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Enzymatic Deacidification of High-Acid QOil for Diacylglycerol Production

Using NKA-9 Macroporous Resin-Supported Rhizomucor miehei
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Abstract: Macroporous resin NKA-9 was used as the support for the immobilization of lipase from the fungus Rhizomucor miehei (RML).
The resin-supported RML (RML@NKA-9) was then used in the enzymatic deacidification of high-acid soybean oil with an oleic acid content of
25% for diacylglycerol (DAG) production. Structural characterization of the resin before and after RML loading using SEM and XPS revealed
that RML had been successfully immobilized onto NKA-9. The optimized reaction conditions for enzymatic deacidification and DAG
production were as follows: reaction temperature, 50°C; amount of glycerol, 8 wt% of the high-acid oil; and amount of RML@NKA-9, 3 wt%
of the high-acid oil. Under these conditions, equilibrium was reached after 8 h of reaction, DAG content of 58.95% was achieved, and free fatty
acid (FFA) content was reduced to 1.50%. Subsequently, the reusability of RML@NKA-9 was evaluated. Results indicated almost no activity
loss after four cycles of use, and the retention of 49.10% of initial activity after six cycles of use. The RML@NKA-9 prepared in this study
enabled the effective removal of FFAs from high-acid oil, achieved the production of considerable DAG content, and demonstrated a certain
degree of reusability. Therefore, RML@NKA-9 possesses promising prospects for applications in oil processing.
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Fig.1 Reaction scheme for the enzymatic esterification of
glycerol with FFA
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FREEAL P29, 4% 12-DAG A1 1,3-DAG, Hr
1,3-DAG = TE/r. DAG [IMHRAE 5@ TAG
ANFE, HAENENTRN A 2RI HER, Bk
REfhBY, Song 21 Schweiggert-Weisz 25 5% F
MAG TENBEIEZ AR, BRibliigHl#% DAG, 73Hl3kis
DAG &4 27.98%711 23.00%, ARHER & &40 5 B
%2 0.28%71 0.30%M0M, A58 H Novozym 435 f#
WA R AR B R, DA E oI A,
[543 DAG & 60%~62%, IR & BFEKE
0.36%~0.66%",

Jig /i Rhizomucor miehei (RML)E&E ML, 1,3-
IEFEVESE, BEETER, RMEMERE R —Fh iR T
021, RML (A 2 Ak Lipozyme RM IM 744k
FFA 5 H il bl & =2l B 1,3-DAG i 2R AR B T R
IR E, 1,3-Brak B Anfa e PE M, A SR
RAUAR NKA-9 1% AR, fiZ RML TG =R
Wi R R T [ il £ = & DAG BITHIEF= e XT 7
# M RML@NKA-9 1T [ ST R /R, ¥+
T FT T RML@NKA-9 AL S S skt it BR A DAG
fil & Hgme, [T T B R .

1 MR5RE

1.1 RS

HymBsbaE s LB H I —iE (1-0). 1,3-HER
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Sigma-Aldrich ( i) 5 5 F B A ], 4ifE>99%; RML
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(Palatase®) T Sigma-Aldrich ( i) S 5HEMR A

A, FEEE=20000 U/gs WaNAHAMGE . IECherl R e
W T1EE Merk Aw], ¥yigal; BHRE M. B
g SN HlmSE I T E 250 AR, ¥R
oypral; BRI TR TG (Rl FGIRAR, &
Mrali; RILWIE NKA-9 TR s A kisa
BT RS T 4 .

12 (U=55RE

InFGE 1S, EE IKA AF]; PHSI-4A Y
pH T, A RS IR A PR A R AT H4H,
RS RE R A IR AF]; T TRSE Sartorius
BSA-224S, FEZHFrR A AEsD ARAR: X
AHVBORH (438 43 Purospher® STAR RP-18e (250x4.6
mm; 5pum), FEE Merk AF]; ¥ LC-2010AHT &
ROBAR IS, HARREAT: ZROGHE R
ELSD-LTI, AR EA ] ; $ 445 GeminiSEM500,
fH[E ZEISS /A ] ; K-Alpha+X 5266 HLAE I (XPS),
Z£[E Thermo Fisher Scientific 22 .

1.3 A E
1.3.1  KILMAE NKA-Q 69 EF 1L

FREX 50 g KAL AR E T 250 mL ket A, i 150
mL ZE (95%%lfE), H LRI, @GR 24 h.
ZJ5, AiIREFIATHhIE, N5 R E 2 U 4K
MR NREA LR SRJ5 7 150 mL EhERiE
W (5%RFE) F1 150 mL SAMAE (5%IKkE) 7
W, B EOREFSE ek, #iRiE4 hs, fi
e, FEAUKERE sz (pH=7.0).
LR pH=7.0 IBSRRSZ A IRIE 2 h hiE, HE
RIS IR BRI pH AH I
1.3.2 KILKAE NKA-9 # # RML

HL 30 mL M2zl (pH N 5.0, WKEH 25
mmol/L), MMA 1.00 g KFLF G, sRfEHA 600 mg
RML (Palatase®) B, /KRS 4 h CFdN 180
rimin); ZJaihiE, 7£30 &2 TG h, HISHIMHE
EALEF, i N RML@NKA-9. HEgiE &l & A
1200.00+115.47 U/g.

1.3.3 SEM #= XPS & 4E

SEM RAEMA F EHARIEFR: i AL 0.02~30
KV, SRR EGER] 20~500000, XPS FAEM
A FREli) Al-Ka GIR, Aes 1486.68 eV, 12
KV; HfE CAE; o#r= TIER BHE = LR
5x10” Pa.
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Re BLER % DAG &9 %) &

FREGHER & B4 25% 1 MR Kl 109, A
—sEEHHM, BT 150 mL =R R, HEE,
REIRRITEEE, IA—E &R RML@NKA-9 7
RIRBLo BARBENES, RS—@nalfE, BEHT.
1.35 4t ihEg4a9 HPLC-ELSD 947

PN H M ER R 73 AT K HPLC-ELSD, 646
FEVERE, IREIFIN ZIS/E Cle/ 7 A BE=27/8/10; (il
FEIRAE 40 SCELSD M ERSE 35 SCER/A A% 350
kPa., H-JMERZH 7 i e PR EARYE R AT TS 17
AT,

1.3.6 RML@NKA-9 £ Z A ;M 5

FREGHER & 54 25% 1) mfR{E K 5 10 g, H
0.80g, BT 150 mL = [I[CKHeE, #Hidk, HEEH
50 SQIA 0.30 g [l 2 LHEF RML@NKA-9 51K v
WIEENES, &V 8 hg, BUREDHT, [FIRX=4
B0, BUBEEEE, 10 mL BUREELES, SR)EH
TN — K . RML@QNKA-9 [RIAHX S g E
NBREAMIEFR ) i R 3 55 58— A I B R 2 1) L
e BRSPS A T
_ 25%-FFA%

YR 32 0,
e e x100%
o o _’l‘?)ﬁ%ﬁﬁ?%‘aﬁ’ﬂﬂi@?iﬁx
MM P ( Relative activity) R T 100%
14 FEEDHT

SERHAE R SPSS 13.0 #HAT /0 HT, 45 LAY
Rz R, BEVEKF p <0.05.

2 #ER5ITR
2.1 EARNKA-9REFEEERMLANKA-9RY

SEM F[1 XPS ZFEAE

XTEA NKA9 KHAE RML #4717 SEM 43
B, 8RB 2FiR. aw b ANKA-QKISEM A, c.
d 4 NKA-9 1% RML 2 J§ (RML@NKA-9) [1] SEM
K. BHERIL, KRILWAE NKA-9 fd il mrtt
FKIMBOEHE, MHE RML 25, HEREREME
), W RML BT S hm B, % 7c 45
REX TR R 8 HRARILM T DA-201
11 #5 NG Lecitase® Ultra, DA-201 1 2k NS RG> Al
(1) SEM G2t 1), fhak 5 HAR A i 5%
EIEY), FUIBEIERE Lecitase® Ultra A S0 HAE

DA-201 i [,

[H S5 NKA-9 A1 RML@NKA-9 #4771 XPS JG
FZT, ERIE 1. KILWAE NKA-9 [ B 450
KOJGRILR R PDVB. WNRFTTUEH, HME
RML ZJ5, BUCRISENIN. MRARCNE AR,
W EOC R RIS FE I RML, FRGER RML &
I T RFLRIE NKA-9 b A4 A
HLIhfEtk SBA-15 1k RML i, XPS FALHAEE]T
FAgE R Hrh, B+ ki DiRetk SBA-15 fE4
#H RML A, HEITRIEEICN 0.33%, M
RML ZJ&, ZUtaRBIE &R INE 5.54%; ZE oM
BN RML ORI 73Rk SBA-15 #44k EIM,

2 NKA-9 (a\ b) & RMLG@NKA-9 (c. d) &9 SEM
Fig.2 SEM images of the NKA-9 (a, b) and the RML@NKA-9
(c.d)
2= 1 NKA-9 K% RML@NKA-9 BY XPS JTTE 3 #f
Table 1 XPS elemental concentrations of the NKA-9 and

RML@NKA-9
A Ci/%  Ni% Oy/%  Na/%
NKA-9 89.13 6.31 431 0.25

RML@NKA-9 74.68 1084  14.25 0.23

22 RRFARIE AR ER KL AR

2.2.1 RS iR BT EEAR BLER B E M 4A ik 09 %o
B RN, RN EBERR R, 8T
B, T SARI TR R AR AT
AR T R PLRYIA BRI B (H 2R
FEABETCRR B, BEAE A (R R 2 5 s e,
ASCHETE TR 40~80 CXif e M5, 45 L3 2.
AR AR Z2 TS B 1) S B ELHE I R 5 H PRI AL s
N, PLEH S TAG FH I RN . WRHTT DL
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FEFF AR TGN, £ 12h 5, YIRERIRER
ik FFA WM& &, n3kBEmEM DAG . R
RML@NKA-9 TEEARHTIRE T (40~50 'C) tHLREFE
P 18 A TG e B 92 R Vol A8 s LT 1 o BRATT R
Lipozyme RM IM AL R4 S Bl 46 =i 48 1,3-DAG

R, R ILIEEAE 50 “CI, Lipozyme RM IM fg
BRHEAEAL R, Rosu Z57E 1,3-DAG il it 2
FR I RML 7E 35~50 “Cu P EA B m AL S
W SEEER, 0] RML B LE AR BUIGAIEEE T L
ARSI SENE . ARG 50 CHE NI .
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Table 2 Effects of reaction temperature on the deacidification and the composition of the reaction products

RELiREIC MAG/% DAG/% TAG/% FFA/%
40 13.80+0.29 54.48+2.47 30.03+2.87 1.69+0.69
50 11.94+0.66 58.28+0.14 28.70+1.26 1.08+0.47
60 14.27+1.72 57.19+1.97 26.90+2.74 1.64+0.96
70 13.47+1.26 59.44+1.35 25.65+0.37 1.43+0.47
80 15.50+0.66 59.06+4.73 23.11+4.34 2.33+0.27

E: R EM: ROZETE 12h, NKA-O-RML A& 0509, #@E4= 25%49@E 10g, ik 0.80 g.
% 3 BERHEE A S XIER R AEL N 4R AR =2
Table 3 Effects of the RML@NKA-9 amount on the deacidification and the composition of the reaction products

R P B 2 1% MAG/% DAG/% TAG/% FFA/%
2 12.11+0.65 48.25+4.21 37.36+4.17 2.27+0.61
3 11.16+4.10 59.63+0.38 27.44+5.32 1.76+0.83
4 13.81+0.82 55.73+2.52 28.96+2.10 1.51+0.40
5 11.94+0.66 58.28+0.14 28.70+1.26 1.08+0.47
6 13.25+3.61 54.27+£2.99 30.20+5.82 2.28+0.77
7 11.65+3.00 59.54+0.30 28.29+3.36 0.52+0.07

E: R EM: RREE S50 (CHFR 12h, ihERAE 25% 5 10g, HH 0.80 g.

222 RML@NKA-9 Fl = *Ba R BLER % /= 448
PR o)

JIE it 1) FH il S IR R, FE— e VE Y
FHESEI, RMNEF N RS T B = 2%~7%
CETHARITE) R K = R s, 4
WK 3. ALAEH, BEHE 3%H, DAG & =EIARIK
i fE, R H =, DAG S8 A S HE R,
1M FFA B3 8 NI7ERSF &8 7%0A R RAK. FRATAT
HASKH Novozym 435 fENEALF], HH &N 5% &
AR FFA 52, [FIRHEIRE T 60%~62% 3 &
ft) DAGF!; Song et al HF5t &1, Lipozyme RM IM H
BN A71%2 HAALEG R &, 7T# FFA P42 0.28%,
FERT TS 27.98%1) DAG & &M, ASCIEEL 3%(EH

AR = .
2.2.3 H i A AT EE IR BLER A F M4k 09 %o
v R S S PRI, ISP £
g, HmAEEMAERTAREZR MAG, Fitk
UL DAG f HAsr =4 5 i i Hm i & . 1Ak,
MR B ZE SR, H b S 02 R4 I S )3k
17, BN HMS TAG A FRA I E MR, HIMER
2B Al S EY) (TAG F1 FFA) [fifh; {5
&, RN—HHT, A MAG fl DAG B3k
TER, B R 5 I SR s, TN ER
JSEFIHERER], ASCRTTE T HM A 6%~10% (3T
REFCITED) XEIERR S =2 i irisem, 45 IR 4.

3 4 Hm A E B AREL K A4 LE RIS
Table 4 Effects of glycerol amount on the deacidification and the composition of the reaction products

i A E/% MAG/% DAG/% TAG/% FFA/%
6 6.05+2.32 53.59+1.34 39.45+4.09 0.92+0.43
7 7.77+£1.95 52.79+3.82 38.45+5.57 0.99+0.20
8 11.16+4.10 60.26+0.54 27.44+5.32 1.13+0.67
9 15.40+0.01 49.69+1.37 32.08+1.25 2.82+0.13
10 14.50+3.79 55.78+2.34 28.22+2.12 1.51+0.67
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Er: R EM: REEES0  CETE 12h, ihERAF 25%49 A 109, NKA-9-RML A% 0.304.

MFEHTTCUE H,  Hil R (6%~7%),
MAG #l DAG & 2 XIS HIRAK, H2& FFA & &ERels
K& 1% A4 MHMAHES 8% DAG ik 2K
&, BRI H A, DAG KIS &R R%, H FFA
& s A B2 K. BATATIR A Novozym
435 VERMEAT, TR T HIHE SRR R,
13H 8% FH B IR IIEE S DAG il &84
Bl AWigess B 5 Al —5. R, 2EH 8% E Akl
HmAHE.

2.2.4 BN B A) 5 BEAR BLER R M 4E R% B R )

WEFE T SSRGS I R S = P 2E S s, S v
%N 50 °C, Hl 0.80 g, MRS & 25%H i
JI§ 10 g, NKA-9-RML H& 0.30 g; &3 ILEl 3a, wf
DIEH, RA8h J&, HEAILEFH, i DAG F&E
58.95%:+1.51%, FFA &Ik E 1.50%0.13%.

= MAG
50 -+ DAG
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~ FFA

=23
=

H—

HH

Content of MAG, DAG, TAG and FFA / wi% o
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=2
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S
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80+

60

40t

Relative activity / %

20+

0 L 1 L L 1 L 1
1 2 3 - 5 6 7

Number of cycles
3 R RZATIEIST BB B A= ALE R AISAR (a); RMLENKA-9 HYE
SRR )
Fig.3 Effects of time on the deacidification and the composition

of the reaction products (a); Reusability of the RML@NKA-9
(b)

23 EEES RMLONKA-9 (UESHI Bk

li] 72 4B 1 2 R FH PR S P A Ao S
R FEtklr. EERAMS, WERTRRE
FERAR . ASCAFRNE 2 LE RML@NKA-9 HE S
FIFELE R LK 3, MBI, RML@NKA-9 H

AT 4 )G HERE ) LTEA e WNESM R
HOTFIEHEGE TG T %, EEMEH 6 5, HEHS
RWIERGTER) 49.10%, KX E B A — e E
SR, B, Novozym 435 {4k mmE g
TRARN, BEEFM 10 25, HERFIFA LD,

3 Zhip

SEM #1 XPS FALLE REH] RML Tl iz T
NKA-9 . A5 EibEE RML@NKA-9 ik 5 iR
25% K A %A SIS 50 °C, HHiH A
BN ER 8%, RML@NKA-9 FIE NilflgH &
) 3%, FEiZEMF TR 8 h jEikE P, i DAG
5 58.95%2+1.51%, FFA & EF#ILE 1.50%0.13%.
RML@NKA-9 EE A 4 K5 HEgE LT E R,
HITAFH 6 5 HERE AWIAEEHE ¥ 49.10%.
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