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Enzymatic production and industrial application of structured lipids
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Abstract

Structured lipids are lipids in which the composition
and/or positional distribution of fatty acids have been
chemically or enzymatically modified from their
natural biosynthetic form. Because structured lipids
have desired nutritional, physicochemical, textural or
physiological properties for applications in processed
foods, functional foods, or nutraceuticals, many research
activities have been aimed at their commercialization.
The enzymatic production of structured lipids using
lipases as the biocatalysts has a big potential in the
future market due to the specificity or selectivity of

the lipases. This article introduced some examples of

* Corresponding author: Byung Hee Kim

specialty structured lipids that have been enzymatically
produced and have been utilized as commercialized
products. The commercialized products include
medium— and long—chain triacylglycerols, human
milk fat substitutes, cocoa butter equivalents, frans—
free plastic fats, low—calorie fats/oils, and health—

beneficial fatty acid—rich oils.

Key words: structured lipids, enzymatic reaction,

lipase, commercialization
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-2 w3tk Akohe}t Kim, 2017). G4 =&
A A " (triacylglycerols)2  H]E5F0] HLl-of
A Z2] A= (monoacylglycerols),  t]oPdZEAI=
(diacylglycerols),  ¢1%] & (phospholipids), =2
A= 2EHE o AE (phytosteryl
FEI7F Aok A AEe

esters) 52 E}Oohf_}
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A AFL aHATE 945k 8
& (tailor-made)” A 2A] UHt 7132 1}
Yz} A7}7]%s4]& (functional foods) % QF' AEZ
(nutraceuticals)2] =8 A& o] &1 Q)

g x| d o] AL W 5 shekEl ‘ﬂ}o =]
F oS W EAL| EUE E(sodium methox1de)
SHjA|l = ARESto] Hlw A A&
gt} o] 2 Qlsf A A H o] A4t vlE- ] A
st HARE(Gside products)o] AJAJE]a wkS-
Eot= ol SHAIE AASH] s Rt
_3(‘)_7_ O] JJ_Q_G]— 1:4—140] 0]]’4— H]—D:]oﬂ ar H]—.E.
< iAo g WE 2roi #3sh] el =
of mizt ol 48] 755k, 1L
3} & 4~(immobilized enzymes) S AN 73 Al
a0l fo] 2 347) goletal aaE A

1o} 27 z18k4 Q1 AAto] 7Hseh A

A AN Eo) 4 (specificity) B A1
&/ (selectivity) & }J AaE o]§ Al FAHEY]
9 a3 = Q7] el “HERET /4]
249 A Z& AYAate] At o] th(Kim
and Akoh, 2015).

g]ufolA|(lipase, EC 3.1.1.3)= A4 2|29 &
24 Ao T2 AMEShE Barolt). BulobAl=
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ol A= ol2H =
%‘— ‘:} upepA 2ol f- X]“o*/&(free fatty
ZA oF A &l W o AH =3} vk

/\l-—.—oH HF-S-(acidolysis), A AW} z|HFAF
01 2|2 (fatty acid alkyl esters) 7} o] A~H| 2
A | Eat=
(interesterification), =] A= (glycerol)
Aol waff W 2TAES] o2 EH=
SEAIEES WH3(glycerolysis), ol
= EA o FAAA e el 9 oflehEo]
o A 23} 9hg-Ql ofehEEsl Hh-3-(ethanolysis),
SYAEY FEAMARe] A o AH| 23} BhS
SYAEL AAE S~
g2 7} o|AH|2 Ad dk-S(transesterification) S

A 8] ol sFehk-g-of| A Zulj &= A-8-5fo] TRt
Fef o] A4 A HS AAksleT] o] 8-FchFig D.
=5 o] IollA] B Hhe} o] AN -]
W} sn=3 f|A|of| oA o= A-g5k= sn—1,3-9]A
Eo] X (sn—13-specific) 2|TtolA| & o]§-aH X
Ake] 243} IR EivF deid o s HEPgH A
T3 A L] AYito] Thssitt AA|l R 83k A
TFA AL FAR A= =2 an—1,3-AE
ol/d glufoAlEo] o-§HaL lom A3l o
+ Wuk=9] NovozymesAtoll Al 7Hdkst 117434 &
2 A|F= Rhizomucor miehei 5-2f 2]a}o}A| S 7
o o34 2ol wgk =R]of] ALAAX] Lipozyme
RM IM, Thermomyces lanuginosus -3-2f 2]i}o}A| S
Ae]7HAo| 1% A171 Lipozyme TL IM 5-°| Qlth
(Kang and Kim, 2010).

A ALotE A ARL F2 AR H)
Bio] Ao g FH-H SAEAAY, Ba A ‘:Hxﬂ
A, Z5iof W tf-g-A], AEML 7hadd A, A
F A, 1771578 AAE 3 74 SOl
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1-0—C—-R -1 —0—C—R'’
[e] o] o o]
1 [ sn-1,3-specific ipase i 1
s20-C—R  + R-C—OH — PP, g2l0-C-R  + R—C—OH
o acidolysis o
alo—d_r free fatty acids, sLo—d—gr free fatty acids
triacylglycerols. triacylglycerols
K 1
ot -0-&-R 1 ~O—C—R’
o o] o o]
I I sn-1,3-specific lipase I I
w20-C-R  + R=C-0-R" ——PCEP, w2l 0-C-R +  R—C—O—R"
o interesterification o
sLo— g R fatty acid alkyl esters - 07<”:7R‘ fatty acid alkyl esters
triacylglycerols. triacylglycerols.
? (II> I I
sn1 —0—C—R sn1—~Q0—C—R’ sn1 —0—C—R’ sn1 —0—C—R
[e] (o] [e] o
Il sn- cific lipase I I
w2-0—C—R  + 2 . w2l0-C—R  + sn2|-0—C-R'
g 9 g g
s3L0—C—R s3LO—C—R' sn3lo—C—R’ sralo—C—R

triacylglycerols triacylglycerols triacylglycerols triacylglycerols

o
I

I
1 ~0—C—R OH 1 —OH 1 —0—C—R
o o
1l sn-1,3-specific lipase 1
<2 0—C—R  + OH —_ #2l-0-C—R  + sn2|-OH
° aiycerolysis o
I
walo-tr OH sr3loH aslo—d-r
triacylglycerols glycerol
o
-1 —0—C—R -1 —OH
o o
i sn-1,3-specifclpase | i
#2f-0-C—R  +  CHCHOH — 7%, #20-C—R 4+ R—C—0—CH,CH,
ethanolysis
slgd g ethanol sslom fatty acid ethyl esters
triacyiglycerols monoacylglycerols
o
OH 1-0—C—R
| sn1,3-specfic ipase
OH + R-C-OH ——————+  s2[-OH + H,0
direct esterification o
I
B free fatty acids e water
glycerol diacylglycerols
OH 1 —~0—C—R
o
1 sn,3specifc pase i
OH +  R-too-r it sn2|-OH +  R-C—OH
rans esterification o
OH fatty acid alkyl esters smalo-d_r free fatty acids

glycerol diacylglycerols

Fig 1. Types of lipase—catalyzed reactions for the production
of structured lipids (Kim and Akoh, 2015)

S Al oft ARgSt Al WA ok A
o} R o]E AL A A a4 YA 1
ToF 8ok dEs aEe =M oA XJ
% A AR ] e Ak =

o] #5174} g,
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2E

U3 F/8X%H(medium- and long chain

triacylglycerols, MLCT)

A2 22 A" (long—chain triacylglycerols, LCT)
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ARE 8410 =2 FHjolm L4 A4
THolth LCT= Aol 3] thAb=w, of
B2 AY AR 2=} v 8-127]9]

& RS 2 B R THE B4 F
*é A" medium—chain triacylglycerols, MCT)2 H|
WA e He FAAEARY] AR Fel 4l
S3p] Ui ez ol gEu YA Al
W (portal vein)S F3l 7t 2 A7 2FE7]
off A2 of| 4 &= A gFo] Rt sHA|WF MCT
g AF Al D A Aol AgEE ZA7F STk
bl LCTLF MCTE| o3& 3 71 &= Q1=
MLCT 7je] 3 @ /do] th5= ¢l cH(Akohe} Kim,
2017). MLCTE= A34F¢] sn 7] o] mhet 5
- -SHMLM), Fa|-FH-%4(MML), %
H-FA A @OML), - -5 (@CLM) 2] Y|
7HA BE7} 7Fssteh 2L SollA sn—13} sn=3 9
2o FaA AL, sn=-2 1[0l A AGARE 71
MLME MLCT= Th2 8] o] MLCTo] 18] @4
AHARS, FEksE A 2| HAke] B8 o] 7] uj
of olz|gt FeE 7Hxl MLCTE] 7§ A7} &
3| Raw]o] ¢rl(Jandacek et al, 1987).

MLM3& MLCTE F2 7}ZdAHcaprylic acid,
8:0) T Z}ZZAK(capric acid, 10:0) ZA] 35}oj
LCTE sn-13-9x| 504 gaolAlE o]&5fo]
ARELE BRSA]A A ZFScE LCTE Yo 2= o
1 S =Y B, Zhsehy, A, ok
THe, AR, @9olZ FA-f-(borage oil), o]
-8 (echium oil), 37|, & L) 2l(palm olein) 5
o] & o]-8-%|a1 QItHKim and Akoh, 2015). O]
HE VRS & AE W 2Eshe fE AR
Sr(distillation) -2 &3l AAst= FAFA o]
£33tk MLM% MLCTO| g4, ] 7]54%
ol okl A ARG A o2 o] g3
A=) dl= g= AWolr:}(Akoh and Kim, 2017).
82He MLCT®| th 22 9FA] dgst vi7HA] &

U: okl rlo

e Hn

—

3:0 [
% ox AF Ho i o oF



(from rapeseed, soybean or cottonseed oil) | ® (from fractionated coconut or palm kernel oil)

|

lipase-catalyzed interesterification

reaction products

removal of lipase by filtration

reaction products (filrate)

deacidification
bleaching

deodorization

Healthy Resseta

Fig 2. Manufacturing process for Healthy Resseta (Nisshin
Qillio, Japan) (source: US FDA GRAS Notices No.217)

O] MLCTS] =2 tF, A+, HAEF 59
LCT9} 3 543-8(coconut oil), HaH-G-(palm kernel
oil) 5] MCTE g|ufolA] Sufj o AH 2 w3k vh
SA]A A Z35FaL Y Akohe} Kim, 2017). o] =
e AbEs W gl ffAAte] Ao A
AEA] 7] wiioll EEef FAlEA o] HastA]
oFoF AR HI-go] At Axlo] k. gt
MLCTY] of 2= dE 9] Nisshin OillioA}2] Healthy
Resseta?} Qlct. o] A& F-A1, 5, WAR
o AEA 7ET AU S Be HARE 28
slo] 42 MCTE o|AH = weh ¥hgA|A A=
gk ZolthFig 2). XA} F A Ak

T 2t ~85%Lf ~12%01™ F A FH
~97%0]t}. LLM¥ ¥+= LMLY 9] S/ A% ]
o] MLM% %= MMLE 9| SHA9] vlek

2 E4o] gk,

=

tio rlo o%t F

o

29 X¢ giqIX[(human milk fat substitutes, MFS)

25 A% (human milk fats)-2 G-Fot7t A Fsh=
A ~50%5 sHh= F8 LR Yo|n &

AR 2184 vlEE Algehs Rl
8 AEolth Mg Ao o AHARE 24k
(oleic acid, 18:1n=9, ~40%)x} ZHu]E A palmitic
acid, 16:0, ~25%) 2.2 L] EARS. 22 -2 9%
(~55%)0ll Ag= o] = ¥hH sn—13F sn=3 9|
(~45%)0ll= ZHAL 5-2] E2x3} A ato] =52 Z
3=]o] 9 cHTomarelli 5, 1968). wHaba] m-g-o] &
AR 72 1,3—-dioleoyl-2—palmitoyl—glycerol
(OPO)2] FEiE Zh=t}. W-f A|Ho] o]2fgt 5}dt
T2 v B4 2 5 F71E9 S5 St
Al71aL, s FEGA sto] HBlE oist=dl =
©-& ZrHTakeuchi, 2010). wehA] o]e]dk G X
ol YA, A 7154 EAS et 4] A
o) W A-E7F X3P E] o gt

HMFS= @fobg AR Alxol ARSI
ol H A A 244 9 BT AR
A TEofRl A-R, =2 sn-1,3-92 5014 ¢
atolA| Zulf sloll E ]| € (tripalmitin), 2 A
o}& (palm stearin), &=%](lard), -&-A|*H(milk fats) 5
o] Fu|EAto] FHRt A Selik B 4t
o] FHI Y ER, A, siekebrl, slole
Y --(hazelnut oil), 5-8-(camelia oil) 52| A&
d 715E 7kl d FEAARE A
3 WES-AlA A2FHKImI} Akoh, 2015).
G Aol= Gote] At el S8
kS 3t ofg}7])=AHarachidonic acid, 20:4n—6),
EPA (eicosapentaenoic acid, 20:57—-3), DHA(docosa
hexaenoic acid, 22:6n-3) 52| th=E SR HALO]
gheFo] Wt} o}z =AL EPA, DHA, AH|ote]=
Al(stearidonic acid, 18:4n—3)2 L2 |bAke] 2w}
2] AHo-linolenic acid, 18:3n-3)X.c} H|ujjof 4]
o §&20% EPAR A== o] qirt o]
of wat T Aol o, iR, DHA i1
S algal oil(¢]. DHASCO, MarketA}l, u]=t), of
2}7]&=AF 315G fungal oil(]. ARASCO, Market

<
18 E Ae

ok

151

" Food Science and Industry (Vol.51 No.2)



G S\
~

Lo P Yy
oy o
0 Scieines and W

AL =), AElobelEAr gg [fAI(Cl. high-
stearidonic soybean oil, MonsantoA}, B|=+) = O]
== 7FrEdliste] 42 FE A sdES B
Zue 3 o AH 2 wek 52 ARES BESA]A
HMFSE A %3} tHKimx} Akoh, 2015). W&zt
9] Loders CroklaanA}oj| 4] AJAFs}= Betapol> At
8315l HMFSO| tj 322 ¢l oot} o] Al & &
glotd 59 EguE oh fA19F a4t s
v}2}7]5-(high—oleic sunflower oil) S-of|A] A&
Aike sn=1,3-912 5ol gufolAlE Fi= o]
B5to] ARl HESAIA A3 o]t Betapol 9]
sn=2 §12]9] LU EAL 2 45-80%2 LEA
SITh. A g 2] the oz el
AarhuskarlshamnA}e} o] A2}l 9] EnzymotecAl2]
%2+8] Akl Advanced LipidsAtollA] 7gtet INFAT
o] 9IC}. INFATS] A|£%S Betapolz} HF=.0.

2 G AFslcH(Fig 3).

| randomized palm stearin |

reaction products
recycle

lipase separation

sn-1,3-specific Iipasel—catalyzed acidolysis 1——@

A

distillation —————| free fatty acids

bleaching

decdorization

blending

INFAT

Fig 3. Manufacturing process for INFAT (Advanced Lipids,
Sweden) (source: US FDA GRAS Notices No.192)

5
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130} H{E| Y2 X|(cocoa butter equivalents, CBE)

F 5ol WE &= 7P7Ee FolA 53 AR &
Zole] 20 fRolo Tof WE|S] Fa WA
2 Y AH~36%), E|OFEAN~34%), Tu|EAF
(~25%)0.2 30} HE= TE A8 FA]of H
o) st A RRAF 248 2Ea1 QltH(KangY} Kim,
2010). 3o} HEE FASHL = SAAHe]
80% o]/ sn=2 f|A|of| Zef|ito] AgE o] Sl
sn=13} sn=3 {R|olli= TU|EAL Ei= AH|OF=EAL
(stearic acid, 18:0)0] Zg}%] o] 9] 1,3~dipalmitoyl-
2-oleoyl—glycerol (POP, 15-19%), 1—palmitoyl-2-
oleoyl—3-stearoyl-rac—glycerol (POS, 36-41%) %
1,3—distearoyl-2-oleoyl—glycerol (SOS, 25-31%)
9] & zt=tHYamada %, 2005). T35 o} HE
o] o]ggt A 24 & A 242 2EH
59 F9, Al(snap)d, 884 59 AL =
e Fofdls 982 3t FA5io) v = Yut
BrAloll B8 aztolm F= 5o w7bollA =
S AH|o] EHA =A71H4 9] §Eo] AlskH
TR% Al 7R Utk oA AjE= A
o} WElt A FUET Qo] o} Hee)
T A2 2010-2012¢ 7|=o= AT oF
1,850 3} oF 8664 Fefof o]211 QIrt(EHEA
A1Z X 2013). CBEX 71719 FHT} 7120 AY
b AlEd FAIZRE ALtEHA S50t HE 2}
AReh AAE 243 SR 24 251 §lo]
Azl HAA 510l HE e} ojugt vl
bl 2335 579 244 =44 |
AlgFA] o]t
CBE A% A A+= A 33lo} B
" 2443k {-AKSE CBE A|xof a3t POS
T A Azl 82 7L U ol At
7 u|= A (palm mid fraction) 52| POP
iy A | B4R} AH|op2AR) S9kE 1F

m
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18:1n-9
E18:1n-9
18:1n-9

high-oleic sunflower oil

sn-1,3-specific lipase-catalyzed interesterification

18:0 ethyl ester

18:0
18:0 ethyl ester
18:1n-9 +

18:0 18:1 ethyl ester

deethylation

fatty acid ethyl esters

solvent fractionation

18:0
E18:1n-9
18:0

S08-rich fats

16:0
E18:1n—9
16:0

Palm mid fraction

18:0 16:0
E18:1n-9 + E18;1n.g
18:0 16:0

CBE

Fig 4. Manufacturing process for Palmy (Fuji Oil, Japan)
(source: US FDA GRAS Notices No. 654)

S (triolein) 5 F-A|<} Fu|EAla} Agof=
AF 23 7he] Akl vhg E= a4k sfjutet
7] G-} Zu|EAL o2 o) A H| 2 (palmitic acid ethyl
ester)2} A H|o}Z AL o] Hof| A E|| (stearic acid ethyl
ester) 9] &35 7Ho] o AH|E wE ¥hE-S 0|85}
o] POS g} A& AlxsktHKim 5, 2014).
HhHo| A8 CBE= YRE2 O & POP 119Ht A
Wk SOS agh AH-E Egsto] Azt of
43t A5 2= Y29 Fuji OilAtol| A AFAksE
+ Palmy”} Qlth. Palmy+= 114k sijHletr]f-2F
2Agof2 AL o Ho| AH 2E sn-1,3- X 504
tolA] Fuff sfof| A AHIE Wk HSAlA AX3E

SOS 1133 2t} o n|E T H-S S3lsko] AY
AFgE A0 & POP, POS, SOS 3t 71z ~43%,
~11%, ~28%©|tHFig 4).

HMEHA JfAM X[4low-trans plastic fats)

np7b T B o] ARS-E= 7R/ AW (plastic
fats)oli= AR A= 715 a7 RSl
ofsf) FEAIA7= B T AEE Edls AW
AWtrans fatty acids)o] T} 3}
Ao dHle= 85 & FEa
2HE 725 57417121 HDL ¢ 2~H|
£ 257] "ol WdeH dee s St
AZ1tHMensink¥} Katan, 1990). 2000 tjol] So
ObA o5 7] Ao EffA A4 A4S} B
H 0] SR a4 W3 of-83 W o] it
7] AA5et. 53] gjatolA] Zuf shof| Azt 2|vt
W E3x} 75 o 2EE wgh WA F
A FARE B e AES 7HA
Aol Alz7} 7Fsshek

2| Aol F Aok, =73t T
(fully hydrogenated soybean oil), -$-%](beef tallow)
9 Lz} AW T, ALaHo AR i
1, L=EAE kel 59 aEES) 764
gtolA] Zuf o] AH 2 wt BhE-S Sto] AE|MA
7had AE Alxshs W o] BarE] Qlok(Kimatk
Akoh, 2015). Akoh®} Kim (2017)-& 11323} A4,
AE23} 7|5 A WA, AU S 5o 4
APAE FFFo] =2 FAE WRSAIA A3t 7k
A AE G ARPARS] i o] Frtste] R
Aot Bk AR 5448 btk Harskel
t} ol Aol sn—1,3-912 5ol 2lutolA]
Qo= 912 B]EolA guolAql NovozymeA}2]
Novozym 435 (Candida antarctica 32} 2| 1}o}A| =

&g ofa ™ Ao LA AlF)E BHS S

o
i
i)
r‘-
[Ul-ﬂ.l g lm
o
23
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| palm oil | | soybean oil | | fully hydrogenated oil

v
Lipozyme TL IM-catalyzed interesterification

reaction products

<—| partially hydrogenated soybean oil |

v

low trans fats

Fig 5. Manufacturing process for low—trans plastic fats
(CJ CheilJedang, Korea) (source: Lee 5, 2010)

2 o] &3t THKim} Akoh, 2015). A-831E A E
W vk el A R ol ADMA}
ol A 7HdFet NovaLipid7} @it o] A2 e|uto}f
A Zo) sjol] chie, FEAT BT W BAFE
o AHZ wg RESAIA AR Aoz dxf £E
J Az o] 8-Eal Qltt. NovaLipid®] EfiA %
AL SRS 19 wjgtolch. 3kl FAIel CT A
AFAA e B, i, S=d e (d= =27)
sn=13-9JA| 504 2utobA] S st of 2|
gk RESAIA A2t A ALS T2
dhfrok Btelo] el Ak ghaol 19 vt
A AEHL 7haAd AYS A 25HcHFig 5). T
Tk o] Al @A Aito] FEE AT

iy
o o

(U e

XEZF 2Xl(low calorie fats/oils)

g 7F 2-470Q1 S RPARS A A4
(9kcal/g)ell vl FeFo] wrol AZEe] A4t A
2 Aol Aggt 71dolth A& oM EAL
(acetic acid, 2:0)2 3.5kcal/g, 3 = 1]-2AHpropionic
acid, 3:0)-2 5.0kcal/g, €] 24K butyric acid, 4:0)2
6.0kcal/g?] g 7H=t}(Akoh and Kim, 2017).
E3E H|3llAK(behenic acid, 22:0)3} & EbA 5

=
=

stat Aol 693 (2018)

7} 227) o)Akel Za1F AW Hvery long—chain fatty
acids)> AHoNA F7F 2 =2 7] wioll A
dF AE AE Ao 71ER o] &H 4 U
(Akoh and Kim, 2017).

2| Aol AREE A EEF A Al x
2= sn—1,3-9|A 5ol 2utolA] = 91A] H]
5ol glutolA] Zulf stef] Ea]obA| gl (triacetin) 2}
HZAL oo AR 29] o AHE wet ¥, sn-
1,3-91x| 50l gufoA] Zujf s} siutelr]f E
= T2t HgAk odo| AH 29 o AHE 1L
2k 9k, sn—1,3-9JR 50l eutolA] Suff 8 5L
F(kokum), AH(sal), -3(mango) 5 At 4%
A2} SE A AR HlLke] eotE 7he] AR Sl
HhE-2 o83 ®Rio] )IthKim and Akoh, 2015).
ohet 83 T A4 = AR 9RE A1
& A|(a]l. Caprenin, Bohenin, Benefat)2] #|Zo]
< setE] §Ego] 2 o] 8Eal glom aiF
o g Alxe Aded 74 AEY ol o4 $l
TH(Shin and Lee, 2010).

Ak
=

UZF 21578 XA 183 g X|(health-beneficial

fatty acid-rich fats/oils)

AR HHelA A7 SAEY 7IeA dRE
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Fig 6. Manufacturing process for Marinol (Stepan, USA)
(source: Stepan Co., 2015)
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