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ABSTRACT: Objective To explore the mixing ratio of different oil seeds in microwave-assisted blended cold
pressing process, and develop polyunsaturated fatty acid balanced oil that meets the recommended dietary intake
ratio. Methods The safflower seed and flaxseed were used as raw materials. The process parameters were
optimized by single factor experiment (microwave treatment time, pressing temperature and moisture content of oil
seed) and Box-Behnken response surface experiment. The oxidation characteristics of blended cold pressed oil were
compared and analyzed. Results The mass ratio method determined that the blended mass ratio range was 1.8-2.4
(safflower seed:flaxseed, W :W;). This method was simple and the results did not need to be verified, but it had the
disadvantages of large demand for raw materials and low accuracy of boundary value. The mixing ratio range
determined and verified by the fatty acid ratio method was 1.66-2.59 (W,:Wy). This method had less raw material
demand and high accuracy near the boundary value. However, due to the interaction of oil seeds, verification
experiments needed to be carried out. Response surface methodology was used to optimize the process parameters of
microwave-assisted blended cold pressing. The optimal extraction conditions were as follows: Microwave (800 W)
treatment time 1.5 min, cold pressing temperature 64 °C, oil seed moisture content 6.7%, oil extraction rate
19.83%=+0.21 %, which was 17.2% higher than that before optimization. The basic physical and chemical indexes of
blended cold-pressed oil and traditional cold-pressed blend oil were compared and analyzed. The oil oxidation degree
was lower under the condition of microwave-assisted blended cold-pressed process. Conclusion Microwave-assisted
blended cold pressing oil has lower primary and secondary oxidation product indexes than traditional cold-pressed
blended oil. The results can provide a theoretical basis for the preparation of polyunsaturated fatty acid equilibrium
oil and the application of microwave-assisted blended cold pressing process in the field of grain and oil processing.
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Table 1 Factors and levels of response surface experiment design

W% - il
-1 0 +1
T b BR8] /min X, 1 2 3
BHERE/°C X, 60 65 70
THFEK S /% X; 5 6 7

1.3.8 #ALIgARM &

X Foe EE T Bl B A M L2 B s i DL KA [R)
S TR HEIR TR B LA TR (RO S8 B TR AN A T R 1,
o S8 A (BN I A e (B0 22, & BRAL IR BR 40 B 2 B GB
5009.229—2016¢ B ih 24 FE ZAn it BRI I E ) |
GB 5009.227—2016 { &4 4 FEEbRE &5 il Al
HIMRE ) F GB/T 24304—2009 { SHAHYIMAS THi 7 Wi (B
mE) -
1.4 BB
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Fig.1 Relative fatty acid content of safflower seed
oil and flaxseed oil
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Table 2 Standard curve equations and correlation coefficients of
5 Kkinds of fatty acids
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LA Y=6056.6X+45264 0.9908
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SA Y=134074X-3057 0.9909
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Fig.2 Proportions of “n-6/n-3 PUFAs” in blended cold pressed oils
with different raw materials

2.1.4  JI§ W BR YUAR ik 4 € R AT BE sk

MR R TR A HE 028 30 R S8 B A S A, I
LAGH| W We WA 1.66~2.59, X1 AEKF AT BEAF LA
0.00:1~2.80:1 M & IR G HAMBESAEMHEITT
“n-6/n-3 PUFAs”SiE . B 3 3R T A FEMAFAL L T IRA
AR A “n-6/n-3 PUFAs”( TUN(E 5 SEER M 1 b &% . 5K
U5 il 28 0T 20 S 1AV B AN A T AV R A, X RE A
B H B2 A T S R B A 43 AT T S SR B 2 [A) iY)
ZRBH, Y wWew<2.0 I, RS %K P “n-6/n-3



oM

SRR, A TR BRSP4 2 A AR R Y i ih 19 T2 Ak 87

PUFAs” ) 5 5 {H WAL T FIAE, A2 (7 Bl P9 3500 A5 52
A M 22 HAEJEIE KGN e W 2.0 I, SERE S
TR B AT . 24 W w>2.0 I, SZEG{E g v T 04
HAETRE X W W AR B ARSI, R RN
HMEJRRAT o5 LE B R o B ERRAF TR B 2 10% 09 0 R
e B3k R WORE R BE R W oM R 4y, AR e
BOUALLEGUE %P p A IO A8 R, 5 286 18 A
UM Z2 A ) T Bl B TR 5 4 2o R o 2T AR AT R 28 140
BIEEER, SRS PNTRA AN n-6 PUFAs & &%
i, “n-6/n-3 PUFAS I SER(E IR TG . BEE wew K
TR, R R R LT R R L R RS, 5
W W KFRARE A b, FEARIR R B B #i RS, A AT
CLACKT N S Ao I BRI, DA TR 552 56 {1 42 30 Y9000 1 O e ¢
BFRE . SRS, 76T B P WO i 2k S5
E M2 B AP A, BEVIIAFR S LT 5. hE
SEWEFE B ARG, Wik $Eh 2.0,

—— FE
Tr —e— SEEH (THETEE W)

n-6/n-3 PUFAs

0 05 10 15 20 25 30
LLAEHF5 MRRATIR A UL H

K3 RE&R I n-6/n-3 PUFAs B IIE
Fig.3 Verification of “n-6/n-3 PUFAs” in blended
cold pressed oils
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51 T IR e R R R R SR Y ik 2 BLAS T ks
PR R R B . e R SRS AR, SR AN s
MIAZHSZ T, RIS Kt TRE . 46
BT EERE, R 65 °CIE N ELMR S .
223 AR SAERREE G YR

Bl TR A TR K A B i3, BRI R s, K4y
TTHLTE 6%, IR R R, ZJ5RE Ko f AR
R PR, X —BG 5 RIS B T 45 AR,
FBLR R T — B N B Ko S T, AT
PR, FEERHRTE . MK S Y I I A
B, S K A i S PR R R TR 1 TE A, KA
FUAGT H o TERO R BNR AR B AR, Ko i Hi
W ENTMFF R T IAME | SRGPERIH LGSR, EE IR TR
G, WK SRR 6%l NS R SEL

23 MEEMRAERERS T
M 17 TR T 8 B 25 503k 3 PR, SR Design-Expert
#3 MEARKETHRRESR

Table 3 Design scheme and results of response
surface optimization

HE PRI/ %

o
s X X X SR T
1 1 0 1 16.04 16.08
2 0 0 0 19.55 19.60
3 -1 0 -1 17.98 17.95
4 0 1 1 19.33 19.20
5 0 0 0 19.56 18.18
6 0 0 0 19.94 19.60
7 -1 -1 0 18.86 18.77
8 0 -1 1 19.36 19.18
9 0 0 0 19.27 19.60
10 1 1 0 16.51 16.60
11 1 0 -1 16.49 16.22
12 -1 0 1 19.26 19.53
13 0 0 0 19.70 19.60
14 -1 1 0 19.40 19.26
15 0 1 -1 18.71 18.89
16 1 -1 0 16.11 16.25
17 0o -1 -1 17.94 18.01




[}
HA

88 =

2 4 J R A I 2 4

%16 &

8.0.6 FEAT 7 2243 Hr, B £ o0 A HDLA A5 51—y mi 17 167 [=]
PR o BRIMR(Y) S A PR E] () YA PRI (Xo) FlZK
B (XG) PR

¥=19.60-1.29X,+0.21.X,+0.36X5—0.035.X, X,—0.43X,X;—
0.20X,X5—1.64 X7 —0.25 X3 -0.52 X3

Xt SE IR YEA Ty 22 EIH 30T, S5 SREE 4. ARTE )T
ZMHrEE AT, AR P<0.0001, BEEHIZAEIS R
U, YEEEIEH . R IT(P=0.3119) /R B2, R E LRI AT L)
TEARAS R Nl . B R4 0.9820, FH N (EHY)
98 2% YA AL 5 BT kAR AT o AR JE Y R* (0.9588)5 i
fI R* (0.8277)Z [l I ZEE/NT 0.2, X MR RS FEAY
TLFE NS, (MR 16.649, T BREHY AT LTS3 58 4 i
MRS o ARG F R0 E &S B0 o 4 BR A2 MR
(R 5 R (e A BN TRD>VHORF K 43 B s>V IR . R
M, PR S S a4 RAF, AT LA AR A7 43
BT RTINS 85 SR L A Ak B IV ) R I A R I (X,
X0 AR IHAT K 3 S A Rk SR 3 (X%, X)X i
1B 1) 5% W FRAE 5 5535 (P<0.01), 9 4b B0 ] 1 9 K 7K 43
o A BTG I W ARLRE ) S 3 (X.XG, P<0.05). ARI7ESE
IO R, R MR A LR PR T A — R0 (X, X5 L TEMIR
FIHUREK 385 4052 HL 10 (XX ) LA R A9 A B ) 0 PR P i
(XX 038 H IR T A .35 (P>0.05) . Wi A ST LA SR
KR AN AL, 76— FE PN, Bl Sl A SR [ £ 3 o,
THURL R WA RE RO R, IR TR B ISR, A R
FHER LA . K A A T 2 5 R T S
W25 TSR 3 i R i . e Ah, M P A
PR DB 2 AT A0, Bolcie b B o] 45 A K 23 5 A LA
FHMBILT 32 B2 2 TR v AR M 9 5 (2 B 7K ) TE R Ak
B e e b W S 1 e a1 N O v B 7 S
BT A g, AT m R . (R SRR

i, AL G, SR N AR R, A5
T CHURR AR, SRR (AR . XTSI, &
MR IR AT DA S e R R P BRI, (EAE SIS
T BT PR 2S5 SR AR T S8 %) B DR T R A A 4 AP TR R A1 o

R 10 v ] (P 4) T DA, 3 AR AR B A T
W, REFHR 1 MRS, B AN R T,
PRI R PG TR S TR M FEEE
AR EE T (65 °C), 4Tl b BRAS 1] AR K 4325 5 4 41
HEINENZ) 2 min Al 6%, MRS Z B IEAE, kA
SR HE— BN BRI R R R, IbAh, TERURAL
PRI [RURURFE K 23 B i 1 SC 00 B P, TR Bl A TR
FE RSB R, (HAE RS IR AL 29 66 °CJ, X PR =
A 38 5 P A A5 30 A F AR S i B TR A e A R
WAL PR (800 W)HIFIA] 7 1.5 min, JEFEIREE N 64 °C, Tk
KA EEA 6.7%, BRI ATEINE A 19.95% TEX L4
P, Sz 4R R O (19.83£0.21)%, B R 1L 4k A
(16.92+0.13) %48 25 T 17.2%., SZH6 A A0 TR I 52 B0 R 4710
PUAE, U ST R R T R
2.4 IBIEFRDHT

x5 BN, FER—FERG] . TERERES
FKIEF, IRABBEMAIE 2 G A AL 9 (B Fi ot 424k
(BB )8 S AL W) (T A i ELAR B ), SR T8
Je IR A B, X5 5w KRR I g A5 R, ThRHE
AR A LR e R B T R IRA M. Bk
45 R 3% O Bl A B TR A5 v W T2 B SR T Y SR AL AR TR
HA—ERIES, MRS HE T ZMETA R
FRAMTZMS, WL TAEMFRANTZ, X%
—ERRRE E AR T AR S A S Al T AR, AT (A5
ot I AEL TR AR

*4 FHEQWER

Table 4 Analysis of variance

5 254 5 A ¥l A F P B
LAY 29.12 3.24 9 4236 <0.0001 ok
X 13.39 13.39 1 175.32 <0.0001 ok
X 0.35 0.35 1 4.62 0.0687
X 1.03 1.03 1 13.48 0.0079 ok
XX, 4.900E-003 4.900E-003 1 0.064 0.8073
X X3 0.75 0.75 1 9.80 0.0166 *
XX, 0.16 0.16 1 2.09 0.1911
X 11.30 11.30 1 147.95 <0.0001 ok
X 0.25 0.25 1 3.33 0.1108
X 1.15 1.15 1 15.09 0.0060 ok
FRE 0.53 0.076 7
KA 0.30 0.099 3 1.66 0.3119 ENTES
a2z 0.24 0.060 4
At 29.66 16

T+ R 25 B, P<0.05; ¥R UL, P<0.01,
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Fig.4 Effects of interaction of microwave-assisted mixed cold pressing process parameters on oil extraction rate

#5 FRLZETRAMOERBELIERIHT
Table 5 Analysis of basic physicochemical indices of edible oils
under different processes

GB 2716—2018
eI wavt  BhERe  (aWZeER
FrufE R ) B0k
Faffr (KOH ic) 0.221+0.029  0.255+0.016 <3
/(mg/g)
AL 0.090+0.007  0.098+0.011 <0.25
/(g/100 g)
T A A 1.03£0.15 1.15+0.17 RAHUE
3 &

AMFFELL PUFA BE R HERE LGN B AR, 58 RN R
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J5 225 Ml SRR TR R PR R, B4 R, R7=0.982, &
Tk 3 A 2 45 R 2R K L il SR o 4 SR 5 O - A Ak B
[)>7K 43 > ME IR RE o 38 2 AT AR 0 ) e LR B
TR AL PR 1.5 min, FEAEIREE 64 °C, JHF /K> &
6.7%. TEIZFMT, TEHIMZEN 19.83%+0.21%, KA
ERIHER T 17.2%, SEPRE-S S BUNMEL(19.95%) 32, iX
FEATYEUE TR ) oSG 1 R AT S

BN LA BT TR G ¥ B SR S 80 ~ e
GES PR AR A BLAL AR bR, RSB MR AR
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