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Abstract ; Preparation of a new structured lipid ( SL) containing w — 3 polyunsaturated fatty acids through
immobilized lipase Novozyme 435 - catalyzed transesterification of Cinnamomum camphora seed kernel
oil (CCSKO) and fish oil ethyl esters was investigated. The transesterification conditions were optimized
using single factor experiment as follows: molar ratio of CCSKO to fish oil ethyl esters 1:1, enzyme
amount 10% (based on the mass of total substrates) , reaction temperature 60 °C and reaction time 8 h.
Under the optimal reaction conditions, the content of SL containing EPA or DHA was (24. 34 +
0.33) % ,and the enzyme maintained good stability. After a scale — up trial, the crude product was

purified by a short path molecular distillation at
oA B #2020 — 03 — 1242 ] F #:2020 - 08 - 05 150°C and the purity of SL was (44. 22 =+
EEWMB-HERFEMB¥5HEAEREAELRE

(201 1DFA32770) ; JT P45 BH %135 B (20143ACGT70015) ;
E % B RFEFESIH (31701651)

MEE R4 R B (1995) 5 W-ERF5e 2k B 52 J7 1 R TS (LCFA) was 3:1, and the contents of EPA and
1k (E-mail ) 18070491783@ 163. com,, DHA were (11.91 +0.44)% and (7. 67 %

WBEEE A T, P00, # (E-mail) cpu_yuping@126. com, 1.11 )% , respectively. The triglyceride

0.57)% , the ratio of medium carbon chain fatty
acids (MCFA) to long carbon chain fatty acids
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compositions of SL were mainly CC — EPA ((11.07 £0.11)% ), CC-DHA( (6.71 £0.21)% ),
CLa—EPA ((7.78 £0.51)% ) and CLa —DHA ((5.99 £0.25)% ). The acid value, saponification
value, iodine value and peroxide value of SL were(0.39 +0.08)mgKOH/g, (250.31 +1.02)mgKOH/¢g,
(54.87 £0.86) ¢l/100 ¢ and (1.12 +£0. 01 ) mmol/kg, which met the national standards for edible oil
product. The ICs, values of SL for scavenging DPPH free radical and ABTS free radical were (13.92 +
0. 18) mg/mL and (8.99 +0.05)mg/mL, respectively, indicating that SL had good antioxidant capacity.

Key words : Cinnamomum camphora seed kernel oil; structured lipid; @ —3 polyunsaturated fatty acid;
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& FIFF(24.15 £0.76) % ,HH EPA Hl DHA & &
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RE Sn-28&8 Sn-13%%& RE BE M Sn-2&8% Sn-1,38&
C8:0  0.43+0.02 0.50+0.03 0.400.02 ND 0.04+0.01 0.21+0.02 0.22+0.02  0.21£0.01
C10:0  57.78+0.24 58.68 +0.01 57.330.35 ND  27.92+0.02 43.34+0.32 43.17£0.23 43.420.57
C12:0 37.94+0.75 37.21+0.12 38.30+1.14 ND  20.99+0.15 30.67+0.40 31.32£0.22 30.34 x0.49
C14:0  1.00+0.02 1.02+0.02 0.99+0.04 0.33+0.01 0.57+0.02 0.61+0.02 0.68+0.02 0.58=0.03
C16:0  0.32+0.09 0.14+0.05 0.410.12 0.90+0.01 0.46+0.00 0.51 +0.11 0.57+0.02 0.48 £0.16
C16:1 ND ND ND 0.92+0.01 0.380.04 ND ND ND
C18:0 ND ND ND 0.19+0.00 0.04 £0.01 ND ND ND
C18:1  1.95+0.24 1.81+0.01 2.02+0.37 5.3420.01 1.62+0.01 1.78=0.05 1.80+0.07 1.76+0.10
C18:2  0.58+0.22 0.64+0.02 0.55+0.33 11.42+0.01 5.56+0.04 0.60+0.09 0.43+0.05 0.68 =0.15
C18:3 ND ND ND 1.43£0.02  0.76 +0.02 ND ND ND
€20:0 ND ND ND 1.91+0.01 0.52+0.03 ND ND ND
€20:1 ND ND ND 4.17+0.06 2.18+0.02 0.32+0.02 0.51+0.03 0.22+0.03
€20:4 ND ND ND 2.48+0.01 1.88+0.01 0.78+0.05 0.72=0.01 0.82+0.07
€20:5 ND ND ND  43.68+0.22 21.32+0.06 11.91+0.44 11.72+0.42 12.01 +0.82
€22:0 ND ND ND 2.02+0.02 0.91+0.01 0.27+0.03 0.34=0.05 0.22+0.07
€22:5 ND ND ND 3.85+0.03 2.15+0.01 1.09+0.06 1.03+0.11 1.13+0.10
€22:6 ND ND ND 19.56£0.09 12.29+0.07 7.67=1.11 7.13+0.12 7.94+1.62
€23:0 ND ND ND 1.80£0.02 0.41£0.02 0.24+0.02 0.36+0.04 0.19 +0.06
RIS g7 4741.18 97.55£0.28 97.43£1.28 7.1520.05 51.86+0.11 75.850.77 76.66£0.29 75.44 £1.08
ety A7 £1. .55 =0. A3 1. .15 £0. .86 £0. .85 £0. .66 +0. 441,
DM ) 5320.46 2.45£0.03 2.570.57 92.850.05 48.1420.11 24.15+0.76 23.340.29 24.56 1.08
e 25 =0 .45 +0. .57 £0. .85 +0. 14 £0. .15 £0. .34 0. 56 +1.
MCFA  96.15+0.52 96.39 0.18 96.03 +1.34 ND  48.95+0.14 74.22+0.70 74.71+0.25 73.97 +1.00
LCFA  3.85+0.52 3.61+0.12 3.97+0.47 100+0.00 51.05+0.14 25.78+0.70 25.29+0.24 26.03 +0.99
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(1.83£0.06) % , 45 14 fig BT 6 % & 1= 35 (44. 22 =
0.57)% . HTHFZEMERR T RN ARIITR B
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%*2 HPLC-Q-TOF-MS EMEARKRSE

R/ %
RN/ min 4Tt TR IMHD (/) Gt TR
=) =Y
4.089 Cp,H,,0, EPA - 7§ 331.26 ND 19.31 +0.99 ND
4.163 Cy Hy 0, DHA - 7, 357.28 ND 18.89 +0.99 ND
4.529  C,Hy0,/C,H,,0, DPA - ZS/ARA - 2B  359.29/333.28 ND 2.09 =0.03 ND
4.928 CypoHy 0, Ln - 7,/ 309.23 ND 0.42+0.04 ND
5.117 C, H,,0, M - Z.B5 257.21 ND 0.71 0. 13 ND
5.353 Cp,H,,0, E- ¥ 339.34 ND 0.32+0.02 ND
5.557 CyyH, 0, S-ZE 313.27 ND 0.34 +0.02 ND
6.059 CpyHy, 0, 0 - ZFg 311.29 ND 2.07+0.14 ND
8.883 Cyy He, O, cce 555.23 5.40+0.01  5.15+0.02  8.98+0.12
9.686 C,H,,0, CC - EPA 685. 54 ND 6.340.08 11.07 0. 11
10.073 CysH,, 0, CC - DHA 711.56 ND 3.35£0.06  6.71 +0.21
10. 490 Co, Hy, O, C - EPA - EPA 815.62 ND 1.48 +0.01  2.43 £0.03
11.039 Cys Hes O, CCLa 583.42 84.78+0.03 15.66+0.43 32.89 +0.09
12.067 CysHy O, CLa - EPA 713.57 ND 6.59+0.27  7.78 0.51
12.537  CyHyg0./Cypy 04O, CLa - DHA 739.59 ND 3.75+0.20  5.99 +0.25
12.996 Css Hgs O, La - EPA — EPA 843.65 ND 0.73+0.06  1.46 +0.09
13.891 Cy,H,,0, MCC/CLaLa 611.23 9.82+0.01  7.09+0.36 13.91+0.02
15.055 CyH,, O, LaLa - EPA/MC - EPA 741. 60 ND 0.77+0.18  1.53 +0.05
15. 659 Cy,H,,0, LaLa - DHA/MC - DHA 767. 62 ND 0.54+0.06 1.260.15
16.716 C, H,.0, CC-0 665.57 ND 1.42+0.06  1.47 0. 14
17.393 C,,H,,0, MC - DPA/LaLa - DPA 769. 63 ND 0.74+0.09 1.51+0.11
18. 121 C., H, O, C-0-EPA 795.65 ND 0.39+0.04 1.18+0.22
18. 842 Csy Hy O C-0-DHA 821.67 ND 1.85+0.11  1.83+0.06

. C. 28R La. AAERR ;M. NERERR ;S. A ABER ; O. R ; Ln. WIIKER ; E. —HBRIGER ; ARA. FEAE TWIGTHR ; EPA. —H8R FIATFR
DPA. —+ “BRFIHER ; DHA. —+ " BRONIRER . a. AHE NG ITERTE H B 28 L B & .

2.9  LEMING K oG ALK R BAR SN B E
2.9.1 FAbMERR
ST AR PR FR AL P R AT E, R S

CCSKO | f1 i L g R3S B = £ 170 BE, 4 57 n
3 PR,

#&3 CCSKO. i Z B BE X i =¥ A R 53 F 2 B = M o 3R AL 1 R

FRAL B CCSKO £l LB BE AT I AH =1 OTZEETE)
S REE REE # )

N MAFH HFER,TRE EWEER, T]RWS % PERSTTGEEN DS PER Y e YU S
B Hr (KOH)/ (mg/g) 0.85+0.03 0.46 +0.02 8.09 +0. 66 0.39 +0.08
EARE (KOH) / (mg/g) 283.02 +1.02 327.17 +0.97 291.81 +1.44 250.31 +1.02
L (1)/(2/100 g) 5.36+0.57 155.29 +0. 46 81.24 £0.29 54.87 +0.86
i B AL/ (mmol/kg) 0.02 +0.03 0.45 +0.01 0.71 +0.21 1.12 £0.01

B3R 3 AL, 2RI P M R B e 45 CCSKO Bt
RS TR L, A R ARk, /TR M
(KOH) 24 (0.39 0. 08) mg/g, %5 Fi 52 4 L 7 W )
%, VLR 4y FRE IR BRVERR 5 T BR S H fL ™= 1 Hh 1Y
FFA, CCSKO .l £ 5. 4> FZE 8= W i 20 E
(KOH) 43517 (283. 02 + 1. 02) mg/g. (327. 17 +
0.97)mg/g.(250.31 £1.02) mg/g. 4 FHIEF=Y

F) AL E B/, RAEARR > F R R &R, U T
FEIBF=Y)5 CCSKO b, i & B/ R E KA 0T
R w -3 ZREMIENRR. o F 28 iyl
(1)i5%](54.87 £0.86) g/100 g, k. CCSKO Ay RiL{E
=L S TR YR E S TRZ A MR
1R , AL M FIBE A T S Bt CCSKO i 3 £ B i
it RE Wi B AL BE S ¥ A BB I 25 A I T . B ACH R
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PP A (0. 71 £0. 21) mmol/kg, T 73 78
TR S E A (1. 12 £0.01) mmol/kg, XA
RER T2t i R A =, AR E , S 30U
TR e R, & Bk, 7> T2 M
FEAA R BT R, & 18517 & GB 15196—
2015C & % E AR E £ RS dh ) B9A R
€ , B N B AR RO T

2.9.2 DPPH H /B FREES (LA 6)

251
] b b

_20f
= C
g
= 15F
£
S

5t

CCSKO famh Wi BT
2 B

B 6 iHisHEm3T DPPH B B EH)iEREE

H 5.0 M8 JEAE B SE5R A R R
JEAFRAI R . BB 6 AT, 4 Fhir gAY
DPPH H Hi 3 & BR B8 1 19 1G5, (E B KB /N Ky
CCSKO ((18.04 £0.04) mg/mL) > BEACHRMF=4)
((17.13 £0.16) mg/mL) > fa il ZFg ((16. 99 +
0.08) mg/mL) > 4 FFMWEr=4((13.92 +0.18)
mg/mL) ,CCSKO f) DPPH B H ZE BREE J1 £e 55 , 43
TR &R, CCSKO F 8 HF —F& a -
By - EBFWM S - AT B  T5
TBIE X A B E TS P2 DPPH B H
B PRAE TR
2.9.3 ABTS HHEERREES (LA T7)

16 2 a
14} ] b
%0
~ C
£ st
3 6f
S g4l
2_
0 1 1 - 1 )
CCSKO  fajh  MEEsci  2r 128

B R
E7 SSRGS ABTS B HEHEREE N
B & 7 mIH,4 FrilmAg ) ABTS H B35 BRAE

1C,, [ HAREI/N K CCSKO ((15.28 £0.10) mg/mL) >
I AHEE((14.79 £0.10) mg/mL) > 532 45K 7™
P((13.15 £ 0. 12) mg/mL) > 4 FZE ™Y
((8.99 £0.05) mg/mL) , 7 FZEIEF= WY 1C (&
/N, H ABTS A B EE FRAE I fi® ,iX 5 DPPH H
HEMNBERREE I BHRKRBEEFR .. o FEE- WL
FIREHAE A EIR A ABTS H 35 BRAE

3 & it
A FEAETC U AR & v i B 7 B8 Novozyme

435 fi# fL g 32 4 [ BE, B 20 ¥ EPA/DHA £ A F|

CCSKO il & s 45 ¥ B ot i ad B PR Z sk g iF 52

£ FUNL R 2R RS , AL IS B SR 2R A < TR DR /R

P 1:1, R IR 60 °C, A [E] 8 h, FE#E 10% .

TE 5 B R 4 F 8, & EPA/DHA SL & & 24

(24.34 £0.33)% , HAEW B E R BRAETRE R I,

O TZEW YR T CRKBREE J TR S B B2

Sh3:1,H i EPA F1 DHA 4 &4 58 (11.91 +

0.44) % F(7.67=1.11)% . Z5HARIH & BE R

#) TAG &y CC — EPA ((11.07 £0.11)% ) .CC -

DHA ((6.71 £0.21)% ), CLa - EPA ((7. 78 =

0.51)% )#1 CLa - DHA((5.99 £0.25)% ), 7T

ZE T YIR i (KOH) 2y (0.39 +0.08) mg/g, BAL(H

(KOH) 4(250.31 +1.02) mg/g, BB (1) Hy(54.87 +

0.86)g/100 ¢, i EAL{E F(1.12 £0.01 ) mmol/kg,

Xt DPPH A i3 Jz ABTS B H 3 BVEFREE ST 1Cs (6

AR R (13.92 £0. 18) mg/mL F (8.99 +0.05)

mg/mL, W73 FZE 0 7 A5 & 8 F il e o & Y

FIPEIFBA —E i ELRE . 5 LR, B ik

i CCSKO, il A EPA/DHA & i — 5 19 45 74 fig

Jit, AT . 4R CCSKO B & F- M (6 S FAL I BT, By
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