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Synthesis of Diacylglycerol-Enriched Functional Lipid Containing
DHA by Lipase-Catalyzed in Solvent-Free System

Nam-Sook Kim and Ki-Teak Lee*
Department of Food Science and Technology, Chungnam National University

Structured triacylglycerol (SL-TAG) was synthesized by enzymatic interesterification with algae oil and soybean
oil in solvent-free system. Structured di- and monoacylglycerol (SL-DAG/MAG) were produced by glycerolysis
with SL-TAG and glycerol catalyzed by lipase. Reactions were performed by sn-1,3 specific Lipozyme RM IM
lipase from Rhizomucor miehei (interesterification, 11%; glycerolysis, 5% by weight of total substrates) in
solvent-free system using stirred-batch type reactor. SL-DAG/MAG contained TAG (42.3 area%), 1,3-DAG (19.2
area%), 1,2-DAG (22.2 area%), MAG (16.0 area%), and free fatty acid (0.2 area%). lodine and saponification
values of SL-DAG/MAG were 208.8 and 179.6, respectively. SL-DAG/MAG appeared yellowish in color.
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Diacylglycero(DAG)$}  monoacylglycerol(MAG)= 22 A&

o FAtel] 77t 29k 1709 Aate] AdtHo] e FHE
triacylglycerol(TAG)E T A4S 7E AL glo] 41&e] H3lA

D AREBGA FOoE AMEI UTH]). ®RE opEl, 59
DAGE TAGS vt2 thAl A2 E E3dle] koA TAGHT W
274 pAtsl AL AA Aux ez AMgHd uldh, EF
Ao £AE zo|n] gon AF M L T oW T3 72
2 Aglgart e AeE HIET §1ew((23), o8 DAG
2 MAG &5 FA1E A3 HsiA oiekst shehd 2 A

B8 o E2wst-go] AZELL JTH2-4).

2% akellr] YR o R 71.2220-260°C), VS B F7] F
(Na, K 5ol &3t 81544 o g2 wgn-go] ARS-Eojgho
U g = A Aol mE A o]F R Bl Aake]
sl ke A ¥4 5o Fkeg dozlel wat
A He B9 71sd R 8L g AETE o] Fo]
AL JATH3,5). E4E glycerolysises W #12] SoldE 7EX
= llpase—‘?] 7hrsl] W ool Enkgel| ofste] §A] W glycerol
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backbone®] £4 $1x]ll, Z2she Aite] Aol kst
(3-5), FeH Wil Hlg) w2 2xoh GHoA o] whgol w
2 ouA A4, 874 2kl an Fufje] o] gl mE wat
& At 3 A tig g R Fe] o] A 3l
th2,3,5).

Azel e B4 B2 0 2 el slel wel, emlvh

% 2FEMHDL 57hH 53 7o)
docosahexaenoic aicd(DHA)®] ©]-8-2
*1127} FES WA U= %HIOIE}(M). 016&6& DHAS

HE oFRRH F2, o)8siild #r9 v=r) 2Yde =
'rri—ra 3 Ea}o] /\}Q—o}—— 7AL7F 27kl e, B AT
oA AR ZFHalgae oil) G TFF ALE Faf oA

Aol dEH UW] F(microalgae)? Schizochytrium sp.Z5-E
FHE A28 DHAS oF 32-45% 3-8t UThs-10).

H AFe fle 25 7R APPSR 2EelA 70%
ol e gHIE AABIAL AUe NFREFE TAGY sn-13 9
Holx] BolHoz Aesl= 1S &4 Lipozyme RM IM
(from Rizomucor miehei, EC 3.1.1.3Y& ©]&3 glycerolysis %t
-2 %3lo) DHAY DAG ¥ MAG 3+ 7154 #2158 44
SHATHS,10,11). FA1 T2 714, 54 2 FHEEZFEY

22 59 & /K= 771 Sojol viste] FAe] 7hast
2 2Fe] kA BA ol Aol = vl gl Al (solvent-

free system) 27401]*1 TR0 (2,4,12), AFAHE 7154
ol $HH-E DAGSH MAG & % #x19] 3oty 4dg

4] 2t
%43}"13}
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HE o
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B A7 Martek(Columbia, MD, USA)ZFE g |
AzF Schizochytrium sp. Frel2] ZF-F(algae oil)?} A1F(E<I
A, dA, $4)0 53 de Al UFRE ARSI
ATAAAA e && EE Rhizomucor micheiz R 12
¥ Lipozyme RM IM< Novo Nordisk Biochem. North
American Inc.(Franklinton, NC, USAPIA F3te] AMEEI%
W, £4 Al HPLC grade 7 AMS-3I5ATH

7184 ®Xle #d

54 FAY FE A8t Park () ARATFE B
o= ZFRe FRE 7= @2 250 g)& Skl Lipozyme
RM IM(55g 11% by weight of total substratesys ZFul= g
interesterifications 53l 384 ¥H&-71(65°C, 300 rpm, 15 hr)
oA AFAAASL-TAGE F43HaTh(13). B4t g2 A
A k2 SL-TAG(250 g)9 glycerol(13 g; DC Chemical CO.,
Ltd. Korea)Z 2: 1(SL-TAG : glycerol) molar ratio(5)2. EF3H31
onj thA] o]F WhE7]FE o]&, Lipozyme RM IM(125g;
SL-TAGS] 5% Z#)ol 23 G443 glycerolysiss AAI3HATH
(10). ¥H-3-2 impeller(2©], 9cm; &, 3cm)S AMSgH 32 ub
2-71(60°C, 300 rpm)2} ¥] &u) A (solvent-free system) =715}l
A Z 48A17F B¢t FEEITH(14). s Hhe 24 AE &
2 2k 249 HElE golR ] st whg A2, 6,
12, 24, 30, 48hr) B2 <F 4mLe| WHEES vial25 mLyl
3 % dkg AAE 98 PTFE syringe filter(25 mm, 0.2 um,
Whatman, USAYE ©]&3te G4F AAsIHon, Aol v
2ES 3 & wkgr|o of 3087 d4 FHsH. 7ol
HFE 48 e WHEES Park 5(3)° A A+E uwet ais
£ ojgd 2 HAE 93] AHE3 hexaneS AATIA 71F

by

Xghah = By

ZFF U 2 3 7158 AAE A 100 mg¥
Fale] 25mL Algdo] ¥ 3mLe hexane(HPLC grade)t
£% %, | mLY 2N KOH(in methyl alcohol) ¥ 300 uLe] W
B %354 (heptadecanoic acid, 1 mg/mL in hexane)2 7}3}
187 Ayl & BelE 918k A2olA oF 2587 HAst
ATh15). Methylation ¥h-3-o] 3 EFES hexaneZ 7t F
3] sodium sulfate anhydrous column(Junsei Chemical Co.,
Ltd. Japan)S o]-&3lo] &3 o]BHE AAS ML) ol 7
L AAE F Dol £FEE olE3std GC(Hewlett-Packard
6890 series, Avondale, PA, USAYE &3 At 24 £4&
ANBATH10). 412 FID(flame ionized detector, 260°C) &
719} supelcowax™-10(60 mX< 0.25 mm id., 0.25um film thick-
ness, Bellefonte, PA, USA) column AREE 52 E24(140°C:
1 min — 10°C/min — 220°C: 76 miny% 53k & 858 & T
&3l Th. Carrier gass N,(52.5 mL/min)E AHE-3}S1%L, injector
LEE 250°CE FRAAHLH, 1 uLs FHste] A4 B49E
AAEFE T} Constant flows} split(S0 : Dmode®. AHE-3FSITh.

FHH, 5k A7H2, 6, 12, 24, 30, 48hr) EE F 3 ¥HEEC
e DAGSH MAGS] At 248 dobry] <13 wh3=

(50 pL)YZ hexane(1 mL)Z 4] § TLC(thin-layer chromatog-
raphy)2 21319 tk(14). 78 Bl(hexane: diethyl ether: acetic
acid =50:50:1, vivyE ©]&8le] Hd77F 45% TLC plate=
BE ®FE7(1,2-diolein; 2-monoolein; Sigma, St. Louis, MO,
UsA) vlwate] R, el 2zt 0.25(DAG) 0.03(MAG)! +-
AE ek Lolrl NEE ol &, 99 22 WS Fetd
AR 24 B4 FsElsitile). AL 77 23] s
Rom B Faphs Aol AR

Pancreatic lipase analysis

255, 5 2 &43 34 ¥h-3(interesterification, glyc-
erolysis)ol] <3t] A4t DAG MAG 3 7154 f=Ael
triacylglycerol( TAG) Wi =|Watel X (sn-2, sn-13) ¥ FEE
Qolr 7] 9]5te] pancreatic lipase analysisE HAISFATE /A
2 247t 7mg® F3kZ Cho%t Shin 5(10,14)0] &3 W&
wz} ZFA(TAG)Y] sn-139] EolH OS2 283l pancreatic
lipase(from hog pancreas, Sigma, St. Louis, MO, USA)E ©]&
g 7pRE) WSS AlRT 28] bR AN BT Tl vt
S HHE Az AIEE A9 2 TLC 28t R, 44l 0.03
(2-MAG)®) H-97h2 32 methylationd F GCol| &J3t] A
WA 24 BAe AAsid o, Aste] HAks AAETh

Normal-phase HPLC

W27 AEFR, UFEHe E4F g oste] AT
DAG 3 MAG 3+t 7154 fRIsh kg AI7H2, 6, 12, 24,
30, 48 hr) M2 FHg vheEo] 4 AA = E4e AAE
Ath17). EA e dual pump(SP930D, Younglin, Anyang,
Korea)”} 2t8 HPLC(Younglin Acme, Anyang, Korea)?} col-
umn®. 2 Hypersil BDS CPS column 5 p(250<4.6 mm, Belle-
fonte, PA, USA)E A43l91om ZHZE7]= evaporative light
scattering detector(ELSD, SEDEX Model 75, Sedere, Alfortvill,
France)S AHEsIATH AEE 77 30pld A3kl 10 mLé
hexane®] 3|4, PTFE syringe filter(25 mm, 0.2 um, Whatman,
USA)E o3sled HPLCOl 10uL FYsdth FUE A8s
A(hexane: acetic acid=100:04, vv)&wl2} B(methyl-t-butyl
ether : acetic acid=100:04, vy & olEAC R sl {5
I mL/ming FAA1Z o3 72+ 71871 88lE Fste 4
Hodok 27] 587F 100: 0(A : B)°E F-AI3ITH} 20: 80(A : B)
OF 1587 WAL & 287 A8 THA] 100 O(A : B)
O 17187k WIAIA 27871 &ule] &2 dEE §A
she AoZ F 278 U A& ST #4F AEe
40°C 2 22 bar(F2 F4)9h 2 ELSDE A& =2elM A
ZHon, A7R ARetEIYF A|RY 23]Y wHEEe] A
Ao ZH Fe BRI HAghs AlAlsATt

shety MEN Mz =X g SHEY

ZFF 2 UFHo o588 982 sl @43 interesterifi-
cation Z glycerolysis 98-8 F3td A4-4E DAG MAG 3
fr 718 FA Alele #etA dd Bl AE zlo|g dolr 7]
At ohEat 722 R4S 747t 33 whEate] Akt
AOCSd| AAE BHG olgste] 7k §A¢] BExs=E et
WE 2 2=7Kiodine value)ot #A+F-S A st vwsot
(saponification value) 2 4 Wi F2|x44ike] 3 A&
ERE A7 H(free fatty acid value)s Z7838IATH(1S). 7, F-4
Lol A BMe %23ta] Hunter L¥(+/-, lightness/darkness) 7k,
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a*(+/-, redness/greenness) %t 2 b*(+/-, yellowness/blueness) %t
< &3, &4+ JC801 colorimeter(Color Techno
System Corp. Tokyo, Japan)& AME-3ATH17). M= &4 A3}
o] 7S SAS program(statistical analysis system, version
8.01)°] Duncan’s multiple range test® ©]-&&td 959 Alg]17H
<0050 FARZAE B3 FA4 HAHS dAse] 43
o AABFATH19).
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-

=Y ¥ X
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524 P40l sk} B4 DAG MAG B 7154 #
A
3

1‘
ox
2,

2l g wkgrldR
T2 sn-2, sn-13 FAE A AL methylationS F8%
3 GC #4188 B3l goluohtk(Table 1). 7154 #4& DHA
(16.0 mol%)@} linoleic acid(32.4 mol%), palmitic acid(18.2 mol%),
oleic acid(14.0mol%), EPA(6.7mol%) % muyristic acid(4.9 mol%)
o Ffreha Uit oliek RS w1 vl A3t
7157 219l myristic acid®} palmitic acid Z+zte] FHeke]
o] ZFH9 FHHTF °F 216 mol% TFAE 2F 23.1 mol%®
°F 48%°] Z4a&S YeEpidon, v E AME O
o= HEA %2 DHAZE 4E 7154 XM BRI=I

8, triacylglycerol( TAG) w4+ W] $1x)of) & xupat 24
o] BEE Yolrr] A AAE pancreatic lipase analysiss
TAG EAFe] 13-positioncl] A AeF oz Aiks 7l5EE] A
7)al sn-2 MAGE ©7]E pancreatic lipaseZ ©|-&3F 7}4-53)
BH-E F3le] o]Folfth20). 2 4, TAG ¥4+ o2 §)
AolM aad g whege] 71dRE AR §XEY AS 7
7k DHA@GES, 50.3 mol%), linoleic acid(thF5, 70.0 mol%)7}
=2 g Bxxo] ddew, AFAHE 7164 fRI0A
= DHAQ21.0 mol%)®} linoleic acid(29.2 mol%)7} =& B3Iz
rEo] ATt 3L, pancreatic lipaseodl] ¢)5te] lrRSE|E
TAG %4 W 1,3-position?] AWt 248 dolrr] 2ldle] ¢
o] Ailsn-2ygk 2 Xu 5Q1)0] AAE AL (sn-1,3(%) = (3 X
total fatty acid-sn-2)2y2 ©|-&, Aaksle] Lalget. wlets] B2
2 Ao 2Jsld AAE DAG MAG &6 7154 549 TAG
WA W 13-positionol] A3 A wrate]l B ¥E DHA(13.5

T H
3 F-ot 2F-Rok ool At 29 2
]

Table 1. Fatty acid (FA) composition and distribution of algae oil, soybean oil and functional lipid"

mol%), linoleic acid(33.9 mol%) 53} 2-& AL E oAz} o]
23t A= YRbHog TAG ®A9 sn2 positionel] $)x]8
fatty acyl groups®] TAG A2 sn-1,3 positionol]l 21X|3132 2l
© A fatty acyl groupsETh F W 9 - gl o)g
o] 840l Erhe Lee 5(16,20)2 97 RYE WE Aoz
Atg €t

HIS AlZi2l DAG ¥ MAGS XM =M

PMIZS Schizochytrium spZHFE] F2lE ZF-F(algae oil)2t
515 Lipozyme RM IM(from Rhizomucor meiheiyS Zuj) =
o83t glycerolysiss E3ld AAE 7154 HAol THE DAG
9} MAG ZH}e] AW 248 TLCE A8s GC E4d) 9
atod YolHQITH(Table 2, 3). T4 Y F vk A7H2, 6, 12,
24, 30, 48hr) B2 FHg 9kg-Eo ¥ DAGRA S Wals
Ao EH, X3t A myristic acid®t palmitic acid o)
2A7F RBES AT 2z 703 260 mol% S ERNTZL 484
7Hukg A8 5 ogheko] oF 20-25%71A) 7HAE zHzb 5.8, 20.0
mol%%} 7¥o] whg- AlZke] whe} Zhasle AEkS Hech v,
aze] Bx3l zukalkel DHASE EPA ke 7hz} 599 32
mol%(2 hryell Al ko] of 20 o]4F Z7He 133 2 5.5 mol%
(48 hr)ot Zro] wkg- Al7tel| ma} Frlehe A4S Uehhg L.
™, olele] Akt & 7F wbg A7kl AFSE R4S hr-
linoleic acid, 34.3; oleic acid, 13.2 mol%)S RSt Table 2).

i, 347 P v 5 MAGS] A 24 W palm-
itic acid®} stearic acid®] T HRS A7kl wel oha 7hAE
= A% B0}, DHAS EPAS] 79 vk A7kl we} o}
2 F7bhe 7Ee JYERNSItHTable 3). webA 48417F wkS-
F 718 A Wl MAGS] F2 AWAF 242 DHA(8.6 mol%)
9} linoleic acid(34.0 mol%), palmitic acid(23.9 mol%), oleic acid
(15.1mol%) ¥ EPA(4.1mol%) TL& FARELH ole} 7o
iite] AHRAE 24 Hale 9ke F 6A7E B9t o]Fol A
o2 Hol}, vhe &5 I DHAS EPA 3lefe) 7% vle &
24717k 2 FA1EE A3E JehRith
42 AlIZH o2 DAG ¥ MAG &2 wHst

o g TS DAG MAG ¢ 7154 $X19 =4 =

]
(free fatty acid, FFA; TAG; DAG; MAG) &3 34 %A

(Unit: mol%)

Algae oil Soybean oil Functional lipid
Fatty acid
Total FA sn-2 sn-1,3 Total FA sn-2 sn-1,3 Total FA sn-2 sn-1,3
14:0 133+04% 155+1.0 122+1.1 0.1+£0.0 0.1+£0.1 0.1£0.0 49+0.0 4.7+03 5.0£0.1
16:0 314+1.0 13.6+1.8 403+24 15.0+£0.6 1.0+02 22.1+£0.8 182+0.0 17.7+0.3 184+0.1
16:1 06=+0.1 0502 0603 0.1£0.0 0.1£0.0 0100 04+0.0 04+0.2 04+0.1
18:0 0.6+0.0 0.7+04 0.6+0.2 49+03 04+0.1 72+04 22+0.0 2.3+0.1 22+0.1
18:1 0.7+0.0 1004 06+02 281£1.0 234+0.1 304+ 14 14.0+£0.0 13.4+0.1 143+ 0.0
18:2 04+0.0 0.6+0.1 03+0.0 48.1+1.5 70.0+0.3 37.0+2.1 324+0.0 292+0.6 339+03
18:3 05+0.1 nd? 0.8+0.1 37+04 5.0+0.0 3106 3.7+0.0 26+0.0 42+0.0
20:4 02+0.0 nd 0.3£0.01 nd nd nd 0.1+0.0 nd 02+0.0
20:5 32+0.1 24+0.1 3.7£0.2 nd nd nd 1.4+0.0 1.9+0.0 12+0.0
22:5 140+04 154+£1.0 13.2+0.0 nd nd nd 6.7+0.0 6.8+0.2 6.7+0.1
22:6 35.1+2.1 503+29 274+45 nd nd nd 16.0£0.0 21.0+£04 13.5+0.1

"DAG and MAG enriched oil synthesized by enzymatic glycerolysis for 48 hr. Other reaction conditions are in materials and methods.

IMean = SD.
INot detected.
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Table 2. Change in fatty acid composition of diacylglycerol (DAG)" in functional lipid®

(Unit: mol%)

Reaction time (hr)

Fatty acid 2 6 24 30 48
14:0 7.0£0.1% 6.5+0.1 6.5+0.1 59+0.1 6.1£05 5.8+02
16:0 26.0+0.1 252408 245406 22.5+0.4 219+ 1.0 200+0.8
16:1 0.4%0.1 04%0.1 0.4+0.1 03+0.1 03+0.1 0.4+0.1
18:0 2.9+0.1 3.0£04 29402 25+0.1 25+0.5 2201
18:1 15.940.1 157+ 1.1 15308 14304 13.6+1.5 132412
18:2 34.4%0.1 33.9+0.6 33.9+05 332+0.1 33.6+0.7 343+0.1
18:3 33%0.1 3402 33402 35+0.1 37404 37404
20:4 0.10.1 0.1£0.1 0.1%0.1 0.1£0.1 0.1£0.1 0.1£0.0
20:5 0.9+0.1 1.0£0.1 1.1£0.1 1340.1 14£0.1 15402
22:5 32+0.1 35403 3.8%0.1 50+0.1 50£0.1 55%0.1
22:6 59+0.1 73+ 1.1 82406 114404 11.8+1.1 1332 1.1

DAfter TLC analysis, DAG was scraped, methylated, and analyzed by GC.

“DAG and MAG enriched oil synthesized by enzymatic glycerolysis. The reaction was performed for various reaction time (2, 6, 12, 24, 30, and

48 hr) with Lipozyme RM IM.
Mean = SD.

Table 3. Change in fatty acid composition of monoacylglycerol (MAG)" in functional lipid®

(Unit: mol%)

Reaction time (hr)
Fatty acid

2 6 24 30 48
14:0 62+04% 6.2+0.1 7.5+2.1 6.0+0.1 6.0+0.1 6.0+0.1
16:0 25.1+02 247+ 04 26.0<+2.1 24.0+0.1 24.0+0.3 239+0.1
16:1 04+0.1 03+0.1 03+0.1 0.3+0.1 03+0.1 0.3+0.1
18:0 34+0.1 32+0.1 29+04 3.0+0.1 29+0.1 29+0.0
18:1 15.9+0.1 163+0.1 15.2+09 152+0.1 151+0.2 15.1+0.1
18:2 342+0.1 348+03 323+3.0 34.0+0.1 34.0+0.1 34.0+0.1
18:3 3.5x0.1 3.5+0.1 3.1£0.6 3.6x0.1 3.6+0.1 3.6+0.1
20:4 nd* nd nd nd nd
20:5 1.5+02 1.2+0.1 1.9+0.7 1.4+0.1 1.5+0.1 1.5+0.1
22:5 34+0.1 3.0+0.1 3.6+0.5 39+0.1 40+03 4.1£0.1
22:6 6.4+0.1 6.8+0.1 7204 8.6+0.1 8.6+0.0 8.6+0.1

DAfter TLC analysis, MAG was scraped, methylated, and analyzed by GC.

“DAG and MAG enriched oil synthesized by enzymatic glycerolysis. The reaction was performed for various reaction time (2, 6, 12, 24, 30, and

48 hr) with Lipozyme RM IM.
Mean + SD.
“Not detected.

(2, 6, 12, 24, 30, 48hr) H3 ¥H3E W DAG % MAG
e W3 A EgthFig 1, 2). E43 glycerolysis ¥H-&
A5@8hr) 5 F A W 2F 60%2 DAG = MAGE 3H+-3}
= 71548 A% 192area%S] 1,3-DAGSF 222 area%®] 1,2-
DAG, 16.0area%2] MAG % TAG(42.3 area%), FFA(0.2 area%)
of 72 F4 ANA=Z TR AL H(Fig 1), °l= Pak T
39 97 2t fAEIET B9, wke A7) wE 24
A ] WEE AHE 43, 54 v eA7A TAGY
Fol 443 area%E RES F- oF 50% TAFl mEt 1,3-DAG
9} 1,2-DAG ¥ MAG &2 o]9]9] vhg A|7bo|A B} =
Al F7Vebe AES JePIATE T=gk kg F oF 1247 o) F
TAGY MAG &aFe] Wshrh <Fdshe v, 13-DAGY] &
&t Foigh) web vhE 2447k ol F 12-DAG FHEko] o}
teste AEE BYon olgg e ¥l 3 304

B = Ah(Fig. 2). o9t 22 WI=E 71X #A &
S 5 FAE B39 TAG g8 fA4 Alele] &4 &
o 2% acyl groups®] 4T wgol 7¢lE Aoz Algdn}

N

A
o

o ox Y b
(L o d

(22). LHHC T DAGE &5 F Aelr A% A AX
o4 TAG(chylomicron)22] A& go] dojubx] 1 Gelloj €]
ol 7S AR o ol$HT paksE Bak] We o
U9 o2 AREE™ Aol 252 gke A3t ko] TAGS
B T2 oAb gL ANh2324). Wb B ATol A4
© DAG 4] $lsh 2 A} H4e Fald AF 21 2 A
AT gAY a3E B Ao AEHETHI).

siaty M3 9 Mz BY

AaF glycerolysis §H3-0l 23l P43 DAG 2 MAG &
F 71578 FAe WA GER, tiF-rel 3 A4 (odine,
saponification and free fatty acid values)®} Hunter color |7<l|
AR A F4E FYIFAHTable 4). FHE 7154 749
EXIEE Yepfle 2 0uvhe Wh7)1E9 2580274009 3t
BT} OF 24% AT thFR(131.0)2th= oF 60% =& 7ol
208.8% UL wHo] o] ExlES dysle w3}
ThE 179622 ZH-49 FA #e 7HRE Ao SAH%
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Fig. 1. Chromatograms from the normal-phase HPLC separation
of (A) algae oil, (B) soybean oil, and (C) functional lipid (DAG
and MAG enriched oil synthesized by enzymatic glycerolysis)
after Hypersil BDS CPS column chromatography.

(C) functional lipid: a-free fatty acid (FFA; 0.2 area%), b-
triacylglycerol (TAG; 42.3 area%), c-diacylglycerol (1,3-DAG; 19.2
area% and 1,2-DAG; 22.2 area%), d-monoacylglycerol (MAG; 16.0
area%).

t}. o)l Axk= TAG 24 Wl sn-13 ¥Hg $14] 5ol
£ Lipozyme RM IMZ ©]&5 343 vk A oA ze
235} Akl DHAE 3245% A= 378k e =
F5 U STAE X 489 AAEe] 84
Al w3k 7]E AOE ALREUTHI025). Y 7
FAQ) abhe 340)8t2 HHS713(<03)9] #RTE A
Redl, ole W 2 A4 FgoX DAG MAGH T&
o]7] 913k gt FHo Agow 4 WS Al A 7
2] Apate] ZE 9 Zloz oA metA] &
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Fig. 2. Change in contents of triacylglycerol (TAG), diacylglycerol
(1,3- and 1,2-DAG), and monoacylglycerol (MAG) in functional

lipid at different reaction times.
Bars represent standard error.

o ok
0 =

A TAG #28] sn-1,3 R0 BolH o w33k
Lipozyme RM IM(from Rhizomucor meiheiys Zm|Z ©]-&, H]
21 Al (solvent-free system) ZZNA glycerolysisES E3l =7
R(from Schizochyrrium sp.)t FFZFE DAG MAG T+
7154 A8 AT 3449 A% DHA(16.0 mol%)e}
linoleic acid(32.4 mol%), palmitic acid(18.2 mol%), oleic acid
(14.0mol%), EPA(6.7mol%) Z myristic acid(4.9 mol%) &<
TRt Ao, A Ul TAG 419 sn-2 93¢l DHA
(21.0 mol%)¢} linoleic acid(29.2 mol%)yt & BX 2 $H-5o]
ASATh. 48417+e] B REE T DAGS A4 242 DHA
(13.3 mol%)9} linoleic acid(34.3 mol%), palmitic acid(20.0 mol%),
oleic acid(13.2 mol%), myristic acid(5.8mol%) % EPA(5.5
mol%) 22 FAEUL, MAGS] Z-9¢E DHA(8.6 mol%)e}
linoleic acid(34.0 mol%), palmitic acid(23.9 mol%), oleic acid
(15.1 mol%) % EPA(.1 mol%) 522 #45t). 844 glyc-
erolysis ¥H-& ¢8(48hr) ¥ F A&F W o 60%% DAG %
MAGE #H13hs 71574 A% 192area%®] 13-DAGSF 22.2
area%2 1,2-DAG 16.0area% <] MAG % TAG(42.3 area%),
FFA(0.2 area%)®} 222 4 AFZ FA=E] At olds
154 A9 8 2=7k= 2088, HIFS ke 179608 73]

Table 4. Chemical characteristics and the Hunter color L*, a*, b* values of algae oil, soybean oil and functional lipid"”

Algae oil Functional lipid Soybean oil
Chemical characteristics
lodine value 274.0 £ 1.47 208.8+4.5 131.0+ 0.5
Saponofication value 179.6 0.0 179.6 £ 0.0 190.8 £ 0.0
Free fatty acid value (%) <03+0.0 <34+0.0 <0.3+0.0
Hunter color
L* value 70.5+0.1° 77.9+0.2° 93.5+0.9
a* value 26.0+0.2° 159=0.0° 25+£0.0°
b* value 49.4+0.0° 54.6+0.1° 1134£0.3°

PYDAG and MAG enriched oil synthesized by enzymatic glycerolysis. Other reaction conditions are in materials and methods.

“Mean + SD.

Values within a row with different superscript alphabet are significantly different by Duncan's multiple range test (p <0.05).
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