaction temperature of §5eaction time of 30 min and enzyme load of 5
wt.%. Subsequently, the one-step MD and solveuwtitma in methanol/ethanol increased the DAG
content to 61.3+0.8%. Eventually, the product comig 86.6+£0.6% of DAG with 39.3+1.3% of
MCD and 47.3+0.6% of MLCD was obtained by the math&rystallization at 01 with a water
content of 9 wt.% and a 1:3 ratio of glyceridesimaebl (v/v) followed by the centrifugation
separation at Q..
Keywords: medium chain diacylglycerols; medium- and longtalthacylglycerols; enzymatic

esterification; molecular distillation; solvent ¢tan
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1. Introduction

With the increasing concerns of high fat intak&sisuch as obesity, cardiovascular disease
and high blood pressure, novel healthy food lipid ail are becoming more and more popular
among consumers who have increasing demands flthjpéaod (Hassel et al, 1993; Koh et al,
2010; Naughton et al, 2016). A variety of novelddipid and oil has been investigated and among
them products with both medium-chain fatty acid<CfMs) and long-chain fatty acids (LCFAS)
are of great research interests (Kasai et al, 2008)nge et al, 2003; Kim & Akoh 2005; Lu et al,
2017). Studies revealed that MCFAs, which are auméxof fatty acids (FAS) with 6~12 carbon
chains, exhibit several beneficial physiologicaldtions, such as reducing fat accumulation
improving glucose tolerance and insulin sensitififfjagao et al, 2010; Zhao et al, 2013; Li et al,
2016). LCFAs are FAs with more than 14 carbon atdraeg-chain fatty acid triglycerides (LCT)
with LCFAs are the major components of dietarydgyiwhich supply energy and provide essential
FAs (Murillo et al, 2015; Wang et al, 2016).

Medium- and long-chain fatty acid triacylglycerdLCT), which have the combined
advantages of medium-chain fatty acid triglyceri(M€T) and LCT, have been heavily
investigated for their nutritive properties and @deen commercialized (Socha et al, 2007; Koh et
al, 2010; St-Onge et al, 2014). Previous studigte shat MLCT are suitable for cooking/frying
purposes, due to their capabilities of reducingytdat, body weight, and total serum cholesterol
(Kasai et al, 2003; Koh et al, 2010). Furthermereyious studies have confirmed that MLCT
could significantly reduce low-density-lipoprotaiholesterol without affecting circulating high-
density-lipoprotein cholesterol (St-Onge et al, 200u et al, 2017). Similarly, DAG rich in
MCFAs and LCFAs are supposed to exhibit their carabdibenefits and medium- and long-chain
fatty acid diacylglycerols (MLCD) have good potahtpplications (Nagao et al, 2010; Zhao et al,
2013). Moreover, some advantages diacylglycerol3Phas over triglycerides (TAG) add to the
significance of study on MLCD. Studies have revedhat the stability of thermal oxidation

(around 1707) and autoxidation of DAG-rich cooking oil are letthan conventional TAG oill
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(Voll'et al, 2013). Furthermore, relevant studiesart that nutritive properties of DAG do not
change during the test period of deep-frying (Shinat al, 2013). In spite the functional and
healthy properties of MLCD, to our knowledge, thiegaration of MLCD remains unexplored. In
this work, we aimed to investigate the preparatibthe high-purity MCD- and MLCD-rich DAG,
through the application of Novozyme 435 and thesttgyment of a facile purification approach.

Generally, purification methods of DAG include mal&ar distillation (MD), column
chromatography, supercritical G@xtraction and solvent fraction (Sebari et al, Z@unawan et
al, 2008; Holser et al, 2002; Akamatsu taku e1894). However, for the purification of MCD- and
MLCD-rich DAG in our study, one-step MD is inadetpiaecause of low separation ratio, and it
also results in the increase of TAG under highemperature. Column chromatography suffers from
complicated operation and long purification timef(lg et al, 2012). As for supercritical €O
extraction, it is still associated with high cdetg extraction time, relatively low extraction le
and high operation pressure. Meanwhile ,@3suspected of damaging the composition of prizduc
(Yang et al, 2012). In contrast, solvent fractisri@gatured with short separation time, simple
operation, ease of forming high separation ratw good product purity (Akamatsu taku et al,
1994). The mechanism is that under low temperatiiedissolve in the solvent while fats form
stable crystals because of their high melting paintt poor solubility, allowing for the separatidn o
oils and fats. A mixture of chloroform-methanol-eamixture is frequently applied due to high
extraction efficiency (Zbinden et al, 2013). Theref the present study also investigated the
possibility of using solvent fractionation to pyrthe DAG containing MCD and MLCD.

Owing to enzyme’s significant advantages such &3 reaction conditions, higher catalytic
efficiency, and high regioselectivity, the applicatof lipases in producing DAG has become
increasingly popular (Liu et al, 2016; Phuah el 2). On the basis of previous research results,
MCD and MLCD (Fig. 1) were prepared through theegBtation of high purity
monoacylglycerols (MAG) and caprylic acid catalydzgdNovozyme 435, and the reaction

conditions of MAG/caprylic acid mole ratio, reactitemperature, reaction time and enzyme load
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were investigated, respectively. The crude estatifon products were then subjected to a facile and
efficient purification process. Molecular distiliat, low temperature solvent fraction and high-
speed centrifugation were applied successivelgyditig the MCD- and MLCD-rich DAG.
Conditions of different water content, centrifugattemperature and glycerides/methanol (v/v)
were screened to improve the purification. It ipented that the MCD- and MLCD-rich DAG will

be used as a basis for the subsequent developiemt saturated fats, based on DAG-SLNs (solid
lipid nanoparticles) Pickering emulsions, a nowgrmional, healthy and high quality lipid food

system.

2. Materials and methods
2.1. Materials

High-purity MAG (53% palmitic acid MAG and 42% steaacid MAG) was provided by
Meichen Group Co., Ltd. (Guangzhou, China), Novogy85 (immobilizedCandida antarctica
lipase B) was supplied by Novozymes (Copenhagenpiaek). MethanolX 99.5%), ethanoly{
99.5%) and caprylic acid (99%) were purchased ffaanjin Chemical Reagent Co., Ltd (Tianjin,
China). Deionized water was used and all othereetsgwere of analytical grade.
2.2. Production of products containing MCD and MLBPDenzymatic esterification

High-purity MAG & 95%) was weighed in a 250 mL round bottom flast beated in an oil
bath at 851 with a magnetic stirrer at 200 rpm on until MAGhgoletely melted. Then a certain
amount of caprylic acid (MAG/caprylic acid moleicatrom 1:1 to 1:5) and Novozyme 435 (from
2.5 wt.% to 9.0 wt.%) were added to the flask. &fstation reaction was stirred at 200 rpm under a
vacuum condition (0.1 MPa). After reaction, thedsyroducts composed of free fatty acid (FFA),
MAG, DAG and TAG were obtained after filtrating Namyme 435.
2.3. Purification of esterification products by M&plvent fractionation and centrifugation

The crude product was purified by a MDmolecular distillation equipment (Foshan

Handway Technology Co., Ltd, Foshan, China) toioldtaggh-purity DAG products. Use
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parameters as follows: distillation temperaturd@® I, pressure of 3.6 Pa and wiped film speed of
200 rpm. The MD residue was then further purifisthg a solvent fraction method. A mixture of
methanol (135 mL) and ethanol (15 mL) was addegDtonL crude products in a 500 mL beaker,
which was then placed in a constant temperatule () stirring at 80 rpm for 30 min. Solid fat
was removed by filtration after crystallization ahe filtrate was concentrated under vacuum at
65 [ for 30 min to give the liquid oil. Next, the ligubil was mixed with methanol in a certain
proportion (volume ratio from 1:1 to 1:9) and thixture was added into a 2 mL centrifuge tube
followed by the addition of water (0-17 wt.%). Sabsently, the products containing MCD and
MLCD were obtained after high-speed centrifugatioegend Micro 17R, Guangzhou Bio-Key
science & technology Co., LTD) at different temperas (-5-15 1), water content and
glycerides/methanol (v/v) with a speed of 11100fergs min.

2.4. Analysis for acylglycerols by gas chromatodmapGC)

Analysis of the acylglycerol composition was corneddn accordance to Liu et al. (2012) and
Wang et al. (2010). The composition of acylglycenehs analyzed by GC-FID (Agilent 7820A,
Agilent Technologies Inc., Santa Clara, CA, USAl.gkoduct was dissolved in hexane of 2.0 mL
and filtrated through a filter membrane of 0148. A capillary DB-1ht column (15 m x 0.25 mm
i.d., 0.1um film thickness, Agilent Technologies Inc., USAaswsed. Nitrogen was used as carrier
gas at a column constant pressure of 20.0 psi. Barmfumes of 0..uL were injected with a split
ratio of 20:1. The temperature for both detectatgpand injector was set at 380 The oven
temperature program was set as follows: the iniv&n temperature was held at’5@or 1 min and

then raised to 100 at 5001/min; at the second stage, it was raised to22Q 80[1/min; at the

last stage, it was raised to 380at 50°C/min and held 2 min; and finally, it was raised3&0 C at
50 ‘C/min and held for 3 min. The composition of acytgyols was quantified as relative
percentages of the total acylglycerols.

2.5. DAG analysis by low and high resolution-MSNISRand HRMS)
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According to the method of Wan et al. (2016), saaplere dissolved in methanol and filtered
through a 0.22um filter. The mass spectra (MS) was used by a 4DRAP triple
guadrupole/linear ion trap mass spectrometer (AEESCFramingham, MA, USA) equipped with
an ESI source, and detected in the positive ionewathin am/zrange of 100-2000. The other
parameters were as follows: capillary temperatfi2s6 (1, capillary voltage of 40 V, and ions
spray voltage of 5500 V.
2.6. Statistical analysis

All of the experiments were performed in triplicatée analysis of variance (ANOVA)
method was used to analyze the data, the meansvakre compared using Duncan’s new multiple
range test at a 95% significance leyet@.05). Origin 8.0 software version and SPSS so#&war

version 16.0 were employed to analyze the measiatd

3. Resultsand discussion
3.1. Effect of enzymatic reaction conditions
3.1.1. Effect of MAG/caprylic acid mole ratio

The effects of different substrate (MAG/capryliedBanole ratio on the esterification were
investigated under the conditions of reaction terafpee 651, enzyme load 5 wt.%, and reaction
time 30 min. The results are shown in Fig. 2 (Al).

With the decrease of substrate (MAG/caprylic aoid)e ratio from 1:1 to 1:3, the DAG
content increased significantly and reached ithdsg value of 44.8+0.1%. Nonetheless, if the mole
ratio was below 1:3, the DAG content began to deszesignificantly. Meanwhile, the contents of
both MAG and TAG decreased reversely with substraike ratio. In addition, the significant
increasing trend of the contents of FFA was readrdiée result shows that, along with the
decreasing substrate mole ratio, the esterificationld be promoted to shift reaction equilibrium to
yield more DAG. But the increase of caprylic acidreases the viscosity of substrate which may

impede the water removal from the system, leadiripe hydrolysis of DAG. Furthermore, the
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increased viscosity of reaction system might reduass transfer efficiency so as to inhibit the
reaction (Arpi, Lubis, & Supardan, 2016). Therefdaking both the costs and the DAG content
into consideration, the mole ratio of 1:3 was deledor further reaction.

3.1.2 Effect of reaction temperature

The effects of different reaction temperature andhterification were investigated under the
conditions of substrate (MAG/caprylic acid) moléadl:3, enzyme load 5 wt.%, and reaction time
30 min. The results are shown in Fig. 2 (A2). Tighbst content of DAG in crude products was
obtained as 44.8+0.1% at 65 and over 65/ the content decreased insignificantly. In contrast
TAG had a continuously increasing trend with theréasing temperature and significantly.
Opposite to TAG, MAG content underwent a decreasi@igd and increased significantly over(75
This could be ascribed to that higher temperatiaesr the production of TAG, resulting in the
consumption of DAG and MAG (Mu et al., 1998). Irdétbn, along with the increase of reaction
temperature, to a certain extent, the thermal Igtabf the lipase would be affected which in turn
will limit the enzyme application to a certain extéWang et al., 2016). Therefore, temperature of
65 [ was selected in this work.

3.1.3 Effect of reaction time

The effects of different reaction time on the aftation were investigated under the
conditions of substrate (MAG/caprylic acid) moléaaf 1:3, enzyme load of 5 wt.%, and reaction
temperature of 65/. The results are shown in Fig. 2 (A3).

Distinctively opposite trends of the contents of ®And FFA were recorded with reaction
time. In the first 30 min, the content of DAG inased significantly and reached the highest value
of 44.7+0.1% whereas FFA content decreased signitiig to 41.3+0.0%. After 30 min, the content
of DAG began to decrease significantly while FFAtemt increased to 48.7+0.5% at 45 min but
changed insignificantly after that. The contenM#G decreased significantly with enlonged

reaction time. As for TAG, its content increasedtawiously in the first 75 min to 14.6+0.3% and
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insignificantly changed after that. Therefore, hs@re the higher yield DAG as well as the followed
better purification, the reaction time was sele@s@0 min.
3.1.4 Effect of enzyme load

The effects of different enzyme load on the egtation were investigated under the
conditions of substrate (MAG/caprylic acid) moléaédl:3, reaction time 30 min, and reaction
temperature 651. The results are displayed in Fig. 2 (A4). Notlidgaa watershed at the 5 wt.%
enzyme load could be found.

The content of DAG increased significantly with gme load under 5 wt.% and maximized
(44.5£0.2%) at 5 wt.%, whereas the DAG contentekesed significantly with enzyme load over 5
wt.%. The TAG content showed a similar tendencea@l/, the contents of FFA and MAG
presented trends exactly opposite to that of DABs phenomenon might be attributed to the
increasing number of active sites the more lipasgiged, resulting in improved catalytic
efficiency. Thereby, more products, DAG, were fodha@d more substrates, FFA and MAG, were
consumed (Wang et al., 2011). The decreasing cowidmenzyme load over 5 wt.% might come
from the hydrolysis of DAG, and the hydrolysis puots were FFA and MAG. Therefore, based on
the operability and economy, enzyme load 5 wt.%gBates mass) was selected in this study.
3.2. Purification of esterification products by tefugation
3.2.1. Effect of water content

Lipid crystallization as a purification approacHnsquently applied in industrial production. In
an aqueous environment, most lipids self-assembdedifferent crystalline, liquid crystalline or
sometimes macroscopically disordered phases, whareadehydrated state most lipids form well-
ordered crystals (Jiménez, Fabra, & Talens, 20d&)ng et al. (2010) reported that methanol as a
co-solvent was capable of extracting lipids fromrbass sources and they also used centrifugation
to separate the solution and the solid lipid layeour study, the crude product of liquid oils and
solid fats was further purified by further methanp}stallization followed by centrifugation

separation.
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Accordingly, the effects of different water content the purification by centrifugation were
investigated under the conditions of centrifugatemperature 0, glycerides: methanol 1:3 (v/v),
centrifugation time 5 min and rotating speed 11%2@D The effects of different water content on
the DAG yield and the purification of DAG (contaigi MCD and MLCD) are depicted in Fig. 3
(Al).

As described in Fig. 3 (Al), with the increasingagdter content under 9 wt.%, DAG content
increased significantly to the highest value 0688.2% while the content of TAG and DAG yield
declined significantly to 14.4+0.2% and 33.0+1.#&spectively. Meanwhile, the contents of MCD
and MLCD were 38.6+£0.1% and 47.0+0.1%, respectividiyCD accounted for 55% of the total
content of DAG. After the water content increased3 wt.%, the total DAG content was
65.8+0.4% with 36.0+0.2% MLCD and 29.8+0.1% MCDislbbvious that higher water content
did not favor the separation of solid fats anditiqouils as well as the purification of DAG products
(including MCD and MLCD). This might be because whiee water content was above a critical
value, the mixture became rubbery, which renderddworable molecular mobility rate. Thus, the
FFA would not crystalize in a well-ordered formniéinez, Fabra, & Talens, 2013). In summary,
water content had a significant effect on purifyd@8G and water content of 9 wt.% was selected
in this work.

3.2.2. Effect of temperature

Temperature could be used to control crystal grqbithShah, & Caffrey, 2013). Lopez-
Martinez et al. (2004) applied solvent fractiohomt temperatures. They chilled the liquid oils to
allow solid fats to crystallize and the subsequémnation of the two phases. It is a process @& th
removal of solid fats by controlled crystallizatiand filtration. Different products could be
selectively crystallized at different temperatuaesl separated. Accordingly, solvent fraction is

quite suitable for the separation of DAG and TAGwdiffering melting points (Fats, 1994).



259 The effects of different centrifugation temperatarethe DAG yield and the purification of
260 DAG were investigated under the conditions of watertent 9 wt.%, glycerides:methanol 1:3 (v/v),
261 centrifugation time 5 min, and rotating speed 114@D The results are shown in Fig. 3 (A2).

262 The DAG content and DAG vyield reached 85.3+0.6% 3%3+0.8%, respectively when

263 centrifugation temperature was Q whereas the contents of MCD and MLCD were 41 8%0and
264 43.5+0.6%, respectively, and MLCD accounted for 5dfihe total DAG content (Fig. 3 (A2)).
265 With the increasing centrifugation temperature,dbetents of DAG changed insignificantly

266 whereas the content of MCD and MLCD changed sigaifily. This indicates that although

267 centrifugation temperature has little effects om ¢bntent of DAG, low temperature contributes to
268 MLCD purification. LOpez-Martinez et al. (2004) niemed that partially crystallized materials
269 were removed from edible oils by filtration to astdhe clouding of liquid oils at refrigeration

270 temperature, and liquid oil can be obtained aft@ring the mixture. As the result, the

271 centrifugation temperature(0 was selected in the next work.

272 3.2.3. Effect of ratio of glycerides/methanol

273 The effects of different ratio of glycerides/metbbh(v/v) for DAG yield and purifying DAG
274  (containing MCD and MLCD) were investigated under tonditions of water content 9 wt.%,
275 centrifugation temperature(0, centrifugation time 5 min, and rotating speed. & g. The

276 results are shown in Fig. 3 (A3).

277 The content of DAG was 86.6+0.6% with 31.6+0.6% Dyéld when the ratio of

278 glycerides/methanol was 1:3 (v/v). The contents16fD and MLCD were 39.3+1.3% and

279 47.31£0.6%, respectively, and MLCD accounted fo6%4 of the total DAG. With the increasing
280 glycerides/methanol ratio, the content of MLCD mased significantly but the MCD content

281 decreased significantly to 30.8+0.1%. When theoratiglycerides/methanol was below 1:3, the
282 content of DAG was decreased insignificantly bet BPAG yield was increased significantly as the
283 content of methanol increased (Fig. 3 (A3)). Thighthshow that, under the ratio of

284  glycerides/methanol 1:3 (v/v), there was a methlstsolution which favored the crystal growth of
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FFA. The lower glycerides/methanol ratio did natdacrystal growth, thereby decreased the solid
fats in the liquid oils (LOpez-Martinez, Campra-Ndd& Guil-Guerrero, 2004). Thus, the
glycerides/methanol ratio of 1:3 (v/v) was seleatethis work.

3.2.4 Analysis of products by GC

According to the method of 2.4, GC spectra of thele products and high purity DAG
(containing MCD and MLCD) are shown in Fig. 4 (Al).

According to Fig. 4 (A1), besides MCD and MLCD, ithevere also impurities including FFA,
MAG and trace TAG in the crude products. DAG achte44.8+0.1% and MLCD accounted for
47.3% of the total DAG (Table 1). Fig. 4 (A2) demstrates that after purification, the purity DAG
reached 86.6+0.6%, which contained 39.3+1.3% MC®4h13+0.6% MLCD (Table 1), and
MLCD accounted for 54.6% of the total DAG. Througle comparison of crude product and high-
purity DAG, it is obvious that the content of DA@da significant improvement from 44.8+0.1%
to 86.6+0.6% with the combination of MD, constatntrsig at 15[ and high-speed centrifugation
at 00J. Particularly, the content of MLCD more than dasgbfrom 21.5+£0.3% to 47.3+0.6%, which
also had a significant improvement. The above tesudlicate that MCD- and MLCD-rich DAG of
high purity was achieved and evidenced the higlkieffcy of the purification approach
investigated.

3.2.5 Determination of MCD and MLCDs by LRMS andW#iR

ESI-MS was used for the identification of the produand the result @fRMSis shown in Fig.
4 (B) and the analysis is listed in Table 2. Thesiof the MCD and two MLCDs were recorded as
follows: [M+H]* atm/z345.6 (MCD, GgHz¢Os, 344.6), [M+H] atm/z457.7 (MLCD, G/Hs,0s,
456.7), and [M+H] atm/z485.6 (MLCD, GgHs¢Os, 484.6) and they were all in good agreement
with theoretical calculation of their molecular ghis (Fig. 4 (B) and Table 2). The above results
correspond to the analysis results of Fig. 3.

In addition to LRMS, the product was further chéeazed by HRMS. The HRMS spectrums

of MCD and two types of MLCDs are shown in FigT#e ions of the MCD and two MLCDs were
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recorded as follows: [M+N&jatm/z367.2450 (MCD, @H3cOsNa, calculated for 344.2460),
[M+Na]* atm/z479.3693 (MLCD, G/Hs,0sNa, calculated for 479.3712), and [M+Nakm/z
507.3997 (MLCD, GgHs¢0OsNa, calculated for 507.4025). Results again inditla¢ good
agreement between the HRMS of MCD and MLCDs andhgeretical calculation of their
molecular weights. Those spectrums further evideice excellent efficiency of the investigated

purification process, and the MCD- and MLCD-rich GAf high purity was obtained.

4. Conclusions

In this study, the preparation and purificatiolM€D- and MLCD-rich DAG of high purity
was developed. Under the selected parametersiaeaemperature 65/, substrate (MAG/caprylic
acid) mole ratio 1:3, reaction time 30 min and eneyoad 5 wt.%, the crude products with
44.8+0.1% of DAG was obtained. Subsequently, tloelpet with 56.3+1.2% DAG content was
achieved after one-step MD. DAG content was furtimgaroved to 61.3+0.8% by constant stirring
with methanol/ethanol (9:1, v/v) at 15for 30 min. Eventually, the high-speed centrifugatof
last step’s products at/0 with a water content of 9 wt.% and a 1:3 ratiglyterides/methanol
(v/v) afforded DAG with a high purity of 86.6+£0.6%he qualification by both LRMS and HRMS
showed good agreements to the theoretical caloulafithe molecular weights of MCD and
MLCD. The obtained MCD- and MLCD-rich DAG of higlupty demonstrates the efficiency of
both of the preparation and purification approaghreposed herein. Furthermore, the low cost and
easy operation of the solvent fraction and low terafure centrifugation suggest the potential
industrial values of our process. Future studieg foeus on the functional and nutritional

properties of MCD- and MLCD-rich DAG to expand thatential usage in food industries.
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Tables

Table 1. Content of MCD and ML CD by GC spectra

Crude product DAG of high purity
MCD (%) 23.3+0.1 39.3+1.3
MLCD (%) 21.5+0.3 47.3+0.6
Table 2. Identification of thetarget productsby MS
lon type [M] [M+H]*
1,2/1,3-octanoyl-glyceride DOCG 344.6 345.6
1,2/1,3-octanoyl-palmitory-glyceride DOPG 456.7 a7
1,2/1,3-octanoyl-stearoyl-glyceride DOStG 484.6 885




Figure captions

Figure 1. Structures of the medium chain fatty acid diagydglols (MCD) and
medium- and long-chain fatty acid diacylglycerdi&LCD).

Figure 2. Effect of monoacylglycerols (MAG)/caprylic acid neotatio (A1), reaction
temperature (A2), reaction time (A3) and enzymel I®4) on esterification reaction.
Values are means =SDs € 3); Values of the same series, with the diffedetter
are significantly p < 0.05) different.

Figure 3. Effect of water content (Al), temperature (A2) aylgicerides/methanol
ratio (A3) on the purification of diacylglycerolsy bmethanol crystallization at
different temperature by centrifugation. Values means +SDsn(= 3); Values of the
same series, with the different letter are sigaiiity (p < 0.05) different.

Figure 4. Chromatograms and mass spectra of crude and pumfieducts. Al:
compositions of diacylglycerols (DAG) of crude pusts (CA: caprylic acid; PA:
palmitic acid; SA: stearic acid; MAG, monoacylglycks; MCD, medium chain fatty
acid diacylglycerols; MLCD, medium- and long-chéatty acid diacylglycerols; TAG,
triglycerides); A2: Compositions of glycerides afyin purity DAG (TCG, caprylic
triglycerides); B: low-resolution mass spectra (LBMspectrometry of DAG; C1:

high-resolution mass spectra (HRMS) of MCD; C2, BBRMS of MLCD.
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Highlights

Enzymatic method was investigated to prepare th®©M&hd MLCD-rich DAG.
The content of MCD- and MLCD-rich DAG could readh.@&-0.6% in our study.
GC, LRMS and HRMS proved the efficiency of our sttwed DAG preparation

process.



