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Optimization of the process for the enrichment of pinolenic acid

from pressed pine seed oil by urea inclusion method

x| & &
LIU Zhi-xin

x| & W

LIU Zhi-bin

KAR A&

ZHANG Gen-sheng

(g IR Rl 2 B ity AR 2 B SRR VT I IR

YUE Xiao-xia

B &

YANG Hui-duo
150076)

o 5

XU Chun-ming

(College of Food Engineering , Harbin University of Commerce, Harbin, Heilongjiang 150076, China)

BE AR AT A R AL LR RN B L R E
Yo BT ERG TER L @ AR L AR E R G A R BT A AT
ERE S-S LR AL IR NS LR S Y & -8
e E AR K F G 554 A e B, Ak % Box-Behnken ¥ /& 40
AR IR R L BEAT R AR BRI T, ST i S R R e &k
Foowmpa R, AR AN. BHKR D KE=1"2288
(g/@) MeWr By | TEE=117.98 (g/mL), &4 8} [ 23.44 h,
aLBE LI COaAHTHEESBRRET-ROLE, & F
T — K A6 39.27 %042 % ) 53.36 %0, KB MMM K F A
17.24% 554248 % 0.954 3. 554 F 3547 R & .

KB« T SR AT s R B A TN 2 R

Abstract: The effects of different concentration of ethanol, ratio of
fatty acid to urea, ratio of fatty acid to ethanol, inclusion time, in-
clusion temperature and times of inclusion on pinolenic acid in
pressed pine seed oil were studied. Based on results from single factor
test, the optimal experimental design was carried out according to
the principle of Box-Behnken central combination test design. The u-
rea inclusion regression model of pinolenic acid was established using
the comprehensive score of pinot acid content and loss rate as the re-
sponse value. The results showed that the fatty acid : urea =1 : 2.88
(g/g), fatty acid : ethanol =1 : 7.98 (g/mL), inclusion time was
23.44 h, and the inclusion temperature was 4.18 “C. Under this con-
dition, the content was increased from 39.27% to 53.36%, with
17.24% loss of pinolenic acid, and the comprehensive score was
0.954 3, and the comprehensive evaluation index was the highest.
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L2600,

Table 1 Independent variables and levels of BBD

27 RRBEHBMIEERRS ARE IR BZE RB® C @A D EAN

BT LR P 2 B 2 B TR A L R A (a/e) (mlL/g) B/C /b
BELURMIRSIRZE S RE LTS HOKFE(E D, —1 2 7 —5 18
S Box-Behnken % i1 %} J% 2 43 & T 25 77 10 4k, 45 3 L 0 3 8 5 24
%2, 1 4 9 15 30

R2 MEBRBRITRER

Table 2 Response surface experimental design and results

YRR SR Y2 B SR

¥ A B C D P " Yo s Yo S 1 LR S
1 —1 1 0 0 47.65 17.50 0.155 2 0.786 3 0.281 4
2 1 1 0 0 49.99 20.53 0.494 5 0.155 3 0.426 6
3 0 0 0 0 53.36 18.53 0.983 1 0.571 1 0.900 7
4 0 0 —1 —1 50.72 18.45 0.600 0 0.589 4 0.597 8
5 0 1 0 —1 49.25 17.70 0.387 2 0.744 7 0.458 7
6 0 0 1 1 48.42 16.77 0.266 1 0.939 6 0.400 8
7 1 0 1 0 48.92 19.50 0.339 3 0.368 9 0.345 2
8 0 0 1 —1 48.18 16.68 0.232 0 0.958 3 0.377 3
9 0 0 —1 1 50.96 18.54 0.634 0 0.570 6 0.621 3

10 0 —1 0 —1 48.65 17.45 0.299 4 0.797 8 0.399 1

11 0 —1 —1 0 50.31 17.64 0.539 8 0.757 6 0.583 3

12 0 1 0 1 49.49 17.79 0.421 2 0.725 9 0.482 2

13 0 1 1 0 48.37 16.75 0.259 6 0.942 2 0.525 4

14 1 0 —1 0 51.46 21.27 0.707 3 0.000 0 0.565 8

15 —1 —1 0 0 47.05 17.25 0.067 4 0.839 5 0.221 8

16 0 1 —1 0 50.91 18.52 0.627 5 0.573 2 0.616 6

17 0 0 0 0 53.15 17.35 0.952 8 0.818 3 0.925 9

18 —1 0 1 0 46.58 16.48 0.000 0 1.000 0 0.200 0

19 —1 0 —1 0 49.12 18.25 0.367 9 0.631 1 0.420 6

20 1 —1 0 0 49.39 20.27 0.406 7 0.208 4 0.367 1

21 0 0 0 0 53.48 17.94 1.000 0 0.695 3 0.939 1

22 0 0 0 0 53.27 17.75 0.969 8 0.733 4 0.922 5

23 —1 0 0 1 47.70 17.51 0.161 7 0.783 7 0.276 0

24 —1 0 0 —1 47.46 17.42 0.127 6 0.802 5 0.262 6

25 0 —1 0 1 48.88 17.54 0.333 5 0.779 1 0.422 6

26 0 —1 1 0 A47.77 16.50 0.171 8 0.995 3 0.336 5

27 0 0 0 0 53.36 17.54 0.983 3 0.777 3 0.942 1

28 1 0 0 —1 49.80 20.45 0.466 9 0.171 4 0.407 8

29 —1 0 0 1 49.76 17.84 0.461 4 0.714 8 0.512 0
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S= 0.93+0.08A 40.038B —0.1C +0.018D — 2.5 X
10 SAB+0.023AD +0.039BC —0.35A% —0.24B> —0.19C? —
0.23D?%, (5

W7 2 43 M (P>0.05)  FEHIBR T A .2 B R AB Al
AD J5 45 28 i el 9 77

S= 0.93+0.08A+0.038B—0.1C+0.018D+0.039BC —
0.35A% —0.24B>—0.19C* —0.23D?, (6)

B3R 3 AT R Bl A A R Ty 25 43 BT 2% B R T 3 B
3 /K- (P<C0.000 1), R L3 P=0.109 8>>0.05, it B ##
TR0 A 5 92 B i 22 (B A /0y o A T Y 400 R B IR AT R e R
FIHRB L R FHARN . 3AHEMH P E<0.01,1 AH
R PAH<C0.05, KW PR K 508 07 B 4 IE L - 2 B¢ 5 g i R
R EERE. e REEWLEES N EENR,
PeE RECR® Hy 0.96 KLIERE RAyHh 0.98 B R RE C.V.AH
5.54 26, F2 WA Z2 10 =AY 1 RG % B 0B TP O R AT 0 R

B AR I T B T SRR T2

LA Y AR RE T &L A R AR AE AR AT L R T R 2R3 00
2.2.2 ﬂﬁﬂ»“ﬁ 5RO AT R 6 Ca) T IR A O ol A U
B 6 3R BE T S5 8 R LU X 58 A O SE IRAROR . H 18] 6
(b)ﬂ%ﬂq#%ﬁzjﬂ%@lﬁ;»w‘ém@éYEJ}E%D&@? 505 107 R L
THAEMBE R .

2.2.3 WIESLIEIR G508 A Design-Expert 8.0.6 X
38 3 B 5 A A B R AE  W 8 A L2 BT AL . 153 2 g

iR - IRZFE N 1. 2.88 (g/g), IR © & FE R 10 7.98
(g/mL) 34 WA 23.44 h, & 4.18 C EI KT K
Wi SR & N 53.21%&%@&@&&9&%7@ 17.49% . 544

{64 0.900 6, g3k — 25 56 UE [ )9 J7 72 A v o 1 A0 A 2800k
FRBN LR REN T E. B SHOEWR - KE=113

(g/@) B © ZRE=1": 8 (g/mL) 4 A 24 h, 51
BE 4 °C JHEAT U0 E ST 56 L A5 5 B i SR & il 53.36 %0, R
KRR R R 17.24% 54 4 fH Ry 0.954 3, A I ] |9 4565 A4
REAR I s TN 2545 4% AL 25 AT 52, [/ 7 () Wikl

FHAG I 3%, /] 7 (b) S EAEELE ST R 5 R S AH RS
& 1, Rz 52 SR H % B R) A 22.537 min. JE B T ORR 2 5 Al

®3 HAFEZRYREEUERBER
Table 3 Analysis results of significance test of the regression coefficients
J5 2K 7 H Yo7 F{H P {H ITE A e
8 1.40 14 0.10 126.19 << 0.000 1 * x
0.08 1 0.08 97.41 < 0.000 1 * %
B 0.02 1 0.02 22.32 0.000 3 * %
C 0.12 1 0.12 156.68 < 0.000 1 * %
D 3.73 X108 1 3.73 X103 4.71 0.047 6 *
BC 6.05X10 3 1 6.05 X103 7.64 0.015 2 *
A? 0.79 1 0.79 994.03 < 0.000 1 x %
B? 0.39 1 0.39 487.90 < 0.000 1 x %
C? 0.22 1 0.22 281. < 0.000 1 * %
D? 0.35 1 0.35 440.67 < 0.000 1 % %
7777 %z 00l 14 792xl0¢
2 01350 0.01 10 1.00X 10~ 3.69 01098 A%
R 22 1.08X10°° 4 2.71x1071
sl 1.41 28
T x RELERFWMEBE: » REERBE R K 0.96;RA4H 0.98;C.V.2H 5.54 %,

qs:: - 15
v ER)
Rz i F
af Z= £
&z g s
;; = &
S < E
9.0 é 0
i (‘ﬁlo < 5. =
II("]lm' _7[ T g NS r' s
“on ;/ﬁ’ '\),/Zj\gfji\a“g acrd 7.0 75 8.0 85 90
1'”[11@/0( ‘:,\\“a(\o\' B 2.1 R ITR
. ’ o, Ethanol:fatty acids
Ca) ) A& (b) LA
B6 OABREMUBELSEHRILTOANIELELSFES S HHA
Figure 6 Influence of inclusion temperature and ratio of ethanol to fatty acid on process comprehensive score (S)
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