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Abstract

In the absence of organic solvent, di- and mono-acylglycerol enriched functional oil was produced by lipase-
catalyzed glycerolysis in a stirred tank batch reactor. After glycerolysis for 48 hr, functional oil consisted
of 47.1% TAG, 33.6% DAG, and 18.7% MAG. In MAG and DAG, docosahexaenoic acid was found as 10.7%
and 8.1%, respectively. During the reaction, total tocopherol content decreased, and 0.065% tocopherols were
existed in the functional oil produced after 48 hr reaction.
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olA 3 gltH(3,4). ZF-olA Pel3l docosahexaenoic acid
(DHA) 3+ AH-L A frellx] 58 A Aol uls] gegol
B 3A £00(3), ool v]&| o]H 7} 2 AL JHA

91, B8 AL Es] DHAS kA Ale] q1=H w} gl
(45). §H4, SFo-F= T8 X 9H4tal linoleic(40 ~60%), oleic
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fr 59 71& A 8FA ol 2754 2 A= EATHE
s, 7154 A8 A AAelA 87E a87hbA 715A
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A2 AbgH 3 gled, 53] 1,3-DAGE 2ol sn-1,3 li-
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28] fA 29 o] 4o] rhEsittn deix deh(7). MAGS}
DAGE 33 293 AL dulzxoz 578 o]]x-] €29

'Corresponding author. E-mail: ktlee@cnu.ac kr
Phone: 82-42-821-6729, Fax: 82-42-822-6729

A ot FE g, A

ZHRIHB). wheka] 7] A 2 $]3] B
g 2uj 2] A& Foll 4 2 glycerolysis
£ £33 MAGS} DAG §A4 Ad-75o] 23] 3= 1

A
n

glycerolysis BF-$-i 2] &)
Ak o)F o &
A& 7}A lipase s
vh-$-
ATHO-1D). Ligk WardD+ £29 f7] 499 FF,
#3} glycerol®] ek 2 HF-$- o] w2 glycerol® DHA,
eicosapentaenoic acid(EPA)2| Hk-g 54 A F& 831
552 DHAS}H EPA7E 873 75%2] 1(3)-MAG ¥ 1,3-
DAGE 2% < itk &4A glycerolysis RH-g-2 H.4:9
HHE x| Bold ol whet 3= X9 7)1 5A A A g
o] 7besta, 33t F51A AAatwc} vlwA e 2 A
T3y 22 DHA 5 B¥3%7) & Auhate] ghfao] &
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Algae oil- Martek Inc.(Columbia, MD, USA)Z%¥ T
)8ty 3, vl A2 FQ Schizochytrium sp.2XE 5% 7
2 2 4] myristic(12.8 mol%), palmitic(31.4 mol%), palmitoleic
(0.5 mol%), stearic(0.6 mol%), oleic(0.6 mol%), linoleic(0.3
mol%), linolenic(0.4 mol%), arachidonic(0.6 mol%), eico-
sapentaenoic(3.1 mol%), docosapentaenoic(14.2 mol%) 2
35.5 mol% 2] docosahexaenoic acid(DHA)7} &= o] g1},
‘Palmitic(12.5 mol%), palmitoleic(0.2 mol%), stearic(1.6
mol%), oleic(32.5 mol%), linoleic(52.1 mol%) % linolenic
acid(1.1 mol%) 5-8] AWi £ 0.2 o] Foj3] &Ff
Al el 5 H AL Al CAFS AlE-2 ARg-3heich 249 Li-
pozyme IM< Novo Nordisk Biochem. North American
Inc.(Franklinton, NC, USA)l| A Fd3te] gHAdof] o] -5 9ic)

DAGS} MAGY] &M

Cho £(13)-2 algae oil} SF5H5 7|AR ALE3 1,
ke 2% whe A7 % &4 (Lipozyme IM) 55 2204
T3 be R A B S o] &3, A wkS 2AE B
BRI o) F vl E TAG ¥ elel SL& $A 3t ch A4
H TAGHH 9 SLE¥E DAGS MAGY #4-2 93}
Park3} Lee(14) % Kang#} Yamane(15)%] Q-7+2 35 ul&}
o2 44 glycerolysis 43712 2} 2718 glycerol : TAG,
1:2(molar ratio)el] @3¢ Lipozyme IM EA4Z o]-4, H]
o) uh-g-Al 2"l A §A 75 S8 8ol Stirred tank
batch reactor+ tank®] Ze]2} WA o] Z+z+ 1059} 15 emy)
HE3-7| B o] Fol A glow, o 7)o A8 200 g A FA A
A3} 10 g9 glycerol-& 2: 1(molar ratio)8 Hl& & &3}3}
¥ 10 g9 Lipozyme IM-& 9 ] ¥H-8-A] Zt}. Impeller& ¥H-&
7] vletelA 1 cm AE Holx A stirrer motor(modell#
Mtops)oll &3l 300 rpme] L2 3 A eHA & AhuEEo|
ALg-E| 9l o, 65°CY LE& 714l g4zl QA= o
AY v 2 F FRAARL, 7)o AAE F9]3)
AbsE A shod ok wk-g-A1 7ol & 7] A Ao A
Aol 7S Anus] fsted, 1 g0 5L 2 4,6, 12,
24, 32, 43A17 M2 F3sle] v, B3t} HF 4842
Wk-S & 71ql7] & o] 88t A4 E o 7A]7) 12, n-hexane.>
E e85 34, 9488 71(3,400 rpm, 15 min) & ©]-&-3}
o] glycerole 2e]stgit}. Ab=Hal hexane 23 £2l3to
sodium sulfate anhydrous column® o] 4 % % 245
& A% ¥ rotary vacuum evaporator(EYELA, N-1000,
Japan)2} A4 E A}43lod n-hexane-d A7 3t DAGS)
MAGE 7% 7164 #21F 53k

DAG ¥ MAGE| &zt 24
Normal-phase HPLC-& ©]%-3}4] glycerolysis ¥F-5-9l ¢

A% - 079

3 A" 7154 F2] F DAG 2 MAGS] 52 #4819
t}. 25-mL vialell 30 pLe} A &<} 10 mL hexanes ¥ 1L
syringe filter(25 mm, 0.2 ym, Whatman, Maidstone, Kent,
UK)E ©]-§-3to] o347 ¥ 10 iLE F4 3+ v} Evapo-
rative light scattering detector(ELSD, SEDEX MODEL 75,
Sedere, Alfortville, France)7} 235 HPLC(Younglin Acme,
Anyang, Korea) & o] $3lgl 2w, 7 &7]9 A4 42220
kPa, €%+ 40°CE H A3t} Columne Hypersil BDS
CPS 5 1(250 X 4.6 mm, Bellefonte, PA, USA)2- o] 43} 1,
4] & hexane(A)# methyl-t-butyl ether(B)el| Z+7z} 0.4%
acetic acidg H7}sle] AF4-3k¢d 00| $-4-2 0.5 mL/mine]
At S 7187 48](A:B, viv) AL 27 58
59 100: 022 FA A7) 158744 20: 802 W3 &
2% Fo FAAR L, oA 0.1 F 100: 022 W3}
F- 19.9% 5ok FAIAIF T & A YA ZFL 278-0] A TH(16).

A =N 2

Glycerolysis ¥F&- A17HQ, 2, 4, 6, 12, 24, 32, 48A17}) e}
w2 2 ukat 24 HELE ol r 7] 9] 3te] ke uk-g A3
of 2% FAE Hg ¥ TLC ¥43ich TFE49 2-
monoolein(Sigma, St. Louis, MO, USA) ¥ 1,2-diolein(Sig-
ma)E A3t 293 R 3& 71E 22 7429 Ry 3hol
0.03, 0.2581 MAG#® DAGE #8]3kic}h GC #4418 93l
717+e] Al ®(50 mg), TLCIA F5X MAG % DAGE
methylation(17)A] Z v}, GC(Hewlett-Packard 6890 series,
Avondale, PA, USA) £4-& #3F columne Supelco-
wax -10(60 mx0.25 mm, 0.25 m film thickness, Belle-
fonte, PA, USA)E o] 4315 22, 3% 7]+ flame ionized de-
tector(FID, 260°C)E AH8-3t93 ). Injector 2 X% 250°C=
AR, 2 B4E 93 oven X+ £7] 140°Cel 4]
187F 21 A1 7] 22 10°C/min® 220°C7}R] Z7}X) 7] & 558
7 AN, F EAAZEE 6480 9eh AR 1 uLE
A% T3 32, split(50 : 1) inode . A4 8191 2.1, o] TA
& N2(52.5 mL/min)o] gttt £4] ¥ dojz) m 2wt 73
F NH-ZFEA TFS 71502 Aukat gk Adls}

o] mol% & vehdc).

a, v, % d-tocopherol &2t EA

25-mL Viald] 60 mge] A 8.9} 10 mL2) hexanes 7}3}
3. syringe filter & ©]-43}e] oA 7] F HPLCE °1 %, a-,
7 - B 8-tocopherol ¥#-& A3t F3HE7](Ab-
sorbance detector, UV730D, Younglin Acme, Anyang, Ko-
rea)®] A 205 nmE A A 8tH 2™, column-< LiChrosorb
DIOL 5u(100x 3.0 mm, Varian, CA, USA)-& A}-£3}4c)
AB2E 10 uL. FY3}3l 2.9, hexane: acetic acid, 1000:1
59 s 5482 glod BEL BAsgE, S5 1
mL/min®] %]}, Tocopherol & A9 Azk-S a4 o-,
y - ¥ 8-tocopherol 3% (Sigma, St. Louis, MO, USA)-S



Algaet 238 T2 AE B4 7154 449 104 B4 F PHNE

Z+z+ 50, 100, 125 ug/mL9) 5% 2 hexaneel| 314 3}e} HPLC
E4F 3 Y59 32009 peak WA E 71E 2R A
8 %9 a-, v- 2 b-tocopherol 52} ¥FE T3t

#n o D
DAG & MAG?e gzt 24
Normal-phase HPLC-ELSD system= ©]£-3}43 glyce-
rolysis¥& §A = 7| 5A F419) TAG, DAG H MAGS] 3
% Hk]g}o:h;]. }\g/ﬂﬂ DAG_Q,} MAG ag-_l.r 7]——-/14 oxl‘_
DAG &#ko] 33.6%, MAG7} 18.7%°1 91 2™, TAGE 47.1%
o] thFig. 1). 99} Z& A3+ Torres 5(18)0] 58%9]
EPAE &3 AF-5 8] $9i-8 Al 2" A Chirazyme
L-2(from Candida antarctica) &v| 3lell EA4A glyce-
rolysis BF-$-3+ A3} 32% 1,3-DAG, 10% 1,2-DAG % 18%
MAG % % DAGS} MAG ##Fe] oF 60%°1" 2ot
frabst o
A AA glycerolysisel] 93 DAG ¥ MAG A ol 9loi 4]
200 A 48A] 7kell whel A == DAGSF MAG®] g H3-&
A% A} ukg A7 ool w1 AR Sohste
73S BrHTable 1). A5 247k 8BFS- Alelli= DAGS
MAGS] &eko] Z+2} 2399 59% % viehialov, 1247
kg Zof = 1 gako] 47 1.29) 1.79 718k 28.17% 10.1

Wt A A7 1061

%9 B]-&g 2gch 3243 HkS Foll= DAGS MAGH
gheko] 247k uk-g- Al ofl v] sl A Zhzt 1.35% 2380 5713} 326
3} 13.7%9] &5 Jeplisl on, A% 487 vk Foll=
2 o] Zbzh 149 329 FUbE AT

LM =M BN

Glycerolysis ¥H& A1ZHO, 2, 4, 6, 12, 24, 32, 484171l
w2t A E DAGS MAGE TLCE 53 ¥eid F a4t
245 B4 (Table 2, 3). 4 ¥ DAGE] Xuk4it =4
73 \ub-g 7)ol & palmitic acide] ¥ o4 A
o, DHA® 78k 7438 vebi gl o, vk 44
13 i3k A dofvbA] gshth(Table 2). #5484 7F
< &9] DAGS DHA &2 10.7 mol%, myristic, pal-
mitic, oleic ¥ linoleic acidv 242+ 5.6, 24.1, 19.29} 32.0
mol%E 712 & A 2. 2 vyttt vh-g Al 7t w2 MAGS)
R upAb o] Wizt DAGE Al ZAIw shel w5
73S wgon, 247k uk-$ A]2] DHA(6.2 mol%) &3
12417y vk-$ & <F 27% ZF718te] 7.9 mol%-E Yheblsich
F| & 4847k Hb-& ¥ MAGE] A9t 242 1241 748] 27
7} FAFstel o, DHA £ 8.1 mol%, myristic, palmitic, oleic
4 linoleic acid= Z+7} 5.7, 25.2, 20.2¢} 33.3 mol%2] 3Hekg-
e $ieH(Table 3).
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Fig. 1. Chromatogram from the normal-phase high performance liquid chromatographic separation of the diacylglycerol

(DAG) and monoacylglycerol (MAG) enriched functional oil.

1: fatty acid, 2@ TAG, 3: 1,2- and 1,3-DAG, 4 MAG.

Table 1. Contents of triacylglycerol (TAG), diacylglycerol (DAG) and monoacylglycerol (MAG) in the produced functional

oil” at the different reaction time

(Unit: area%)

Reaction time (hr) Fatty acid TAG DAG MAG ’I;E?IR/][)?GG

0 0 100.0 0 0 0

2 05 69.7 239 5.9 29.8
4 0.6 68.1 239 74 313
6 0.6 65.0 25.3 9.1 344
12 0.6 61.2 28.1 10.1 38.2
24 0.6 55.4 31.2 12.8 440
32 0.6 53.1 32.6 13.7 46.3
48 06 171 336 187 52.3

YDiacylglycerol (DAG) and monoacylglycerol (MAG) enriched functional oil.
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Table 2. Fatty acid composition of diacylglycerol (DAG)” during the different reaction time

(Unit: mol%)

Reaction time (hr)

Fatty acid

2 4 6 12 24 32 48
14:0 58+0.1 58101 59=+0.1 58%0.1 57x0.1 54%0.3 56=*0.0
16:0 266%0.1 245%0.1 241+03 238=0.1 243%0.1 247=06 241x02
16:1 05%0.3 0.3+0.0 0.3%0.1 0.3%£0.0 0.3%0.0 0.3%0.0 04%01
18:0 1.8+0.0 1.7£0.1 1.6+0.0 1.6=0.0 16100 1.7£0.0 1.6+0.1
18:1 19.8+0.1 19.0£0.2 186+0.0 18.8+0.1 19.1£0.0 195+04 19.2£0.1
18:2 31.3+04 325%0.0 32.8%0.1 324=0.0 322%01 32.0f06 32.0%01
18:3 0.3+0.0 0.4%0.1 0.4+0.0 0.5%0.0 04%0.0 0.4+0.0 0.5*0.0
2055 1.1£0.0 1.1£0.0 1.2x0.1 1.2+0.0 1.1=0.0 1.1£01 11£0.0
225 42%0.1 46*0.0 47%0.0 48+0.1 47%0.0 46*06 48%0.1
22:6 86101 10.1+£0.2 104+0.3 10.8+£0.0 10.6+0.1 10.3+06 10.7£0.3

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

Table 3. Fatty acid composition of monoacylglycerol (MAG)" during the different reaction time

(Unit: mol%)

Reaction time (hr)

Fatty acid 2 4 6 12 24 32 48
14:0 6.2+0.1 6.1%0.1 58+0.1 5.7+0.1 57+0.0 58+0.1 57+0.1
16:0 33.1+0.1 286406 26.2+0.2 255+0.3 25.9+0.1 26.0=05 252%0.1
16:1 02403 nd 0102 03+01 0.2+0.1 02+0.1 0.3+0.0
180 27%01 27406 22+0.1 20%+0.1 18=0.1 1.9+0.0 1.820.0
18:1 180+05 195505 205+0.1 20.6+0.3 19.9+0.0 205+0.1 202+0.1
18:2 284+0.3 312+05 32.3+03 329+03 32.9+0.0 326+0.1 333+0.1
183 nd 05+0.2 nd 05+0.0 05+0.0 03+0.1 04+0.1
2055 17404 13%03 14201 12+0.1 14%0.0 13+0.1 13403
225 35+06 33402 3.7+0.1 34+0.1 38+02 34702 37+0.1
22:6 62+0.1 68+03 78+0.0 79402 79+03 80+0.3 81+02

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

-, 9] §-tocopherol T2 A3t Table 4). &
2 HFS ok wbS A 7ke] Z7)ol| ubE} DAGSF MAG 3%
7154 §A%2] & tocopherol &2 714E Ao2 g4
=% tH19,20). 7] 2] 7}k 4H-& A]oll+= 2 tocopherol ¥F&Fo]
0.08%°]%1 21}, Hk-g Al 7ko] F7}gtel we} oha Z;Aadted
2447k ¥Fg Folli= 2417 wkS Aol v oF 13% A
0.07%2] % tocopherolz-& el v}, 32417 F< wbs-
%.9] & tocopherol &3 A& 247t ¥ Fol B A <
20% 743 0.065% & vrehi ol o, H % 48/‘] 7k whg- Fol)
= 32X 73 Abe &eFg 2 olon, o]lu] = tocopherol

Table 4. Contents of a, r and d-tocopherol in the dia-
cylglycerol (DAG) and monoacylglycerol (MAG) enriched
functional oil produced duringthe different reaction time

(Unit: % weight)

Reaction Tocopherol (%) Total toco-
time (hr) @ y § pherol (%)
0 0.015 0.045 0.02 0.08
2 0.015 0.045 0.02 0.08
4 0.015 0.045 0.02 0.08
[§) 0.016 0.047 0.017 0.08
12 0.016 0.048 0.018 0.08
24 0.012 0.042 0.016 0.07
32 0.011 0.04 0.014 0.065
48 0.01 0.04 0.015 0.065

shek Zoll 7 —tocopherolo] <F 61%% 212 3}4i c}. $) o 242
AN BAukEFol dolvhe Atstel &3] tocopherolo]
AR Aoz AEsvh20).

(@] ok
i =

Z F-(microalgae, from Schizochytrium sp.) 258 DHA
7} FR3lx o) AL A2 AA S H53l 1 o) & S5t
71A 2 o4 Lipozyme IM(from Rhizomucor miehei) i
gtofl TAGHH 2 4% A7AAASL)E o] &3, A
& glycerolysis W&l 93] DAG®} MAG &4 7154 &
& A 3tgd . Normal-phase HPLC 4] A3}, 48417k
S ¥4 ¥ DAGSF MAGS] a2 247} 33634 18.7%°1 %
o x|ukat B-A] 4 3tel 4 DHA ZHz 10.73 8.1 mol%9]
g By} g ol 9lelA] 2004 484 7k whe} AJA] =

+ DAGS MAG®] &=k ¥3ts ¥4 A3, 1 A2 &
7ol mpe}t 2 AR Sobsle AE¢E B, o, v 2 8-
tocopherol®] & §Hak2 wt-3-A|7to] AAAFH 7H A48 A
S wglnh
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