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Optimization of enrichment and purification technology of a-linolenic acid
in Eucommia seed oil by the urea adduction fractionation method
SUN Lan-ping' ,XU Hui’ ,MA Long’ ,ZHAO Da-qing’

(1.Department of Applied Chemistry and Enviromental Engineering,Bengbu College , Bengbu 233000, China;
2.Department of Biological and Food Engineering,Bengbu College , Bengbu 233000, China)

Abstract. Quadratic rotation - orthogonal combination design was applied to optimize the enrichment and
purification techniques of « - linolenic acid in Eucommia ulmoides seed oil by the method of urea adduction
fractionation.By taking o- linolenic acid purity as the investigation index, the effects of four process parameters
named ratio of urea to fatty acid,ratio of 95% ethanol to fatty acid,inclusion temperature and inclusion time on the
enrichment results were investigated and the two times multiple regression equation model of «- linolenic acid
purity was established based on the single factor experiments.The results showed that the optimum levels of the
four parameters were as follows:3:1,9:1,-9.0°C and 17.0h, respectively.Under the optimum enrichment conditions,
the purity of «- linolenic acid was up to 82.63% .Urea adduction fractionation was an effective method for the
enrichment of a-linolenic acid in Eucommia ulmoides seed oil.

Key words ; Eucommia ulmoides seed oil; «— linolenic acid; urea adduction fractionation; enrichment; purification;
quadratic rotation-orthogonal combination design
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Table 1 Codes and actual levels of independent variables in quadratic rotation—orthogonal combination design
K
=
W= -2 -1 0 1 2
X PR NG e it EE 2:1 2.5:1 3:1 35:1 4:1
X, 95% WS NR iR 1) i & L 4:1 6:1 8:1 10:1 12:1
X; WAIEE(C) -20 -10 0 10 20
X, A HE (h) 8 12 16 20 24

TR A Y, DA 8 A o= E BRI 10 Tl Ak 2 7 4
EES AR
1 HRET %
1.1 HR5EE

AR Co— R PR 5 &L 58.86% ) HAHE BT
vk A RS A GBI B CO, ZEHLER1S) ;
o— P JRRIR H M % fESL Sigma 23 H] ; NaOH \KOH 5
YRE(30~60°C) (IE CU e R F TC/K LB JGIK B |
95% 2. W HeERTR \NaCl JooKMRIREN Y srdrali,

SP—6800A S AHEIEIL 11 AR 7 Fi b £k 14X
TRA RS E ;UV1102 84T WA 6T Bl
LRI A B W] s RES2CS B 728 &KL IR JHTE
FRG AN A PR 7] SHB- A #F 2Rk 8 2 F Hoas
R W RERIAS M) FA2004 R i
e FE SR ANER AT R 7] s DZF—6051 BY 25 1 g
F i = R EER A PR ] s DK-98 -1 BUfE iR
KR KRBT AR TR A IR A F] 5 VKA -
12 XLWHE
12,1 Kok miR S IR R Bl 457 FREL— @ i
BYRE fhRE i, $%2 1:6 (V/V) LRI A 1.0mol/L [
NaOH— Z, B W, & T 500mlL = OB v, 75 60°C
7K IR 3 (N, PRI @5 04 1h, 15 B4k
W, A B I FE B R RN b, R A B =R
JEE T URFE D, 2 HT S, S iR AR B, DA GE &
FRASE L B i R SR e A, FH 6.0mol/L ) HC1 %
WIRALIR- G W E pH2~3, In A ik, 55503+, &
AT )R, S B )2 A kAR, 2K )2 0 v ek AR E 3
W, EFHEHAE. AYLAILL 5% NaCl KIER KGR
Hr, A DG K W ER A K, T uE, EFE, I T
Pk , 45 B AL AR I IR A I8 TR
1.2.2 o WRRER & & 1A I Jr v SAHCTE ST
ET SRR i v DU SE R S PG S T IR 4
B, LA T AU — A 553158 a— W RRAR 2L
1.22.1 S MEHE L HP - WAX 4 (30m x
0.25mm ,0.5wm) ; B R LAV, EUHE 25mL/ min;;
R 25 A &K HA B T AR I A8 (FID) |, &S
30mL/min, 25 S, % ¥ 300mL/min; ¥ 5 : 2 4G 35
200°C , fE i 2min, L 15°C/min 2 FE TR Z 260°C , {4
15 Smin ; FERERRIR A 260°C ; Az 25 7 & Sy 260°C 5
SRUbb R 5001 AR R 1.0l
1.22.2  FefpArah P ERAL  BREXZY 0.2g A fd ki &
F25mL HIEREF, A 2mL f7 i B2 (V:V =
1:1) %6, BN 0.2 mol/L KOH— H B Sml, F
50°C /K 1% T 72 %5 X B 30min, ¥ H1, il A 2mL 3 i

NaCl %, IRA) )5 B 8 10min 432, B LW, A
D TCK R BR AN , B0, B IV R -
1.223 EEHEWMRE NIk BOR S B8 7R A &
0.2g, & F 25mL ELFERXEF 1, il A 0.2mol/L KOH- H
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TH o
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WA ST IR =F, 0 A GE & A Wk, FH 10% 19 HC1
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135 & 0N AN T o
1.2.4  FRAPFFIN o— W RRIR IR R & T 2 fifk
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Y = 81.09167 + 1.48000X, + 1.61500X, —
3.23333X, + 0.84833X, — 0.75896X,” — 1.00146X,* —
1.47146X,” - 1.39271X,” -0.37750X, X, + 1.38500X,X,
+ 0.25125X,X, + 0.58250X,X; — 0.25625X,X, -
0.28875X,X, (1)

K2 TUIESSHER A B SRy 5 AR

Table 2 Quadratic rotation—orthogonal combination

experimental design scheme and results

- LR
T
1 1 1 1 1 78.32
2 1 1 1 -1 76.43
3 1 1 -1 1 81.35
4 1 1 -1 -1 79.65
5 1 -1 1 1 72.86
6 1 -1 1 -1 73.65
7 1 -1 -1 1 81.56
8 1 -1 -1 -1 77.31
9 -1 1 1 1 71.56
10 -1 1 1 -1 72.56
11 -1 1 -1 1 81.65
12 -1 1 -1 -1 81.25
13 -1 -1 1 1 68.47
14 -1 -1 1 -1 65.84
15 -1 -1 -1 1 78.65
16 -1 -1 -1 -1 77.65
17 -2 0 0 0 75.64
18 2 0 0 0 81.65
19 0 -2 0 0 74.68
20 0 2 0 0 80.67
21 0 0 -2 0 80.35
22 0 0 2 0 71.24
23 0 0 0 -2 73.54
24 0 0 0 2 78.68
25 0 0 0 0 82.36
26 0 0 0 0 81.74
27 0 0 0 0 81.35
28 0 0 0 0 82.35
29 0 0 0 0 80.86
30 0 0 0 0 80.65
31 0 0 0 0 81.42
32 0 0 0 0 82.32
33 0 0 0 0 80.45
34 0 0 0 0 79.84
35 0 0 0 0 79.41
36 0 0 0 0 80.35

SR Ee RARER TR (1) A Rk, ¥ F, = 24
Yy /iR 07  F, = BIAE I/ R as ¥ 07, dEFT K
F Rz, SLoesh Ry 220Nk 3 iR,

FH 2 3 A, MR 7 FR R SR B F, =
2.57135 <F,,(10,11) =2.85 &% F,,, (10,11) =4.54,
RPN 25, U BH T N7 ) R IR U AR A R GE 2 ),
FE R Ty F 5 S PR A 0 P A B A 5 BT 7 R S A
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¥ F, =25.02630 > F,,, (14,21) =3.07 M F,, (14,
21) =220, Krgorth w2, Ud I AR A 7 72 5 SE PR O
WG AR B S o X ] U SR B AT W R R,
TE o =0.05 2 /K HIBRAS W2 0, 43 20 & 465 1Y
(B YA AL TR 5 R Ay

Y =81.09167 + 1.48000X, + 1.61500X, —3.23333X,
+ 0.84833X, — 0.75896X,”> — 1.00146X,”> — 1.47146X,> —
1.39271X,” + 1.38500X, X, =H(2)

2.3 [EFEB T IZRIRER
2.3.1 FRNERB T SRIHFEYE T, R n A
2N FT A A R 7 A2 (2) 59 DU PR R AR AT 3 =4
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lg ] o
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Table 4  Effective analysis of single factor

7K X, X, X5 X,
-2 75.0960 73.8560 81.6720 73.8240
-1.5 77.1640 76.4160 82.6310 76.6860
-1 78.8530 78.4750 82.8540 78.8510
-0.5 80.1620 80.0340 82.3400 80.3190
0 81.0920 81.0920 81.0920 81.0920
0.5 81.6420 81.6490 79.1070 81.1680
1 81.8130 81.7050 76.3870 80.5470
1.5 81.6040 81.2610 72.9310 79.2310
2 81.0160 80.3160 68.7390 77.2180
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Fig.1 The relationship curves of single factors to the

purity of a—linolenic acid( % )
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B 2 PRI 22 7K SPAB B9 38 00, oo — SV JRE 98 &1 55 52 /N i JBF 9%
18 b, AR EE AR AL X oo SV BRI 48 5 114 5 ) A
A, TE-1 3 2 /K BB, B 104 53 R 2K S 1E
PRI, o— SV R R 4l B W B (. R %, iR pA R 22
AF Al ka5 AT R LD R S S IR IEA ) A
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Table 3 Variance analysis for the experimental results of quadratic rotation—orthogonal combination design
SRR 7 F & oy Al F pia BFEE
X, 52.5696 1 52.5696 30.3428 0.0001 * % %
X, 62.5974 1 62.5974 36.1307 0.0001 ok ok
X, 250.9067 1 250.9067 144.8214 0.0001 ok ok
X, 17.2721 1 17.2721 9.9693 0.0047 * %
X, 18.4326 1 18.4326 10.6391 0.0037 ok
X,’ 32.0934 1 32.0934 18.5241 0.0003 * %k ok
X,? 69.2861 1 69.2861 39.9914 0.0001 * Kk
X,? 62.0684 1 62.0684 35.8254 0.0001 * %k
X, X, 2.2801 1 2.2801 1.3161 0.2642
X, X 30.6916 1 30.6916 17.7150 0.0004 ook ok
X, X, 1.0100 1 1.0100 0.5830 0.4536
X, X, 5.4289 1 5.4289 3.1335 0.0912
X, X, 1.0506 1 1.0506 0.6064 0.4448
XX, 1.3340 1 1.3340 0.7700 0.3901
EIE] 607.0214 14 43.3587 F, =25.02630 0.0001
P4 36.3830 21 1.7325
R 25.4821 10 2.5482 F, =2.57135 0.0328
TR 10.9010 11 0.9910
A 643.4044 35
s % o p <0.05; % Fon p <0.01; # %+ F/n p <0.001
#5 HKAH X, BUEWRSMR
Table 5  Probability distribution of each variable X
o X, X, X5 X4
T WE BR  pE BE WK BE Y E
-2 17 0.1223 0 0.0000 42 0.3022 0 0.0000
-1 31 0.2230 16 0.1151 53 0.3813 27 0.1942
0 36 0.2590 42 0.3022 36 0.2590 53 0.3813
+1 34 0.2446 46 0.3309 8 0.0576 48 0.3453
+2 21 0.1511 35 0.2518 0.0000 11 0.0791
JIAEA % 0.0790 0.719 -0.9280 0.3090
PRifEIR 0.1060 0.0820 0.0750 0.0740
95% {5 X [] -0.128~0.286 0.559~0.880 -1.075~0.781 0.164~0.454
16 S5 H 2.936:1~3.143:1 9.118:1~9.76:1 -10.75~7.81C 16.656~17.816h
A S 3.0395:1 9.438:1 -9.28C 17.236h

MW BE, 5hR3 b FESD NS 2
BRI T FERNTH, SZmEER X XXX,
X o= MEJBR R 40 5 i) 1 =2 YO AR I« 6 1R B
(X;) >95% LSRR Lk (X,) > IRE 515
TR A JE i e (X ) > A El (X)) o
232 HRERFEZMEWPAWAE EAEMRN T O E
VA5 20 1 ] AR AR 28 7 2 (2) B P A PR 3R TP AR = A
(& AEZF IR, 2588 DA~ R 3 i i R [a) i 32 AR,
AT 43 A JHAH R 4 i T 1

WL 25 AH R T T 45 5 3R 3 b XX, XX,
XXy, X, X5, X, X, X5 X, %’Iﬁp O NANCIF ST E SR
BN FR (1) o, B WM (p <0.05) I3 .
YERTACE X\ X, WK 2, HE 2 al 51, £ IR FE SR
JUT R 4 BT L (X, ) — 2 B, BEAE A A R (X)) 1938
WiThEr o= M JRR R 2 B Se 4 /N I i 2212 7 JS R

KR EE I R [, 3R DA 5 TR B B AR X o— IV RR R
Al B PR I 2, B E B A TR B I T, o— MV R IR 4
FEER R R, M — UG ERE T, ME
PR 2 505 W5 R BB b B B hI, o — SV RR iR 19 45 2 -t AR
RN, H o— SV JRR R A4 4l 3 436 2 B KME S , B %5 JR
2 5 HB W IR BT L iy BE— 2B 38 K, o— IV JBR IR B 4l B
WA T TR, XMIRZE SRR ) 5 &: E (X)) {37
F-1.5~1.5 KV, L H5 R E (X)) i F-2~0.5 /KF
At o— SV JPR B2 140 4001 3 AR X 45 7 o
24 GEIZSHHMRL

NT RIS BAEC G TS E, X SL 56 B Pn JE 1T
PREC ST HT o BEE o— MV RR TR &l 5 KT 78.01% 119 139
T AT IEC AT, A5 F 95% M B S X A an ke S
TR o

3R 5 AT, IR FEU Gk & E 4l o WHRER 1Y
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Fig.2 The interaction of urea—fatty acid ratio( X, )

and inclusion temperature ( X; )
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SRHEAT 3 21 VAT B UE S8, I A X N S5 44 H
U5 R (2) SR HY o= MV JRR TR 401 32 1) BR S TR, 5 55
BRSCIME AR . SR 6,

MR 6 B] T, S8 I (E 5 BEe T (8 A b, =
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FH R IE RS T 5% 20 & v 1 [ U452 A4S A 77 F2 & T
Sy, R G4 R EBA —E M SE S 8 X,

#6  IRESLERLER

Table 6 Resulis of validation expertments

a— WP RIR o— IV PRIER

e Eﬂ;’% f?ff Qﬁ?f,ﬁjﬁ THE PR
B SibR(A
1 83.61 82.40 -1.21
2 83.61 82.60 -1.01 82. 63 -0.98
83.61 82.90 -0.7198
3 #Hig

3.1 AR E S a— WREAR , B o— MV JFEBR i BRAR
SRV o AR B R 22 A FH AL AR IR A 7 a3
JRIR & H B 77 o, N oo— SV RRIR PR A 5 B9 A= 7= Rkt A
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= JRRIR 1 e A T 20 A5 R0 - IR 285 8 W5 1R Jot & b
oy 3:1,95% LB S IR TR Lo 911, G A T
=9.0°C , 5 WAy 17.0h, ARG T ZEMT,
o= R R Y 4 B2 BT 35 82.63% , 5 B 1 #i I (K
83.61% #H LA AHZ£-0.98%
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