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SUMMARY

[. Title

Enzymatic Synthesis of Functional Phospholipids and Their Food Application

[I. The purpose and necessity of research and development

Phospholipids (PLs) are major constituents of cell membranes and play crucial roles
in the biochemistry and physiology of the cell. PLs have been widely used in food,
pharmaceutical, and cosmetic products as highly efficient emulsifiers. n-3
polyunsaturated fatty acid (7-3 PUFA)especially eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA), have received significant scientific attention because of
their health benefits, which include improvement of immune function and prevention of
heart disease and cancer. Although PLs containing n-5 PUFA is available in fish and
marine products, refinement procedures, including laborious extraction and separation,
are required for it to be used industrially. Thus, enzymatic modification using
inexpensive plant lecithin. (PC, phosphatidylcholine) and a rich n-3 PUFA source might
be an effective method for obtaining n-5 PUFA-enriched PLs. Replacement of fatty
acid residues present in a native PL by fatty acids with beneficial physiological effects
can lead to tailored PLs that offer intriguing marketing opportunities for manufacturers
of nutraceuticals. Lysophosphatidylcholine (LPC) and glycerylphosphorylcholine (GPC)
are derivatives of phosphatidylcholine (PC) in which either one and both of two acyl
chains are removed, respectively. LPC 1is an effective emulsifier in oil-in—-water
emulsion system. GPC may have potential for the treatment of Alzheimer’s disease and
dementia. Both can also be used as substrates for synthesizing structured PC with a
desired fatty acid profile. The first goal of this study was to develop enrichment

process of n3 PUFA into modified PC wusing immobilized phospholipase



Ai. ThesecondgoalofthisstudywastomodelthephospholipaseAl-catalyzedpartialandcomplete
hydrolysisof PCfromsoybeaninheaxanfortheproductionof LPCandGPC.Thethirdgoalofthisstud

ywastoapplyproductionofemulsionfoodsusingmodifiedPCandLPC.

I. Scope and content of this study

1. The purpose of this study
The purposes of this study were the development of the production processes of
functional PC and LPC via an enzymatic reaction, refining of the modified PC and LPC,

and application of the product in a functional food area.

2. The main contents of this study

(1) Production of functional PC & LPC used for functional food materials (e.g. n-3
PUFA enriched-PC, n-3 PUFA enriched-LPC).

(2) Possibility to use as an emulsifier with various range with PC & LPC (e.g.
MCFA-PC, MCFA-LPC).

(3) Development of the production of functional PC & LPC via the industrial scale
enzymatic process

(4) Application of functional PC & LPC products.

3. The range of this study
7}. Production of functional PC containing with 7-3 PUFA in a batch reaction system
(1) Immobilization of enzyme
(7}) Enzyme screening
(\}) Carrier screening
(thH Immobilization of enzyme
(2 Activity test for immobilized enzyme
(2) Synthesis of functional PC containing with n-3 PUFA
(7B Batch reaction system
(1}) Synthesis of PC via an acidolysis reaction
(t}) Enrichment of PC via a vacuum reaction
(3) Modification of PC
(7}F) Modification of PC with DHA

_10_



(1}) Modification of PC with MDFA

Y. Production of functional PC containing with 7-3 PUFA in a packed bed reactor
(continuous reaction system)
(1) Synthesis of PC containing 77-3 PUFA via an acidolysis in a packed bed reactor
(7}) Packed-bed reactor (Continuous reaction system)
(41}) Synthesis of PC via an acidolysis reaction
(t}) Enrichment of PC via a vacuum reaction
(2) Refining of modified PC containing 7-3 PUFA
(7F) Removal of free fatty acid using super critical carbon dioxide

(41}) Removal of residual free fatty acid and LPC via liquid-liquid fractionation

t}. Synthesis of functional PC containing with 7-3 PUFA in a bulk-scale reaction system
(1) Synthesis of PC containing n-3 PUFA via a bulk-scale reaction system
(7}) Synthesis of PC containing -3 PUFA via a bulk-scale acidolysis reaction
(1}) Enrichment of modified PC via a bulk-scale vacuum reaction
(2) Refining of modified PC in a bulk-scale system
(7}) Removal of residual free fatty acid via a bulk-scale super critical carbon dioxide
(1}) Removal of residual free fatty acid and LPC via a bulk-scale liquid-liquid

fractionation

2}. Synthesis of functional LPC & Refining process
(1) Synthesis of functional LPC from PC via a hydrolysis of PC

(2) Optimization of the synthesis of functional LPC via an enzymatic reaction

v}l Synthesis of sn-1 LPC & Refining process
(1) Synthesis of sn-1 LPC
(7}) Enzymatic reaction
(1) Batch type reaction
(2) Refining of sn-1 LPC
(7 Refining of sn—-1 LPC via a liquid-liquid extraction

(\}) Refining of sn-1 LPC via a supercritical carbon dioxide

v}, Synthesis of functional L-a-GPC & Refininig process
(1) Synthesis of functional L-a-GPC

_11_



(2) Refining of functional L-a-GPC

(3) Optimization of the production of functional L-a-GPC in a bulk-scale reaction system
(4) Refining of modified LPC

(7} Refining of modified LPC via a liquid-liquid extraction

(1}) Refining of modified LPC via silica column chromatography

A}, Application of the functional PC & LPC

(1) Investigation of commercial soybean PC & LPC

(2) Investigation of developed functional PC & LPC

(3) Test for the application of the developed functional PC & LPC

[V. Results

Modification of phosphatidylcholine(PC) with n-3 polyunsaturated fatty acid (7-3
PUFA) in a batch reaction system and a packed bed reactor system (PBR) using
immobilized phospholipase A1(PLA1). Fatty acid composition of PC from soybean was
investigated. n-3 PUFA in PC was not detected. For the modification of PC,the
immobilization of phospholipaseA; was carried out, and Lewatit VP OC 1600 was
selected as a carrier for preparation of immobilized PLA1l, which was used for
modification of PC by acidolysis and re-esterification. Effect of several parameters
such as temperature, enzyme loading, water content, and vacuum time in batch
reaction system was investigated. Optimal conditions for modification of PC with n-3
PUFA in a batch reaction system were molar ratio of 1:8 (PC to n-3 PUFA),
temperature of 55°C, enzyme loading of 20wt% (wt% on substrate weight), and water
content of 1.0wt% (wt% on substrate weight), respectively. The highest incorporation
(57.4 mol%) of n-3 PUFA into PC was obtained at 24 h and the yield of PC was 16.7
mol%. The yield of PC increased significantly by application of vacuum, even though a
slight decrease of n-3 PUFA incorporation was observed. The same type of
experiments in a packed bed reactor system (PBR) was investigated. Effect of several

parameters such as molar ratio (PC to n-3 PUFA), temperature, water content, and

_12_



residence time in reactor was investigated. Optimal conditions for modified of PC with
n-3 PUFA in PBR system were molar ratio of 1:8 (PC to n-3 PUFA), temperature of
55T, water content of 1.0 wt% (wt% on substrate weight), and 120 min of residence
time, respectively. Consequently, PC from soybean was successfully modified by
incorporation of residues of n-3 PUFA derived from fish oil using immobilized PLAL.
In addition, supercritical carbondioxide extraction and liquid-liquid fractionation were
performed for the separation of modified PC from reaction mixture. The recovery of
PC ca. 20 wt% was obtained after the separation process. Moreover, PBR system was
more effective than a batch reaction system when saving energy, and industrial aspect
were considered.

LPC and GPC were produced form PC by PLAl-catalyzed hydrolysis in a solvent
system. The reactions were performed in a stirred batch reactor using a commercial
fungal phospholipase Al (Lecitase Ultra) as the biocatalyst. The effects of
temperature, reaction time, water content, and enzyme loading on LPC and GPC
content in the reaction products were elucidated using the models established. Optimal
conditions for maximizing the LPC content while suppressing acyl migration, which
causes GPC formation, were as follows: temperature, 60 °C; reaction time, 3 h; water
content, 10% of PC; and enzyme loading, 1% of PC. The products obtained under
these conditions contained 9.5% PC, 90.5% LPC, and no GPC. LPC had a higher total
unsaturated fatty acid content than original PC had and was mainly composed of
linoleic acid (78.0 mol% of the total fatty acids). While, optimal conditions to
completely hydrolyze PC to GPC were: temperature, 50 °C; reaction time, 30 h; water
content, 69% of PC; and enzyme loading, 13% of PC. Because a considerable amount
of free fatty acids, which were released from PC by Lecitase Ultra, remained in the
reaction products, further investigations on the removal of free fatty acids are

required for the development of possible industrial applications of LPC and GPC.
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7}, Bibak and Hajdu (2003)¢} Rosseto & (2004)2 lysophosphatidic acids®}
lysophosphatidyl —cholines stereospecific synthesisE &34 W oz Ayd LPCE A4
st= WWo®  fluorenylmethylcarbonate®}t tetrahydropyranyl ether i p-nitrophenyl
-D-glycerate?] 3}84 7|5 23] st WHES HisS

. D’Arrigo & (2007)2 2l WAk &2 XwAES glycerophosphocholine (GPC)ell
Aol wres AA AEgHow FAHATI= WHES dATEd 3 WA dAE 1-acyl-
2-lyso-glycerophosphocholines THE 7] $13}4] 2-propanol®l A cyclic stannylene derivative®
WA 7l GPCY C2o14 C169 fatty acid chlorideE AFg3tgdch. 5 WA acylatione
methylene chloride®| A fatty acid anhydrideE ©]&3to] AFAH o= 1(2)-short-2(1)-
long-diacyl- glycerophosphocholines A4He 4= 9l 21t}

t}. Patel 5 (1979)0] A7hdtE HlE ZufA| 24 4-pyrrolidinopyridineS AF83+91 3L fatty
acid anhydrideZ benzene-dimethylsulfoxide (DMSO)Z 40-42Coll A 2-5A17F &<k Al&

2. A Uy
7F. GPC (glycerol-sn-3-phosphocholine) ¥+ LPC (lysophosphatidylcholine)ol| A 274 PC
=34 7le

(1) Cossignani & (2008)2 GPCAAFH F A AA AFAF PCE FAsAth
Novozym 4355 ©]&3}le sn-1 Ao A4S A3 A7 F phospholipase A2E ©] 8314
@& sn-2 Aol AAHE AdAZ o =N P A A

(2) Yamamoto % (2006)2 porcine pancreatic phospholipase A2E ©]&3le] LPCe
conjugated linoleic acid (CLA)S Ag3te] PCE A3
. Phospholipid (PL)ollA A 7+4] PLZ &4 7|&

(1) Adlercreutz and Wehtje (2004)+= sn-1° decanoic acid®} sn-2¢ hexanoic acidE 33+
st PCE gA3sH7]  938ke]  phospholipase A2E  ©]83te] egg vyolk PCE 1l-acyl
lysophosphatidylcholine (LPC)® hydrolysisat$ 3L, sn-2 ¢} X9l hexanoic acid® PCE WE7]
$sle] PLA2] ¢a] Zvl¥ hexanoic acid®} 1-acyl LPCZ esterification 3} th.

(2) Vikbjerg S (2006)2 soybean phosphatidylcholine (PC)¢} caprylic acid A}o]el
Lipozyme RM IME ©]&3% transesterification?] 7] & 24 sn-2 x| 18%7} Agd A4
PCE A5kl

(3) Vikbjerg & (2007) phospholipase A2E ©]-&3to] PL9 sn-2 %9 acidolysis ¥H-&
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A 14, 715 PCel &4 94 Uy e

L 71%4 PCol 34 2 AA w g

DHA (Docosahexaenoic acid) % MCFA (Medium chain fatty acid; Capric
7154 PC (Phosphatidyl choline) &4

B AN 54 PCE A4S Slstel 2A A vAE AR A
PC @A AFe HaE A4etn T AAZE A4E sl S
= [e]

W= AFE ey, AHAlE PCo A4 (DHAS MCFA)E  acidolysis

_,__X—]

Atk 2y acidolysisib-g-ol ¢olste] F PC o] A
A9l acidolysisiE-g ¥ 218 A|~®lS o] &3slo] AP er;g AX =&

PCE A & AN

o

(Figure 1).

Enzyme screening for synthesis of functional PC ]

-

Immobilization of phospholipase A,

(

Production of immobilized phospholipase A,

-

Acidolysis with DHA (or MCFA)

-

Synthesis of functional PC
incorporated DHA (or MCFA)

-

[ Re-esterification under vacuum ]

-

[ Enhancement of yield of functional PC ]

Figure 1. Production of fuctional PCA by enzymatic reaction

acid) & SH-3t

HA = 754
s} g gfolA =
S-S F3lo]
sto] >

1
G 7]

2

of 2

oX



) A=

7h 714

@ PC (granualated phosphatidyl choline, &% 95% ©]4}, from soybean)© Avanti
Polar-Lipids, Inc. (Alabaster, Al, USA)ol A %3} t}.

@ A"AE g o~H (73% DHA (22:6), 15% EPA (20:5), 6% DPA (22:5), 2%
eicosenoic acid (C20:1), 2% vaccenic acid (18:1n7), 2% others from tuna oil)+& (5°)
AAld 2o A A gatder. AEAE Al HHE AHAE old o ~FH 100 g= 1 L 5
g EebaAe] ¥a 95% of gk 300 mL¥ 40% NaOH €< 100 mLE ¥ il 30

&<t reflux heatingAl At 2 L #HZw7]o] w-&HS @il conc. HCl 120 mLe} <

R4 200 mLE @o] 83 £Eo] £ F oldFe AASL 9 FUE Aste A
wolzuz)o] Wi @4 500 mLe FH5 200 mLE ¥ol E50] T3 olgFe A7)
da 929 Atk Aol Hol Y& ANEL FHA 100 mLz Al W Al )
F3 A BRI 14 AR AAGT AaE Bl BF Aol YEE F F Ai
ukgo ALgshelth

@ MCFA (Carpic acid (C10:0), =% 99.8%)+ Sigma Aldrich (St. Louis, MO, USA)el 4]
T SA T

() &4

O &2x FTF

3174 &}o] AHEE Phospholipase Ay (Lecitase™ Ultra)+= Thermomyces
lanuginosus/Fusarium oxysporumol X< reld A4 a 424 Novo Nordisk Bioindustry
Ltd. (Seoul, Korea)ol*x T¥d&dtt. 2 ¢ Novozym 435 (from Candida antarctica),
Lipozyme RM IM (from Rhizomucor miehei), Lipozyme TL IM (from 7hermomyces
lanuginosus)®] 1A 3}E &4+ Novo Nordisk Bioindustry, Ltd. (Seoul, Korea)oll A +%
3t} Lipase G (from Penicillium camemberii) Lipase PS (from Burkholderia cepacia),
i

Lipase AK (from Pseudomonas fluorescens)= Amano Enzymes Inc. (Japan)ol A % gt
By gho|ln Lipase OF (from Candida rugosa)~= Meito (Japan)oll A T-43F g

Za uFZAE A SA nAAL H=A4 dZA R SRS 183 EAE AxsA
(Figure 2). =4 2AAZ+= Duolite A568 (Rohm and Haas France S.A.S. France),
Amberlite XAD 7HP (Sigma Aldrich, Korea), Celite 545(Sigma Aldrich, Korea), Dowex
50w x8 (Sigma Aldrich, Korea) 7} AF8% %3, ¥4 nAAZ+= Lewatit VP OC 1600
(Novo Nordis Bioindustry Ltd. Korea), Accrurel MP 1000 (Membrana GmbH Accurel
system, Germany), Amberlite XAD4 (Sigma Aldrich, Korea), Octyl silica (Sigma Aldrich,
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Korea) 7} AF-8-% At}
AAAE o] &3 A3 WES H=A
2+ (pH 7.5)2.
399t} Phospholipase A; 89 9]
ko] ;V-ﬂ"]i’i‘jr.

ZgpaFe] ¥

e}

] 44

9 O

=2 =

ol

=

g,

SA1Z Fo Dhosphate & 2 o g

IAA FA 1 g& VIS
t}. 324 3}¥ phospholipase Al
Al A HES A 7A=Y

[e]

T3

1% 7] oﬂH 24Xy A%

R [e}

AHAE 95% of g9
A A 3} AL

FE7E 10%7F HE=
TAA FA 1 gol 314 %¥ Phospholipase A; &< 10 mL<
30°Cel Al 250 rpme. 2 1641 7F %ot water bath shakerol] A

o Ao

XO]'E‘T& O]' Al

phosphate <+

© 2 phosphate &+%&-& A
ol 24 A7+ =<F A

9] 3o

T

[e)

OE

Hydrophilic support ][ Hydrophobic support ] [

Preparation of diluted enzyme solution
with buffer solution

| swelling with 95% ethanol |

)

Washing with buffer solution

-

Mixing diluted enzyme solution
with support (hydrophilic or hydrophobic)

|

[ Immobilization by shaking for 16 h at 30°C ]

-

-

[Washing immobilized enzyme with buffer solurion ]

-

Drying immobilized enzyme

-

Storage at 5°C

Conditioning at a,~0.64 for reaction

[

Figure 2. Protocol for preparation of immobilized enzyme
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7+ 0.1 N NaOH 04 g& <75 100 mLe] 41ojA vkt Al¢F Bl 1% CuSOy - 5H.0 0.5
g2 STHFF 50 mLel 4ojA TET ASF B2+ 2% NaK tartrate - 4H:08 575 50 mL
of Yol Azxgl Ak A, Bl, B29] FHE 23 F ARgsty] #de ZhzE 100 - 1

Foul &R 4ol Al CE whEo] ARt AlE 200 ulel 1 mLel A% C& 4o

vortexing § 104 st & Folin A ¢F 50 uLE % ©] vortexing ¥ 30

|
of WAl (A A AT 2R ARE 750 nmel oA FREES Z4ee.

Jj—]éﬂ% _bé‘-ﬁ\—%]: (mg/g) = J_-’—;gﬂ%g_r—o (g/g): W3+(W1—W2)

W1: phospholipase A; 2] @A (mg)
aAgst 5 gl ol e S EF (mg)

W3 AZA FA (g)

(3) Acidolysis W%

PCe} target A ®4F (DHA or Capric acid)
A2 E &5 Karl fisherE &slo R3S FHsAT 7]
AAE 2)S Yol 250 rpmoll A nLHFA]A

719 water-jacket¥} 2%

BOFCOl A 7zt o] AR B W &E Aol

o

4 EFE 3 g& sl ¥

Rl

22 dAHY Uld e Fe VxR o)
o

rlo
k
rr
l-‘E
olo

4 AL EF AR F ARE FST

1S

Figure 3. Water jacketed batch reactor for enzymatic reaction.
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[e)
o
7154 PC & SHE HAsto] ol=vl=38 wg 5 5 torrd] ol mwty A AL vk

Al 71 AdAZ w3 A 7F Fo] AJBE FHe Y (Figure 4).

Figure 4. Water jacketed vacuum reactor for enzymatic reaction

(5) 4]

(7} TLCE ©]-&3 PColl ¥ 758 A 44t 3= 2 +8& &4

HES-5E 50 mgS chloroform 150 ulol =<9 % TLC plate (silica gel 60 Fos, Merck,
Germany)°ll loading*] 7] 22 chloroform/ methanol/ acetic acid/ water (75:40:8:3, by vol)9]
fAoz A/MAATE Plateo] #2l¥ PCo LPCE scrapdt ol WHEFEZ (CI7:0) 1
mg= %3 BFs; (14% Boron fluoride in methano)& ©|&3t= WH 22 methylationA] A
GC 48 AN=E WET

(t}) GC-FID &4 =4

GC (gas chromatograph, Buruker cp-3800, USA)l| SuperlcowaXTM 10 (30 m x 0.25 mm,
0.25 um, Supelco, USA) ZHES ZF2std o Ay 98 25+ 180°CAA 183 A A st
230°C7H#4] 1.5°C/minl. 2 & A7l § 53 &<t AAAHG. FYF9] = 240°ColH &
2 ol23t A&7 Ekv 250°CE AAsn olsd 7taE EES 15 mL/mine®E &
HFHA 50:19) split ratioo| Al 4

(th) AL

<
PC yield(mol% )= ——
<
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Incorporationof DHA (or MCFA ) (mol% )=

PC A3 E DHA (or MCFA)S %% (mol) < 100
l

PCS AT F A Ao & (mol)

LS R = Ay

(D). &4 AA 2 143 54 F4]

(7h) &4 A4 (Enzyme screening)

2 ATE PCo 71 AWARS o] &3 acidolysis ¥H82E 7|54
o 24 AAS 9 A3 DHAS 22719 X1 ©@as¢ 6709 ols A2 gl o 533 +x
2 HEgAo] folslA] &S Ao=m FATse, B4 1879 o]FZAF 27120 conjugated
linoleic acid (CLA)E ©]-&3te H7tstdieh. &4 A4S 98t AH&€ CLAE 9¢11+CLAS}
10£12c-CLA7}F 5% 5 zkA|et= A wAato =z g4 AA o9l Ageo| = DHA (or capric
acid) & 714 = o]&sto] H3 282 target AWAHS PCol &7
FAZI=d delA 7 24 =S 24E RS 98 3 Ao, o Ay
Figure 59| A|A|stAch. AlgE 452 Lipase OF (from Candida rugosa), Lipase AK

(from Pseudomonas fluorescens), Lipase PS (from Burkholderia cepacia), Lipase G (from

Moz A

Penicillium camemberii), Phospholipase A: (from Thermomyces Ilanuginosus/Fusarium
oxysporum), Lipozyme TL IM (from 7hermomyces lanuginosus), Lipozyme RM IM (from
Rhizomucor miehei), Novozym 435 (from Candida antarctica) 87}A o]t} 712 % 3 g&
PCe CLAE 1:89 =0 &= &3 AS A&3st9 o, 50°CY shakeroll A 250 rpmo. 2 Rk
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Figure 5. Enzyme screening for acidolysis of PC.
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Figure 6. Effect of support on protein content in support and incorporation of DHA into
PC.
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Figure 8. Effect of enzyme solution content on protein content in support and incorporation

of DHA into PC.
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Figure 9. Effect of water content on PC yield and incorporation of DHA into PC as a
function of reaction time. This experiments were conducted at 55°C using PC and
DHA of 1:8 (molar ratio) and 10% (based on total substrates) phospholipase Aj,
immobilized by Duolite A568 by stirring of 250 rpm under atmospheric pressure.
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Figure 10. Effect of temperature on PC vyield and incorporation of DHA into PC as a
function of reaction time. This experiments were conducted at water content of
0.8% using PC and DHA of 1:8 (molar ratio) and 10% (based on total substrates)
phospholipase Aj;, immobilized by Duolite A568 by stirring of 250 rpm under

atmospheric pressure.
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Figure 11. Effect of enzyme loading on PC yield and incorporation of DHA into PC as a
function of reaction time. This experiments were conducted at water content of
0.8% and 55°C using PC and DHA of 1:8 (molar ratio) and phospholipase Aj,
immobilized by Duolite AD68 by stirring of 250 rpm under atmospheric pressure.
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Figure 12. PC yield and incorporation of DHA into PC on as a function of the added
reaction time by addition of vacuum of 5 torr after acidolysis of 6 h under
atmospheric condition. The initial sample for vacuum test was prepared at water
content of 0.8% and 55°C using PC and DHA of 1:8 (molar ratio) and 10% (based
on total substrates) phospholipase Ai, immobilized by Duolite AS68 by stirring of

250 rpm under atmospheric pressure for 6 h.
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Figure 13. Effect of molar ratio of PC and capric acid on PC yield and incorporation of
capric acid into PC as a function of reaction time. This experiments were
conducted at water content of 0.8% and 55°C using PC and capric acid and 5%
(based on total substrates) phospholipase A;, immobilized by Duolite A568 by

stirring of 250 rpm under atmospheric pressure.
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Figure 14. Effect of water content on PC yield and incorporation of caprica acid into PC as
a function of reaction time. This experiments were conducted at 55°C using PC
and capric acid of 1:8 (molar ratio) and 5% (based on total substrates)

phospholipase Aj;, immobilized by Duolite A568 by stirring of 250 rpm under

atmospheric pressure.
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Figure 15. Effect of temperature on PC yield and incorporation of capric acid into PC as a
function of reaction time. This experiments were conducted at water content of
1.2% using PC and capric acid of 1:8 (molar ratio) and 5% (based on total
substrates) phospholipase Ai, immobilized by Duolite A568 by stirring of 250 rpm

under atmospheric pressure.
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Figure 16. PC yield and incorporation of capric acid into PC on as a function of the added
reaction time by addition of vacuum of 5 torr after acidolysis of 24 h under
atmospheric condition. The initial sample for vacuum test was prepared at water
content of 1.2% and 55°C using PC and DHA of 1:8 (molar ratio) and 5% (based
on total substrates) phospholipase Ai, immobilized by Duolite AS68 by stirring of

250 rpm under atmospheric pressure for 24 h.
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(Figure 17). & Aol A A A sl+= n-3 PUFA® DHA (22:6), EPA (20:5), DPA (22:5)& &

Sach

FA:

[ Immobilization of phospholipase A; }

-

[ Acidolysis of PC with DHA in PBR }

-

[ Free FA elimination by SC-CO, }

.

i Free FA & LPC elimination
by liquid-liquid fractionation

-

Concentrated functional PC }

fatty acid; LPC: lysophosphatidylcholine; PC: phosphatidylcholine; SC-COq:

supercritical carbon dioxide

Figure 17. Production and concentration of functional PC

(2) A=
7hH 714
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Table 1. Fatty acid composition (mol%) of initial phosphatidylcholine (PC) and n-3 PUFA

enriched—fatty acid ethyl ester for acidolysis.

n-3 PUFA? enriched-

fatty acid ethyl ester PC?
C16:0 0.3 13.0
C16:1n-7 0.3 0.0
C18:0 0.8 34
C18:1n-9 21 10.3
C18:1n-7 0.7 15
C18:2n-6 0.2 65.6
C18:3n-3 0.9 6.3
C20:0 1.7 0.0
C20:1n-9 0.3 0.0
C20:2 0.4 0.0
C20:3n-6 14 0.0
C20:4n-6 0.8 0.0
C20:5(EPA) 14.7 0.0
C22:1 1.7 0.0
C22:5(DPA) 3.3 0.0
C22:6(DHA) 70.4 0.0
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Figure 18. Protocol for preparation of immobilized enzyme
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mLol|] Fo] Azgich A2k A Bl, B29] FH= B & AREsH7] A e 27 100 01 01
o] Fuuler 4o Al C& whEof AREETh AR 200 ulel 1 mLe] Al

1
Z ol Hl=

vortexing ¥ 10+ &< |
sto] wal (st A ZiTh BAE A RS 750 nme] el FRES AU
o o W1— W2
- = 3| ig]: = 71A = 2k =
aAstE 4% (mg/g) = 18stE 4% (g/g) w3+ (W1— W)

W1: phospholipase A; Qo] wrwa ek (mg)
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(3) AcidolysisE F3F 7] 54
(7}) 142 Wkg-7] (Packed bed reactor, PBR)

A2 WbV = 71A S WSR2 FJE T+ syringe®t pump, A A H o2 HESo] Ao}
+ 5<% packed bed reactor (PBR), W& F A =o] Yo+ FiEo=m FAHIH
(Figure 19). PBRol+= 1143} &47F YA Q3L syringed] Y& 7]1d o] pumpol] =32
2170 wel PBRE FE o] 1 ot F49 uked & 7 gAEo] A e &g )
of HolA Hr}y 2 AFoAl AZg PBRS stainless steel Al A= €] F-o] water bath=

S A REE AT 7 JdEE Hoodth PBRO WA 0475 cm, Zol= 5.1 cmelH,

=

)

PBRo AMYPA = 429 A& ok 0.35g% Tt Void volumeo] &, PBRell &A7F 2FA8F= &
7F o] 9jo] FZHS W3l o]= thA] Haf v|Ho] AYPYAE HIE 2on|dtt} o] PBRe|

)

Ao A el 49 7|AS Y =A3 void volumee 1.29 mL %It Residence time

g 71do] PBRel #F= Ae 9vsiy, vhg) 2ol Alrtdth

voidvolume (ml)
flowrate of substrate mixture (ml/min)

Residence time (min) =

Pump —I Substrates [
: 5
°
.
B
Water
| circulator
Figure 19. Diagram for packed bed reactor
(4) Acidolysis HF3-
PC¢} target A|®4F (-3 PUFA)S 50°Coll A zHzE mo] AdA3 & B &R 4ojA AlgS
W= Karl fisher 7 4715 Fstd] F@ds AT =AM =0]&9 #9+=
1:6-1:12 (PC:A ¥4 o]ttt 714 &£8% 30 g& syringeo] ¥ 0.35ge A3} T4
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PBRel A& & W8S A3PsAr} (Figure 20). PBRS water bathS o] &3} ¢
2 FA Hon, 2AME X9 e 35-65°CHT W A=} g4 9%

sk oF 301 WHE-7] void volumns 7|
void volumnel &3 3t 712 129 mLe SHAA 71E3} 528 A A 5
residence time™d ®bE HAFS AAEAT. 7 residence time ¥ AR AFH= T
residence timeol A A 2¥1¢] void volumndl #Fste= AIEE 3 AlA T ZAA
or4g3t | AREE ANFH Ak £AHE residence time 15, 30, 60, 120, 240, 360+ 019113}.
Residence time®] Z#4-2 SkellA 7] vkt o] pumpd] 8 =4 HATH 43 A
79 PCo} LPCell 23e n-3 PUFAS &% 3 PCo} LPCO] &2 vi&a s Att= gl
=3

o
e
rfo
i

3
ﬂ_ [e)
= 10

0_1_4

do
ol
2

m[o
w
Ar
1o
1y
k
t

o] residence time

—
=
lo

0_1_4 HN
o

=

71

A

n-3 PUFA= DHA+EPA+DPA

we
PC yield(mol% )= or o
- O

PCA A A n—3PUFA Y % (mol)

Incorporationofn— 3 PUFA into PC(mol%)= PCol Ara % AW 9] F (mol) x 100

we
LPC yield(mol%)= o
Lv(s_

LPC A3t n—3PUFA 9 % (mol)

Incorporationof n— 3 PUFAinto LPC (mol% )= LPCo] At % A 9] 9F (mol)

x 100
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(4). Acidolysis Hb-g A EoA PC &8 5=
(7h) = A o] iksheka =
Acidolysis®¥Fg-o] €% W& BAHEE ZUA oS AE o] &sto] ALl &
AAZ QAL o]o] ALgH ZIA Aol AT Figure 2101 YeERIT w8 AAAE
10gs =94 7] (12)9] water jacketed high pressure vessel (HIP, Erie, PA, USA)¢l
Pl FE7]9 &£ExE Y3ts X2 water circulator (1005 o] &3te] 2. A=
255 35, 45, 55°C ATk AA olitstetAi(1)= HlE] A ¥zl 5)E FI Ao
A #ZY (S E3ste] A HE (Haskel, Burbank, CA, USA) 6)E &3 F=
ek AA olatsterae] bl O HFEZm zAHAT. 2ARE 4E2 2000,
4000, 6000 psi ATt FE=E2 olofx ZHE Q] separator vessel (15)Z Xolxt} o] ilslet
29 A% flows flowmeter (Fischer and Porter, Warminster, PA, USA) (17)Z =74 =
o] 2mLE AR FAHUL FES SHT EE oA oiksterA ¥ (450 L&
AAGHAl sto] 6AIgFERF AL, FEo] 2 F FEV]eF ZHH U= AR =
el PC, LPC, FAS A& FA 71+ Wig&= &

Al W3-7]Z Figure 22-23°] e AT}

o] #AHAHAY. F=7]o F2 A

=
dslrl2 Bk A4 el g x

ules
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- | 9 3
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4 3 14
—— . i
1 5 A ™
3E3 —Q' 4 {D - "E
- 44 % ‘— :
~ll= % = 3
§ =|n .
jod = Bk |
= @” :
B = R ;
1-CO; cylinder 8-air compressor 15-separator
2-check valve 9-rupture 16-electric heater
3-filter 10-heating circulator 17-flow meter
4-subcooler 11-preheate 18-flow totalizer
S-refrigerated circulator 12-liquid extractor 19-air bath
6-liquid pump 13-heating jacket P-pressure gauge
7-back pressure regulator 14-metering valve T-thermocouple

Figure 21. Diagram for supercritical carbon dioxide extraction

Figure 22. Supercritical carbon dioxide system for fatty acid extraction
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Figure 23. Water jacketed high pressure vessel

(4) Liquid-liquid fractionation2 %3+ 7 X942 2 LPC A A

ZAA F=o] EG & F=
Ho G {92k LPC7F Al A = 9
|73 FAS AHT. =44 F

71o @& Al&+= liquid-liquid fractionationg &3 t}A] ok

o (Figure 24). o] €3 ¢4 &7 A4t 524
= ]
=

H ol & °f 05g9 ARE 44 Eeksao ¥, v=4
fufel derEES 21 (v/v)E A2 &S 10mL¥ o] &3] HoFAv. ALY HSA &
= dedoe=s, SRRXE I3 daeeve, I 455 Aok o] Az ek A
Al

°F 0.1% phenolphthalein in 99% ol &% &£4S 0.2 mL Y¥° F3 magnetic barg %
stirrer® ¢F 250rpmo. 2 Ao FA k. FE XA vl 73S 98] 0.1N NaOH in 70% ol
= &8s FHE ol&ste] I WA HHE "ojmey FTLAA AAS Y] FA AR
o] B A8+ 100mL #7] separate funnel® 7%t} olo] UM ALgdE H]ZFA Euf
10mL$t T7E5 48%F ¥ T5 22N 3 v54 &uSE s Eohaae] Kot
vacuum evaporatorg °©]-&3ste] &ulE A AT, o HA sto] Aol Az Ao #*
Atk o] W liquid-liquid fractionation ©] % PC¢] 2

t}.

O

fractionation$ PC2] % (g)

PCyield (wt%) = fractionation A & W PC| %

@) x 100
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Reaction product
(Functional PC + LPC + FA)

FA saponification V— Non-polar solvent + ethanol + NaOH

Functional PC + LPC
+ FA soap

Distilled water + non-polar solvent

! !

Non-polar solvent soluble Water soluble
(PC) (LPC, GPC, soap)

FA: fatty acid; GPC: glycerophosphatidylcholine; LPC: lysophosphatidylcholine; PC:
phosphatidylcholine

Figure 24. Separation of PC from acidolysis reaction product by liquid-liquid fractionation

5) =4
(7}) TLCE °]&3% PC &4
HES-5 50 mgS chloroform 150 ulel =<9 % TLC plate (silica gel 60 Fosy, Merck,
Germany)©ll loading*] 7] 22 chloroform/ methanol/ acetic acid/ water (75:40:8:3, by vol)¢]
goHog HAAZTE Plated] 2% PCe LPCE scrapd $o WFxiFEE4 (C17:0) 1
BF3; (14% Boron fluoride in methanol)E ©]-&3f+= H'H 22 methylation] #

GC (gas chromatograph, Buruker cp-3800, USA)®] Superlcowax ™ 10 (30 m x 0.25 mm,
0.25 um, Supelco, USA) ZH & Ao Ay o2 2= [180°ColA 187 AXA st
230°C7H#] 1.5°C/mine. 2 52 AlZl § 5 &<t AAA Y. FJF9 2= 240°CeolH &=
o3t HE7]¢ =& 250°CE AAsA olFd 7tae dFES 15 mL/mine® &
FHA 50:19] split ratiool A #2951 ¢}
(th) AL

>\+j

_4

we
PC yield(mol% )= o
1o

PO ASA n—3PUFA S % (mol)

Incorporationof n— 3 PUFA into PC(mol% )= ool AT %] = A2 9] S (mol)

x 100
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o
LPC yield(mol% )= RS
1. O

LPC) A= n—BPUFAQ/]OJ—(mol)

LPce A F A WAake] < (mol)

Incorporationof n— 3 PUFAinto LPC (mol% ) =

(1). &2 ¥kg-7]o A Acidolysis® 53 DHA 3t 7|54 PCY &4
DHA7} Z2%d PCE @7d38t7] Hste] nAA = Lewatit VP OC 1600& ©]-838te pH 7.5¢]
SFEhol 70%= SAA 14371 phospholipase A& FU= o] &st3ith A5H4 W
71 YA E TLEFE 03Hglo R aAHE Y residence times WIAA WS # 33}
0.35g9] ZAa7F AYA ¥kg-7]9] 7] Ao 3 void volumee =4 ZA¥ 1.29mLA Tt HES- A
2 5 7)FHo] a4 FFo| FE3 AYE F UEE residence time 3EOE °F 108]F] Z ¢
% 129mL flush out Al#AT ¥, residence timeS 15, 30, 60, 120, 240, 360 =o 2 w}¥y
2+ 7+ 9] residence timedl| Al WFS-8l3 Q&= 7]& o] 1 residence timeol A
HhE-gk 7] A9 YO =5 residnce times vhE - 2¥1X] ¥ F AR E AHAS AT A52
Z7o] Aolslm=2 DHAZF ZA3td
g5, 71d3ke] (A AR PC) &

DHAE Z3AIZl PCE A7l A3 4 FEdFs A7 98 8 & 714 77
0.07-4.0% (w/w) W] FEddols Aol A, o] uf yrx A
e 718k, 71d3re] EH &2 18 (PC:AIMAL, &%+ 55°CE g Hol 3ol =t
Residence time ¥ & A|EE AF st PC LPCol A% ¥ n-3 PUFAS $aF¥ PCeF LPCY
TE&S SASATH

PCel Z3¥ n-3 PUFAS e A9, 4.0% (w/w)E AL 2AME BE FEgak A
residence time©| 71°iﬁ°ﬂ ug} dAwbd oz pPColl Z¥E n-3 PUFAY o] S7HES &
ARt (Figure 25). w3 4.0% (w/w)oll A= residence time®] 120%7FA <

a5 )
= %?_]_'oﬂ"i‘ PCoﬂ 7&%% n-3P FA_O/] 8]—\21:0] 57]—6‘]‘039_]4’ 120‘5‘ O]*ﬁroﬂl\f ﬁié‘}‘% o]:)b
0.0

z27e ¢

P

b

2 H LI i=3 OW T 1.0% (w/w)RTH o & &
shafol M= 1.0%<F ¥aste] %7] &xo fFoHel AolE Holx gkt I o PCo
stef2 87 1.0% (w/w)ollA &2l ¥ 9lo™ residence time 360+l A]

28.6% (mol/mol)E& YWEFHAT o] &&= 0.07% (w/w)7} residence time 3603l A T
15.0% (w/w)e2 vlaste] & wf Figake] wel PCol A3t¥ = n-3 PUFAS o] =



A FFE 5S¢ F Aok
PCo &9 A9, A9 BE FEI A, residence timeo] ZAo] ol ule} @bz o2 PC
o] F&o] FrdteE AEFES Vel (Figure 26). FE3t#o] Z71sto] wat PCY F&&

7HAade H=d, PCol Z23%tE n-3 PUFA Y f%}f“/kol X E residence timedlA 7} wiokw
0.07% (w/w)el 7Z-5-°l PCe F&°] 7IYE =Adtt & 2.0% <9 4.0% (w/w)el 45 PCe

grom o] F IS Fol= wudth PCo|l A3H n-3 PUFAS Huo g
=]

A st 1.0% (w/w)ellA o] PC &2 7+ HAZ =& PCol 2384¥ n-3 PUFAY
st BAd S8 20% (w/w)ek Hluste] & w o %38 g 5 ddrh &3 R
20% (w/w)7} Hi PCol Z3" p-3 PUFAY =S 2 12029 PCHFEo] 25.3%

(mol/mol) el W3, PCell AsE n-3 PUFAQ 3ol o5 713 =8 1.0% (w/w)9
residence time 240&°lA19] PC &2 33.2% (mol/mol)® €3] =4 YElT

LPCel 23 n-3 PUFAS 3o A%, dubxos ity B
timeo] F7tdE 2 o]l FUtEAY, e SUtett WE S oFE FHE B
(Figure 27). &=l 0.07%°14 1.0% (w/w)= F7+gell wel LPCol A23%% n-3 PUFA9
o] Frtehe A%E Bk v FEgEe]l 1.0% (w/w)elA ° 57
2.0% (w/w)®] residence time 3605 2|3k U LPCel Z%¥ n-3 PUFAS] gHFo]
Aadte FAE B3, FESHE 40% (w/w)olA 71 vre ke Btk

LPCe &9 A5, Fasafel we 2 ol F92¢ 2olE Hdt} (Figure 28). T
el 0.0791M 1.0% (w/w)7hAl S 7Fgkell whe} LPCol G&o] F7FeksilaL, zh2he] &4 9A

T3] S7FES BT v i g EF 2.0% 9F 4.0% (w/w)oll A& F-2 residence time©l A

-

F70] LPCE] 4+&0] 2718 ¥ residence time 302014 HulAE Lhebdl & oAl G438 7
pate] ol AR WP ol FAe HATh o ZHE o= AR FEE PCE 4
BEAA LPCE AAES AW, AU/ ko] 588 ofdA AHE LPCH thA] 745 %
3 o)

GPCE A% H+&= vhe& FXd0 958 + Uddnh

Xd‘i‘_x—igi o Aol #=E2 PC¢ n-3 PUFAQ Acidolysis¥t-3o o424 g
TN AL peEe]l e PCo A uR ZteRa s 31
I BAFAY. A 2 dATddeE FETEE 1.0%
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[ncorporation ef n-3 PUFA [mol%)
into PC

0 T T T
0 100 200 300 400

Residence time (min)

Figure 25. Effect of water content on incorporation of n-3 polyunsaturated fatty acid
(PUFA) into phosphatidylcholine (PC) (mol%) as a function of residence time.
This experiments were conducted at 55°C and the molar ratio of 1:8 (PC:fatty

acid) using immobilized phospholipse A; under atmospheric pressure.

PC yield [ mol%]

o T T I
0 100 200 300 400

Residence time (min)

Figure 26. Effect of water content on yield of phophatidylcholine (PC) (mol%) as a function
of residence time. This experiments were conducted at 55°C and the molar ratio
of 1:8 (PC:iatty acid) using immobilized phospholipse A; under atmospheric

pressure.
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Figure 27. Effect of water content on incorporation of n-3 polyunsaturated fatty acid
(PUFA) into lysophosphatidylcholine (LPC) (mol%) as a function of residence
time. This experiments were conducted at 55°C and the molar ratio of 1:8

(PCifatty acid) using immobilized phospholipse A; under atmospheric pressure.

LPC yield (molg)

I:I T T T
0 100 200 300 400

Residence time(min)

Figure 28. Effect of water content on yield of lysophosphatidylcholine (LPC) (mol%) as a
function of residence time. This experiments were conducted at 55°C and the
molar ratio of 1:8 (PC:fatty acid) using immobilized phospholipse A; under

atmospheric pressure.

_67_



p g ZAE] 98 259 MelE 35-65°CE
UmA Az gi7lskelA s 1.0% 7183ke] &1s 1:8 (PC:A]
WAL, A w o] A3 o] e E At Residence time W2 A RS A FH3te] PCe LPCol A
¥l -3 PUFA® 3t} PCoF LPCY &5 SA A

PColl Ag¥ n-3 PUFAY dr&o A ZALE RE 2% HY oA residence timee] 7}
groll wiet PCell Z3+e n-3 PUFA9] 3hefw
7} 35°Cell A 55°CE Z7kat#k PColl A9t%l n-3 PUFAS] ko] &
55°Cel Al 65°C= Z7katAt PCell At n-3 PUFAS] sheke] #aste 73?‘%—% UrE‘rHiE}.
PCe &9 4%, Bt &% WA residence timeo] F7iste] wel 7] wESo A+
PCe| F&o] #4373 s/t dA residence time ol FollH = BHE olF= e B
o} (Figure 30). PCol A%¥ n-3 PUFAS] @Hakvhe w2, 257 $713k] me) PCel +
&2 7HAstSl=, residence time 1204 o] Fol A= 45°C-65°C Apoleol] A<l zto] & K
o AT

LPCel A3¥ n-3 PUFAS &9 4%, 35°Cet 45°Col A& residence time®] 7} 4=
LPCell A%¥ n-3 PUFAS ko 7415:—%}04 <7kt o, 55°Cek 65°Cel - LPCel 4
H n-3 PUFAY 3 o] =718ttt AA residence timeo] FolE= 74 stgdth (Figure 31).
LPCel| Z23t¥ n-3 PUFAY g&o] S7teles 7] %+ 35°Ce 55°CE = %=7F S7hEe o
g} whebd o}, 55°CéF 65°C Atolell= ¥ Afol7b gidth. Hdl LPColl 23%% -3 PUFAS] $
22 45°C, residence time 36030l A o] Xt}

LPCe &2 A, ZAIE BE 2% WA residence timeo] Z7}stol] uwpg} LPCe 4
o] 7ttt P S olF = e UEHY (Figure 32). =%=7F 35°CollAl 55°C= S 7Heh
of wz} LPCe &9 %7}8}{— S- 5w o residence time 360%o A EE 5ol A

o LPCe] $&o] 72 Zobyg seld & Airh

o]

)

Yo

acidolysis®] WHS-o] &4
6,H '5']»7] LEHTTE‘OH oéoi ] 7‘___:}.374_31‘:]:/_ _7}':%%14- T,q-a—/d PCoﬂ 6\;} m3 PUFAS)’]' PC‘CA
A al# st} 55°CE FH %

il
1.
A2
rlo
k
fu
-
o
_(>|L
32
v
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[ncorporation of n-3 PUFA [mol24)
into PC

0 T T T
0 100 200 300 400

Residence time (min)

Figure 29. Effect of temperature on incorporation of 77-3 polyunsaturated fatty acid (PUFA)
into phosphatidylcholine PC (mol%) as a function of residence time. This
experiments were conducted at 1.0% water content, and the molar ratio of 1:8

(PCifatty acid) using immobilized phospholipse A; under atmospheric pressure.

100

—&— 35°C
—0— 45°C
—y— 55°C
20 4 —"— §5°C
Ly}
=
]
E
p—
. &0
.9
=
3
o
40 ~
2|:| T T T
0 100 200 300 400

Residence time (min)

Figure 30. Effect of temperature on yield of phosphatidylcholine (PC) (mol%) as a function
of residence time. This experiments were conducted at 1.0% water content, and
the molar ratio of 1:8 (PC:fatty acid) using immobilized phospholipse A; under

atmospheric pressure.
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[ncorperation of n-3 PUFA (mel%)
inte LPC

0 T T T
0 100 200 300 400

Residence time (min)

Figure 31. Effect of temperature on incorporation of -3 polyunsaturated fatty acid (PUFA)
into lysophosphatidylcholine LPC (mol%) as a function of residence time. This
experiments were conducted at 1.0% water content, and the molar ratio of 1:8

(PC:fatty acid) using immobilized phospholipse A; under atmospheric pressure.

30 4
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Figure 32. Effect of temperature on yield of lysophosphatidylcholine (LPC) (mol%) as a
function of residence time. This experiments were conducted at 1.096 water
content, and the molar ratio of 1:8 (PC:fatty acid) using immobilized phospholipse

A1 under atmospheric pressure.
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]

(th) 71d7ke] Ev) g o 93

-3 PUFAES ZAEAZ1 PCE A7 #3 49 =+ HA 714 Evs
1:6-1:8 (PC:AIAH o] ool A Aol F=HA o] wf YA AP0 th7]st AelelA
<% 55°C, 8 1.0% (w/w)ZE 1145 o] Ado] 28Tt Residence time B & Al&E A
#skol PCo LPCell A3 ¢ n-3 PUFA®] §&Ft PCo LPCe] &2 At

PCel A% n-3 PUFA® o AL FALE RE Zd]go|A residenc timee] &7t w
2} PCol A%¥ -3 PUFAS] &= S7FetAY S7kettil @3S ol F= S dehdd
o} (Figure 33). &EH]&o] F71ste] wel PCAl A% n-3 PUFAS] &Fo] F7tstaltt. 3hA
9t residence time 360X+ &H] & 1:69A4+= PCol 23 n-3 PUFAS 3haFo] oF 24.0%
(mol/mo) & ¥HA  1:87 1:1091 4= <F 29.0% (mol/mol)E = Alolo] 2% ¢l zo]= e}
Wx gkttt En]g 10129 A9 33.0% (mol/moDZ 7H¢ =2 7S Yerd

PCe &9 A% 2AtEd ZE EH] &AM residence timeo] F7}gtel upel F=&0] 7]

I
23k o] WYES oY (Figure 34). T3 =0 &o] F7tgtel wel PCo &2 3

of wel LPCell Z2%¥ n-3 PUFAY o] F7hettrt HE & olFv s dedAd
(Figure 35). & =H] &9 F7bel| wel LPCol Z3€ -3 PUFA®] §HaFo]l F7tstoith
LPCe &9 49, 1110S Ast AbE BE v &odlA Z2he] LPC F&d F94<
zpolE WolFx] ¢kokt) (Figure 36). &R & 1:109] 4% o2 EW]&oA WU LPCO F&°
HAubAom of3b gokoud Al {2l Sl Aol WERA] gkt
Adtd o2 PCet A Wpate] ZH] &9 TV PC9 -3 PUFAS] acidolysis ®F-&-oll &4 A<l
IS 7S ¢ 7 ARG A PCeoF A4k acidolysis HE-g-ol A 1&2] PColl& 25 9]
&, o]gHom KHE 7|Ho] whgate AAES e 7HEE o, PCo
A4kl acidolysis RE&2 1:29] =M &M 7HE AAAold. weba PC:AALY] EHl &S
SN AGFE HFe] Aste]l WA Ho] HIAAAY B oolyet v T AFEAA VA
gates Aol FA @k & Aol EHE& HA 1S AT wol= PCol
A 3 F& By oiyg BAAY H v F PC #E 49 &
oldx mHA T ek FulE 1:8 (PC:AWAH 2] 49 residence time 36044 PColl Z
P

UFA®] & 91, PCO & 94 EFownw 18 (PCAMNS A Bl

i

Xz A Acidolysis ¥H3 A &2l PC, LPC, A W4t Yo A kAt 248 Table 2.9 Al
Alstgdh. o] acidolysis ¥H& AAES PC, LPC, A H4F Alolo] zA S PCeo 79 95%
(w/w), LPC2] A% 5.3% (w/w), A2k 49 69% (w/w) &

=
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Figure 33. Effect of molar ratio of PC to fatty acid on incorporation of n-3 polyunsaturated
fatty acid (PUFA) into phosphatidylcholine (PC) (mol%) as a function of
residence time. This experiments were conducted at 55°C and 1.0% water content

using immobilized phospholipse A; under atmospheric pressure.

PCyield [ molf)
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Figure 34. Effect of molar ratio of PC to fatty acid on yield of phosphatidylcholine (PC)
(mol%) as a function of residence time. This experiments were conducted at 55°C
and 1.0% water content using immobilized phospholipse A; under atmospheric

pressure.
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Figure 35. Effect of molar ratio of PC to fatty acid on incorporation of n-3 polyunsaturated
fatty acid (PUFA) into lysophosphatidylcholine (LPC) (mol%) as a function of
residence time. This experiments were conducted at 55°C and 1.0% water content

using immobilized phospholipse A; under atmospheric pressure.

LPC yield (mol%)
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Figure 36. Effect of molar ratio of PC to fatty acid on yield of lysophosphatidylcholine
(LPC) (mol%) as a function of residence time. This experiments were conducted
at 55°C and 1.0% water content using immobilized phospholipse A; under

atmospheric pressure.
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Table 2. Fatty acid composition (mol%) of phosphatidylcholine (PC) and
Lysophosphatidylcholine (LPC) after acidolysis of PC and fatty acid at residence
time of 360 min, water content of 1.0% (w/w), 55°C, and molar ratio of 1:8

(PCfatty acid).

PC LPC
C16:0 4.6 5.1
C16:1n-7 0.0 0.4
C18:0 1.5 1.9
C18:1n-9 9.3 8.3
C18:1n-7 1.0 1.2
C18:2n-6 47.7 36.7
C18:3n-3 4.3 3.3
C20:0 0.6 0.9
C20:1n-9 1.0 1.5
C20:2 0.0 0.4
C20:3n-6 0.7 1.1
C20:4n-6 0.0 0.5
C20:5(EPA) 7.1 10.3
C22:1 0.8 1.3
C22:5(DPA) 6.4 24
C22:6(DHA) 15.1 24.8

(2) Acidolysis ¥HS AAEZRE 754 PCo #i ¢ =
ARz (FEFH10% (w/w), % 55°C, ZH]& 1:8 PC:A L)) A iz acidoglysis
W A EAdA 715 PCo i B o] F GAE A=A 754 PCY w5 W

o7 %97 o]AtatEr WS o] &3 AW A A9 Liquid-liquid fractionations ©]-&3F

Z4A ottt e A S o] &3to] acidolysis WHSAHERNEH AWAS FE5ke] AAsH] 9
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Figure 37. Effect of pressure on the relative content (wt%) of phosphatidylcholine (PC),
lysophosphatidylcholine (LPC), fatty acid in the residue after 6 h of supercritical

carbon dioxide extraction at 35°C.
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Figure 38. Effect of pressure on the relative content (wt%) of phosphatidylcholine (PC),
lysophosphatidylcholine (LPC), fatty acid in the residue after 6 h of supercritical

carbon dioxide extraction at 45°C.
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Figure 39. Effect of pressure on the relative content (wt%) of phosphatidylcholine (PC),
lysophosphatidylcholine (LPC), fatty acid in the residue after 6 h of supercritical

carbon dioxide extraction at 55°C.

Table 3. The amount of sample (g) extracted after 6 h of supercritical carbon dioxide

extraction from 10g of acidolysis reaction product.

2000psi 4000pst 6000psi
35°C 2.3 6.3 6.6
45°C 1.8 5.9 6.5
95°C 0.9 9.5 6.4

4
n
rlo
k1
=2
Lo
<L
o2
o

At AA oA, &7t 4 wet FE7)6 de AR x
o wa}l 1 YAl HolE Bl 2000psie] A 2Zvt FUMEREE
% PCY gtafo] Zradhe Aol FAxdor} 6000psie] F-$ o]l Hhy
ute} PCO gFo] Z7haksinh Wb 4000psie] A 2%7F 45°CY w) FE7)0 9 AR T
PCo dako] 74 =okt) LPCo 7% 2000psiol A= 35°CollA 45°CE2 X7} Z7h8kA 21
gigol Frastdl oy, 45°Cel 55°C Atolel= zkolE& YERA] 283kt 4000psiol A& 35°Cell Al

=
HY e FEE UEhn 2wk bl we 1 g9 $AM0R S7kshga, 6000psi
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o A= 35°CSk 45°C Abelol ol Ml AolE wolx| ergrort LR 4SCHlN BHCE F7hal
A 7 grepol Frkshi gle] SISk AW A%, 2000psidlHE X7 STl wet
o g% oA E7bekel ol 4000psish GOOOpSioﬂ/‘i-E 2R Z7bo] ubeh 7 gerel ashdl

ot} orol Al AAT HA orE 6000psiol Al %7t 55°CY wf PCe] o] 71 =9kA vk LPC
o] e 45°CY w 55°CH U €53 vkt wabd v @Al LPCe A A7 A A

AART ¢ o8& oz ARHA7] Wi, PCO &% =i LPCY T2 w3kdd 45°C
A 2ER AASAY. webA o] HAzHAA FE2F Ay, FEH U2 AR F2

& 10g% 6.5golaL, o W FE7|o] P2 AlmelA PCO e As 11.3% (w/w)olA

36.4% (w/w)= °F 38 ol F7kstdth. LPCol A2 A5 6.3% (w/w)ollA

Algol 189% (w/w)= F7Fetd o, Aake] A= A& 824% (w/w)oll A

Aol 44.7% (w/w)2 F2ske] A 5ol wis of dubdE JiRshs e 23l & 5 Ak

_._4

=
E'L

Table 4. Relative content (wt%) of phosphatidylcholine (PC), lysophosphatidylcholine (LPC)
and fatty acid in the reaction product after acidoylsis and in the residue after 6 h

of supercritical carbon dioxide extraction.

— 35°C 45°C 55°C
2000psi  4000psi  6000psi 2000psi  4000psi  6000psi 2000psi  4000psi  6000psi
PC 11.3 16.9 26.0 35.1 14.5 29.9 36.4 138 275 38.6
LPC 6.3 9.6 146 188 8.1 15.1 189 85 189 21.2
FA 824 73.4 59.4 46.2 77.4 54.9 44.7 77.6 53.6 40.2
total  100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

(3). Liquid-liquid fractionations ©]-&3% X4k 2 LPCS Al A
Acidolysis Hb-g A=A =LA olitstE A FEFE Fd AWAto] AAHE A=A
liquid-liquid fractionationg %3l thA| 3 ZF3ta Q= A HAE LPC7F A ASHG S =<
FEo] B AR 242 PC, 364% (w/w), LPC, 189% (w/w), AW4k 447% (w/w)S
HESAIA 71 Qbol] ZbFdhe AWARS FEdoR vFst A7l § o7

4 Bet SHFE Wol, o 29 FA4% Aolol oel Al <kl = AEAtak LPC

oo
o
>
il
z
Qo
O
o
o

PCE Al %%5}95\3}. Liquid-liquid fractionation®] -%]le Z7AS 27} 98] o] /\}%
He v5A EuEA A Szl AR AT w3 A8E &jel TFTE fractionation
sh ol Agsk &ufel gk SR Y ZAFE AT
hH &me A4
Liquid-liquid fractionation®] A & &we] FAE x}old & EAS B stes o] 7] o
A A A

Fo ojw fujE AgslE=stol] wel 2 At w9 Aol 4 itk B
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PC, LPC, AWk, Aol GPC7F EAlst=dl, ¢ 5 PCeo Hl=d A%
S e AAtE WA NaOHeob vbe-A1A -2 o2 nlpsl AlZh A gqke] W43
=
)

At W e® AOCS Cd 3a-63° whzk st def AOCS Woll wawd, &

NI
ol
ol
o
B

2 toldol e 2} o ezl ARSE =, o w HelddH 2 g&E nls} vkl 3
ofshx] @il A& =dE Fol= SriEM o 2Ert vk ole&o A%, NaOH9 Agits
RESAA w89 e}l NaOHSF teldolel 2] Folgli=s A ake] vbg & 4 Q==
=3 JHEZS Mol drhe] phasez WEojF= HEE vk o wl ARES= NaOH HA] 2
S o=, ©Ed FE9 AEHE obd, 70% ey 30% THTE 4 vl 0.IN9 F
T2 ghE §4S ARgSth adld B Al s AR R I ¥ fractionation
ot dlol 7 Aed =de 2] flste], vt AbgE = YelEdHES tHAE = 9l
= o2l 7HA w54 SmE AREske] o 235 waa] Btk ole] XAbE gujw ik
2Ry, o e, gIzavete]l AREHAY. &l ool yrA =1L A5 ¥lF3
of Abgeh HISAEE o dlE2e] Fe o] & 212 He §9S 10mLE AFSSRSlaL, H]
38w AF8-3F= NaOH+= 0.IN NaOH in 70% ethanol/distilled water (v/v)& 31738}e] A}

otk F24 vFart 8 ¥ AISE fractionation & o, 10mLe] &L W=7 &vfset
2omLel ¥ kel TS ¥l fractionation A Zt.

Table 5= AHEE H=4 &mjol W& liquid-liquid fractionation ¥ A& PC, LPC, A%
A xA B PCY FES UEd Zlelt PC e A, dER2Aes AR A 72.7%
(w/w)2 7bd Eotomn, 7 vgo Hoddg=, F22xs, ik woldlth. LPCe| 45
toldo e 2s AbE3 49 54% (w/wE 7P wkoy, gIFRaves AE3 9%
5.7% (w/w)= teldeolul 2t FapolE Holx &trt. sjake] A5 72% (w/w)2 7Hd %2
LPC &&< yvetdllth felAwat e 49, deEzevas A 49
7 Sokal, O s HelddH e, FREEE, ik sor FUME AH R =4
= HEFE2vgy gedoH =t vldk Ags Hol=
Hd Aew FA
PCe| &9 4% HEzzres A A5 215% (w/w)z2 7Hg =7 Yebea 1 F
o 16.8% (w/w), HAddHZE A& w 134% (w/w) A
AREEE - PCO & B ofdE PCO &

o
=
oA 714 Bgtonw, UERuEe A4 §uE A45

Table 5. Relative composition (wt%) of phosphatidylcholine (PC), lysophosphatidylcholine
(LPC) and FA in the PC enrichement and yield of PC (wt%) after supercritical
carbondioxide extration and liquid-liquid fractionation with wvarious solvent.and

distilled water.

_79_



After After liquid-liquid fractionation

SC-COq n-Hexane Chloroform Diethyl ether Dichloromethane
PC 36.4 53.1 64.4 67.2 72.7
LPC 189 72 6.6 5.4 5.7
FA 44.7 39.6 29.9 24.0 21.7
Yield of PC 100.0 0.2 16.8 134 21.5

(1) Fractionation®l Al AF&sh= S/ Fo 93

ZA FFo] B AlmolA At FEA vFsE A7l $ fgEEEday SRTE
o]-§slo] fractionations ot HANA H7lete 7+ &me] & oEd P4 F IS F
o] PCe & % Tl & FFS
Ao A H7FAd g3 AR W XA Ee] &
oANA Zh guje] FS Aol FEFS It mebA oo Ab&stE 7 A
&S dolry] Yete], AT gFzauetd thate] FHF S WEHA
o ZAME SR 4 H9le 5-35mLAt

Fractionation®] AF&%® ZF57F SmLolA 26mLZ S71ge] uwlgl PCe $haFo] 52.9%
(w/w)ell A 72.7%(w/w)7F A S 7Fet ok, v S/ s 25mLelA 3bmLE F7}stat PC
o] o] v #adtE Ao Z UET (Table 6). LPCY e A9 S/ %S 5mL
oA 25mLE F7FAIA el wEl 1 gkl 14.65% (w/w)ellAl 5.7% (w/w)Z A3t d4A)
SR FE 25mLell A 3omLE F7HAI7IAE BRA] 1 SheFe] Fbsk it el Atk ¢
LPC &3 U3t S BAed, 755 2omL AFSeSlS o 7MY A2 33FS
o},

Ce +&° 4% SHFTE 15mL AHEsHA S o 228% (w/w)=E 714
THTE 26mL AHEEA S Wl ® 215% (w/w)E 941 Aolg Ko
SmL AH&3FAS wiel 3bmL AHESES Wl PCY &) gt o Hasiont 1 gho
°F 19.4-195% (w/w)Z 15mLY+ 25va4 THTE A& S et oAl
7 fractionation Al ol el & PFAFH = o] AU

A, 271 %%f;—t— 2 G 3 uEst el HbE ol Ee

[e3

d

=2
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32
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]
—

By m%r

PCel &S T7MA7= 9ES dvfa FEHT
Ak o2 FHTE 25mL
B &, fractionation®]l A3 FHTY & 2omLE A%
T dold sH=olA PCo TS A FE0] EWS UHQJ ?_E}%]: 36.4% (w/w)el A 72.7%
(w/w)Z <F 28] 7}F S7Fek o) acidolysis ¥H& A ED} vuste S WE 11.3% (w/w)
x
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S weo] &= 44.7% (w/w)ollA 21.7% (w/w)ZE AHte =z ZFA4sk9l o™ acidolysis ¥H-5 A
=3 B ustR S w= 824% (w/w)ollA 21.7% (w/w)Z 1/4 BEZ2 A3 LPC §H=Fe)
ALY ZUA FEFo] BWS wo I 189% (w/w)d Hlsle] 57% (w/w)E FHAsR on,

acidolysis W A ET MWHYS W= 63% (wiwol Al 57% (w/w)E 2258

o,

Table 6. Relative composition (wt%) of phosphatidylcholine (PC), lysophosphatidylcholine
(LPC) and FA in the PC enrichement and yield of PC (wt%) after supercritical
carbondioxide extration and liquid-liquid fractionation with dichloromethane and

various amount of distilled water.

After After liquid-liquid fractionation
SC-COg D.W. 5mL D.W. 15mL D.W. 25mL D.W. 35mL
PC 36.4 52.9 55.0 727 60.5
LPC 18.9 14.6 13.9 5.7 13.8
FA 44.7 32.5 31.1 21.7 25.7
Yield of PC 100.0 19.5 22.8 21.5 19.4

=
2 AFodAME AEH2 GAhNE A|2"E o] &3] acidolysisE F3le] 995 PCEHH n-3
PUFA7} A%td PCE AAtsta, whg AHERHE 7 LPCS FaAAts A7 e=s
APZE U PCE TFAA 1 TS =ole WHES BASuA stk ol& $3 WA
phospholipase A1S 1xpd %o AAT HA WHorg wA3Z}el, o] §4AE o] &3t A&
HE3-7]1o) A aciolysis RFe-& St 1 AFHH FEITFS 1.0% (w/w), 4 ¥k
T 55°C, HA =H &S 18 (PCAAHRE AAHATE HA x4 residence time 360+
of AitE REgALE© -3 PUFA7L PCe &#2 286% (mol/mol), ©] W PCe &
& 322% (mol/mol)th. o] WA PCO| ke 95% (w/w)SAth o] WhgALE o A]
PCe &S Fol7] 93, A olitstetag o] &ste] AYAS A A AL ol & $3 =
A xzHor F& oY 6000psi, =% 45°C7F AAHAT. 2dA F=0] 4 F FEHA &
FoA PCe &2 acidolysis BH8 § 3H&F 11.3% (w/w)ellAl 36.4% (w/w)=E <
FAHAJT. 2dA F=o] & A 5NA 7 XA 2 LPCE AI7187] $8te]
liquid-liquid fractionations A A|%t A3} =22 W eto] #HA Sul2 AAEST 10mL U F
22 g et 26mL FFTE AF&ske Zlo] A stk Aol ElEAT. HFAoR o
o1zl PC s5E°A PCY @%L% 726% (w/w)Q 3L, ol 294

wake] oF 20, acidolysis W& ¥ 11.3% (w/w)¥ waLste] oF 7wz}

2

g mﬁ
Y
019
Y fo 1>

i

—~

o

A
o My
off o
%
\°
2]
5
1o,
)

_81_



3. Bulk-scalel Al 7154 PCY 34 2 AA vy g

7h s B g
DAY =
B E B dAqtolx 1433 phospholipase A;  (from  Thermompyces
lanuginosus/Fusarium oxysporum) 1733} &42E o]&3te] PC n-3 PUFAQ acidolysis
olE T 7l PCE A8ttt 1, 2xbd kel Falstadd HA a4 v
€< bulk-scale ®¥Fgol #-&sto] 754 PCY diF A 7FesdS EASHTh Egh vhg
E 5

BAEAA [ A R LPCE AlAstY 7Ied PCE v s A4 4L F

s L

o 2
A

Y dAlZ vdg 3 A= acidolysisit-eS &3] &2 wEE-7]Q PBR system % 3]
2 g7 A 7leAd PCE FAsta, 7 WARE 23 ¥ WES Fole] PCY &8 ¥3d

T A HARE 2UA olitgEtAh FEHES ol &g e A ENA IF FEAWAS 1A
AAG & v HAE liquid-liquid fractionation H= ©] &3 ZHF Fe|A ¥4 2 LPCE &

H

i=]
gste] 715 PCE =3ttt (Figure 40). ¥ A FolA A A3+= -3 PUFAZ DHA
(22:6), EPA (20:5), DPA (22:5)9] % =S ov| st}

[ Bulk-scale immobilization of phospholipase A; }

Bulk-scale acidolysis of PC with DHA in PBR/batch
reactor

.

[ Bulk-scale re-esterification under vacuum }

.

[ Bulk-scale free FA elimination by SC-CO, }

-

Bulk-scale free FA & LPC elimination
by liquid-liquid fractionation

-

[ Concentrated functional PC }

FA: fatty acid; LPC: lysophsphatidylchie; PC:phosphatidylcholne; SC-CO2: supercritical
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carbon dioxide

Figure 40. Bulk-scale pruduction and concentration of functional PC

(2) A=

b 714

@ PC (granualated phosphatidylcholine, =% 95% ©]4}, from soybean)T Avanti
Polar-Lipids, Inc. (Alabaster, Al, USA)ol A -9 31t}

@ AP oE 2B = (F7) dAdzolA Agstdv. AL g o2y o] AWAl X
42 Table 76 YetH AT o] A4k g o 2B = (F) ALz =itk #
AfeSE HoEFE T3l eHrt 3 At sFAA Azl AN Alx

W AL old ol 2F 100 g& 1 L T vbe Zghaae] ¥ 95% e

300 mL¥# 40% NaOH &< 100 mL& 93 30 &<t refluxAlZch 2 L &4 Zuf7]

of WhgNS Y conc. HCl 120 mL¥} S/ 200 mLS Yo 73] &89 & &
ol FS W SIEWS Hsto gA] EAZur]e @ d4F 500 mLY} SFF
= 3

—_
N
i
2
ftlo
2
)

ol
ol
=
i)
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Table 7. Fatty acid composition (mol%) of initial phosphatidylcholine (PC) and n-3 PUFA

enriched—fatty acid ethyl ester for acidolysis.

-3 PUFA enriched-

fatty acid ethyl ester PC?
C16:0 0.3 13.0
C16:1n-7 0.3 0.0
C18:0 0.8 34
C18:1n-9 21 10.3
C18:1n-7 0.7 15
C18:2n-6 0.2 65.6
C18:3n-3 0.9 6.3
C20:0 1.7 0.0
C20:1n-9 0.3 0.0
C20:2 0.4 0.0
C20:3n-6 14 0.0
C20:4n-6 0.8 0.0
C20:5(EPA) 147 0.0
C22:1 1.7 0.0
C22:5(DPA) 3.3 0.0
C22:6(DHA) 70.4 0.0

uA3) =  A}EE  phospholipase  A;  (Lecitase®  Ultra):= Thermomyces
lanuginosus/Fusarium oxysporum|~ +#ld A4 a4 24 Novo Nordisk Bioindustry
Ltd. (Seoul, Korea)ol Al <3} t}.
@ =4 1743

Lewatit VP OC 16005 95% ol gt 3A17F &<t HAAIA <k
& (pH 7508 o&&s AAstL BEE A Aol %%%"—‘10] AN A =2 sFA T
phospholipase A; &9 %7} 70%7} ¥ X% phosphate ¢+Z 84S o] &3t A7
ot A A FA 1goll phospholipase A; £ 10 mLE 7}k & 30°ColA 250 rpm o= 16

AlZE Bt AojFEdy. 28] 2 AA FA 1 g2 7]+£ 2% phosphate &H%89 40 mL3
o] &3] AMHa|FE 1A 3LE phospholipase AlS ALoA 24 A7F o Axw &
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F A7) A 2477 A=A
q

= 06420 2HE &7

[er

| Lewatit VP OC 1600 | Preparation of diluted
v . enzyme solution with
buffer solution

-

Swelling with ethanol
N

Swelling with ethanol

L

Mixing diluted enzyme solution with support

v

[ Immobilization by shaking for 16 h at 30 °C

Y

’ Washing immobilized enzyme with buffer solution |

Y

’ Drying immobilized enzyme

Y

Storage at 5 °C

l

Conditioning at a,=0.64 for reaction

Figure 41. Protocol for preparation of immobilized enzyme

@ &9 1A 54
240 1ASES
phospholipase A< i
O = WAL ol S
g? 0.1 N NaOH 04 g<= <F5 100 mLel 4]
5H:O 05 g= <7< 50 mLell 4o whETh A[9F B2& 2%

4= 50 mLoll ¥o] Alz3sATE Aok A, Bl B29] HHE B2y &
1019 Fanjga 4o A CE “J%Oi AR AR 200 ulel 1 mLe] Ak CE
% 302 &<t

U

4t

F&E AloF Ax 2% NaxCOs 2
°oF B1S 1% CuSOy -

aK tartrate - 4H.O&
A}4-317] 2 A o 7#7% 100

Yol vortexing 3

_1[)1'

CuRAE Al RE 750 nrng] A EREE
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1% (mg)

EE

W1: phospholipase A; ¥ o8¢ ot

A% (mg)

W3 g4 FA (g)

A

3

4 PCeo &

714 AcidolysisE E3F 7|5

o
X

(3) Bulk-scale 3] %2

(7} Bulk-scale 3]

2}

water jacketo] %

-
R

Aok (Figure

S

]

T o] water circulator

Ant

3

&

A

=
=

2 stirring bar

]%]:

ol

=
&
@
2
[

Figure 42. Bulk-scale batch mode reactor used for acidolysis reaction of PC with DHA

(4) Bulk-scale 3]

PC¢ n-3 PUFA & Au

1S & mixture©l

sl 7

=
=
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iy
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7
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(4) Bulk-scale 142 wk8-7](packed bed reactor, PBR)°ll 4] AcidolysisE %3+ 7|54 PC9

o
(7} %2 ¥-8-7] (Packed bed reactor, PBR)
ALA W7l VIS We7lE FUs T syringe®t pump, @AM R vkgo] ot

© F&2 packed bed reactor (PBR), Ht-§ & A& Yo+ HiEoz FAHdTH
PBRol+= A3 a47F 219 A 931, reservoird] ¥ 7] A o] pumpo] DFHZ S upet
PBR= FdHo] L ¢toll 48t vbgd § I A =] v 22 S22 yoh HolA @
t} (Figure 43). ¥ Ao A #A #| 23k bulk-scale PBRS w8 A A= 25| water

jacketo] & olglo]l REE A dA 2=E FAY F UEF HojUd PBRY W& 1

cm, Ao]= 30 cmol™, o] PBRol|l AA= g3t 49 &2 ¢F 5g¥tt. PBRY & &2
sele 2 29 A9 50 meshe] sieverl FHFoIQe] AAE WO 1ex Rty 7]
A¥ B3 5 JEF Holgith Wwesde] PBRE E4shs] Al WA 12m, ol

27cm?l %8 reservoird] H# o] PBRe| E0]717] A7FA 250rpm o2 wHEE o] Z T} Void
volume©| &, PBRoll &7} 2A|sk= &3t o] Yo F3F & 7]&o] AMYA = FIH & on|st
th o] PBRel & AdolA 2xQl Aot 71dE ¥ A void volume 22.399 mlLo] A}
T} Residence time ©]&t 7] o] PBRel #F+= AlZF & &4¢ 7]|"o] HFste AIHES 9

nek thgt 2ol ARkskadd

voidvolume (ml)
flowrate of substrate mizture (ml/min)

Residence time (min) =
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Figure 43. Packed bed reactor used for acidolysis reaction of PC with DHA

(\}) Acidolysis ¥F3-
PC¢} target A¥4F (-3 PUFA)E 50°Col Al A watat PCY & Hl§& 1:88 &3 38to] A

55 WEI Karl fisher % $47]& &3t FEFHFS 43 =

FA 71 1.0%= 231t 714 35 100 g& syringedl 931 5g¢ 138t 47 A4
7 PBRS S 3A#A WSS sttt PBRS water jacketE ©]&3le] doles 222
A HRoen, FAME 2% 55°Coldtt. wkg A= et G40 bAsE flste] residence
timeS 3¢ $LE= 3o oF 67F ¥HE7] void volumes 7]+ = 3819 void volume?l
T st 71AE FHAAA V1EH} EAE -5 A7l F residence time 120minol Al 24

o] void volumnell #}@Fst= AHE &3 Al $ residence time 120314 WH&¥ A&
ANF 3kt Residence time®] &4

ot BA S A= PCe LPCell 23 n-3 PUFAA 2 PC9} LPCA FE2 o
3 ALtE AT

oo
o

n-3 PUFA= DHA+EPA+DPA

e
PC yield (mol% ) = oo
1O
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e
LPC yield(mol% )= o
1 O

LPCA A¥¥l n— 3 PUFA 2] % (mol)
LPCe Agte & = kAt o] oF (mol)

Incorporationof n— 3 PUFA into LPC (mol% )= x 100

= Yste] 71t A acidolysis 3A17F & 5 torre] &S Ao]Fof

o
=
& A AT AR S A7 o] A2 Harh (Figure 44).

(6) Acidolysis W& A& PC & &5
(7} Bulk-scale 297 o|itstgrs FE7]5 ol &3 v AA=ESFH FAHA AA
Acidolysis¥Fg-o] &1 ¥hE AAEE ZA oS EAE o] &35t A HAto]
AAE AT ofol AREH =AA FA] EA %= Figure 4501 debld ¥k A
100gS =94A F=7] (12)¢] water jacketed high pressure vessel (HIP, Erie, PA, USA)9l
th F&7]9 22t 93 X2 water circulator (10)E o] &3lo] ZHHTH Z2AME
=X+ 35, 45, 55°Colqltt. olAtstera(1)« mE A W¥Zr] (B5E Fdl Axo= gt
A FZd (4)E FHste] 9A HEZ (Haskel, Burbank, CA, USA) 6)E T F=7]

X"
o

o,
il

e
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1-CO; cylinder

2—-check valve

3-filter

4-subcooler
5-refrigerated circulator
6-liquid pump

7-back pressure regulator

8-air compressor
9-rupture

10-heating circulator

11-preheate
12-liquid extractor
13-heating jacket
14-metering valve

AE A, == o9
oJoj Al ZHE|Ql separator vessel (15)Z Fo}x T},
Porter, Warminster, PA, USA) (1)=& =
© oA o]ikstebA o] F (45

2 6000 psisH L,

F=719 2980 3=

Edew

§ 18

N

15-separator
16-electric heater
17-flow meter
18-flow totalizer
19-air bath
P-pressure gauge
T-thermocouple

Figure 45. Diagram for supercritical carbon dioxide extraction
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S 23 »F FAL 2 LPC AA

PC &5 A&+ liquid-liquid fractionationS 5

=

!
ATt (Figure 48). ol f8 ¢4 7 Fa A%

Abe] BEA vrs BAES ARG 294 FEFo] B oF gl AlgE A7 EFgaad
Y, T4 Sl oges 211 (vVE S £ 100 mL 9ol €43 vk Algd
H =4 8wl gZ 2 2vgoldlt. o] Az Zgkxa=o] A A]eF 0.1% phenolphthalein in
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99% o EFL 8 NS 02 mL ¥o] Fi magnetic barE ¥ il stirrer® °F 250rpm o & 4]

Ttk FElA e vFEtE 98] IN NaOH in 70% ol g€k &AS FHg& o] &ate] 3
WA e "ojmy FEHAA AASATE Aol 2 Alm= 1L ®2 separate
funnel 2 &t} oo oA AL E fF 22w e 100mLet 5F5 150mLE Y1 =5 &

AN =
EIREA —'EF H =4 &) =& S Zet~A=d] Eo} vacuum evaporatorZ ©]-&3slo] fuj =

fractionation$ PC2] % (g)

PCyield(wt) = fractionation A A & W PC9| ¥

@) x 100

Reaction product
(Functional PC + LPC + FA)

FA saponification V- Non-polar solvent + ethanol + NaOH

Functional PC + LPC
+ FA soap

Distilled water + non-polar solvent

! !

Non-polar solvent soluble Water soluble
(PQ) (LPC, GPC, soap)

FA: fatty acid; GPC: glycerophosphatidylcholine; LPC: lysophosphatidylcholine; PC:
phosphatidylcholine

Figure 48. Separation of PC from acidolysis reaction product by liquid-liquid fractionation

(7) &4

(7}) TLCE °©]&3% PC &4

HE-S-2 50 mg= chloroform 150 ulel =<1 % TLC plate (silica gel 60 Fasy, Merck,
Germany)©ll loading*]7] 2 chloroform/ methanol/ acetic acid/ water (75:40:8:3, by vol)9
foloz HAWAHTE Plated] & H PCY LPCE scrapdt Fo] R E=&24d (C17:0) 1

mgs Y3 BF; (14% Boron fluoride in methanol)& o] &3+ WW o2 methylationA] A
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GC s e

(4}) GC-FID #4172

GC (gas chromatograph, Buruker cp-3800, USA)d| Superlcowax ™ 10 (30 m x 0.25 mm,
0.25 um, Supelco, USA) ZH & F2stdom Ay & 2%+ 180°CAA 123+ A A st
230°C7H#4] 15°C/mine. & A2 & 5 ¢ AAAZT FYH9 S5 240°Colm &
= o233t A=V 2Ev 250°CE AAsd. ol 7taeE FS 15 mL/mine® &
A 50:19] split ratiodl A #2415t}

(th) AR

Ng A

Mo
T

we
PC yield (mol% )= ro
1. O

PC A&EA n—3PUFA 2 % (mol)

. - , _ - - «
Incorporationof n— 3 PUFA into PC(mol% ) PCol AT = A1 9] 5F (mol) 100
. WS- 3 PO % (mol
LPC yield(mol% )= W A LPCS OF (mo x 100
LPCo| At ¥ n—3 PUFA 2] % (mol)

Incorporationof n— 3 PUFAinto LPC (mol% ) =

TPel AT E AT AT F (mot) < 10

LT = ey

(1) Bulk-scaleo| Al 1243 &4 A=z

-3 PUFA 3t PCo A4S 93 A8%¥ &4+ phospholipase Al1S A A3} 3 &
A 2M, bulk-scaleel 4 A3}t 218 1A AEld HAxA13 s stk 1A st
of Ahgd 58 pHE 7593, ¢+%5 8ol phospholipase Al (H4) 45 70%=2 34
A7l &dell, HA AR H4E Lewatit VP OC 16005 AR&3ke] L sttt A
aAst He vl AAlE] V| Fstd g REES fsiA= ﬂ a9 A GA
bulk-scale® djoFst 2 1xd =0l lab-scaledll Al Aelet a4 143} A x70] bulk-scale
2 uAst & wox & sto} "Hojx=A Felst= HAIAS FdsA. 1AdE lab-scale®
£ 143t & wo= 10g 2BAE A& E Aol g, dFew uAgst o wo=
A 40gs AHESE, A GFROA 4ui7t RS 719 A4St B4 AlFE AT
bdE g g4 SwA fixation level (%)# 143} &

3t A3= Table 89 YEARUTE 2

7Fe] zpol= A o lab-scale?} bulk-scale 73401]/‘1 7ol v 23 e Boen, A &

.

o
b
ﬁ o

_O|L
£
—
N
r\"
ki
iin)
W
o
=)
iil

TAst g4 A4S Yoty sty nASE A4S o] &3 acidolysisE Al F 1

_93_



= lab-scale E4E o] &3} w Ayle} vl Ee] KT (Table 9-12). vk
S2 &% 55°C, 71-Zre] EH|E 1:8 (PCFA), 3% 1.0% (w/w), 4% 20%(w/w)ol A

o
=
2
[‘E
oo
>
b
o

¥ -3 PUFA &9 A%, ZAFE #H-§AIZF Wo Al lab-scaleZ A2t @45
o] &34 uj ¢} bulk-scale® Xﬂ;—%‘} EAE o)&sRS wWe Hl=g s UERATh
lab-scale EA4E o] &332 A PCol ZAgE n-3 PUFA 3$F5Fo] 3A A oF 35%

3

(mol/moD)ell Al 24A1 kAol 51% % S7lete Aade B, bulk-scale 45 ©] &3t s
A5 PCel Ajtdl n-3 PUFA $F&Fo] 3AIZbAlel] ¢F 33% (mol/mol)oll Al 24412k o] 55%
(mol/mol) & Z7}3}4] lab-scale®} <] W53t A &S WA

PC &9 Z$%, lab-scale T4¢ bulk-scale &47F A2 H|S2d AyE HIAEH,
SIS A9 PC &0 3AIZHAA 17% (mol/mol)oll Al 12A] ZHAj ol 14%
RATH7E 24X 7k o oFgE F7keke]l 16%  (mol/mol)E  WERH A=),
] 39S AF PC &) 3AA e 20% (mol/moll A 12A] 7HA o
16% (mol/mol)& 7+ 3tth7b 24X 7hAl o] ] 7+23ke] 15% (mol/mol)S LFERU 2L},

LPCel ZAstel n-3 PUFA o] 45, wAlgko] 3AIZkAIM 2443k 0. 2 F7hghe] whe}

lab-scale 4% o] &39S Wl bulk-scale E4E ]39S wl & dolA MAM3 F713)

&
o
wn

o

0,
D

fo
b~
Ll
o,
ofo

39S W} bulk-scale £42E o] &39S W & o} }\]Z_]-O] x]ghﬂ] ual A Z=7tet= A
e B

wteb A bulk-scale® A ZE EA7F lab-scale® A ZE Ga9 A H&d EXNY FAHS
Holx Ao 7 FAty o] t}& bulk-scale batch mode ¥4 2 PBR &0 wkg w7 4=
A ARE-H AT

Table 8. Comparison of fixation level (%) and protein amount in the immobilized PLA1

(mg/g) after lab-scale and bulk-scale enzyme immobilization

Immobilized PLA1

. Fixation (%) Protein in immobilized PLA1 (mg/g)
production
Lab-scale 79.51 170.25
Bulk-scale 75.23 157.15
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Table 9. -3 PUFA incorporation in PC after acidolysis reaction using immobilized PLA1

produced in lab-scale and bulk-scale

Immobilized Reaction time (h)
PLA1
production 3 6 9 12 24
Lab-scale 35.12 45.01 50.93 5441 51.37
Bulk-scale 33.27 40.28 46.89 48.01 55.39

Table 10. The yield of PC after acidolysis reaction using immobilized PLA1 produced in

lab-scale and bulk-scale

Immobilized Reaction time (h)
PLA1
production 3 6 9 12 24
Lab-scale 17.04 13.88 12.93 13.69 16.68
Bulk-scale 19.67 16.45 15.36 16.04 14.86

Table 11. n-3 PUFA incorporation in LPC after acidolysis reaction using immobilized PLA1

produced in lab-scale and bulk-scale

Immobilized Reaction time (h)
PLA1
production 3 6 9 12 24
Lab-scale 57.69 57.64 57.80 64.30 65.25
Bulk-scale 53.02 50.32 54.45 53.07 60.37

Table 11. The yield of LPC after acidolysis reaction using immobilized PLA1 produced in

lab-scale and bulk-scale

Immobilized Reaction time (h)
PLA1
production 3 6 9 12 24
Lab-scale 25.38 29.48 29.95 30.71 29.79
Bulk-scale 23.34 24.69 26.78 27.21 27.89
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(2) Bulk-scale 3]3#2] wkS$-7]o A acidolysis® %3+ n-3 PUFA & 7154 PCeo A %
218 1&g Fg PC & 4

-3 PUFA7} A%% PCE A3tz A&l 1ahd =] Fastd e 312 acidolysis W<
bulk-scale® Wr& RS F7FAIA Al stdt 12hd = lab-scale 3|24 W& F 7] A Eol
3golAE Ao H]sto] bulk-scale 3|4 WHS2 F 7|AHE 20go2 F7HAIA WESSFSIT
of w kg AL 1AdEe AdEd HAH=UY 4 2dor, we2kk 55°C, 711—4&94

& 1:8 (PCFA), 728 % 1.0% (w/w), 4% 20% (w/w)ollA ¥&S HAAAY. =
PC +&& 4117171 H’S}Oq WS AIZE 3N A =t 7]SEell A whE-S X egste st 3AI%E O]
BRI A S-S st A3 Az vuE 93] PCA AF
Fg 2 PCQ] &, LPCol Z3 % n-3 PUFA $%, LPC +&& wH&A 1t
upe} ZAbske] g e eI (Figure 49-52).

PColl 23t n-3 PUFA 39 % lab-scale?} bulk-scale W3 EFo Al 3A17HE< 7]
ol A WrEetAS W 5438 SUFstATE, vHEAIE 3ATE o] XFs AojFol wet o
sk AdE HolFAT lab-scaled}t bulk-scale Abo]l Fhe] ztoli= 71¢] Holx] ekSktt
lab-scale?} bulk-scale & TholAl th7]toll A W& 3AIZF Aol PColl 2
o] oF 34-35% (mol/mol) % i, WHS-AIZF 3AIZF o] & AF& do] & & /b
+ PCol A3t¥ n-3 PUFA graFo]l <3k Asle] ¢F 29-33% (mol/mol) A=t

PC &2 A%, lab-scale?} bulk-scale EFolA t7]tolA] Hk-g 3A17F 712 PC 48 9]
T A5 A Fraste] g AZE 3AZEA O] oF 17-20% (mol/mol) AE=H o 3AIA N AFE
Ao]F2F PC F&°] w243 F7ete] wh&AIZE 994 b A of| = lab-scale?} bulk-scale = thol
A PC 4=&°] °F 62-65% (mol/mol)& Z7}sk%

LPCo| A%¥ n-3 PUFA §%9 7%, lab-scale?} bulk-scale WF-8-ol

:LI

o
=
>
ol
o
b
2
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)
3
w
g
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o
=
o

ot
oo i
3
w
o)
c
S
>
i
ot

A ZH Nz MR O
ghol ebzie] AolE WA, F A4 mIF g7|gtelA wh-g 3X7HE<t F48 LPCOl A#d
-3 PUFA o] Z718tth7 wbg A1zt 3A17F o] & AFg HojFa 11 gho] <7t ashs

=3k S BAFATH
o] 9ol A%, lab-scale®} bulk-scaledl| 4] Z} WFS-A|7Fo| A =1 gho] <Fz7lke] =lo

g
; ST 1
A om WA 30714 FA3] LPC F80] F7hatrt A e AoFA

J
AFS dol FALS u wrgoA AAEHE o] AAHE a7t 9ol PCY &0 7t

b alElo] A= LPCO &2 di7]stol Ao whgo] xsisgol wet 1
S ZdojFEd wel LPCY &8 #Aistes 44S ®og. PCol 234
S, AFE AoFAS uwl n-3 PUFAES fstA &S LPCEZRE -3
ARt Agkete] A EE PCO g wiitol| PCel A3¥ n-3 PUFA &
o] °FIF ZFA Al fﬂﬂr.

£33l 2w, bulk-scale batch reactoro] A acidolysis WSS =318 uj lab-scaleol 4] W}

N
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Figure 49. Incorporation of n-3 polyunsaturated fatty acid (PUFA) into PC (mol%) in a
bulk—scale batch mode acydolysis reaction as a function of residence time. The
first 3 hours of reaction was carried out under atmospheric condition at the
temperature of 55°C, the molar ratio of 1:8 (PC:FA), the enzyme loading of 20%
(based on the substrate weight) and the water content of 1.0% (based on the

substrate weight). At the reaction time of 3 hours vacuum was applied.
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Figure 50. Yield of PC (mol%) in a bulk-scale batch mode acydolysis reaction as a
function of residence time. The first 3 hours of reaction was carried out under
atmospheric condition at the temperature of 55°C, the molar ratio of 1:8 (PC:FA),
the enzyme loading of 20% (based on the substrate weight) and the water
content of 1.0% (based on the substrate weight). At the reaction time of 3 hours

vacuum was applied.

_98_



a0

=

=

o=

=

‘E’ B0

L,

—

P

P A [

= é a0 H

-

o ‘E |

5™ |

]

= |

S 20f

2

‘5 JI —@— Lab-scale batch mode reaction

= —(— Bulk-scale batch mode reaction
n | i i | 1

0 20 40 B0 a0 100

Reaction time (h)

Figure 51. Incorporation of n—-3 polyunsaturated fatty acid (PUFA) into LPC (mol%) in a
bulk—scale batch mode acydolysis reaction as a function of residence time. The
first 3 hours of reaction was carried out under atmospheric condition at the
temperature of 55°C, the molar ratio of 1:8 (PC:FA), the enzyme loading of 20%
(based on the substrate weight) and the water content of 1.0% (based on the

substrate weight). At the reaction time of 3 hours vacuum was applied.
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Figure 52. Yield of LPC (mol%) in a bulk-scale batch mode acydolysis reaction as a
function of residence time. The first 3 hours of reaction was carried out under
atmospheric condition at the temperature of 55°C, the molar ratio of 1:8 (PC:FA),
the enzyme loading of 20% (based on the substrate weight) and the water

content of 1.0% (based on the substrate weight). At the reaction time of 3 hours

vacuum was applied.

(3) Bulk-scale 9142 ¥-8-7] (PBR)°| Al acidolysis® &3 n-3 PUFA ¥ 7154 PCo &
/\‘]

n-3 PUFA7} 23" PCE As7] &l 22hd e 8t d A42 acidolysis W52
bulk-scale® Whg 7tEE F7FAA Aldselvh 22bd = lab-scale 42 S
Qtoll 71&e] void volumee] 1.568mLeolSAT Aol HIgte] bulk-scale <424 ®HEE void
volumes 22399mL=E F7FAIA RESSFSITE ©] Wl PBR <ol APA = S22 lab-scale?]
4% 0.35go] 3L, bulk-scale®] 7% 5g°]°4r/} HES 2 A8 27<}Lﬂ of Meld HAxUY &

Aot 2o W% 55°C, 71H 3 E11& 1:8 (PCFA), F23% 1.0% (w/w)ollA dkg-
S AAEA T Residence time® Al 22 d o] H A o= /ﬂ‘i,h?_] 120502 w43t A8 sy
th AE Aye] vuE 98 PCol A3%t¥ n-3 PUFA &% % PCe &, LPCAl Z%% n-3

PUFA 3%, LPCe &5 At a2 Yetid ok (Figure 53-54).
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PCell A%t¥ n-3 PUFA 33 7% bulk-scale PBRoIA ®WFS AlZ S W residence time
120214 ¢F 20% (mol/mol)Z lab-scale PBR] Z2 3} (21%, mol/mol)3} <] X}o]lE HolA]
gt LPCAl ZA3te n-3 PUFA &9 79 bulk-scale PBRAIA] WEGAIHS wf 34%
(mol/mol) & lab-scaledl| A o1z A3} (33%, mol/mo)@ 7 2] zfo] 7} §l1Sltt.

PC &9 7% 9Al, bulk-scale PBRY] 753}9} lab-scale PBRY] Z 37} 7+7F 33% 9k 36%
(mol/mol) & °F7ke] o] whg ®mela LPC 4ol = bulk-scale PBR2] ZA3}7} 23%
(mol/mol), lab-scale PBRS] Z3}7} 24% (mol/mo)Z A2 22l E Ho]x| gkokr}

Z313to] 2w, bulk-scale PBRoIA] acidolysis 93-S 438 u] lab-scaleo| A ¥H$-

S weol HAxHAA A 22 ARE dS F Uv AoE FEHAG

o
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Figure 53. Incorporation of n-3 polyunsaturated fatty acid (PUFA) into PC and LPC
(mol%) from the acidolysis in a bulk-scale PBR as a function of residence time.
The reaction was carried out at the temperature of 55°C, the molar ratio of 1:8

(PC:FA) and the water content of 1.0% (based on the substrate weight).

- 101 -



40
B Sulk-scale PER

= [ Lab-scale FER
S~

E 30

£

| —

J

(a1

|

L, 20 -

o

I

B

-

o

= 10

L

-

]

PC LPC

Figure 54. Yield of PC and LPC (mol%) from the acidolysis in a bulk-scale PBR as a
function of residence time. The first 3 hours of reaction was carried out at the
temperature of 55°C, the molar ratio of 1:8 (PC:FA) and the water content of
1.0% (based on the substrate weight).

(4) Bulk-scaleoll ] Z=<Al o]4tstet s o] &3k acidolysis ¥Hg-&EZHFE 7|54 PCo #e
N
Bulk-scale PBROIA] ¥Hg-8F vh-& A EA 7154 PCe &8 w50l Aol tstetas
o] &3}¢] bulk-scale® A|=F AT Lab-scale ZUAl o|AtslgtaE o] &g WAl F&9 4
- WSE 10g 7Ieo® Aol A HMAIRE, bulk-scale YA olxtSEAE o] &g AWk
%!

T HEEE 100g 7o = Ado] ). Lab-scale?} bulk-scaleol 4 ¢ A&

=0 A FEHEA @ F2 28 o PCY ol
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sex FE9 F¢

< initialell ¥]3& 80

initiale]l B3] 80 wt2ol A 36 wt2% = 7FA S Th Bulk-scale 2 A o]
PCel g#o] initial 12 wt%ellA 43 wt%Z 7t en, AWt ¢

wt2%ol A 36 wt%= A8t}

ot

ZZ 3} bulk-scale = A o] Ak3}k
A& T3l gl 2944 F&
1
k=]

A& Table 130 3EA3}%A

o
(i
f
vl
=2
>
I
BN
oX,
o,
—_
()
()
X
N
ol
[
o,
32
E]lo r

Lab-scale 247 o]iF3teta 5 PC7F w55 FEHA @i &2 289 FA
A Alm FA oH ok 37 wt% A5l vlEl bulk-scale ZAl o|itstEr A FEo] g FE
A @A FE 28] FAVE AS AR A b oF 29 wt%e =2 e bulk-scale®] -7

Table 12. Composition (wt%) of lipid classes in the reaction mixture after acidolysis

reaction, and the residual fractions after lab—scale and bulk—scale supercritical carbondioxide

extraction
Initial (Acidolysis
) Lab-scale SC-CO; Bulk-scale SC-CO»
reaction product)
PC (wt%) 12.03 38.59 43.30
LPC (wt%) 7.80 21.18 20.66
FA (wt%) 80.16 40.23 36.05

Table 13. The weights of residual fraction and extracted fraction after lab—scale and

bulk—scale supercritical carbondioxide extraction

Residual fraction

Extracted fraction Total
(PC enriched)
Lab-scale SC-CO» (g) 3.74 6.36 10
Bulk-scale SC-CO: (g) 29.07 70.93 100
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A o) AEErAS o] g3sle] By PC #3 2 Liquid-liquid fractionationg ©]-&
1]

FZo] By Fo] dojd PC = B3 o] liquid-liquid fractionations ©]-8& 3]
2 At} Lab-scale liquid-liquid fractionationg ©]-&3%F AWAal 2 LPC ¢
g 7|Z=o 2 Ado] ez A vk bulk-scale liquid-liquid fractionationS ©]
&3 A 2 LPC #4919 4F vEE bg VI o R Aol FAHIAY. ojuf HAFxHL 2
2AHAE AR YEFREWES AFESE T Lab-scale?} bulk-scaleol| A1 ¢ A& B3}
# 8o liquid-liquid fractionation ¥ PC, LPC, X ¥4t 24 2 PCel &5 XA tH(Table
14).

Al &

(o

i

d

Az, YEFR==d9Ege] PC, LPC, AWite]l xAS  lab-scale liquid-liquid
fractionation & Z2 3¢} bulk-scale liquid-liquid fractionation § Z¥}o] = 2}fo]E Ho|x] ¢
2kt Lab-scale liquid-liquid fractionation®] 7% tlZ=Z=ZW gy PC2] $twko] initial (7|
F= HA & 8% vaste] 36 wt%ol A 72 wt2%ZhA S7bek L, A4 S initial
of Hlall 44 wt%lA 21 wt%7hA| A sk A, LPC 32 initialdl ¥l 18 wt%ol A 5 wt%
7HAl 78k o Bulk-scale liquid-liquid fractionation®] 74-%- PC9] &sFo] initial 36 wt% ol
A 68 wt%7hAl F7FstR o XAk ek initialel HlE] 44 wt%ol A 24 wt%7hA| A4S
G, LPC $h=F2 initialell H]8] 18 wt%oll Al 6 wt%7FA 743k}l Lab-scale liquid-liquid
fractionation®] 4 PCe &2 21wt% A <ol 43 bulk-scale liquid-liquid fractionation]

49 20 wt%= YEY bulk-scale®] 79 lab-scale Btt PC &5 89 F&o] ofit v
Ao ® UL

Adbd o5 & u] lab-scale?} bulk-scale®] A¥7} AL H|S=3F Ao Ho]A bulk-scale
liquid-liquid fractionationS ©|-&3F AWk 2 LPCe A A &8 7MsAS 7158 + I

o,

Table 14. Composition (wt%) of lipid classes in the reaction mixture after supercritical
carbondioxide extraction, and the residual fractions after lab-scale and bulk-scale

liquid-liquid fractionation.

After After liquid-liquid fractionation

SC-CO, Lab-scale Bulk-scale
PC 36.4 2.7 68.7
LPC 18.9 5.7 6.8
FA 447 21.7 24.5
Yield of PC 100.0 21.5 20.3
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o} Q9f

B Ao -3 PUFA7F 283 7154 PC(Phosphatidyl choline)E 343} A4ksl7]
#3l bulk-scaledl Al 23S A =&k At}. o] 93] WA phospholipase AjS 1xbd ko] XA
g HA Wyow uAFEAT. o] AAE ol&dte] 2xpdIel] AT HA o=
bulk-scaleol| A &2 9 ALA 98 A]2~®1Ql Packed bed reactor (PBR)S ©]-&3}4 n-3
AAHE T8 715 PC A8 A4S FdstdthL 23 VA HA FEEgEe
1.0% (w/w), ## ®b& %= 55°C, HA 7149 & Hl&& 18 (PCAMAHE A8 H At
#HAz74 A residence time 1205’—01] AAbE wkgAatE o] p-3 PUFA7F Astd PCel stk
20% (mol/mol), ©] wj PCe] F&-2 33% (mol/mol)$ith. o] ®REEAHE o] PCY a2 12%
(w/w)tt. o] REgAt=ol A PCO s =0]7] 9ldl, Bulk scaleol Al Z=<SUA o] ikstgrio]
3t AWAS AASAT olE 9% HAH 2HoF FF oE 6000psi, &% 45°C7F A4 ]
At A FZo] BYd T FEHA g Fe A goA PCo FFHLS acidolysis §HE-
S 12% (w/w)oll A 43.3% (w/w)E F7Hgk Zo] SAHATh A FFo] & A=A
5 Auak 2 LPCE Al A7) $138F9] liquid-liquid fractionations A A3 A3, PC 5%
A PCe a2 68.7% (w/w)eliL, o= A F= F 43.3% (w/w)¢k Hlulste] oF 1.6
v, acidolysis Wh& ¥ 12% (w/w)¥ Hluste] oF 687t w55 geldv. Fdetod & o,
HA A lab-scale? bulk-scale®] ZA37}F Ao H[=3k ZAo® Ko, bulk-scalel A
n-3 PUFA7F 2849 754 PCE &%43t At &8 7Feds Y 5 stk

ih

o
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A 24, 715A LPCY &4% A why s

Phosphatidylcholine (PC)2] 7}F=&31E E3to] LPCE A2ttt (Figure 55.). &47F w7}
o] 2 gbgo] o] FAALEE g},

OCOR; _ _ OH
r Hyd rolysis I_

R,0CO— $OHO
‘ |_ 0 H,0 Rgoco—l— o
0—P—X 0—P-X

|
OH OH

+ R;COOH

Pl LPC

Figure 55. Scheme of synthesis of LPC from PC via enzymatic reaction

(2) A=
h 714
¥ o FLo] A = phosphatidylcholine (PC)E phospholipase B+ lipase Zwl| &loll 7}=53l 3}
o] lysophosphatidylcholine (LPC)E A4tstdth. & Ao A= o F(soybean)ol| A &l s
PC(s=% 95%)5 Avanti Polar Lipids, Inc. (Alabaster, AL, USA)ol A I3l AM&3FS T
(W) EAREE7]
H vk (flat-bottom) ¥} water jacket= 712 glass vessel (8cm x 35cm id.)S AFE3}
Gk ¥Hg7] WEeo &%+ water jacketS circulator (2@ : AAA57001, Jeio Tech.,
Daejeon, Korea)oll 1243sto] =43t
(vh) whg-wjd
PC 7be2afubgo] Wjd=x #ik(n-hexane)& AFE-8IATE PC 1g B 4mLe] jiks 7}st
b
(3) &4 ¥Hg parameters
(7h) &2 : NovozymeAl, AmanoAl ¥ MeitoAlZ2HE A& = A¢-8 phospholipase2t
lipase 12%2] PCol tjst 7[4i3]sS H7Iste LPC Ak A3t g45 A
tH(Table 15).
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() WA 5aE MeEUZ o837 PCY
LPCe| A5Ea7t i ddo] AL

HU =2 stHA Al GPCY A&
sheih

Al

(t}) &% : Phospholipase A2 Zv|& 3 7hEa) vk

skslo] 40-60°ColA HA =5 ZAsAt
(&) 7189 R
A 7tk A ot
(v 4% PC FA9 5-20% =22 H7}edr).

ol 4L

PCe] 7t E 9eir Zad =& PC

7hEel Al LPC7F WA
u F-2HE 2 A glycerylphosphatidylcholine (GPC)
7F AR A "ok 2 AFd A= PCE 24A13F &<t 7l std Al LPCY A ZFS

.
=

Aol

13 5 Qe HE WA 24}

2 4#xl 50°CE £

FAIY 5-30% T

Table 15 Commercial enzymes used as biocatalysts for hydrolyzing phosphatidylcholine

Product name Origin Form Manufacturer
Phospholipase
Lecitase® ultra T]]ermom.yces lanuginosus/ Liquid Novozyme
Fusarium oxysporum
Lecitase® 10L Porcine pancreas Liquid Novozyme
Lipase
Lipozyme® RM IM Rhizomucor mieher Immobilized Novozyme
Novozym 435 Candida antarctica Immobilized Novozyme
Lipozyme® TL IM Rhizomucor miehei Immobilized Novozyme
Lipase-OF Candida rugosa Powder Meito
Lipase AS Aspergillus niger Powder Amano
Lipase M Mucor javanicus Powder Amano
Lipase AK Pseudomonas fluorescens Powder Amano
Lipase AYS Candida rugosa Powder Amano
Lipase PS Pseudomonas cepacia Powder Amano
Lipase G Penicillium camerbertii Powder Amano

(1) 2244
PCE #]&#3F <1 2 (phospholipids)< phospholipase
(triacylglycerols)S 7FEEalslE @49 lipase®= AA Ao tfst 714

zZE dE A v B A= PCE E4E ol8F Jiewd W
B

omm A Zu) F

4 lipase®] PColl dlgt 7}l ss H7tsksit).
H

Nends @ % wgaRe EASE PC, LPC 2 GPCO s
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°ol& fal PCE 717 2413 2 4A3F &
A8 oh(Figure 56).

Egjold A=

235 o]

Atk Aol

How LPCE Aitstarat a3
2 Adsly] 98t 2% 444 phospholipase €)%
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B AFo A AbRE FAHS Lecitase® 10LS A9g Yoz 115 714 PCHEFE 10%=
Fdaglth olel HIEIA Lecitase® 10Le] F& thE &9 H7FEe 46%0]ed o= o
7} 25 v/w%el 7] W&ol
F bR E S W 1259 &4 % phospholipase Aol @84S Yely =
Lecitase® ultra®] 7F5Esj@Ad o] 714 =9k} Lecitase® ultral 7F4&a1E9 LPC 33
76.8 mol%= T 11§ &4 7FwslEe LPC 3277373 mol%)el w3l foxo=
(p<0.05) =ATh o] W A AAAEHE= GPCY FHS 111 mol%= YERRTE o]o] w3
phospholipase A9l #4& el Lecitase” 10Le] PC 7Fp#-a]&e LPC &2 116
mol% = wl$ vt Lipozyme® RM IM, Novozym 435, Lipozyme® TL IM< 143}
lipase® ©]E9 LPC AA &S 11.7718.0 mol%°l ATl Powder AJHZ Al#HF 1 J= 759
lipase®] 7Fidl=9 LPC %2 277373 mol%= &4 FFd wet 7tEsse] ol
b 2 Ao APEAL PCE 4N MR EEAS Aol E Lecitase® ultra(74.4 mol%)
o] 7hEEE 2] LPC $F#9] Novozym 435(62.1 mol%)E A3k YA 10529 &4° LPC
A H(2.2761.9 mol%)ell Bl& 9422 (p<0.05) =3kth o wl GPC A4 &2 7.9 mol%o°]
AT

whEba] 1259 &9 PCol et 7heRal s 2418 A3t Lecitase” ultra®] LPC A4 &
o] 7} &2 Ao R FIIEHG] wWiel & AFelA= LPC Aitel 7Hg AH3jtek a4q= A

Wakgia o] Tho] AERAWSe] AYEAL ololM HYsart

ol

£

[~}

E HPC

-

E HLPC
-

=

3 EGPC
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100 1 2 @& s 2
2 b

80 - €
£ 60
El HPC
=
Etﬂ}' mLPC
s = GPC
3

20 -

Enzyme

Figure 56. Phosphatidylcholine (PC), lysophosphatidylcholine (LPC) and
glycerylphosphatidyl choline (GPC) contents of products obtained after 2 and 4 hours of
PC hydrolysis mediated by various enzymes. Enzymes @ A, Lecitase® ultra (from
Thermomyces lanuginosus/Fusarium oxysporum); B, Lecitase® 10L (Porcine pancreas); C,
Lipozyme® RM IM (from Rhizomucor mieher); D, Novozym 435 (from Candida
antarctica); E, Lipozyme® TL IM (from Rhizomucor miehei); F, Lipase-OF (from
Candida rugosa); G, Lipase AS (from Aspergillus niger); H, Lipase M (from Mucor
javanicus); 1, Lipase AK (from Pseudomonas fluorescens); J, Lipase AYS (from Candida
rugosa); K, Lipase PS (from Pseudomonas cepacia); L, Lipase G (from Penicillium
camerberti). Reaction parameter setup: Temperature, 50C; PC amount, 50 g; water
content, 0.5 g (10% of the total weight of PC); and enzyme amount, 0.5 g (10% of the
total weight of PC).

(2) Parameters® 34 a3}
(7}) HE-g-AIZE

PCe] 7}=E3 ol o8k LPC Aate] 7bd A3e 42 AdE Lecitase® ultra®] 22 6k
S8 Fgar] Yste] WA 24A7F B¢ PCE bR EA WAzt wE WS
E Ul PC, LPC ¥ GPCe &9 ®Wsgs ZAtetdth(Figure 57). 71 A7, 3 2417 F<
LPC®] AAFE 768 mol%Z FA87 F7hetglam PC &S 121 mol%2 #Aadgit). o
w GPC A HL2 1A 241 A3 F 247 92 mol%, 11.1 mol%= YEpsteh w87t
o ANZto 2 FUletlS wl LPCe GPC 3= Z42F 744 mol%, 7.9 mol% = 2A17F uj ¢
A 2ol 7h gl9lem PC &#(17.7 mol%) 94 2 W37 gldch ukgo] 8A1zF A3}
S woE= LPC 33e 637 mol%= #Z4st9 1 2l GPC e 17.8 mol%® Z7138HS



o 8AIZE o] Foll= whEA|Fbo] Frhete] whet LPC S Al& 7HAskaiar ool Mgt
GPCe A &S F7tste] 24A17F wEgoA = GPC &(55.5 mol%)e]l LPC 3= (27.6
mol%)e] °F 2ufe] o=+ WhEAtES AATh W PC FFS 8AIZE o] Fol&= 1697236
= AT olgl g Ayt PCO Th s 24
a © WESAIZEe]l AojFo] uwe} LPC7F 7h
—r—cé‘HQOi GPC7} BARE = Aow FAHATE Lecitase® ultrat phospholipase Ao 2%
2 PC9 snl 94;2]01] EAsE AWAE Aegdgom sEREEE 9 SolA
(regiospecificity) ztil 9lth. webA o] PC7F Lecitase® ultradl o3 7FFEa= S o
si-1-LPC7F F2 AAHEI sp-1-LPCo #EdE sn2 9A9 A WAk Lecitase® ultradl
& Eaj7F HA &= 28y sn-1-LPCE oF2 7] o] 53 (acyl migration)ol] 28] +%
o] JAAQ sn-2-LPCE A3te] B $ d sp-2-LPCE Lecitase® ultradl] ¢J3] thA] 74
EaEo] GPC7F AAE 4 uth wEbd 2 Ao wkEEA St 7] 241 Wl

ol

o

sn-1-LPC?9] o]/ dd3g} whgo] dojifar 243k o] Fof= PC tAl LPCE 7hewal7F 35
togow @ ¥ Aol GPCY A4S olAsUA LPCE AdF wel 4ard
FoE MeEde FYShe A BER u Ak ueb] A RSAGE 2AreE A
Attt
100 *
80 -
£
.E, &0
- ——PC
g
3
GPC
20 -

0 4 3 12 16 20 24
Reaction time (hour)
Figure 57. Phosphatidylcholine (PO), lysophosphatidylcholine (LPC) and
glycerylphosphatidyl choline (GPC) contents of products obtained by Lecitase®
ultra—catalyzed hydrolysis of PC as a function of reaction time. Reaction parameter setup:

Temperature, 50C; PC amount, 5.0 g; water content, 0.5 g (10% of the total weight of
PC); and enzyme amount, 0.5 g (10% of the total weight of PC).
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(W) =%
Lecitase® ultraS Zwj2 8t PCo 71453 Lo HALwsS AAs 7] a4 <540,
50, 60C)o] W& ¥3-2t=E U PC, LPC ¥ GPC9 %S v st tHFigure 58). ZAFgE Hb

[€)
SAZES 1, 2, 4, 8A7Fol Ytk 40T A E PC %ol 1AZRH 8AIAA A&Hoz Fa

A

g Wb 50Tl = 2AHA FASA g F AN AR = 241 fRALSE
PC &&& deligler 60ToM = 1A7H-H PC o] HAAE UrEP‘ﬂi T SAIZAA Wl

b TS AR webA 27t S74SEl wek PCOl Tt e Sx7F SUkske Ao
FEnh, LPCO A S HdAwbdo=m 40TCeA 7Hd 2 UrE‘rkkE}. 50C <k 60°C el A<
PC t&Feo] WslE wus 2 1A A = 60ToAe] LPC A Fo] tha Bokor; 24
bl 50Tk 60T 5 Hdl el =2etlar A= Froll= fo Al AFol7h iUk GPC
& AR RS AR W9 e A= X mE fFo A<l Aol7b gliTh wekA 60T
o] A Lecitase® ultra®] 7F4E850] 714 =4 Jelgw LPC A SR 714 2o Aoz
ZFETE 50C 9] AS B E 1A 9L A= Lecitase® ultra®] &4 o] ‘Hoix-E Rno=
ZHe o 2A1Zel 4= 60T FAFE =9 PC, LPC, GPC 3
AT TFAA Hx 7|58 LPC A9 2k stE HaiAe 4 ﬂx—ﬁi H_—S—iﬁ—% =4

Dot Q7] Wi 50CE HH LR 245

=

e

LS

o o

_;
o
;
L
b
e

ot

100

80 1}

3

Content (moFé)
&

20

Reaction time (hour)
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100 -
GPC

. L
S —B—507C
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3
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20 4

0 B

Reaction time (hour)

Figure 58. Effect of temperature on the phosphatidylcholine (PC), lysophosphatidylcholine
(LPC) and glycerylphosphatidyl choline (GPC) contents of products obtained by Lecitase®
ultra—catalyzed hydrolysis of PC. Reaction parameter setup: PC amount, 5.0 g, water
content, 0.5 g (10% of the total weight of PC); and enzyme amount, 0.5 g (10% of the
total weight of PC).

(th) 7149 T8
Lecitase® ultraZ® Zvj2 3 PCe 7}5ia] wrso] dash Bo HA
s 71de] FEIFHPC A Al 5, 10, 15, 20, 25, 30%)°] W& #SAE U PC, LPC %
GPCY s At th(Figure 59). ARG WEEAIZR2 1, 2, 4, 8AIEith PC s
5%9] Fisharol A AwrA o ® JHg vrA vEREth whdHoe] F gkl 10% ol 4w b
= PC & 2ol A= Fo]H o7k §lSlth w7k 2 LPC a2 17441119
HES-o A FighaFo] 5% w 7bg wrekon 10730% RS EHe = M E 1523k ko] LPC
T gkl 2 Apol7b fAdTh wEkA 2 AT

e AAa)

e

_

rr
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e 5 05

i1 0%
g iy 1 5%,
E i 0%
E —4—25%
3 —o—30%
Reaction time (hour)
100 - LPC
—f—5
20 ——10%
E 1 5%
E 50 ——20%
£ —4—25%
= 40
E ——30%
20
o )
o 2 4 B
Reaction time (hour)
100 - GPC
—f— 55
80 - == 10%
E e 1 5%
g e 20%
£ —im 5%
E —8—30%
4
Reaction time (hour)
Figure  59. Effect of water content on the  phosphatidylcholine (PC),
lysophosphatidylcholine (LPC) and glycerylphosphatidyl choline (GPC) contents of

products obtained by Lecitase® ultra—catalyzed hydrolysis of PC. Reaction parameter

- 113 -



setup: Temperature, 50C; PC amount, 5.0 g; and enzyme amount, 0.5 g (10% of the total
weight of PC).

() a4
7154 LPC &A1 AHdstE faliAe AAAQA vhex1s ggsior st ol& fsiAe=
F2o] AMEHS 7sd Fole Aol Fastth wekA Lecitase® ultra® ZujE § PCO 7}
TR wSolM HAH ZaYge AdAs] A& EAFPC FA Wiv 5, 10, 15, 20%)°l wHE
RHgakE Ul PC, LPC 2 GPCe] &S vl w3kl th(Figure 60). FAME wF3AI M-S 1) 2, 4, 8
AlZkol Atk PC & Z2=AMSE T4 oA PC &=F tholl f+o4<l zko]7} glgith LPC
FaFe 1A 2A e EAaE fhl AR {Fo A Aolrh gl oy 4A kel A= 15%
o} 20%<] LPC $r&o] 5%} 10% Rt o402 (p<0.05) Sdth 18y A ol A& A
S o LPC &2 A2 94 o7t gl ol#e A7e &
2} LPCO| 7hdsl7t dojube Aldo] whebx] 7] wjitel] vy Ao dAvdn. GPC A
e AAZE o] Fo Al 5%9F 10%l BldlA 15%9F 20% oA AUl o= mokon) §oF <l
= oyl AutH oz 7 A oy 5% FF0 7 Lecitase® ultras Ab-&3}o]

9l LPC A2te] 7@ Aoz wrhe ik

)
)
Ir
o

100

80 -

T
=]

Content (moké)
&

20

D I I 1 1

4
Reaction time {hour)
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Figure 60. Effect of enzyme amount on the phosphatidylcholine (PC),
lysophosphatidylcholine (LPC) and glycerylphosphatidyl choline (GPC) contents of
products obtained by Lecitase® ultra—catalyzed hydrolysis of PC. Reaction parameter
setup: Temperature, 50C; PC amount, 5.0 g; and water content, 0.5 g (10% of the total
weight of PC).
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EE
Bis)
o

2. s-1-LPCe] 4 2 AHA

7k s B

DAEZS =

(7} sn-1-LPC2] 4 <] (Figure 61)

Soy PC9 sn-1 AWats 7hgiaste] sn-1-LPCE Attt 7h¢wd wkso oAz
sn-1 YA Eold L e E phospholipase A1 (PLA1)S A}8-3tt}, 3l AH(p-hexane) S WS-
u A = AR g

HC OCOR, HC OH
\ PLA,
R,COO0—CH 0 +H,0 , > RCO0——CH o +R,CO0H
‘ ‘ ‘ N Hydrolysis | | ‘
HC—0—P—0—X H,C o—r|=—o—x
(|)H OH
PC sn-1-LPC

Figure 61. Phospholipase A; (PLA;)-catalyzed hydrolysis of phosphatidylcholine (PC) for
producing s—1-lysophosphatidylcholine (LPC)

(W) sn-1-LPC FA& 913 HA dbgx1 gyl 22 A (Figure 62)

PLA S o] &35l PCE 7FE38] A H-uHS-(side reaction) &2 o} 7] o] % (acyl migration)
of Aot} ofd7] o]FE sn2 X obHVITF sl AR o]sste Aol ofid7]
15384 sn-1-LPC2 4 Aol A sn-2-LPC7F 74 AAEE 9o . sn2-LPC
= PLAo 9@ 7tial ¥ o] glycerophosphatidylcholine (GPC)S AA 3t Ay o=w
PLA; Zuf 7FrEsliRks & ofa7] olsd o] Wol dojud FAERA GPCol A ol
S7Ht GPC A& S7h= sn-1-LPCe| =9 &35 #2171 sn-1-LPCe] AAE
o HAl shi= Yol Hr} ofady] ol FdENE 2k, WHEAIZE 71He FRTEHF Tl & o
e e wEA o] o]lsdAtS HAAIANA F de HA &Y g9o] Fast

o,

o

- 116 -



H,C —OH H,C—— OCOR; H,C——O0H

‘ Acyl migration | PLA, |

R,COO—CH 0 > HO CH 0 > HO CH 0
| I | I | I
HC—O0—P—0—X HC—O0—P——0—X H,( —0——P——0—X
| | |
OH OH OH
sn-1-LPC sn-2-LPC GPC

Figure 62. A side reaction -called acyl migration occurs during Phospholipase A

(PLA;)—catalyzed hydrolysis of phosphatidylcholine (PC)

(th sn-1-LPCe] E&A4A Wy 2gle e
ThEES Al WESAEE Yol EajE A &S PCoF

PLA; S ¥FS=u &2 o] 83 soy PCY
2l¥ A Wike] sp-1-LPCeF EAl¥ o] At f2] A W Aik(free fatty acids, FFA)2 ¥H&-Al=
Abeotd Ay FAHAEE ZAaA7IY ols sn-1-LPCO ARA 2 #3 54 59 AF e84
of Y¢S mABE sp-1-LPCY A7 dasitt, dwrd o=z LPC+ PC %+ FFAY
vl 54 =7F = waA SR AR bE F 7 e ol &5t Est= &-§&
) F=ZW(liquid-liquid extraction) L& H|FA %

(supercritical fluid extraction)< ©]-&3to] WHgAHE W sn-1-LPCs PC¢ FFAZEH-H
g5t o] 7hed o m o dE Tk

) A=
7h 714

O ¥ vk 7]dg Algw PC (granualated phosphatidylcholine, =% >95%, from

soybean) Avanti Polar-Lipids, Inc. (Alabaster, AL, USA)°ll A <3}t

@ PLA1 (Lecitase® Ultra)<- Thermomyces lanuginosus/Fusarium oxysporum®| A &%

B E A 24 Novo Nordisk Bioindustry Ltd. (Franklinton, NC, USA)olA T+ 3&}5 o

2 g HujA R o] 3T

@ 3|&2] &A4AWe7] @ W g (flat-bottom) ¥ water jacket2 717 glass vessel (8cm

x 35cm id)e AFESFTE ®WEST7] UIE9 2%+ water jacketS circulator (R 2T

AAA57001, Jeio Tech., Daejeon, Korea)oll AZA3dte] ZA3Att. Tavkgol ~ALY

(scale-up) A¥ol= HW vy} water jacketS 7F2 glass vessel (1lem x 10cm i.d.)S

A8t et
(3) EAuks
PLA;S W&Emi2 o] &3 PCO| 7Fyial] Al, sn-1-LPC7F WA Aol ¥il sn-1-LPC]

ZhiEsfizb o Kol HAS uf ofA7] o]xd o] doju FAMEEA GPC7F REEIAA
th 2 AFoA = PCE 7HEdlste] sn-1-LPCY AAFS A= stuA sAlel GPC A

He bsd @AY & Ut AY WA ANt PC g WSIWE ol 8@



small-scale ¥r&-olA 24 WrgxxS A SdHE HA wExzoA PC 40ge W&
7| AR o] &3 larger scale WF3S A AEte] sp-1-LPCE A =3 GPCe BA 55 A
Sttt wkS-wj Aol Akl kS small-scale HFS-o A 16mL, larger scale ¥F-3-9l A= 160mL
o] ATt
(4) WFSAMERHE Tl AA
HES A& o] A E A S 9)&te] small-scale =+ larger scale® AAFgE ¥FSALE (.18¢S
3te] 2mL methanol:chloroform (1:1, v/v)ol €33t % 045um GH Polypro syringe filter
(13mm)Z 33t PLAS AASIT 2 24 5F-3Ae] LPC AAAH 34 F2A e LPC
F3tEA ol do = larger scale® AAFEE WFSALE-S AL8-E AT O]% H &l larger scale
A2 WESAFE S 800mL methanol:chloroform (1:1, v/v)oll &3a18 & 0.45um GH Polypro
syringe filter (47Tmm)= o 73} PLA;= Al A3SHS T

YA WAL shak @ HESAME- o] FE] X HHAE skEke AQOCS official method Ca 5a-40°1 wh
)=

@ Thin layer chromatography (TLC) % gas chromatography-flame ionization detector
(GC-FID) +4
TLC &4 A, 245 AAZ w3AHE2S chloroform 250ulLel]l =<9 & TLC plate (silica
gel 60 F254, Merck, Germany)ol loading3dt % ZF &2 FEE/WELS/olA EAL/E(75:40:8:3,
v/v/v/v)E& ol&3ste] A AT Plateol A wEl¥ PC, sn-1-LPC, GPC % FFA W= &
PC¢ sn-1-LPCE scrapdte] 343 & YHEFEZ (C11:0) 2mgs ¥ 14% Boron
fluoride in methanolS ©]-83}¢] methylation*] 7] 22 GC-FID A]~€l& o]&3lo] X ukil %
Be AT
GC-FID 4] A], Agilent technologies 7890A gas chromatograph (Agilent Technologies
Inc., Palo Alto, CA, USA)¢} Supelcorl SP-2560(100m x 0.25mm, film thickness 0.2um)
capillary columng A&t o EAZ7AL injector =% 225°C (split 50:1), L E&%+=
100°CAl Al 4% A=A, &9 3°CY £ 240°C7HA s § 17+ A A, FID &%+ 285°C,
o] 574 &l H(ImL/min)°] %1
PCet sn-1-LPCO At Ao miE whgitEe PC, sn-1-LPC 3 GPCel 3
mol%= A4St At
@ High performance liquid chromatography-evaporative light scattering detector
(HPLC-ELSD) 4]
HPLC-ELSD #A4l¢l AR&3 A 85 E4E AAT EAtES 96% WE&o] Img/mL=
23] % 045um GH Polypro syringe filter (47mm)%= o] ¥}3ste] 4|8}t HPLC-ELSD
o] o] 5o 2= 100% HWES (A)¥ water (B)2] gradient system= A3t} Gradient

o
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= A9 H& 96-93% (0-15+), 93% (15-254), 93-96% (25-30), 96% (30-35%)= ==t
Hoz zAsgtt Lichrosorb® Si 60 (5um, 250 x 4.0mm) ZHL o] &3t on A9
2LEE 35°CE AR Y. Als FYHFS 20ul, ol 42 ImL/min¢]lth. ELSD
o] drift tube %% 60°CHeo™ HAE 15L/mine &2 Fwstdth wH&At=E9 PC,

sn-1-LPC 2 GPC9 &S mol% T=+x wt%= AAFe9l o)

RSM E59] WF(5HHS) 2822 Rbg(FHHG) 0] HIFH o2 Yeves ZAE &
2 ghrgFo]l HAstdE v STy 23S e v 783 A7l
7 #AW (regression analysis)?] & =

H) Abolo A g WgTE thE WG WX e gEFE S dolry] 9 A&
gt 53] 1/He] FEHEHTe 270 ol SHRS Atolo ¥ #AE et ARES}
= U (multiple) ¥#A =24 dFoltf. RSM2 stat-Ease?] design expert 8.0
(Minneapolis, MN, USA)& ©]&3to] AAJetdtt. RSME d&8 & ol&3ste] sn1-LPCe A
AFE Hd= 7713 GPCY S HA&stE & de A xS AR
sATAAER T FH(star point)o] Hell = W T4 A =, central composite

face-centered (CCF) designg o] &3l AdS HAASIATE sn-1-LPCe HA A= A

AL 93 =W (independent variables)¥ =%(40-60°C), WA 7H(1-7h), 71 & o] F12 3%
ZF(10-30%) % GAFA-7%)olF e FHWHF(dependent  variables)  RESAME 9]

sn-1-LPC 3&(mol%) 3 GPC &#(mol%)ol Atk 7 mgug AR E +1, 0, 19
GAR B3 3}etar 2<% (factorial point) 1670, =7 87, %4 A (center point) M=
& 270 =S ARG F 7o xHolA 'i S|

o] sn-1-LPC =3 GPC 3ol mAl= F&FS o33t 23 E]rffaL 3] #] 2.8 (second-order
regression model) o} o] 23} o}

o

r]I.
oo
filo
>,
L
ol
2
A‘l
o
10
=~
=
10
rE
O O
BN

4 3

4 4
Y= b0+ Zbl X+ Ebu 72 Z E bUXzX

i=1 i=1 i= 1j=i+

(6) sn-1-LPCe] 24 A

(7}) &uf-g v %9 (liquid-liquid extraction)

PLA;S WHe-Ful= o] &3k soy PCe 7hgitel] A whg4k= diol PC, GPCet FFA7P
sn-1-LPCet &A1 Ho] vt SA= A= v& F 7HA &9&

715 ol&ste] AT Sk F EE kel sn1-LPC, PC, GPC % FFAE &8sz} &
Rk B AT s F A A 2 %4 &MlE AR&sEATh 50% o ¥-2/CHxCla(3:1,
v/v): sm-1-LPCE 50% o|@& %02 PCe FFAE CHCL 02 #8d 3102 o4}

t
o
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Ark E/3AAH1:1, v/v): sn-1-LPCE & =907 PCY FFAE 4k o7 HIE Ho=
of &3t Ao

(W) %Al FZF W (supercritical fluid extraction)

B Ao s A A o] Aha A (supercritical carbon dioxide)E ©]-&3Fo] WHSAME ZEEH
sn-1-LPC¢ PCE %
(Figure 63)

degon Pestud s X AFeld AEH 297

. R

4 A3 A5 (model fitting)

PLA; S AAZ0= o] &3to] PCo 7Fes] A, whg-z7d W& sp-1-LPC GPC A4
Fol BistE SAMoRE Rdystal Yy REAS ol §ate] sp1-LPCY A FS Ho=
S7HA171aL GPCOl A S A= AAste A &S A7 fste] vk EAY

J

% olgatgrh. WeE

)
A
>

S 93t FATAAEH F central composite face—centered
(CCF) designe o]&3te Age AAS AL W25 (Te), WHSART), 712 FE2TF
(WC) & Z24ZFHEn Ul /e v3xds SHHSTE AMESe] -1, 0, 12 3331 PC
£ PLA 2 7HRaste] AAEE sn-1-LPC &3 GPC &3S FHWAFE 3lo] A4 &

40-60°C, ®WF-g-AIZF 1-TAIZE, 714

dol A g, HPuMsel WeE BeeEs: R ERISE
e 10-30%, BATE 7AW 1-7%0l9em ol Wt 1AdEe] ATARE vwo

2 ZdAsA

B Ao A o] &3 CCF designol el 2914 (factorial point) 1670, 5% (star point) 87,
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S " (center point) 3715 EFHe 27709 1S Al 23] W& AP AAHH 2770
o] WkS A 7} 2 WhSALE O] sp-1-LPC %3 GPC %S Table 160] UEFUA
o} WS AEE9] sp-1-LPC d%Fe] MY+ 3.6-94.4mol%o]l il GPC g2 W9+ 0-36.0mol%
oldtt. sp-1-LPC &3 2E7F T71ge] wieh diA=Z Frtshe 43S Yehdiied o)y
§b A3l PLAS @4 =7 X0 o8] FHor S wits ARG 7)edEr) = &)

AWk 7 Bos 250 mE PCeo =84 AEI7E t AR A gQlog 283 AoR JAdy]
= n

HH-E “41*] GPC A4 o
ol dojy sn2-LPC7} wHEolx
o= AE i)
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Table 16. Central composite face-centered design arrangement and responses for the
phospholipase Aj-catalyzed hydrolysis of phosphatidylcholine for producing
sn—1-lysophosphatidylcholine

Exp. Factor Response

no. Te RT WC En sn-1-LPC content GPC content
(°C) (h) (%) (%) (mol%) (mol%)

1 40 1 10 1 36 + 1.2°

2 60 1 10 1 18.0 £ 10.8

3 40 7 10 1 420 + 1.2

4 60 7 10 1 83.5 = 1.0 06 = 0.8

5) 40 1 30 1 36 £ 08

6 60 1 30 1 719 = 20.6 16.0 £ 20.3

7 40 7 30 1 8.4 + 2.8 73 £ 4.7

8 60 7 30 1 7.3 + 154 20.7 £ 165

9 40 1 10 7 96 £ 6.0 08 = 1.1

10 60 1 10 7 56.5 + 14.3

11 40 7 10 7 8.6 + 1.3 11 £ 15

12 60 7 10 7 68.2 + 3.3 165 £ 25

13 40 1 30 7 6.0 = 14

14 60 1 30 7 944 + 2.8

15 40 7 30 7 76.8 £ 18.1 20 £ 238

16 60 7 30 7 59.5 + 16.2 36.0 + 174

17 40 4 20 4 36.6 £ 9.1

18 60 4 20 4 88.2 + 4.2 6.6 £ 55

19 50 1 20 4 19.3 £ 5.1

20 50 7 20 4 849 + 8.1 9.8 £ 82

21 50 4 10 4 846 + 34 24 £ 34

22 50 4 30 4 74.8 + 0.6 20.7 £ 0.1

23 50 4 20 1 86.7 + 4.0 80 £ 3.3

24 50 4 20 7 936 + 15

25 50 4 20 4 84.1 + 6.9 97 £ 54

26 50 4 20 4 92.0 £ 0.8 25 £ 05

27 50 4 20 4 94.0 + 04

* Mean * standard deviation (1=2)

Abbreviations: Te, temperature; RT, reaction time; WC, water content (of the total weight
of PC); En, enzyme loading (of the total weight of PC); sn-1-LPC,
sn—1-lysophosphatidylcholine; and GPC, glycerophosphatidylcholine.
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Qo] W EW A AINE v o R dojxl whg
(WC) 2 a4

A3k (goodness-of -fit) = H7Fsl7] f18te] EA4FEA (Analysis of Variance, ANOVA)S A
st tH(Table 17). sn-1-LPC $3Fe] 3ARY L 1% FFTolA FAH= Fostairt. =
3l o] mdlA el HwA (lack of fit)e] p-value:= 0.0814°]Att AHgtzAo] HAAL HAd AR
B3], & SH¥ESs Xof S5 YV Al ddAE U FIRFEoR RS E
HAAdEdAE HAsI= A7tk whebA A7) vl Jhe] REEAASE sn-1-LPC 3o
Frolasol A A Aor HrtEd. GPC kol thgh 3
o 3 AR whRFA R 1% %94*%01]*1 TAHCRE 9

7F A aL 5% frelEel A AdE 7t e (p-value = 05084)& ZlsAth

,
o
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o
o i
R
eI
AR -
=Y
S M
O ot
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=)

Table 17. ANOVA table

Variable df SS MS F-value p-value
sn-1-LPC content

Corrected total 26 26606.71

Model 4 20062.44 5015.61 16.86 <0.0001
Residual 22 6544.27 297.47

Lack of fit 20 6488.93 324.45 11.73 0.0814
Pure error 2 55.34 2167

GPC content

Corrected total 26 2095.95

Model 5 1391.65 278.33 8.30 0.0002
Residual 21 704.30 33.54

Lack of fit 19 653.57 34.40 1.36 0.5084
Pure error 2 50.73 25.37

Abbreviations: df, degree of freedom; SS, sum of squares; MS, mean square; sm—1-LPC,

sn—1-lysophosphatidylcholine; and GPC, glycerophosphatidylcholine.
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sn-1-LPC %3 GPC &= 221 vg AR HAIAHS Hrishy] g & b2 A%
w2 o] A A (coefficients of determination) S AFE3dg Tt AAAFE A3 3AR
| oI A5 At =& Yetdo. ZAAITE F35l7] $18) Table 179 27719 HE

Z70 A Ao WHSAE 9] sp-1-LPC 3} 37 23
& 7+9] parity plot¥ WFHgAHE 9] GPC &3} 3932
parity plot< ©] 4319 tH(Figure 64). A4 A4 P £ Wz & 3
Feol v &S Uehis goz &e ol 1o sphess wafg
th. sn-1-LPC ol that A= R gk 0.7540, GPC
0.66400.2 YElY sp-1-LPC &3l 3k 37923 9 *gngaol GPC sheFell gk 3]+ 53 9
Amy B B9tk B e REd AgEHE SHASTE 59 EE 718 =

T M7t AR & B AYEs Hud e =248 247
Adjusted B g sn-1-LPC ol thdt A=A 07093, GPC ol tg 37250
A 0584002 vrERL Al Aze] Aol mrl & & 5 Atk A9 Adjusted S 3]
Aol ARG ZFo] AHEE HolEo Aty #F grEX(dHEsteA)E BT AR
2 Ry JdFge A Hubs o= dAFAES zta Ytk olef &Y dF AAASF
(predicted B @olgtns FAleted ARGl Az o] gt vrsS dup} & o
Sote= AE UHUE ARE 2P A4 434S Hrkete W 2o 9 /8% F U= 2
AAGo Tk sn-1-LPC ekl tig 3728 @ ghe 06071, GPC ol i3l 37528 <
@ & 037042 ey sp-1-LPC ol thdt gAnge] o=ego] GPC ol that 39

¥
=
o
o
78
D
[@N
Ll
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>
oo
o
Y

g d%9 mrh $5etgnh ARAow A FRe AAAS ¢ BF GPC el W 3
AmGol 8] sn-1-LPC F@ol tle SARGolA BT A et so1-LPC el ola
gAmgel Aol JUAoR S5 Aoz BrHU

o] B Aol H £EH sl LPC B3 GPC @l tg 7 IR AL 1t
A9 Agdel P43 AHAFE o g3l WY A F A nY BE FEG A
2 wolt Zlow Bud
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Figure 64. Parity plot showing relationships between observed values and values predicted
by the regression models. Numbers inside the graph represent experimental

numbers shown in Table 17.
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Table 18. Significant (p<0.1) regression coefficients of the quadratic polynomial models for
the phospholipase Aj-catalyzed hydrolysis of phosphatidylcholine for producing
sn—1-lysophosphatidylcholine

Effect sn-1-LPC content (mol%) GPC content (mol%)
coefficient p-value coefficient p-value

Intercept 81.61 <0.0001 5.95 0.0002

Linear

Te 14.80 0.0014 4.73 0.0023

RT 21.03 <0.0001 4.29 0.0049

WC 452 0.0033

Quadratic

RT=*RT -29.16 0.0004

Interaction

TexRT -13.82 0.0041 3.01 0.0501

TexWC 3.01 0.0502

Abbreviations: Te, temperature; RT, reaction time; WC, water content (of the total weight

of PC); sn-1-LPC, smn-1-lysophosphatidylcholine; and GPC, glycerophosphatidylcholine.

Figure 66% &%, WHSAIZE 712 887, 4% 721749 wSAdA7 sn-1-LPC &7
GPC ol wAl= d&F= vlastel depdla v 257 S/ S sn1-LPC g}
GPC #&o] 7 S7batd=tl sn-1-LPC ko] S7h%o] GPC el S7hel wls i
Aoz ok webA sp-1-LPC S A= F7HA7]= SAld GPC &3S H4d7] 94
M= GPCOl Aol b Frtstt et oA em 2o whgs sk Aol H}%*lel e

2 AAEAT A G sn-1-LPC @32 QAADTA = SbslerE Ak b
of GPC #&2 Alzko] A g5 AL S7hsts 4&S dehildoh oebs sn-1-LPCe] 474

Be AU F7hA7)3 GPCY AR HaskA7)7] AsA GPCe] Aol AEEE Ak A
A e AAs Aol Bad Aow BRHAY. /1A FRFDEN o 1-LPC A%
TAE AABA gRlon FRUF THEEE GIC TFE A me

sn-1-LPCe A #HS Hd =2 F7FA71 GPCe A S HA23A]7]7] %oﬁfﬂ 71

.

2
Aedor sr1-LPCS A4 %S AUl /710 GPCe] A4 H234717] Aaae
goH oz = & HAnw §A50A GPCE A4 EY] Hel A4

F AAAT e AAsn o W EaE AAAA ZHelN HAWS ALESE o]
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Figure 65. Prediction plots for response variables by the effects of reaction parameters. The
coded values of all reaction parameters were zero except those of a reaction
parameter represented on X-axis. Abbreviations: sn-1-LPC,

sn—1-lysophosphatidylcholine and GPC, glycerophosphatidylcholine.
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(3) =24 534 7 ZF(model validation)
AA Y] A TARDEY Atololl= “o] s}, weste] o3k QA7F EFFE o] Utk o] &
A5 b7l A s BEd o8 dSHe g AAe] APAAE vlu HES
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Table 19. Observed values and values predicted by the regression models for the responses

in eight additional experimental sets

Factor Response

Exp. Te RT WC En si-1-LPC content (mol%) GPC content (mol%)

0 @ @) () Observed  Predicted %PE Observed  Predicted %PE
1 44 1 11 2 84 £ 15 142 69.9
2 42 2 21 5 207 + 49 354 714 1.1
3 49 2 17 3 424 £ 06 52.2 23.2 1.6
4 51 3 8 4 817 + 73 73.3 165 39
5) a3 5) 17 4 90.2 + 44 884 1.9 34 + 46 7.5 116.8
6 60 3 10 1 8.5 + 46 90.8 6.2 09 + 13 0.7 189
7 a8 5) 20 7 685 £ 12.0 93.5 36.6 250 + 141 16.8 32.7
8 a8 7 20 7 546 £ 95 74.3 32.9 383 + 128 21.3 444

* Mean * standard deviation (7=2)
Abbreviations: Te, temperature; RT, reaction time; WC, water content; En, enzyme loading;
sn-1-LPC, sn-1-lysophosphatidylcholine; GPC, glycerophosphatidylcholine; and %PE,

percentage prediction error.

(4) A# wkgz7A9] &7 (optimization of reaction conditions)
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glass vessel (8cm x 35cm id)olA] PC 4gS 7]1d & o] &3te] aAnrso Rdagy) vtexA
°of Azt e At Eaws Alade] ALY (scale-up) 71E AT Ao
g0l ] & glass vessel (1lem x 10cm id)S WH$7]& o] &3l 7| &%
T gyE HH =AM 2ARteS AAS v Tdd HH vk x4 small-scale
%, PC 4g2 7142 o] 8)& Axd &A=} larger scale(F, PC 40g& 7142 o] 8)= A
~-1-LPC &ZF3 GPC 32 A= H]sF3 . larger scale® -2 HE-SAL
sn-1-LPC &2 83.7mol%°| il GPCE A=A Zuth wEha F s
sn-1-LPC & 7te] o) 3 3H A (relative standard deviation)= 1.5%=Z v]$- =& ALEE
etk GPC ghake] 2§ A3 X (relative standard deviation)”} 141.4% 2 Z o1}
T A% Y Adiabs 09mol% = Wi Aska FFEHEAE gF A 0.6mol% = v Akt

kA 2 Aol = 108 FEAA A or aantge] 2AddS S

b
=

Table 20. Selected optimal conditions and responses for the phospholipase Aj—catalyzed
hydrolysis of phosphatidylcholine for producing sm—1-lysophosphatidylcholine

Factor Response
Scale  Te RT WC En  sr1-LPC content (mol%) GPC content (mol%)
0 (h) (%) (%) Observed Predicted %PE Observed Predicted %PE
Small® 60 3 10 1 b5 + 46° 9.8 6.2 09 + 13 0.7 189
Large” 60 3 10 1 87+37 9.8 84 0.7
%RSD 15 1414

Performed at levels of reaction factors that are optimal for maximizing sn-1-LPC contents
while minimizing GPC contents.

* Performed with 4g of PC

" Performed with 40g of PC

¢ Mean * standard deviation (77=2)

Abbreviations: Te, temperature; RT, reaction time; WC, water content; En, enzyme loading;
sn—1-LPC, sn-1-lysophosphatidylcholine; GPC, glycerophosphatidylcholine; %PE, percentage

prediction error; and %RSD, relative standard deviation.

Aol AR

2] x| "4k (free fatty acids, FFA) &%

PCO| 7hiefel o3 sn-1-LPCe] A4k A vbgAbzoll= FFAZE 97 xtEs}
Ce] <ol sl FFAS A =Fe S7tetAl € H4 w8z S vk

IS 5}
o] ALY AFolA small-scale® A Z3 WHSAHE3} larger scale® A4S wHSAbE o] %
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4 FFAE =33 Aok AL A2 vro] wwxs d9=E do 45 AtHTable

21). FFAE A9d<S @ small-scale® 42> WEAHES] sp-1-LPC 3 GPC &2 747t

81.6w/w2%<t 1.1w/w2%°]Q 3L larger scale® 353k ¥gAHE 9] sp-1-LPC =2 77.5w/w%

oo GPCE EA8HA &Sdth s+ o] &5 small-scale® A2 WFSAHE3} larger scale®

AAkEl REEAE o= TheRE] HA &2 PCrF oo 1 ke 247 17.3w/w% et

225w/ w2l th. FFAE 2%3t 459 w39 =4S B small-scale® A& HHgAME

W ARE 9] FFA a2 7H7E 299w/w% b 27.8w/w2%o] Lt uhehA]

HoAGo = Erf-8v) FZFH(liquid-liquid extraction)® Z U A 3% (supercritical fluid

=278 o5 FFAE AlAst= WS Systax sl 34

SAHES] sn-1-LPC &3 GPC 32 2+2F 57.2w/w%9t 0.8w/w% 9]

a1 larger scale® 53 WFSAFE 9] sp-1-LPC &2 559w/w%el o GPCyE &4 314

ekttt 18]al o]E small-scale® A& BFSAME3} larger scale® AAME HESAME-o] PC g
g2 2tz 121w/ w%et 16.3w/w2% 0] LT},

3} larger scale® ¥ 53

[e23

<

o

Table 21. Chemical compositions of the reaction products obtained by phospholipase

Aj-catalyzed hydrolysis of phosphatidylcholine under the optimal conditions

Excluding FFA(wW/w%) Including FFA(wW/w%)
small-scale® larger scale® %RSD small-scale larger scale 2%RSD
PC 173 £ 2.0° 225 £ 4.8 185 121 £ 13 163 £ 3.8 20.9
sn-1-LPC 816 £ 35 715 £ 4.8 3.6 572 £ 30 559 + 25 1.6
GPC 1.1 £+ 15 08 = 1.1
FFA 299 £ 06 278 £+ 12 5.1

Performed at levels of reaction factors that are optimal for maximizing sn—-1-LPC contents
while minimizing GPC contents.
* Performed with 4g
" Performed with 40g of PC
¢ Mean * standard deviation (7=2)

(\}) TLC GC-FID ¥& 4 Aot HPLC-ELSD 4 date] wil

sn-1-LPC %3 GPC ol tigh 3PS o] &3dfo] WgAtE
T3 S7HAIZINA Al GPC $ e 7hed WE g e HA 23S FHea gdHd
HA Z21E& vgoR 108 FE7HA AFHoR gawde ~AdYS GAsd HE =
Aol 108 o= ALYt AL WA= PC, sp-1-LPC % GPC &%=
HPLC-ELSDE ol-&3te &4 F TLCe GC-FIDE
ARYS =&5t7] el AH&-% Table 179 27749
SA4H=S HPLC-ELSD® #438le] d& AzntE

I
T
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°] sn-1-LPC &%¥ GPC &% TLC9 GC-FIDE W&3te] A1 An 7H7} 59.5mol% <t
36.0mol%°] ATt PCY wH&F AlZk(retention time)< 5-6, snp-1-LPCY wWHF& Al
6.5-9i, GPCe wHF& AIZF2 125-16%= FRIFATt o]& HiFOo® slo] FH A oA
larger scale® AgAFsH WFSALE o] 2AS HPLC-ELSDZ #4138 thH(Figure 67). 71 A} o]
BFgAtE o= PCo sn-1-LPCE] 3]avwt Uetsta GPCe HEHA F8kth o] vkEAkE o
PC &3 sn-1-LPC %2 7tz 95mol%et 90.5mol% 2 WERsEth o] &3kt TLCS
GC-FID ®-§ &4 s 92 &4l PC 16.3mol%<} sn-1-LPC 83.7mol% <} -AFsES th
(Table 22). webA] TLC® GC-FID #8933 HPLC-ELSDY =7 ¥ A olx A4e PC 7}

FRElEe 242 A4 8 oA AF@ BAWI Ao BrdA

Table 22. Comparison of the PC, sn-1-LPC, and GPC content values of the reaction
products (obtained under optimal reaction conditions) determined by LC-ELSD with

the values determined by a combination of TLC and GC-FID

Content (mol%)

PC sn—-1-LPC GPC
Determined by a combination of
TLC and GC_FID 16.3 + 3.7 3.7 + 3.7
Determined by HPLC-ELSD 9.5 90.5

Abbreviations: PC, phosphatidylcholine; sn-1-LPC, sn—1-lysophosphatidylcholine; GPC,
glycerophosphatidylcholine; TLC, thin-layer chromatography; GC-FID, gas
chromatography—flame ionization detector; HPLC-ELSD, high performance liquid

chromatography-evaporative light scattering detector.

[mVv]
200
) sn—1-LPC
3 100
PC GPC
o_ T T T i T
5 10 15 20 25

[min.]
Time

Figure 66. HPLC-ELSD chromatogram of the reaction products obtained by phospholipase
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Al-catalyzed hydrolysis of phosphatidylcholine (4g) under the conditions from
Exp. no. 16 in Table 17.

Abbreviations: HPLC-ELSD, high performance liquid chromatography-evaporative
light scattering detector; PC, phosphatidylcholine; sn—1-LPC,
sm—1-lysophosphatidylcholine; and GPC, glycerophosphatidylcholine.

[mV]
200
sn-1-LPC
§ 100
PC
W
& T T T T T
5 10 15 20 25

[min.]
Time

Figure 67. HPLC-ELSD chromatogram of the reaction products obtained by phospholipase
A;-catalyzed hydrolysis of phosphatidylcholine (40g) under the optimal conditions.
Abbreviations: HPLC-ELSD, high performance liquid chromatography-evaporative
light scattering detector; PC, phosphatidylcholine; and sn-1-LPC,
sn—1-lysophosphatidylcholine.
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Soy PCx 2Z3A|WAte] sn2 X ETE sn-1 YAl o @ol EA3taL sp-2 A WAike F2
XA R A e AHY. wekd PLAS AAISH R o]&ste] soy PCE
Zhrelstd sn-l $1A1 8] EsHA ALl FElH WA PC Bu E¥8E7F 2 sn-1-LPC7F
e AoR digHET. ol #dstr] flete] HA AN A WSAERRYH g
sn-1-LPCe] AWt 245 48t 1 235 7|d=2 ARSH PCo At 243 wlalsksl
UH(Table 23). sn-1-LPC¢ & &XstA WA e 97.6mol% = PCe 81.3mol% Kt =UTh
PCe F8& A4S linoleic acid (62.6mol%)9t palmitic acid (15.1mol%), oleic acid
(11.0mol%)¢] <=oldtt. ol ulal HZ wkgZAoA AAZE sp-1-LPCS F=Z linoleic acid
(78.0mol%) = 5o Ao oleic acid (12.5mol%)<} linolenic acid (6.4mol%)2] o=
ShEo] gt E3] sn-1-LPCY palmitic acid & #FS 2.2mol% & PC9 palmitic acid &
Boh 3A @t o)y A= PCO ZhEd HAgolA thFiE2] palmitic acid7} Al A= 7]
el Ao w AdHATt. AdA o2 PLACl 9% soy PCO 7his] Al o] PC Bt}

BEFEI EE s 1-LPCIE BECAE AL Hey

o

Table 23. Fatty acid composition of sm—1-lysophosphatidylcholine from the reaction products
obtained by phospholipase Aj—catalyzed hydrolysis of phosphatidylcholine under the

optimal conditions (mol%)

Fatty acids PC (mol%) sn-1-LPC (mol%)
14:0 0.1 £ 0.0%

16:0 151 + 0.1 2.2 £ 00
16:1m2-7 0.1 =00 0.2 + 0.0
18:0 35+ 00 02+ 00
18:117-9 11.0 = 0.0 125 + 0.1
18:1n-7 1.7 £ 0.0 05 + 00
18:2n-6 62.6 £ 0.1 78.0 £ 0.0
18:3n-3 58 = 0.0 6.4 + 0.0
20:1 0.1 £ 0.0

Total SFA 187 + 0.1 24 =00
Total USFA 813 £ 0.1 976 £ 0.0

* Mean * standard deviation (17=2)
Abbreviations: PC, phosphatidylcholine sn-1-LPC, sn-1-lysophosphatidylcholine SFA,
saturated fatty acids; and USFA, unsaturated fatty acids.
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(6) sn-1-LPC9]
(7}) & vl --&vj
PLAE WSR2 o] 88 soy PCO 7hyia] Al w32l
2] FFA7} sn-1-LPC%t &5 o] Qlth F AR O
i EZg7|E ol &3t AAAT T gl sko]

FFAS 23834 3t

i)
o2l

2] A

FZ ¥ (liquid-liquid extraction)

el Aol PCot GPC ¥t
T 7HA &ulE WgAkEe 7t

S5 9] sn-1-LPC, PC, GPC ¥

i

\I

A=

il

—_L
=
OI—

1

off

=
o

Fr

=
S

T84 ey YIFEZZUE(CHLlL)E AMEste B AA 29SS 3t o o
sn-1-LPCE 84 oaL =07 PC9 FFAE CH.ClL 202 23" Aoz oAt
et = =

Figure 68. Aqueous ethanol/dichloromethane extraction of sn-1 lysophosphatidylcholine from

reaction products. The concentrations of aqueous ethanol were 0, 30, 50, and 70%.

50% Nl &h&/CHCla(3:1, v/v)& ARE3to] # 2 Rbg2oA AAIE whgqtEs 33 23
i Table 24°] YEFHATE 50% cl&ts &= F&2 14.0%°IAth 50% l&s =3 =9
PC %2 24w/w% YElY tiFE9 PC7F CHXCl, 582 o H o] A H= Aol &3lH %)

t}. sn-1-LPC &E& 50% o &2 E35Eo] 56.0w/w%®E CHoCly, E3 &9 47.1w/w%e°l H] &l
Z7}stgd . sEA g GPC9 FFAQ e ¢ whSALE 9 30.7w/w%oll Al 41.6w/w%= 23|

7 st A7 AT FFAYE CHCl T2 T2 o]gy i g9 GPCx 50%
g2 ol &S Y2 TLCE S3tel &lstd vk (Figure 69). ol2id Ay= GPC7F PC
¢} FFA % ofy#} sp-1-LPC BEu% &2 SAEE 73 7] wie] vebd o= A
ZhEh, mebA 50% ol e-& 3 CHoLhE FEE&M = o] &3t sn1-LPCO #e]| A A= 50% O
2 E¥ =0 GPC7F sn-1-LPCSF 37 FEskal 50% olghs 8 &9 T80 v7] uol

tid
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B AFelA AR wEEARE o] FAdll= ARgol =71

olr

g Ao HrhE ot

Table 24. Chemical composition and vyield of fractions obtained by 50% aqueous

ethanol/dichloromethane (3:1, v/v) extraction of reaction products® (w/w%)

After fractionation

Before fractionation

CH2Cl: fraction 50% ethanol fraction
PC 12.1 16.0 2.4
sn-1-LPC 57.2 47.1 56.0
GPC + FFA 30.7 36.9 41.6
Yield 72.4 14.0

% Obtained by phospholipase Aj-catalyzed hydrolysis of phosphatidylcholine under the

optimal conditions

<Reaction product> <CHCls> fraction> <50% ethanol fraction>

Figure 69. Thin layer chromatography of fractions obtained by 50% aqueous
ethanol/dichloromethane (3:1, v/v) extraction of reaction products. The reaction
products were obtained by phospholipase Aj-catalyzed hydrolysis of

phosphatidylcholine under the optimal conditions.

- 137 -



-

B AT /3851, vive B UE FEE8vlR AMESte] HA Rkgxzd A AR
SAHERZTEH sn-1-LPCo #EAAE A= tHTable 25). ©o] W sn-1-LPC+= & FOo=,
Ce} FFAT 4 o2 284 Zoz oisan. 1 23 & #9859 &2 7.2%°|A
ok giFiEe] PC7E St Fo g oldse] & REIFE PC FHEFS 40w/ w%E Frasith
sn-1-LPC &&& & B3 E0] 60.3w/wxz g2t B35 471w/w%l Hl& oF 13w F7}
sttt skA R GPCeF FFA®] 32 whgAbE <] 30.7w/w2%ol Al 357 w/w% = Z7}a Tt
ol= GPC7} PC, FFA, sn-1-LPCell ®la] =ol et XapAdo] x7] wiiel yvetd 232 &
AT wEA B3 SLE FEEvR ol&ste sn1-LPCY EHAAlE & Eg=l
GPC7} sn-1-LPCS} 37 Estal & B ES F&o] v v ZA7F 7] sl 50%
N &&/CHLCL FE 3% nh7kA HEgAbE o] AAd &= Abgo] E7ls

3 Ao HrrHA,

gl

e

it
M
rO

-

=2

>

0%

P

2

¢

Table 25. Chemical composition and yield of fractions obtained by water/hexane (1:1, v/v)

extraction of reaction products® (w/w%)

After fractionation

Before fractionation

Hexane fraction Water fraction
PC 12.1 11.3 4.0
sn—-1-LPC 957.2 47.1 60.3
GPC + FFA 30.7 41.6 35.7
Yield 65.1 7.2

? Obtained by phospholipase Aj-catalyzed hydrolysis of phosphatidylcholine under the

optimal conditions

(W) =44 +=4 (Supercrltlcal fluid extraction)

2 AT = BSAEEZRE sn-1-LPCE AdEYdoz Fgste & & o=z %9
o] A8} ek 4 (supercritical carbon dioxide) F&& ©|-&3 % tH(Table 26). ©] FFA&=
sn-1-LPC Hl3l] ddldoz SA4%7} vt7] wiiol] A olitstetiol §3xo REgAIE=R

a

RE AAD Aoz daEar. A9 A9 WA HeE F 62% Y

ol 2944 FE=Z AAVE HAUY. FEE9 FFA 52 878% = x<UA olitsteriol <3
FFA 57 WhgAta 238 AA7E He A deladith A 5 & 42 ket
FFA &d2 F5 d ibebEe] FFA &3 A9 Aol7h gt webd =4 24 9
Al E-grl FEH A VAR 2 ATl A wbgAbE o] Al = AREe] E7bed
Aoz H7hE

Table 26. Free fatty acid content and yield (of fractions obtained by supercritical carbon

dioxide extraction of reaction products® (w/w%)
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After extraction

Before extraction

Extracts Residues
Free fatty acid content 285 87.8 27.0
Yield 6.2 93.8

Obtained by phospholipase Aj-catalyzed hydrolysis of phosphatidylcholine under the

optimal conditions

o 2ot
B oAl AR Rawe A2 olgstel 98 soy PCRG BEAEA  ¥x

F3kA, A4 21 A A (structured phospholipids) €49 7122 AFgE 4 ¥ sn-1-LPC

a4 WHOR ANstuA sk olF sl soy PCE PLAS MSEUE o83 s

S St sn-1-LPCE Alxstsler o] o vbgAt=2] sn-1-LPC &S AW S74417]
L ofAY] ol ToE AHEE FAMEQ GPCY AAES HUF AT ¢ e eSS
RSME &dto gdetua silvh 2 23 AAE HA v 3A3F, H A g2 ms
60°C, 7189 H4 s 10%0IR o™ a4z BAAY SFHS adste] 7 d % iy
1%5 #H4 xdeow AAut. gde HAHxAdANA A w3AHEe] sn-1-LPC o
°F 90mol%oller GPC &2 Imol% olstler vbgs 108 FE7H4 2AddS s

E RbSAt= e A= Fo A dEt gl 4 fr18 et 294 FAIE ol 85k

8
NEGATERRE on |-LPCE AEA o Relstad sddout FFAS GPC 59 AAZ o ¥
ES

s BAZE WAl ol W FbEe ATl Be T A
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3 7154 L-a-GPC2] 4 2 AaA| Wy g

7h s B g

1) 29 7=
(71 7167 L-a-GPCe 4 dzet 4 wbgx=1 g9 I8 A (Figure 70)
Soy PC9 sn-1 AWAFS 7biallste]  sn-1-lysophosphatidylcholine (sn-1-LPC)S 4
st} 7heEd] WS FulAlE sn-1 91# 5ol & YER & phospholipase A; (PLA)<
Abgstth wEg w2 A 4H(r-hexane) W} =S A& SR PLA(Lecitase Ultra)S ©] 83}
PCE 7FiEal Al e A iakel o) whgvjdo] A3tz Fukg(side reaction)dl ob
7] o]%& (acyl migration)o] Lot} ofA7] olFL sn2 19 oAVt sn-1 FIAZE 9]
Eote ddolt) ofdy] ol s A sn1-LPCe 4 HAAA sn2-LPC7F A A=
= f]lel ®vrh sn-2-LPCi= PLAC 98] 7hef s o] L-a-GPCE AT Ao
PLA; Smf 7FFE8iwks 5 obd7] olsdide] ®Wol dojubd L-a-GPCe A8 el F7t

g} opdy] ol A &, WAz VAo £ESH, Ea pH Tol oe] 9T w

o
1l

0 —{IZ‘I, —R1 OH =~ 0—C—Ry OH
q PLA, 9/ Acid PLA,
—C—R 0—C—R; ——— 0H OH
Q Hydrolysis ; ? Aal 2 Hydrolysis ;, 9
0—P—0—(CH)IN'(CHy); Mgrafion  Lq 0—P—0—(CHN"(CHy);
q ! q :

0—P—0—(CHz):N"(CHs)s —B—0—(CH;aN"(CHs)s
o HO—C-R; O @ HO-CR, ©
PC su-1-LPC sn-2-LPC L-o-GPC

b webd obds] olBENS AUHAZL S i HA weEd Hyo] Bas

Figure 70. Phospholipase A; (PLA;)-catalyzed hydrolysis of phosphatidylcholine (PC) for
producing L-a-glycerylphosphorylcholine (L-a-GPC)

o
lo
il
ko
oX,

(W) 7154 L-a-GPCe] #2844 W9 &

Lecitase Ultras WH&FHulE o] &3 soy PCY 7hetal whg4k=<l
WAk 223 Z 9 (phosphocholine)e] &A= o] o). 7hpia] wHE-9 FufA|Ql Lecitase
Ultrat: FE sn-1 994 5o]4S Ye= PLACE FAE At AT sn-3 $# 5o
& Ad PLCSE 22 aaEeo] 95| 3o phosphocholineo] A H T 2] A2t (free
fatty acids, FFA) Hb-gAFE 9] At & TAAI7I12=Z L-a-GPCeF w2l g#|17F 283}
oh. ARt o® L-a-GPC PC, LPC 1= FFA] Hls] A=Y =vh webd SA4E7F B
2 gulE o] &3l &v FFWH(solvent extraction)S ©]-§3ste] WHEAHE W9 L-a-GPCE
FFAZHE Easte Aol 7lsd Aoz ¥t} phosphocholined WHSAHES] £ 5 Y
71 Wil L-a-GPCet #8847t dasitt webs A2 A9 A=wtE 289 (silica
gel column chromatography)E ©]&3to] L-a-GPC% phosphocholine®] &7} 7158 Ao
2 odE.

AV
ot

¢

O
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) A&

7h 714

O B ¥ 71d=x AEE PC (granualated phosphatidylcholine, =% >95%, from
soybean)i= Avanti Polar-Lipids, Inc. (Alabaster, AL, USA)°l A 3%

@ PLA1 (Lecitase® Ultra)S Thermomyces lanuginosus/Fusarium oxysporumol A 2%
Bt E A2 A Novo Nordisk Bioindustry Ltd. (Franklinton, NC, USA)ol A F43t on B
W39 FujA = o] &35k

@ 32 &Aws7] ¢ W vl (flat-bottom) ¥ water jacket2 71 glass vessel (8cm
x 35cm id)E AFESFAT wHg7] WHY &%= water jacket= circulator (E !
AAA57001, Jeio Tech., Daejeon, Korea)e]l AZA3dte] ZAstt. EAuESo ~A LY
(scale-up) A&l HW vwg s}l water jacketS 7F glass vessel (12cm x 65cm id.)<
Ab-&38ES
(3) &&vkg

PLA; & WHSFvl= o] &3 PCO| 7hpEial A, sn-1-LPC7F "A /o] ¥ sn-1-LPC*]
ZhEEsl 7l B xldo] HAS W ofAY] ol ddo] dojyp FAMEREA L-a-GPC7F W
+ PCE 7l idliste L-a-GPCe A =FS AUt A7+ FHA v
SZ21E ARSI PC 4gS W7 AR o] &3 small-scale WH-g-olA] HA wbgxz1s &
datgth gdd HA gz dolA PC 40 g& w7 E R o] &3 large-scale HFg-S A A
~Z

3l L-a-GPCel A S ZAsEeh vk d el dlake]l oF2 small-scale HF-§-9l Al 16mL,

Nl

HES AR o] A RA S 9)3to] small-scale =& large-scale® ABAFSH HFSALE (0205
sl 2mL methanol:chloroform (2:1, v/v)el &3¢t ¥ 0.45um GH Polypro syringe filter
(13mm)Z o3t PLAS AASAT 2 Ao e HA 7oA large-scale® A}
AbEl HESAFE-S 800mL methanol:chloroform (2:1, vol/vol)oll €313k 3 0.45um GH Polypro
syringe filter (47mm)= o] ¥3te] PLAS A A%

B +4

(7]) Liquid chromatography—evaporative light scattering detector (LC-ELSD) 4]

LC-ELSD &4l &3 A8 848 AAF eAd=s 93% vigdsol Img/mLz &
H % 0.45um GH Polypro syringe filter (13mm)#& o] ¥ste] #H]8 9tk LC-ELSD9] °]&

S22+ 100% Wered =& 937(v/v)e HE&= 39 &ulE 7]&7] &8 (isocratic
eultion) Z# o] A&-3FAt}. LiChrosorb® Si 60 (5um, 250 x 4.0mm) Z# & o] &3¢l o
Ade 2 3H°CE FAAL A8 FAHFS 20uL, o549 #%5S 1mL/min°] $ltt
ELSD9]| drift tube €%+ 60°C oW spray chamber =%+ 30°Co|™ &A= 55psid oH
o2 FFaAth whgatE ] PC, LPC % L-a-GPCo &S w/w%=E AXbstadrh,
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(1}) LC-tandem mass spectrometry (MS/MS) +4]

LC-ELSDel A #HZ¥ §hgatEo A4 E S LC-MS/MS A28l o] gate] Felatqitt.
WHgAbE 9] 7t 300pug/mLel HEE 93% ekl &8 F 20uLE F9sked LiChrosorb”
Si 60 Aoz H3dk 3 LTQ-Velos mass spectrometry (Thermo Fisher Scientific, San
Jose, CA, USA)E o] &3to] 7} v]=e] g wh-gAtaS A4 &4 5t LC-MS/MS$] o] &
4 =712 LC-ELSD¢} sttt d&S& 91 MSEA X212 Table 276 veblil o A

7| B o] 23} (electrospray ionization, ESI)S o] &3fo] wH&-ALES o] &3}A] 7 T},

Table 27. ESI conditions in LTQ-Velos mass spectrometer

Device parameters Conditions
Polarity negative
Scan range 50-1000m/z
Source voltage 4kV
Capillary temperature 275°C
Source heater temperature 250°C
Sheath gas flow rate 35arb with nitrogen
Auxiliary gas flow rate barb with nitrogen
Sweep gas flow rate barb with nitrogen
(th) ¥H8-3 ™ F A (response surface methodology, RSM)
RSM2 59 ¥4 (5 YW, independent variable) 2H8 22 WHg-(FZ4 WS independent
=

UEte BAS EAsts o g vhgwko] HAsE = de 59
N0 23S 2= d f&3 FAVIYoelth. RSM2 3]+ 4]

FTog AN BAVE de= F WEF(S, SHHTL FHHUF) Aol A & ®WgT thE W
= GEFEs dotry] s AREgoh 53] 1719 S5 TS 27 o] 4be] SHW s Aol
of Q¥ #AAE HI=d A& thE(multiple) 37 2249 dFeoltt. RSM
stat-EaseAl¢] design expert 8.0 (Minneapolis, MN, USA)S o] &3} 2Als9tt. RSMY
A& ol &sto] L-a-GPCe A4 &S Hdgtsl= HA wex=3s AAsA. AT
g T ZFH(star point)o] FTAHOZHE 14149 Ag(star distance)oll U central
composite circumscribed (CCC) design= ©]&3sle A& AAsAY. L-a-GPCY HA &
Az AA4e 93 5¥dsE 2240-55°C), WHSAIZH15-30h), 71”9 FEEH
(40-80w/w%) % EAFOG-15w/wX)elR e FEHEHFE WEAHES L-a-GPC T
(w/w2%)oldth 72 sydwiae] AdWHE +1.414, +1, 0, -1, -1.414¢] 5@AZ F 53}l o
914 (factorial point) 1670, %7 87, 4l d(center point) 3/NE X3k 27709 1S A H
T Z47hel oA EANES AASAT 9] 4719 wkg o] L-a-GPC ol

A= PGS o =8 22k vhd 3] 9] ¥ (second-order regression model)S of#j o] 23} 7

H (regression analysis)® <

ok
o

- 142 -



3 4

4
Y="by+ Y,bX +Zb,, X+ Y Y b,

i=1 i=1 i=1j=1i+1

e FEHWF 5 L-a-GPC o, Xie SHUFR, 25

(6) WFgAFE ] A A
PLA & W32 o] 83 soy PC2 7F=#38] A wHs-4HE o] FFA, phosphocholine¥}t
L-a-GPC7} &A% o] 9t} FFA9 phosphocholineg &vj F&Wy A7 29 ma=2ZnE
a9 E o] &3t L-a-GPCet E& A4 AsHS
(7}) &l FFWH(solvent extraction)
SAE7E 2 folddEH 2 (40mL)& 3¥ RHEste] whEAlE R R E FFAE skt
N, flushings 3lo] ZE3tE= todoHZS 243 A A AT
(W) A7 29 2 z2rE 289 (silica column chromatography) (Figure 71)
250mL B]A] Ag7t2 60 (Merck, darmstadt, Germany) 50g< P il FE3F %o w|
IS 8615 (v/v) HEE 4L &vlE dHs] HolFo Aertas AAM
|83t F&3] AAFEA X5 AR oFHe] &miE mE ¥olE #E AR
Length = 3cm x 30cm)ol A4l A7l A& ATt Al&5(Ev] FFHE &3 FFAZF Al A
BEAtE) 02gS FAHEIIUE o] st AE7tAS 9o 29 T AN EEAA
of FFAAIATLE W& 9 ImLe FHo= 4 =

=
= £%39 29 cap tubeol] 40mLA F&3FATt. 2+Z; cap tubeol

U
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a2 dp>
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Figure 71. Silica column chromatography to remove residual FFAs and phosphocholine from

reaction products
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Figure 72. Liquid chromatography—-evaporative light scattering detector (LC-ELSD)
chromatograms of (A) soy phosphatidylcholine (PC) and (B) reaction products
obtained under the optimal conditions for Lecitase Ultra—catalyzed hydrolysis of

soy PC to produce L-a-glycerylphosphorylcholine (L-a-GPC).
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Figure 73. LC-tandem mass spectrometry (MS/MS) spectrums of (A) negative MS
spectrum of unknown peak at 3.37min and (B) MS/MS spectrum at m/z 181.

Figure 73(A)¥ unknown =29 MS spectruml & F8 33l ZAOFE Hol o= PCY
sn-3 Ao 2+ phosphocholine¢l Ao & oAarw gt o 2Ag F+REAS 98] m/z 181
o] MS/MS spectrum+> Figure 73(B)¢} #3kom 7} fragment ©]&¢] +x3}38124 8 Table 28
of et} Phosphocholine A ZF-E 4FAu Q1 AA7F Al A S m/zgke] 163, 149, 101
3 85%1 of=Eo] AAEowH, olst A wlddely mE Zigo] A AAEH mzgkol
119, 89 B 71%1 olEc°] AdHES dsidnt. oldgd AF}E ugor wg FujAdd
Lecitase Ultrax= PLAj 2.2 F2 FA 5] AT phospholipase C(PLC)®F #-2 sn-3 1% &

o]AdL §47F £33 o] ¢lo] phosphocholineo] WA= Holgt F=xth
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Table 28. Fragmentation patterns for the ion at m/z 181 observed in the reaction products®
and possible structural formula for the fragment ion species in the mass spectra

produced by liquid chromatography-tandem mass spectrometry (negative ion mode)

m/z Product ion species Structural formula

MS spectrum at retention time of 3.37min

181 (M - HI' PO4(CH2)o:N(CH3); - H
MS/MS spectrum at m/z 181

163 [M - 16 - 3H] PO3(CH2)oN(CH3)3 - 3H
149 [M - 32 - H] PO2(CH2)2:N(CH3); - H
119 M - 62 - H] PO2(CH2)2:NCHs - H
101 [M - 79 - 2H] O(CH2):N(CHas)s - 2H
89 [M - 93] PO(CHz2)2N

85 [M - 95 - 2H] (CH2)2N(CH3)s - 2H
71 [M - 109 - 2H] CH:N(CHs); - 2H

? Obtained under the optimal conditions to completely hydrolyze soy phosphatidylcholine
(PC) into L-a-glycerylphosphorylcholine using Lecitase Ultra as the biocatalyst C(.e.,
temperature, 50°C; reaction time, 30h; water content, 69% of PC weight; and enzyme

loading, 13% of PC weight).
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(2) 2 A4 H4<F (model fitting)
PLA1 S AAZH = o]&3ste] PCO 7hedal A, vh&xxde & L-a-GPC A= W3t
& SAACE Rdgstal gy RAAS o] §ste] L-a-GPCY AAZEFS A= F7HA7
= A wgxAs A sty MW EAE S o] &strh NS AHEN S A% T4
A AN T central composite circumscribed (CCC) designs ©]-&3le] 2 &S A
8= (Te), ¥H&-AZHRT), 7149 FEFFWC) 2 Z4FEDY v e vz
GwoAlgele] - 1414, -1, 0, 1, +1414% $53}89 7 PCE PLA SR 7}5Ralse] 4
Q¥ L-a-GPC 7S THHUTE ot AA Edd A&ttt 59y He=E vhg&
+ 40-55°C, WHEAIZHE 15-30A17F, 71 o] e 40-80w/w%, T4 5-15w/w%°]
Rom o]t Wee 2atd e AT ANE vt o R AAsHh
oo A o] 83 CCC designel Wz} 2913 (factorial point) 1670, %3 (star point) 87H,
A A (center point) 3/ME X&3 27719l =& AASte] 23] dHE At A w 2770
Z13 7t 27049 wkgAE<l L-a-GPC 3% Table 291 YeR AT -3 2HE
9] L-a-GPC ¢ W& 04-99.3w/w%°l ATt L-a-GPC &2 257} S7hgtol| ufef
¥ dEtd=d ol#d Atk PLA S @A =7 2k od A on JF
W=ths AR 7]1E 7 ShARE o BHoE 2k w2 PCeo &4 JEVF o A HA
fow AE3 AR FAGHJAT. F, vHEAIZE 7)ol PCoF &40 E£FES Aol =
al

ME eAJE FHE EAste] PCo 247 /3]
A

9 o ofy

d
K
)
X
§2
e
el
o
rS
v
o
3L
e
=

gkg-o] g o] wel LPCeo AA #Fe] S7std

7b T8 EFHA v @] AEFHE A ALY 57 =S555 PCe 249 £
FEo] HAo] Faste] PCe Ao &3fo] B} &ola| A 7] wiitolt) whEAJke] A9 4
of el we} L-a-GPC o] tARZ F7ishe Aol velwtth ol A sn1-LPCelA]
o}Al 7] o]lEo] doji} sp2-LPC7F RFEol A3 sp-1 919 o} 717 PLAol o8] 3% 7)
el Ao R AEHAT w3 GaTe] FUEFE TR o] Bol dojur] ufol
Fago] F7Hge wel L-a-GPCe $HFo] S7hshe 43S WERH S
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Table 29. Central composite circumscribed design arrangement and responses for the

Lecitase

Ultra—catalyzed hydrolysis

of soy

—glycerylphosphorylcholine (L-a-GPC) production

phosphatidylcholine for L-a

Exp. Factor Response
no. Te (°C) RT (h) WC (w/w%) En (w/w%) L-a-GPC content (w/w%)
1 40.0 15.0 40.0 5.0 48 + 2.8
2 55.0 15.0 40.0 5.0 156 + 55
3 40.0 30.0 40.0 5.0 182 + 16
4 55.0 30.0 40.0 5.0 711 £ 5.2
5 40.0 15.0 80.0 5.0 04 + 06
6 55.0 15.0 80.0 5.0 81 + 05
7 40.0 30.0 80.0 5.0 18 £ 1.2
8 55.0 30.0 80.0 5.0 176 + 19
9 40.0 15.0 40.0 15.0 57 + 06
10 55.0 15.0 40.0 15.0 309 + 4.8
11 40.0 30.0 40.0 15.0 244 + 4.2
12 55.0 30.0 40.0 15.0 93.0 £ 1.2
13 40.0 15.0 80.0 15.0 72+ 16
14 55.0 15.0 80.0 15.0 Q7 £ 74
15 40.0 30.0 80.0 15.0 905 + 9.1
16 55.0 30.0 80.0 15.0 993 £ 1.0
17 36.9 22.5 60.0 10.0 118 + 1.7
18 58.1 22.5 60.0 10.0 969 £ 0.1
19 475 11.9 60.0 10.0 512 £ 4.1
20 475 33.1 60.0 10.0 884 + 8.2
21 475 22.5 31.7 10.0 644 £ 5.7
22 475 22.5 88.3 10.0 798 £ 7.3
23 475 22.5 60.0 29 147 + 7.3
24 475 22.5 60.0 17.1 95.0 £ 54
25 475 22.5 60.0 10.0 944 + 3.7
26 475 22.5 60.0 10.0 955 £ 2.2
27 475 22.5 60.0 10.0 809 £ 7.2

All values represent mean * standard deviation (7 = 2).

Abbreviations: Te, temperature; RT, reaction time;, WC, water content; and En, enzyme

loading.
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o] vEg A B4 AE vgoR dojxl whE%(Te), RESAIZHRT), 7189 &3
(WC) % ZAZEne] weE wreAE<l L-a-GPC kel 22 tra AR A
(goodness-of-fit)& H7}8t7] f1ste] E4HEA (Analysis of Variance, ANOVA)S A Al th
(Table 30). L-a-GPC %9 3|AXRFL 1% frolFodA FAHSR Fofstsirt. Tk o]
waaol AdAo](lack of fit)e] p-valuer 0.1676°|Att. 2 Aol AARL AF 3ARYo
B, F SPUF X9 F50U5 VAl FERAE v gARdoR Rdste Aol
AAgdAE HdAsk= FAZIMolth webA 7] vl e whEdAeE L-a-GPC 3o #AE
el 3 AREL 5% FolgTola Age Aoz HrbE ok
Table 30. ANOVA table
Variable df SS MS F-value p-value
Corrected total 26 39326.23
Model 8 33492.80 4186.60 12.92 <0.0001
Residual 18 5833.42 324.08

Lack of fit 16 5701.22 356.33 5.39 0.1676

Pure error 2 132.21 66.10
Abbreviations: df, degree of freedom; SS, sum of squares; and MS, mean square.

L-a-GPC %9l 23 03 87ngs 4842 Frshr] Ad & e Ax2 2o
A A5 (coefficients of determination)& AtE38tAth AAGATE FAS ARG o] Foizl
Atz Age AxsE yUehdv AARATE F5t7] 918 Table 299 27709 wh&ZxdoA

o7 REGAMES] L-a-GPC &3 3| ARFA S o] &3t dF¥ L-a-GPC &% 7H9] parity
plotS o] &89 th(Figure 74). ZAAF RS = W% & 3|7y o=z 4y 7} =
£ UgE goz B o] 19 7/Me54E Fnde Awdol %58 9nFth L-a
~GPC ko] digh 37 nd o R e 085172 UER} 37 nE Vg
Ry ALEEHE SHHESTTE olEas FUsH] Wil s3WTe] g A= Lok
o] A Hud Y 2A AAAS(adjusted BHE A& Adjusted B FHS L
-GPC %ol Wa AR 078572 et B3 Adjusted B2 3 ARFo] 37
Fo E=Fo AHEE dolgd drtyt & gt (AWsteA)E BT ARE BP9 oS
S At/ Brtstr)dle SAHNS zka vk olgk = o= AAAS (predicted B)E @
olgtile FAt=H AR AEE HE] e vhEES Aty & o Sete A& YE
= AER By A AFAS Hriste W Bu o #8%2 F e ZAAFold L-a
~GPC 3o st 3| ARF ] F e 0655402 e} L-a-GPC o] tist 37 23
ottt AE8A R A F/7Y AAAT & EF L-a-GPC el gk 3%
Poll Al ¥ A YERY L-a-GPC el digh AP A do] 3 Aoz Hrty
At

ofr
_?L
(&

]
>
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74. Parity plot showing the relationships between the observed values and the
values predicted by the regression model for L-a-glycerylphosphorylcholine (L-a
-GPC) content. Numbers inside the graph represent the experimental numbers

shown in Table 29
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(3) 22 E}3A 75 (model validation)
AA e dd3 FARDL] Alojo = “o] g3t waesle] 9%k Q2 7F ESHE O] QY o] <
25 T3] e e Bl gE) dSEH = wh AAlY AdARE vuw HES Zav) 9l

=3 04?01“1 EEE L-a-GPC ol tie 7R B34 wFad)s A8t #
=g °

T Folxl WeelA Table 299 277 Whgx7S A &g 874 wh&e&xdS F7H4 2
2 AAE ol ZUA AL WgAEe] Lo GPC FEE HARFAL o 43l d=g
L-a-GPC §%% A2 wastdrh(Table 31). L-a-GPC Fael ot FAnde 4% o7

(prediction error)= 0.9-907.79%6°] W9l AAgrh 1 AF 18 23(2% 44.9°C, ¥H-&AI7E

16.1h, 71d 9 FE3F 8w/w%, 2% 5w/w%), 28 21 (2% 40.6°C, ¥H-&-A17F 15.2h, 7]

Aol g h.6w/w%, B4 95w/ wR)olA A WEAFEQl L-a-GPC &2 o4}

= A7 393.3%, 907.7% % thE 7oA o] o FQxte] Hls| AA YEMET olE F

SxANA dF oAt vl Y olfE dSgte]l theE XAl dSgEtt Ao
T

Zpokom Aol dlSghakel eafel wis) #9kv] wEl Aow AAHG o5
[e)

(L

SEUE AT e 2UE L-a-GPC ¢dF 2+ EF 50% olat= HlaulA A Eby)
ok mebA] 2 Ao HEE L-a-GPCo AREFS A S/HA71E BES FHeE 3o
B2 L-a-GPC AAte] Huists = =13 #FARE 80 =3 (25% 49.0°C, RE&AIZF 29.6h, 714
o] FEIF 619w/ w%, EAH 123w/w2%)olAe] L-a-GPC 339 =03+ 09%= H$
S AYgEE YUt mebA B AFoA EFH L-a-GPC el digh 3Ry B

FHE A E P Ao BN,
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Table 31. Observed values and values predicted by the regression model for the responses

in eight additional experimental sets

Factor Response

Exp. . WC En L-a-GPC content (w/w%)

Ho- Te (°C) RT () (w/w%) (w/w%) Observed Predicted %PE
1 449 16.1 78.0 5.0 15+ 06 74 393.3
2 40.6 15.2 75.6 95 26 £ 0.7 26.2 907.7
3 437 17.0 46.4 14.0 453 + 23.0 48.8 i
4 484 15.7 48.3 10.3 453 + 94 63.4 40.0
5 53.7 18.8 68.6 9.7 938 £ 69 789 159
6 52.3 19.8 51.6 11.6 833 £ 1.0 85.0 2.0
7 50.0 24.0 70.0 10.0 88.1 £ 59 94.4 7.2
8 49.0 29.6 61.9 12.3 99.1 £ 1.3 100.0 09

All values represent mean * standard deviation (7 = 2).
Abbreviations: Te, temperature; RT, reaction time; WC, water content; En, enzyme loading;

L-a-GPC, L-a-glycerylphosphorylcholine; and %PE, percentage prediction error.
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(4

o]o

olx}e] 43 (Effects of reaction parameters)

—a-GPC ##Fell gt 3R =F Al AHEH Sy ES 530147 ¥ (backward
elimination method)& ©]&3to] A& st tHTable 32). FX1A AR 2

oA Folstx] g AHsE stuy AlAsts WlHeld. F B2 ATl A PCY 7hE
& AHEe] L-a-GPC g#ol] 9aFS vXe vhgdxz uey

7149 FEFFHWC) 2 2% En)e LA (linear term)¥} o5 AAFe] AlFQl o2
}7ke] A& (interaction term)

2 Ao}
W52 A9 tHA HEHOR TP =

) HE
kA L

ftlo

(quadratic term), 1#]3 o] <l
[e)

Azt ¥ g froskA we A o3k A
FRhe FHeZM L-a-GPC el hat 3RS 47 =Eekslvh Zzhe) 37 gl
HEA o Aud 5P A (coefficients) o] Aighe & Tl WX = A o
e on it

L-a-GPC el o4 el & A= wedahs 25(Te), 1ZHRT), 7149 &

g A Gt o e SR oIARCIEED, WA oA 1079 B
IAH(-18200 2 & AF @ A ATk oleld A B ATAM AR ex

(40-55°C), ®F-&-A|7H(15-30h), B AF(G-15w/w%)e Moo= ZF W9 gho] F7istel ket
]

L-a-GPC %ol S7Fettizh A oA Huighol =93 & tA] 1 ghefo] FHaste 4
e Heds As 94 m g of gk AgE ul JHe wedA F A ME ST eR e
Iy 3k sfe] ¥kg-¢lzxpe] W3le] wE L-a-GPC &S =3k Figure 7Ho 4 = #¢ld
T AU
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s

4]

6]} L-a-GPCe]

o

p-value
<0.0001
0.0001
0.0014

0.3597¢
<0.0001
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0.0074
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3.78

20.98
-18.51
-10.79
-18.26

13.59
53]_

Coefficient

Itk 227 b

Lecitase Ultra—catalyzed hydrolysis of soy phosphatidylcholine
o

ol vrER

Not significant at p < 0.1
[e}

Effect
Intercept
Linear

Te

RT

WC
Quadratic
TexTe
RT=*RT
En*En
Interaction
WC+En

En

Table 32. Significant regression coefficients of the quadratic polynomial models for the
Abbreviations: Te, temperature; RT, reaction time;, WC, water content; and En, enzyme

loading.
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Figure 75. Prediction plots for L-a-glycerylphosphorylcholine (LL-a-GPC) content according
to the effects of reaction parameters. The coded values of all reaction parameters
were zero (i.e., 47.5°C for temperature, 22.5h for reaction time, 60w/w% for water
content, 10w/w% for enzyme loading) except those of a reaction parameter

represented on the X-axis
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Figure 76. Response surface plot for L-a-glycerylphosphorylcholine (L-a-GPC) content as

functions of the water content and enzyme loading
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Table 33. Selected optimal conditions and responses for maximizing L-a
—glycerylphosphorylcholine (L-a-GPC) content in the Lecitase Ultra—catalyzed hydrolysis of
soy phosphatidylcholine (PC)

Factor nmHexane- Response
WC- Substrate—
to-Fn to-water to%nie?iu; L-a-GPC content (w/w%)
Scale Te RT WC En catio ratio in the ratio
cC) () (w/w%) (w/w%) medium Observed Predicted %PE
(w/w) (w/v)
(v/v)
a PC 21.3
@ : : +
Small 50 30 69 13 5.3:1 581 /100 ml 90 £ 14 100.0 1.0
Large” 100.0 + 0.0
%RSD 0.7

* Performed with 4g of soy phosphatidylcholine

b Performed with 40g of soy phosphatidylcholine

All values represent mean * standard deviation (7 = 2).

Abbreviations: Te, temperature; RT, reaction time; WC, water content; En, enzyme loading;

%PE, percentage prediction error; and %RSD, relative standard deviation.

(6) ¥FH-&AFE 9] A A (purification of reaction products)

HA gz PC 7hEisfel o8 ¥ A= TS FFA 63.0w/w%,
phosphocholine 10.8w/w%, 1#]il L-a-GPC 26.2w/w%°|dtt. 1% 2 L-a-GPCE AAkst
7] Y8 &v FE=U Ay 249 AEvE g9 E o] &3] FFA$ phosphocholineg L-a
-GPCe} ®aAA S & AAAES LC-ELSD #4389 th(Figure 77).

(7h &m F=HS o83 FFA AA|

PCe] 7hpitafel o3 L-a-GPCeo A4t Al wb&AtEol= FFAZE &7 ZEskA = 7k
#lste] FFASY A =ZFe F7FstAl ok whgAkEo] FFAo] zkE3std
HdaA7IER HoHoHEE o] &3 & FEWS F3 AAsATh

I Ay drSAbE 9] FFA $haFo] 63.0w.w%ol A 20w/ w22 7H43F3th (Table 34).
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Table 34. Change in the composition of the reaction products® according to the purification

step
Content (w/w%)
Step
Free fatty acids Phosphocholine L-a-GPC
Reaction products® 63.0 £ 3.1 10.8 + 0.6 262 £ 3.7
After diethyl ether extraction 20 £ 0.2 278 £ 0.3 701 £ 05
After silica column chromatography 0.7 £ 0.3 99.3 £ 0.3

* Obtained under the optimal conditions to completely hydrolyze soy phosphatidylcholine
(PC) into L-a-glycerylphosphorylcholine (L-a-GPC) using Lecitase Ultra as the biocatalyst
(i.e., temperature, 50°C; reaction time, 30h; water content, 69% of PC weight; and enzyme
loading, 13% of PC weight).

All values represent mean * standard deviation (n = 2).

(W) 287 29 maz2ntE 2839 E o]&3F phosphocholine % A

| FEHS 3 BAE WAEd WES= FFAZE Q1o ol & A7 sts ¥4 24
o ok 98§49 Lecitase Ultra®l PLCSF 2ol sn-3 919 ZA3S 7FEslists 247t
7l o] phosphocholine®] AT Z o] A AsIE FAHo] Hasirh ufelr] & F
= A & FEs= FFASF phosphocholines #| Ast7] ¢ste] A7yl 29 Z=vlE 1

= aRGew SA ATt AEA SAEVE ¥ =23 &EHER
FFA7} 71 A4 5353 JUid ez 540°] =& phosphocholine?} L-a-GPCe +o2 &
=HAT AlRE AHeg Zdel B=d F &we &=Fel 120mLe] HAS w FFA9
phosphocholine®] &% % At} ©]o] 400-800mLolA &&FF HFEL L-a-GPCE FAHo
Aot weEbd FFA7ZF €43 AlAE Q32 phosphocholine®] $FaFo] 0.7w/w% & FFA 8o
99.3w/w2%<% 1% L-a-GPCE 3|53 th(Table 35).
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Figure 77. Liquid chromatography-evaporative light scattering detector (LC-ELSD)
chromatograms of (A) reaction products obtained under the optimal conditions,

(B) reaction products after the solvent extraction and (C) purified reaction

products by silica column chromatography
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o} Q9f
2 AFoA = FA aAaHbg A 2]E o] &5t AT A, ATFA A A (structured
phospholipids) &< 7|1d=Z Al§E F & L-a-GPCE 347 WHo= Il
th ol {8 f71Eu-58 wjHoA soy PCE PLAS HHSFulE o] &3 7leRaE 5
el L-a-GPCE A%tk o W L-a-GPCe A4S Hushe 4 gt Wgx0 & RSM
Este] ggstaitt. 1 A% 48" F4 v %+ 50°C, g |
F2 6Ow/wxeldoen gage 7AW gy 13%E 4 2oz At FHE
Z79 A small-scale W83+ A3} soy PCE 738 se] 99.0w/w%2] L-a-GPCE
Fom 108 ALY H  large-scale WFSolA = soy PCE ASA 7HE35H
100.0w/w%°] L-a-GPCE Aitssitt. = wjd shell W8-S WPz soy PCO %6HE%
S7HAA L-a-GPCol S S/ R §44 vhg
Ak = & FEWHI At

7] 2
phosphocholines L-a-GPC¢} &2l gAlste] &% 99.3w/w%°] L-a-GPCE 43St
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Table 35. Standard of soybean lecithin
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Table 36. Physicochemical characteristics of commercial lecithin

& F21(%) e T 2(%)
Q9=7} 95 3 7.0
Akt 196 Galactose 3.0
H15(25°C) 1.0305 a9 B st 5.0
pH 6.6 =4 3.0
s AA 35 o Ef= ofvl 0.8
EaVE 0.1 A & 15
2 H 2.0 o] A& 3.0
K, Na, Mg, Ca 1.0

dARE AmEdel ol&sts Ao MU, AHeHE 54, 4, 59 S 38
a

AARLE B AF el M E o JHAR o] H T AWk FiEele] HAE
o]go] ¥a|A, Table 3891 Azla|r LJebdr.

(th) @AAE ] AbRgdele] o] &

AR AT gele e M2 §=7F itk Fojatmel = o] gHth o5 &

Lo #el A, Table 399 Azlal el

Table 37. Application of lecithin in food
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Table 39. Application of lecithin for feedstuff
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Hold time(min)
15

Temperature(T)
140
240

Rate(C/min)

1.1 mL/min

. Capillary Column / sp-2560 (100.0 m x 250.00 um x 0.20 um)
260 C

. Helium

Split (ratio 100:1)
Initial

- FID

Total Time (min) :45

COLUMN

GC &% 2271388 Table 359 YESAT
Table 35. Program of GC oven temperature

Type/model

Initial flow:
#» DETECTOR

Temperature:

© Initial temp: 260 C
Type

@ INLET
W Mode:
@ Carrier gas
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et MEE A 2Wg Y7 E ol &3t 3 5E4ES ST

@ et HE 9% faE Ax

o7 20g7 &H)E Tog HE&R TS EFT v dF &Y PCE 5g Hrbek 213 o
T 20gT EHlE T7gel UlFEE PCE 3g UM 2, o 7 2AS 7 AEFE &Y
g 5 1AZF ESF 1.800rpm e 2 E£3S fFAY frEtEs F5%n olF 4 F 21
sSbES B T v 10%9 20% glAlste] 72t 21d AES 539 58 AES 7
7 19749 7] 9 Turbiscans o838t 73t SA4S SAAH

T3 AE 1gs 44 E8]E 89g T * 5% 59 4000rpm 2 oRE SREAS g
F FF 10gS AA3 FYstEA 108 9 4000pme 2 S FA5ke] 12 F3HE
S Y58 olF 7 219 1A FI3ES B FTH uiH 10% A5t 23 f3E AES
g5atnt g5 AES A7 JEA VI dAnd AR o] &8t f3ibgAd Hvt

FaEe AE £ ¢ = F 719 A(Immiscible Phase)$l 244 (Dispersed Phase) 3}
91 &4} (Continuous Phase) &2 -8 A& 4= glom dwtzow {3122 AAG 2= F 70
A ARl e f3E B EARRE A o] Adte = A2 A #3579 o] F & QI3 Particle
Migration (Creaming, Sedimentation) &7} 39 §3 o= <3 Particle Size Variation
(Flocculation, Coalescence) @402 Ua 4 9l
Particle Migration @7oll ©lsl] LA o] Aty = AFole 279 v EAdH <
A R AR A Y] s sYshAINE A
UFAEE | Particle Size Variation @73l 2] 3 ]
ofo thal YAk =77t Wkt AS & Urh wepA 2 Al A Al T Lyso-t
FeEA R L A AFIA 8 T de A Al xzste] Algd A8 7154 PC B LPCe
sl S vl Bslr] §ske] A El (Dispersion State) 3 w2kebgdAd o] Wsts glgto =z
Al Al 52 Lyso-tl-F#El A |l tiH] 7154 PC 9 LPCe| 3t
Az o] Abg 7Hs S H7HekAd
(mh) PC, LPC % GPC &% =4
O A& A
AaEsE 8405 AAS S AHES 96% WEF2o 1 mg/mL=E &3] ¥ 0.45 ym GH Polypro
syringe filter (47 mm)® o] ¥}3}o] 1]t}
@ 34 =4
HPLC-ELSD?] o] 542 2+ 100% &2 (A)¥ water (B)9] gradient system= AF-&331
i1, Gradient™= A9 H]& 96-93% (0-15%), 93% (15-25+), 93-96% (25-30+%), 96% (30-35
M2 #d oz 24359t Lichrosorb® Si 60 (5 pm, 250 x 4.0 mm) AL o] 83190
H Ao 25 35 °CE FAFAT AlsE FYHF 20 ul, ol 549 F%2 1 mL/mino|
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AL, ELSD9| drift tube ==+ 60 °Clem #Hi= 15 L/min®] #Ho= FFsidet &
= WSAHE9] PC, sn-1-LPC ¥ GPCY e mol% v wt%Z AlxksE ).
(¥} TLCE °¢]&3% PC #4
bS5 50 mge chloroform 150 uLel %<1 ¥ TLC plate (silica gel 60 Fosy, Merck,
Germany)e°ll loading*]7] 2L chloroform/ methanol/ acetic acid/ water (75:40:8:3, by vol)<]
golog HiAZY. Plateo] #8¥ PCe LPCE scrapdt Fo] WEE=%7 (C17:0) 1
3 BF3 (14% Boron fluoride in methano)E& ©]&3l= ®H S 2 methylationA] #A
&

ARE THEAT

mg<

N
-
-
oX,
by
o
2ad
wa
4y X
M o

Table 36. A3 t)FH A8l duk B4

gr= = =420 e (2
Acetone Insoluble % 64 AOCS Ja 4-46
Acid Value mgKOH/g 23.3 AOCS Ja 6-55
Toluene Insoluble % 0.02 AOCS Ja 3-87
Moisture % 0.48 AOCS Ja 2b-87
Peroxide Value mEq02/kg 2.8 AOCS 8-87
XYL St

¢16:0 16.0

¢18:0 4.0

¢18:1 17.0

¢18:2 55.0

¢18:3 7.0

JIEt 1.0
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Table 39. A% Lyso-tlFzl A€l duk 74

Acetone Insoluble % 95.5 AOCS Ja 4-46
Acid Value mgKOH/g 29.8 AOCS Ja 6-55
Lyso-Form % 30.2 In House Method
Moisture % 0.7 AOCS Ja 2b-87
Peroxide Value mEa02/kg 2.5 AOCS 8-87
Fenzews
C16:0 15.5
¢18:0 3.9
C18:1 17.3
¢18:2 55.3
¢18:3 7.2
JIEt 0.8
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Table 40. 7]%573 PCo duk 24
e o) SNHY Sx
PC w/w% 61.7 In House Method
LPC w/w% 4.9 In House Method
GPC w/wh 15.0 In House Method
FFA W/ W% 18.4 AOCS Ja 6-55
DN Erdy iz PC (mol%) LPC (mol%)
C16:0 4.55 5.10
C16:1n-7 0.00 0.38
C18:0 1.53 1.95
C18:1n-9 9.32 8.33
C18:1n-7 0.95 1.17
C18:2n-6 47.66 36.67
C18:3n-3 4.27 3.28
C20:0 0.58 0.86
C20:1n-9 1.02 1.51
C20:2 0.00 0.39
C20:3n-6 0.69 1.08
C20:4n-6 0.00 0.54
C20:5(EPA) 7.1 10.30
C22:1 0.80 1.31
C22:5(DPA) 6.42 2.36
C22:6(DHA) 15.10 24.77
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Table 41. LPC A1 Z2] olul £A

= Sl EA4Z 1 Tl g
PC W/ W 13.6 In House Method
LPC w/w% 57.7 In House Method
FFA w/wh 28.7 AOCS Ja 6-55
A X LA Shek PC (mol%) LPC (mol%)

C14:0 0.1°

C16:0 15.1 2.2

C16:1n-7 0.1 0.2

C18:0 3.5 0.2

C18:1n-9 11.0 12.5

C18:1n-7 1.7 0.5

C18:2n-6 62.6 78.0

C18:3n-3 5.8 6.4

C20:1 0.1

Total SFA 18.7 2.4

Total USFA 81.3 97.6

* Mean + standard deviation (17=2)
Abbreviations: PC, phosphatidylcholine sn-1-LPC, sn-1-lysophosphatidylcholine SFA,
saturated fatty acids; and USFA, unsaturated fatty acids.
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Table 43. 7+ A& Stability Index

BEE AlEH Lyso-CH el Al E! Jlsd PC LPC

1 Day 10.6 10.5 12.8
2 Day 15.4 1.1 16.9
3 Day 17.5 12.6 18.9

(3) & non-GMO #A®&3 7|54 LPC vl A7

(7h 74§ dAdt 7idE LPC vlal J9d

2 Al e dA AsHn e % LASENORAF NON-GMO #A®E §)F53te] =
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Table 44. Reference of FT-IR bands

Iragi wet Epe Yolk
Standard Egg Yolk Lecithin sample
lecithin
FI-IR-Band Wave number (cm-1)
Wavennmber (cm ')
1743
=0 (sn-1/ sn-2) — strewching 17424 1725
115741076
-0 — stretching 1170 + 1070
2926
CH, - stretching. antisymmetric 2020
854
CH, — stmiching. sy mmeiric 2350
1456
CH — deformation { scissoring ) 1465
1313
CH; — deformation (wagging) 1305
1157- 1338
(CH; — deformation { twisting) 181343
66
CH, - deformation {rocking) 7120
20610
Terminal CH; — streiching, antisvmmetric | 2056
2873
Terminal CH, — streiching, symmetric 2870
2061)
=(-H — stretching, antisy mmetric 3010
3080
CH; - stretching in N(CH; s, 30
anki symmeiric
! 070
| N-{CH,); — stretching, antisvmmetric 970
035
C-N — sirgiching, antisymmeiric 045
1076
PO, — stetching, symmetric [085- 1100
1238
PO — streiching, antisy mmetric E220- 1250
3262
-OH — stretching 320k 3600
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@ H-NMR 24
H-NMR #4 zt:e] FEE ol#] Table 465 #uste] astgdon, 1 A7 Figure 97.9
et wbroA & S 91‘101 A gzE LPCAA dAd ZF Zddnt gfHol de=
N-(CHo)s~ 7 FoolAn 2wt 4453 gold B3¢ Jehde g9t

Table 45. Reference of 'H Resonance Assignments

\

Integral
Value®

0.90 574 @CH,
1.30  37.79 (CH,),,
1.60 576 B-CH;
2.04 4.26 CH,CH=CHCH,
2.30 4.47 a-CH,

&8/ppm°? Proton Type

2.79 1.59 =CH-CH,-CH="
341900 NCHd. .. ..
3.84 1.86 CH,N

397 260  PO,CH, (glycerol)
4.14 1.02 CH,0O (glycerol)
4.32 1.64 CH,O (choline)
4.42 0.91 CH,O (glycerol)
5.22 1.03 CHO

A a7 2.67 HC=CH
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® GAS CHROMATOGRAPHY 4]

Gas ChromatographyS o]&3ate] 3=F vl #A4& 2gs A3, 7 A& vl A=+ ok
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Figure. 99. Bulk scale reaction system for production of Reconstituted phospholipid by enzymatic
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Figure. 100. Profile of PC to fatty acid on incorporation of n-3 polyunsaturated fatty acid
(PUFA) into phosphatidylcholine(PC) as a function of residence time. This experiments
were conducted at 55°C and 1.0% water content using immobilized phospholipase Al under

5 Torr Vacuum conditions.
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Figure. 101. Distillation Tower within Optimizated Packing Material for Purification of

Medium Viscosity Lecithin

Yo} e FAHS AA oFd Table 473 22 F2 S 717 Bulk Scale?] AlAlES 53}
AL A AE dE AEHE TN A4 T A oMAEESE, HAkstETE A

WA R SR Sl os) BAS Adstart

Table 47. Analysis of Bulk-Scale functional phosphatidylcholine

g2 cH2| =421 sS4
Acetone Insoluble % 95.5 AOCS Ja 4-46
Acid Value mgKOH/ g 31.8 AOCS Ja 6-55
Lyso-Form % 24.2 In House Method
Moisture % 0.7 AOCS Ja 2b-87
Peroxide Value mEq0z/kg 2.5 AOCS 8-87
=N S
¢16:0 4.5
¢18:0 1.5
C18:1 n-9 8.4
C18:2 n-6 45.8
C18:3 n-3 4.7
€20:0 0.6
C20:1 n-9 0.9
C20:5 (EPA) 7.1
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n-3 Pohuinssiraed Gy acids (n-3 PURA -enmiched phosphatidyicholme {#0) was sucoeesifully pro-
dueed wath fatty acsd from fish oil and PC from soybean by immobiled phos pholipase ATcatabzed
andohysi Detarled studies of immobilizaton were camied out and Lewat VP OO 1600 was sedeced
a5 a carner for prepamtion of mmmobilred phoepholipae A1, which was ised for modificdon of PC
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Phospholipids (PLs) are major comstivents of cell membranes
and play arucial roled in thebiochemistiry and physislogy of the =1l
(Kidd B Hedd 20051 Pls hove been widely wied in Tood, pharma
eeutical and commetic products a9 highly elficient emubifiery
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and prevention of heart disexe and catcer | Khandelwal o al.
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Werkman, Peeples, Cooke, & Talley, 1933 Lanting, Fidler, Huisman,
Toiwen, & Dercoo 15990 Hewdmger, CGonnor, Yan Petlen, &
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Muodeling the phospholipase A, (PLA Foatalyzed partial hydrofysis of soy phosphatidyl-
choline (PC| in hexane for the production of {ysophosphatideicholine {LPC) and oprimizing
the reaction condifions nwxing response surface methodalogy were described. The reaction
was performed with 4 g of PC in a xtirred baich reactor wiing a commercial PLA, {Lecitase
Uiral as the hincatalyvs:. The effects of temperatire, reaction fime, water content, and
enoyme inading on LPC and glveeryiphosphoricholine (GPC) content iy the reaction prod-
ucts were elucidated uring the modely essablished. COptimal reaction conditions for maximiz-
ing the LPC content while suppressing acyl migration, which causes GPC formation, were
ax follows: temperature, 60°C rogction ime, 3 h; water content, [0% of PC; and ercymie
loading, 1'% of PC. When the reaction was conducted with 400 g of PC under these condi-
fions, the reaction prodicts contained 83.7 mol % LPC and were free of GPC. LPC had a
higher toral wrsatwrated farry acid content than origingl PC had and was mainly composed
af linoleic acid (78.0 mol % of the total faity aads). @ 2014 Amencan Institute of {hemical
Engincer Riotechnol, Prog., 000:000-000, 2014
Kevwords: Iysophosphatidvicholine, phospholipase Ay, hvdrolysis, acvl migration, response

aurface methodology

Inirodustion

L ysophosphatidylcholine (LPC) isa derivative of phosphati-
dyleholine (FC) in which sne of two seyl chains i removed,
Sa-1-LPC maintiins the acyl chain at the sr-2 positon of the
glycerol backbone, wheneas sn-2-LPC is acylated only af the
sr-1 posiion, Compared with PC, LPC has enhasced oil-in-
water emulsifying propenics and improved emulsion sability
under acidic conditions and in the presence of sahs, ™= LPC
can alzo be used as 8 substraie for synthesizing soucured PC
with a desired fatty acid profile.”

LPC is prepared enzymatically in two main ways, 5¢veral
studics kave apemptad to synthesize LPC through the pamial
hydralysis of PC using miscylglycern] lipses (EC 3,1, 1.3)%°
and phospholipases such s phospholipase A, (BC 3,113
andd Ay (EC 31,149 as biocatalysis. Another approadh yses
the mmacylglycem] lipase-catalyzad estenficaion of glyceryl-
phespharyldioline (GPC) with acyl donors ™™ LPC is indus-
trially nﬁumd via phospholipase As-catalyzed hydmolysis of
vy PO The resulting sr-2-LPC is more asturated than the

Corespondence cocemmng #nus mck shoold be sddressed o 0. H
Kim ai hhicomigcan ac i

14 Amedcan Balikde of Chamical Brgnden

comesponding PC because in PC, sanrted faty acids are con-
centrated at the sr-1 position and unsaturated faty acids exist
predominandy at the -2 pmi!.im.]

Hydmlyzing PC with phospholipase Ay yields sa-1-LPC
with incressed wsateration comparad with that in s-2-LPC
Funthermaone, sn-1-LPC acts as & more efficient substrage than
the -2 positional isomer for the preparaton of stmcted PC
because i sr-1 position can eazily be modified using ¢ommer-
clal s 1 3-specific triscylglycem] lipases,

However, phospholipsse  Aj-medisted hydmlysis of PC
yields GPC as well a2 sn- |-LPC because the migration of the
acyl group from the sr-2 position 1o the sa-1 position in LPC
may ocowr during the reaction owing to the lower dwermaody-
pamic stahility of ss-1-LPC compared with that of ss-2-
LPCY The presence of mone s8-2 LPC resulis in increased
formation of GPC during the reaction bocanse the acyl group
ot the sr-1 position of LPC is hydrolyzed by phospholipase
Ay, Several reaction factors, such as temperatume {Te ), reaction
time (T}, water content { W, enzyme loading {En ), and sol-
vem polarity, are known to affeat the level of acyl migration
during the enzymatic kydmlysis of P2

In 2000, a mew fongal phospholipase A called Lecitse
Mtra waz developed and marketed by Novozymes
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4. Effects of Enzymatic Interesterifioation on
Phyzicochemical of Blenes of Paim
‘Stmmrin, Puimn Kemel Oil snd Olive Oil to Frouoss
ftrans-Fres Margarine Analags. Fabians Andreis
Schafer De Martini Soares', Fobertn oo Siva’, Hatzia

incorporation of n-3 PUFA srd FC recovenywes
cbmerved. Optimim conditinns of intisl water
i Y L

I7°C. and 20%, feety. Linder these: it
the highest incorporation {57 mof] of n-3 PUFA into
P was sttminas and the yisid of FCwas 16 moifat
24 1 of resction time. \Vacuum system was sppisd
afer3.and 3 I of reaction time Lnder atmaspheric

Qsria’, Syhiz Heres Juniar, )
daria ines Gongates’, Suzana Farsin Dies’, are
Luiz Gigielli, ‘\mvasm(n(sinmnmt
“Instituto Supsrior oe Alimentos, Porugal

“The cnzumer is Secoming mare gware of the
reitionznin bebuean cist and diseacs, which has
driven: the reseanch on funchional faads and their
‘efferts o the booy. The role of fatsand cils in
humen rutition bas beer intensivety stucied ang
dizcuzsed for decades. 1thas been empheszed the.

20 Bnd, MOrE recenty, control of inteke of trans

Fr yieled of PC. Under vaouaum,
i of -3 PUFA infto P decreased slighty,
DUt yieic of PC inceassd sigriSicantly s the reaction

cids. Throuzh the blend and i |k infto soy
of cils i futs, Erarc-fres fats can be procucss. Fat rutTacEutical pUMpases Citalyzed by nEtive ipases
e, formulstad by bermary blends of peim. = Rhi mopus jvenicus-
stesrin, oil by acidolysis oil witha

free fatty acid mixtune obtained from srdine oil
(mrdine-FA). Firt, direrent ipase)sumot ratics

|peim kermed ol and offve cil

er tistas for of fpases, and
e best resits wens cbtened with ratios of 154
[imofw] o lipace AN and 17 fwfw] for 78 using
Amaeriite ME-L. Both ipases wene table for = leact
Jdaysin conditions and

Constant activity for 2 morths in the storags
concitions {3°CJ. A fractionsl esperimental desiEn
e comied out o sudty the effect of different

Enzymatic
-nimn—!hqunun A using
mwuﬁmﬁ;m i
'hampﬁn‘ T Som No'. Bung Hee Kim'. Moon

STAGD for each ipase, Easny

i P ool B
[EASISE) wes used for instentaneous
characterizntion of STAGS. STASS with 6.2 - 117 %ol

‘Wor Lee’, In-Huwer Kim', “Somes University, Reputiic P+ DHA were ooitines, lzading ko a significant
Hlﬂﬂ:’lﬂuwsmw.ﬂzpmﬁdmw rEcuction in the r-&/n-3 FA ratio of soybesn oil, The
“ILSHIPWELLS, Republic of Korea. Sspergitius niger lipase was the most effactive in

it [Pch o ing n-3 PUFA The o
modiben by acidolysis of PCwithn-3 2 achieve an fn-3FA ratic

[PotyunzstUrstEd fatty 5as (-3 PUFA) coksmed
from fish oil wsing ar immot e shospholipase-a1
#rom Thermomyces laruginosus Fuzanium

o  incetaiyst. Effect of several

‘optimum concitions for the sddolysis reaction =t the
maler rtin of 1:8{PE o fatty acid}. Throughout il
the reactions, &N inverss reistionshis betasen

‘Were: initial weter content of the srayme of 0.8 %
[‘Mwﬁu—mmﬂlmnﬂ:ﬂ!&
ion time of 34 h, rescticn bamp ofan'c
m:hntupqu:l.um-uzumpm:
reaction, o grest varisty of new STAGSS ware farmed
conksining EFa, DHA o both in the same molecule.
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Production of biodiesel using blended alcohol as an acyl acceptor

via enzymatic reaction
In-Hwan Kim'*, TingTing Zhao'*

'Department of Food & Nutrition, Korea University, Seoul 136-703, Repubiic of Korea,
*BK21PLUS Program in Embodiment: Health-Saciety Interaction, Department of
Public Health Sciences, Graduate School, Korea University, Seoul 136-703,

Republic of Karea

As a novel strategy, blended alcohols consisting of methanol and ethanol were used
as acyl acceptors for biodiesel synthesis from soybean oil by lipase-catalyzed
transesterification. Based on enzyme screening, Novozym 435 from Candida
antarctica was selected for the reaction, The effects of the molar proportion of
methanol in the blended alcohol, temperature, and enzyme loading were investigated
for optimization of the reaction. In addition, the relative cansumption rates of methanol
and ethanol during the transesterification were studied. Among six proportions tested,
0 (100 mol% ethanol), 20, 40, and 60 mol% methanol in the blended aleohols
exhibited high yields of biodiesel. For the optimum temperature, 30 °C was selected.
The highest yield of biodiesel, over 95 wit%, was obtained at an enzyme loading of
5-10 wi% loading. In the lipase-catalyzed transesterification, the reactivity of

methanol wag significantly higher than that of ethanol.
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(1) Acanan simicn

Phospholipase A)-Catalyzed Production of Lysoph idylcholine and
Glyeerylphosphorylcheline from Soy Phusphaﬁdy!chollne

Byung Hee Kim®
Chung-Ang University, Anseong, Republic of Korea,
“Ca mding Author: Byung Hee Kim, bhkimi@cau.ac.kr

Lysophosphatidylcholine (LPC) and glvcerylphosphoryleholine (GPC) are derivatives of
phosphatidyleholine (PC) in which either one and both of two acyl chains are removed,
respectively, LPC is an effective emulsifier in oil-in-water emulsion system. GPC may have
potential for the treatment of Alzheimer's disease and dementia. Both can also be used as
substrutes for synthesizing structured PC with g desired fatty acid profile. The aims of this study
were to model the phospholipase A ~catalyzed partial and complete hydrolysis of sov PC in
hexane for the prodection of LPC and GPC, respectively, and w optimize the reaction conditions,
respectively, using response surface methodology. The reactions were performed in a stirmed
bateh reactor using & commercial fungal phospholipase A (Lecitase Ultra) as the biocatalyst,
The effects of temperature, reaction time, witer content, and enzyme loading on LPC and GPC
content in the reaction products were elucidated using the models esmblished. Oprimal
conditions for maximizing the LPC content while suppressing acy| migration. which canses GPC
formation, were as follows: temperature, 60 *C; reaction time, 3 h; water content, 109 of PC;
and enzyme loading, 1% of PC. The products obtained under these conditions contaimed 9 5%
PC, 90.5% LPC, and no GPC, LPC had a higher total unsatisrated fatty acid content than original
PC had and was mainly composed of linoleic acid {78.0 mol%h of the totad farmy acids) While,
optimal eonditions 1o complétely hvdrolyze PC to GPC were! temperature, 30 °C reaction tims,
30 h; water content, 69% of PC; and enzyme loading, 13% of PC. Because s considersble
amount of free fatty acids, which were released from PC by Lecituse Ultra, remained in the
reaction products, further mvestigations on the remaval of free fatty acids are required for the
development of possible industrial applications of LPC and GPC.

Keywords: acyl migration, gheerviphosphorlcholine, hvdrolvsis, hsophosphatidvlehaline,
phopholipase Ay, respanse surface methodology
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o] AFAL B A A

<Z#]: Enzymotec Ltd. (o]2~2}<d)>

1. Soy derived phosphatidylcholine (PC): PC 80S, PC 100S
API (9JeF#A14) with hepato protective characteristics, Part of mixed micellar
formulations, Building block of parenteral liposomes, Solubilizer for parenteral

administration, Emulsifying agent, Penetration enhancer in topical formulations.

2. Egg phospholipids (PC 80E, PC 80E type II)
Emulsifier in parental lipid emulsion, Drug carrier system (lipophilic drug), Building block

of parenteral liposomes

3. GPC(Glycerylphosphorylcholine; GPC 50 (powder), GPC 85 (Fluid), GPC 100 (powder))

API for treating dementia such as Alzheiner’'s disease and recovery after stroke

4. Functional Food

7}. Sharp-PS®: =% =2 phosphatidylserine: 9423 A3 100-300 mg/dayS 4 FH s+
Aol w3slo] o3k 7]ojd ZEE d3tAl7| =Y 237 Ut (soft gel, tablet, capsule).

. Sharp-PS® Silver: PS¢ DHAE 37 AT & J=F o AFo=2 AX 5= &4
E&& T 18% PS¢ 18% DHAS =&

t}. Sharp-PS® Gold: conjugated Phosphatidylserine-DHA ] Fej =4 A9 PS +%9F
Al oA DHA®Sl &&S =5t 45% w22 20% 47

2}. Sharp-PS® Green: 3ol 23t 42715 FU43stH] &= PS 2 Eolth 60% =23} 18%
S

ml. Sharp-GPC™ @ Zell A Azd &% £ GPCEA AATY Ade A% 7158 /M
ATt v = AFARZEAZA, FHIY oA s FEFSZA Alpha-GPC7F #ofj 5] a1
A

Bl Sharp-GPC™ active: lecithin® 258 Alz® gdEolx, 4% 49 & 3k GPE
(phosphatidylethanolamine +%=A)& &-fFstal a1, AAZAQA @5 743 glom,

2.4 o] o},

Ab. Krill Oil+: Antarctic Krillel A &332, Krill oile] AFFAFo]t}. Krill oile] 7 -$-ol =
©-3 Agate] A HIF FAA A Hol é%Lﬂoi 919—“1, anstaxanthin? &

carotenoid®} 72 Ak A = A =) gk}

- 223 -



o}, Omega choline: A/d 9] 7|53 AxHo] E3H o= AEAA FE3= o2 0374
WARS $-uks] £ 7|wko] ¥ phosphatidylcholine®] 4
= T ATk

ZF. Omega sterols: EPAS} DHA®] sterol esters©]t.
5. Sharp-PS®e°] FHAA M= AFo= 37}

6. “2011 Global Phosphatidylserine Customer Value Enhancement Award” <% wi'd Frost

& Sullivanol A GA o +FAE At Fo3t= A
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t}. Pilot scale reaction system for production of Reconstituted phospholipid by enzymatic

esterification
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1}, Packed bed reactor used for acidolysis reaction
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1}, Distillation tower within optimized packing material for purification of medium

viscosity lecithin

4. 247 A

7}. Supercritical carbon dioxide system for fatty acid extraction

Ei

ﬂl!
ll.llll”’

"‘ ""__-H
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. Supercritical carbon dioxide system for fatty acid extraction II

2n

G- N PO 3
AR

1-COs cylinder 8-air compressor 15-separator
2—-check valve 9-rupture 16-electric heater
3-filter 10-heating circulator 17-flow meter
4-subcooler 11-preheate 18-flow totalizer
5-refrigerated circulator 12-liquid extractor 19-air bath
6-liquid pump 13-heating jacket P-pressure gauge
7-back pressure regulator 14-metering valve T-thermocouple
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