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Bl1. TAGH FHI45EH . R'. RVFIR" 435N BE A6 TE H il BB 2sn-1.
sn-2 Flsn-3 L IR T R -

Ry B BEAL e sn-11 sn-2 Flsn-3 B2 K AR R . HMF /&
BAMEFTAGHRIIRIRNG, FHARFIEAE T8 W BR e H
TR 28 E R 2 A F0A . HMF F6 = b 3 32 S 15 1% 2 it
g2 (OA, 18:1, n-9, #£1/33%). (MR (PA, 16:0,
Z11524%) FIEHER (LA, 18:2, n—6, Z1515%) [4].
TENFLA, 2970% B PA 53 A 75 H i i B 22 ) sn-2 62 [ 5],
Sn-1Fsn-347 = N A WF G i B2 (UFA), WIOARI
LA [6,7]. KEEZAMWANENE (LCPUFA) 2 #(lis
e AEsn-267, W =+ Bk TUE R (EPA, 20:5, n-3) A
TR NKEER (DHA, 22:6, n—3)[8]. HMF & &
B = TAG 2 1,3- i -2- AR H s (OPO, £
16%~29%) F11-JHER -2- FRHEER -3- Ll B2 H s (OPL,
2715 13%~20%) [3,6,9,10].
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Abbreviation Source organism

Immobilization materials

Company

Lipozyme TL IM Thermomyces lanuginosa
Lipozyme RM IM Rhizomucor miehei
Lipozyme 435 Candida antarctica
NS40086 Aspergillus oryzae
Lipase DF-15 Rhizopus oryzae

Silica gel
Ion-exchange resin
Macroporous anionic resin

Macroporous acrylic resin

Novozymes (Denmark)
Novozymes (Denmark)
Novozymes (Denmark)
Novozymes (Denmark)

Amano (Japan)

() sn-1Fsn-30L BAT PN, I HARR Ay sn-1,3 6706 %
PERGT Bl . B sn-1,3 00 3561 14 T 17 Pl G 455 JBRe s 017 1l
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spectrometry) k. 780 FCsn-2 47 A8 IR H I iR B
TAGF TR HEE, KA =Y A R B A0
B T RE RS TR

IR B 2R i 1 T P A B A 22 e e e ad e
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3% (gas chromatography, GC) VEFIRAH I (liquid
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AT IE T IS R IR, WBuchgraberS5[38] 4 K4
R AR MR . Fuchs %5 [39]4 % )2 %3k (TLC) 11
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WEFL, HE BT T TAGH B 4.

S TAGIE F AT 5152 miR G ek, JE/K A
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TAG KI8T, FRATEF F b 7755 sn-2 0 g 105 BR 41 1 43
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S AH IR AR 1, iZ 7 VAT B AR, RIIEAHLC
(NPLC) #EA1FEKXAMLC (NARPLC) i%. NARPLC
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7B BE B SN S PR B AH R BE[36] e M Bk
T E 5 (CND FNEEE (DB), X HUk Tk i 1
HE (ECN), BICN—2 X DB. fEMCALAI RSN,
HAMFECNIITAG I 45 85 th >k [42-44]. ZI79%1)
FES 2 T, HB AR . Rk, XA
N2 [42,43,45-95]). {HaZ, XFHITVEARES B TAG
VA B2 LN

TAG 3 #1 H 5 %5 F NP-LC 2 4R B 1 1E M A (1
Y. BT E A )RR T SR N L T TR R T
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[96]. 73 J5 I TAGAHRHE DB X1 R [B) vl 45 73 5 A 6] 1
Ho BT IEABHE GBS T4 T &5 TAG 744
REE B [44,45]

H R PCHZ IR (NMR) k] LR LR &
TETAG L UL R AETAGHS @ sn-2 0L I IR IR (5 5, %15
Bl 9 T T TAG EIRiRR AL Bk $etE[44]. ik
WIELCYE, HLHEAC & DY AT AT I RIMS [ 8 5 &%
@m@ T3] HEGC[ITIEMR B F KA B

2 (APCD MS [98], FI#EH T 205 85 R AR NE F1 (1)
TAG, PAKKTTAGHRHTILARE 8T, ¥k, Z7id
A F 45 TAG 58T

4. BERNT TV

ARSI T 1997201845 [ 5 2 1 56 T B i3 45 A
sn-2KFRABR MBS MO BF 9, 2R, ML, Wi

OOCR,
RZCOO{ + RCOOH —> R COO{
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G Resn-2 BRHE R H i R A7 AE =l SR 3, BV RR AR SR
Vi S 80 J52 S0 M IR AR S T o G P TR i e I A2 o W AL TR T
%, FLUGE BRI .

4.1. B SN

Sn-1,3A7 1% 3514 1 1 Tl 4 TR ok s 52 1) L 7R 7 22 1
E2FR. BRI OB 28I sn-240 E S PARITAG S
FFA B FFA TR & W) 1Esn-1,3 47 156 #6114 J5 07 B AF FH R 3R 4T
B, ZEEAEER HhEE (PPP) M 76 S8 % b il AR e
v, WRHEBR &SR, B2, HTPPPIIEE
5o, FTLME R RARMAE ClnkARERERE . AR, 25
G W HIEPPPRI B A . FFARIRIE— M2
OA. LA. y-TKEZ (GLA). FFAMEYIE &M (WKE
o I 1IN ST 1 I 2 e I e R v 1 DN
i1 3 BY & A LCPUFA [ B 41 38

WER2FT7R, TR MI204FE R, K2 H0F 70K H 1)
HSFEFR IR I N, A =4 A sm-2 67 B PA & 538 5 b i
60%. Esteban [72155{FH T JUFlsn-1,3 K0 de #6441 107 g
(BB HEDF. Lipozyme RM IM. Palatse 20000L .
Lipozyme TL IMAIAEiEEQLC) KAELOA 5 & & PA
TAG IR AE N . S5 REW], 50 EEDF A] LAE 4R 1
SBIEFE] (1 h) PSEIVAR S I OA L EE (50.4%), M
M fEsn-247_FAR R I PA S B (68.6%). 1EXT £ Fil
w7 A 2 5, & A45 B ZH TAGTE sn-1,3F11
sn-205153 A& 67.2% [ OAF167.8% [FIPA .

B 3T FRATT B BB BEAT T sn-28 HE R H I 5 1 A K

OOCR’ OOCR’
+ RQCOO{ + R,COOH + R,COOH
OOCR, OOCR’

2. Sn-1,3 e i 1 i A R 92 B %7 7 22

R2 A RBEEA Mesn-2 KRR H R 1) 25 48 (8] (K SRR E 7T

Lipase Substrate Products Reaction conditions  Reactor TAGs analysis Reference

Immobilized Candida PPP and OA 46.5% of OPO 50 °C, n-hexane Vial Silver-ion LC 2017 [45]

lipolytica lipase

Novozym 435, Lipozyme  Nannochloropsis 59.38%—68.13% PA in the 50/60 °C — — 2017 [46]

435, Lipozyme TL IM, oculata and FFAs from sn-2 position, 13.92%—

Lipozyme RM IM Isochrysis galbana 17.12% n-3 PUFA

Lipozyme RM IM Lard and selected oils ~ 39.2% PA in the sn-2 posi- 50 °C PBR NARPLC 2016 [47]
tion, 24.78% OPO

Lipozyme RM IM Catfish oil and FFA 67.7% PA in the sn-2 posi- 40 °C 25 mL RBF NARP LC 2016 [48]

from sesame oil tion, 23.2% LA
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Lipase Substrate Products Reaction conditions ~ Reactor TAGs analysis Reference
Lipase Candida sp. 99-125 Lard and OA 79.51% PA in the sn-2 posi-  40-50 °C — HPLC-ELSD 2016 [42]
coupled with -cyclodextrin tion, 55.3% OPO
Candida sp. 99-125 lipase Monopalmitin and OA  75% PA in the sn-2 position, 38 °C Orbital shaker ~ GC 2016 [49]
40% OPO
Immobilized Rhizopus PPP and FFA from 42.6%-52% sn-2 palmitate, 60 °C Stirred batch GC 2016 [50]
oryzae lipase and Lipo- camelina oil 67.7 mol% PA in the sn-2 reactor
zyme RM IM position
Lipozyme RM IM Silkworm pupae oil 42.38% ALA in the sn-2 60 °C Conical flasks ~ — 2015 [51]
and OA position, 20.11% PA, and SA
Lipozyme TL IM Palm stearin, high 40% PA in the sn-2 position, 60 °C, n-hexane Labeled Tef- NARP LC 2015 [52]
oleic sunflower oil, and 21.22% CA lon-lined test
tricaprin tube
Aspergillus oryzae Lipase  Palm stearin with OA  55.08% PA in the sn-2 posi- 65 °C 100 mL RBF GC 2015 [53]
tion, 45.65% C52
Novozym 435 Lipozyme  Lard and 2-MAG ~58.7% PA in the sn-2 posi- 37 °C,n-hexane — NARP LC 2015 [54]
RM IM enriched in OA and LA tion, 23.1% OPO
Lipozyme IM-20 PPP and OA 55.2% OPO Isooctane — Silver-ion LC 2015 [55]
Lipozyme RM IM PPP and OA 35.9% OPO 50 °C, n-hexane — LCAPCIMS/MS 2015 [56]
Novozym 435 1,3-diolein and PA 94.8% OPO Dichloromethane, — Proton Nuclear 2015 [57]
1-Ethyl-3-(3-dime- Magnetic Reso-
thylaminopropyl) nance ("H NMR)
carbodiimide and
4-dimethylaminopy-
ridine
Lipozyme RM IM Catfish oil and high 50%-80% PA in the sn-2 50°C 25 mL RBF NARP LC 2015 [58]
oleic sunflower oil position
Lipozyme TL IM and PPP and OA ~85% PA in the sn-2 posi- ~ 50/60 °C, nhexane/ 25 mL RBF NARP LC 2015 [59]
Lipozyme RM IM tion, 32% OPO no solvent
Lipozyme RM IM Lard and FAs from ~70% PA in the sn-2 position 45 °C, no solvent Orbital shaker —— 2014 [60]
camellia oil
Novozym 435 PA-enriched refined 55.79 mol% of PA in the 60 °C, n-hexane Screw-capped = — 2014 [61]
olive oil and DHA sn-2 position and 3.54 mol% test tubes
total DHA
Lipozyme RM IM Lard and vegetable and 60%-70% PA in the sn-2 60 °C, no solvent 50 mL RBF NARPLC 2014 [43]
single-cell oils position
Lipozyme RM IM Cinnamomum campho- 78.69% PA in the sn-2 posi- 60 °C, no solvent 50 mL RBF NARP LC 2014 [62]
raseed oil and OA tion
Lipozyme TL IM PPP and FA from olive ~60% PA in the sn-2 position 65 °C, no solvent Erlenmeyer NARP LC 2013 [63]
oil flask
Novozym 435 Hazelnut oil and PA; 63.5 mol% of PAand 71.1% 65 °C, n-hexane Test tubes® NARPLC 2013 [64]
and ethyl palmitate of PA in the sn-2 position
Novozym 435 Lipozyme  PPP and FA from olive >50% PA in the sn-2 posi- 60 °C, no solvent Erlenmeyer NARP LC 2013 [65]
TL IM oil, AA), and DHA tion flasks
PA-enriched hazelnut ~ 57.3% of DHA, 2.7% of 50/60 °C, no solvent Screw-cap test —— 2012 [66]
Novozym 435 .
Lipozyme RM IM oil and DHA, and ARA AR{_\’ 2.4% of PA’. é.ﬂld 66.1 tubes
PA in the sn-2 position
Carica papaya lipase PPP and OA >70% PA in the sn-2 posi- 60 °C, no solvent Closedcylin- — 2012 [67]
tion, 22.1 mol% OA drical batch

reactors
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Lipase Substrate Products Reaction conditions  Reactor TAGs analysis Reference
Lipozyme TL IM PPP and SDA from ha- 46.2% PA in the sn-2 posi- 60 °C, n-hexane Flasks with — 2012 [68]
zelnut oil, commercial tion glass stoppers
oil
Lipozyme RM IM Palm stearin and mixed . 58°C PBR NARP LC 2012 [69]
FA of SA and MA from 28.8% PA ar.1d' 53.2% PAin
. the sn-2 position
rapeseed oil, sunflower
oil, and palm kernel oil
Lipozyme TL IM Lard and soybean oil ~ ~50% saturated fatty inthe 60 °C PBR GC, Carbon-13 2011 [70]
sn-2 position Nuclear Mag-
netic Resonance
(°C-NMR)
Lipase DF, Palatase TAGs rich in PA and 68.6% PA in the sn-2 posi- 37 °C, no solvent Flasks with — 2011 [71]
20000L Lipozyme RM OA tion silicone capped
IM, Lipozyme TL IM stoppers
lipase QLC
Lipozyme RM IM PPP and FAs from ha-  Rich in medium-chain FA 57 °C, n-hexane Orbital shaking — 2011 [72]
zelnut oil and Neobee water bath
Lipozyme RM IM Lard and FAs from 43.72% OPO 60/34 °C A 25 mL conical NARP LC 2011 [73]
camellia oil flask
Novozym 435 Lipozyme  PPP and SDA from >60% PA in the sn-2 posi- 50 °C, n-hexane Teflon-lined test — 2011 [74]
TL IM soybean oil tion, 6.82% SDA tubes
Lipozyme RM IM Palm stearin and mixed 29.7% PA in the sn-2 posi- 60 °C, no solvent — NARP LC 2011 [75]
FAs from rapeseed oil, tion, 62.8% PA
sunflower oil, palm
kernel oil, SA, and MA
Novozym 435 PA and palm oil stearin  70.5% PA in the sn-2 posi- ~ 37/50 °C, n-hexane  Erlenmeyer — 2010 [76]
tion, 70.7% PA flasks”
Lipozyme TL IM PPP-rich fractionand  31.43% OPO, 64.9% PAin 50 °C Erlenmeyer Silver-ion HPLC 2010 [77]
ethyl oleate the sn-2 position, 80.6% PA flask®
Lipozyme TL IM, RM IM  PPP and OA /omega-3 — 60 °C, no solvent PBR — 2010 [78]
Novozym 435 PUFA
C. parapsilosis
Lipozyme RM IM Lard and FAs from Similar to HMF 60 °C, no solvent Orbital shaker — — 2010 [79]
palm kernel oil, tea flask
seed oil, and soybean
oil
Novozym 435 Ethyl palmitate and 76.6% PA in the sn-2 posi- 60 °C, no solvent Test tubes® — 2009 [80]
amaranth oil tion, 45.5% PA
Bacillus PPP and OA Conversion exceeded 50% 60 °C, no solvent — Silver-ion-Thin 2008 [81]
stearothermophilus MC7 layer chromatog-
raphy (TLC)
Lipozyme RM IM PPP, coconut oil, saf- ~ 40.8% PA in the sn-2 posi- 55 °C, n-hexane Test tubes® — 2007 [82]
flower oil, and soybean tion, 24.6% PA
oil
Lipozyme RMIM FAs and lard ~70% PA in the sn-2 position 65 °C PBR — 2006 [83]
Lipozyme RM IM PPP and hazelnut oil 76.6% PA in the sn-2 posi- 55 °C, n-hexane Test tubes® — 2006 [84]
FA, and omega-3 FA  tion
Lipozyme RM IM PPP and OA/ methyl 49.4% OA (Lipozyme RM  65/45 °C, n-hexane  Test tubes® — 2006 [85]
LIP1 (Candida rugosa oleate IM, methyl oleate)

lipase)
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Lipase Substrate Products Reaction conditions  Reactor TAGs analysis Reference
Lipozyme RM IM Lipo-  PPP and hazelnut oil PA 70% in sn-2 position, 55 °C, n-hexane Test tubes” — 2005 [86]
zyme TL IM FA, and GLA ~10% GLA, and ~44% OA
Lipozyme RM IM PPP and hazelnut oil 42.5% OA, 7% SA, and 70% 65 °C, n-hexane Test tubes® — 2005 [87]
FA, and SA PA in the sn-2 position
Novozym 435, PPP and OA 74% OPO, PA 90.7% in sn-2 50 °C, no solvent 10 mL glass vial Silver-ion HPLC 2004 [88]
Lipase IM 60 position
Lipozyme RM IM FAs and lard 71% PA in the sn-2 position 61 °C, no solvent Conical flask — 2003 [89]
Immobilized Fusarium PPP and OA OPO 36 mol% 50 °C, no solvent Screw-capped 2 X NARPLC 2001 [90]
and Rhizopus lipase vessel
Immobilized RDL AA and PPP 56.9/3.2 mol% of AAin sn- 40 °C, no solvent Screw-capped  NARP LC 2000 [91]
1,3/2 position, APA 75.9% vessel
Lipozyme IM, immobi- PPP, 2-monopalmitin ~ OPO in up to 78% yield Vacuum/n-hexane Closed vessel GC 1999 [92]
lized RDL, RML (2-MP), and OA containing 96% PA in sn-2
position
Lipozyme IM and FAs and PPP PA > 90% in sn-2 position 60 °C, no solvent Screw-capped  GC 1998 [93]
papaya latex tube
Lipozyme IM, immobi- PPP, MAG, and OA 72% OPO, PA 94% in sn-2 ~ Methyl-#-butyl ether Closed vessel GC 1998 [94]
lized RDL, RJL, RNL position, 84% yield at >95%
purity
Immobilized M10 ™ from OA and butterfat Modified butterfat 40 °C, no solvent Hollow-fiber NARP LC 1997 [95]
Mucor jauanicus reactor

RBF: round-bottom flask; CA: capric acid; OA: oleic acid; PPP: tripalmitoylglycerol; PUFA: polyunsaturated fatty acids; PBR: Pebble-bed reactor ; HPLC:
High-performance liquid chromatography; ALA: a-Linoleic acid ; APCI-MS: Atmospheric pressure chemical ionization mass spectrometers; FA: fatty acid; AA:

arachidonic acid; SA: stearic acid; MA: myristic acid; GLA: gamma-linolenic acid; SDA: stearidonic acid; RDL: Rhizopu delemar lipase; RJL: Rhizopus javani-

cus lipase; RNL: Rhizopus niveus lipase; APA: 1, 3-arachiarachidonoy1-2-palmitoyl-glycerol; C52: TAG with a carbon number of 52.

“Test tubes or flasks with screw-caps.

T, WeiE[5914E IE CU bt (n-hexane) 44 5 FJG I 7
AYih, B e 4l B PPP AT E Ll 2K I ) 4% B I R
P Fhsn-1,3067 1L FEVENE S (Lipozyme RM IM A
Lipozyme TL IMD#AL & % 1 & 26 sn-OPO. HIF 5T K I,
Lipozyme RM IMi&H T n-hexaneff &, TiLipozyme
TL IM&E H T L% 7 R Gt Sn-207 [IPA A XT & & 4
A F T 92.92% F186.62%, 1Msn-OPO [ & 73 7l N
32.34%F140.23%. Zou%5[48]iHid H Lipozyme RM IM
TR RO TR e S5 IS0 M B 2 B £ 3ok R 22 R el S 077 TG o) %
Hsn-2 KRR H R . 7ESAERME T, BR{E =) sn-2
PA & B A PA I 67.7% . IXFh 715 B HF s 2 2D R R B
m PR . TR RN BRI PR R FFA, EE TR
ALE S ARIRVE A R bR, SR, BT EERR R
A0, sn-207 fg Wi BR AL/ 3 T sn-1,347, Mgz 7
HA BRI TAGHI = & . R, 385 R A S B3R 15 1
o 408 PS5 S5 K6 TA G IR 77 28 A IS T8 0 I B B 3R A5 1)
TAG =%,

4.2, BEAZHe [ JBL

T A 3 S5 87 2 2K i sm-1,3 57 358 544 g Iy Bk A sm-2
78 S PAMITAG S5 FFARE B0 G 1 R . B3R T
sn-1,3 07 R PEVE G 7 B A 1 156 A2 8 [ B 7 %€« FFAg
FEAFE B, & & OA/PUFA K R 2R IR
W AR MRS (b AA . I S R AR R BT FH 21 AR A b
fEE Az, XAREEAS e R N AESE I TAG [ Tl
A e AR O . SR, RS ER ZFE ) e A AHAL
IR AR TAGIR &4, X453 BA TR M i 4l
T AS BN Al i s I AR TAG. BRI, e B Rh AN e &
T B IR B OCE E

— Lo 5T N DIk A W AE N R A[47,70]. Zou%E
[99] FE S 70 PR [ M 44 HH iE i % F Lipozyme RM IM 445
TH S AR I TR B P PRI T AL i S SR & T sn-2 KRR R H
Pig o A A v ER Y CAnZEAENT Il A TF R S F D
A R i AR A e D A AR A v AR AR
R EY . B P IAEsn-2 0L IPA & 5 39.2%, HH
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HGWilg /3 A1 S HMF s EEAH L. Srivastava %5 [85]14 H
LIP1E¢{Lipozyme RM IMAENAEMMHEALT, 1Bl PPP 5
OAEROA F g I i A2 e S & B | 25/ TAG. 45 3R
B, AEPRRR G D, TR RS R ) . HTOA BRI O A T
T EL A 35 v T R S S O A TS AL EL 51, H.Lipozyme
RM IM L LIP1 55 3E & FH T il & sm-2 B e H i

4.3. T fAE FO TR AL SR

9T v M b SR T B Sk i DL KSR A BE 2 1 4
FITAG, FRATITFEH] B A S SR Bes n-2 A7 AR I H
Mg o Sn-1,347 3 £ 1 i 0 1 fE A4 1 T i S B2 7 22 4n 14
FioRe &INER— AWM RN, P Esn-1,3 71k
PEYENR I . B, FRATEE RN NG S BT R,
ML T & S PAI2-MAG; )5, H4ifbit2-MAG
FIFFA FEAR ASRAT B w7 221 H AR V) 25/ TAG. Schmid
SE[94]3H I PPP IR fF S MLt 4% 1 sn-OPO; 1E55— D%
Mo, W T T AN ENENT S (Lipozyme RM IM.
Rhizopus delemar | Rhizopus javanicus) 1 & & EEHEER 1
2-MAGF= R4 5, 5REW, HerdiEt
EHIRhizopus delemar W] 1 & S EEEFE K 2-MAG P 84
Bl b vmy,  BETIAE LG 5 S B92-MAGTE FF 38 BUT Sk 1)
LIS F]95% .

TES P IR, KAL) ) 2-TAG 5 OA 7E n-hex-
ane "R A [ 52 AE ik - A Lipozyme RM IM 8k Rhizo-
pus delemariATHEML . B TF=WITEsn-2 01 IPA & &N
92%~94% 1)\ fEsn-1,3f7IOA & 983%~89% ], 1M
sn-OPOMI = B IE ] T 70%~72%. WEK2FT7R, EEMX

OOCR, OOCR!
R,COO { + R)COO {
OOCR, OOCR,

OOCR!
——>  RCO00 {
OOCR,

RAX A H T8t 5e, Herbsn-OPO & B 1 70%,
I Hosn-2BL I PA & BIE T KT 90%. %R NI FEE G
L IE AL RS n) 3R 1T 1 AL ZS I TAG. SR, S Biid
TR A BT AR . PR, XA 7 AR Tk R
FARAN R I 5%

5. & sn-2 IRIEER H MEs ™ o

SiMTAGE —MRA —EE IR R EE Y
BRI NIRRT, WA 2 R T o AR
B4, VF2 R T S TAGH R tE . W4,
BATCG A WA F sn-2 A7 R H i R = 5, %77
A R 2E Y 5 40 Al S HMEF RAH [E] . 3% 86 5 CAE
B IR AN N £ B2 LEC T Wk

Loders Croklaan 2\ & @57 [ sn-2 KA 1 Him e i &
ZEFAER[100]. 19954F, %40 ) i TE M Betapol “/E N
Hmibr, PG, AR AR sn-2 KRR IR H e 2 SR
SR BELHE T WA BORHE BRINEAT A 72 . Betapol® &l it
] e A ) sn-1 3R B PN EE (Rhizomucor miehei)
X I T R ZE AT I IR I & & IR FFA S & & PPP
I 7 FE AR R B IR R AT OB A S S ) o A = i R A A
WA M IH AR R N 28 R E AT, %A AR T AR
1RO LA s R DT R 1% (K26 [101] . Betapol” [ TAG 43
FEOAAA KL N : ECN:DBN52:2 (33.4 mol%) Ak
FEWF (CAN) :DBA52:3 (10.5 mol%), HiFH
TAG 7. B 5 #1443 7 f& sn-OPO  (82.2 mol%) Flsn-OPL/

LPO (82.0 mol%) [102].
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