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B AR RS, AT LA JERL AT AL B, DA ) T S ) R
T K AR R LA T AL B AT B4 FROO i b POl
FRIRAGHECY, Tian SEPHRGE A 2l IR P S, VT
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Fig.1 Process flow chart of queous extraction of flaxseed oil with
lower water consumption by pretreatment of acidic moisture-
conditioning plus drying
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BRRIEW, 1625 °C FIRAVEE 6 hAR )5 T 1ab e, 7£
70°C R T4 1 he TS B9 RRAF B T30 KA B 1 26
T HELERH

2T R AL R . U150 g WRRKA AL £ 0.3 kg/L
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F2 1.3.1 7B X RAT AT WAL B S, B RRFE
FH b 250 WAL S, —FRATF IS LR WA S RFF A o B SRR AT
¥ 80 g, R IL1: 2.5 kg/L. pH{H 9.0 (2 mol/L
NaOH) . L 60 °C, 42T E]) 2 h, i FF3H FF 200 r/min
B2 R RV . W EE RS 5 000 r/min B0 15 min, 15
SN, FLRW, AR A o J5OREL 78 A O R AT
Y B AR 5 GB 5009.6-2016 HEATINAE , FUIR I A1 /K AH
eF I RRFE B R B AR P AOAC 989.05 HEATINE .
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PEHUpH: HU80 g WIRRAFAY, ZERBE L1 : 2.5 kg/L.
HEE 60°C . FEHUEFA] 2 hy HEFEHEEE 200 r/min (U Z57F T,
S FpHIE 7.0 . 8.0, 9.0 . 10.0 R,

PENGRE . 80 g WkkFky, 7ERRIL1: 2.5kg/L.
pHAE 9.0 FZHCHE] 2 h $EHEHE 200 r/min 514,
3T 40, 50, 60, 70°C R .

PEHURHA L . B8O g W RKKF#Y, FEEJE 60°C . pH
1 9.0, FEICEFE] 2 h, FePEER A 200 r/min 9554, 43
B F R T 1.8, 1:20, 1:25, 1:3.0kg/LF
SV o

PEHUETTE] . HU R0 g WIRRATAY, 7ERRELL 1 = 2.5 kg/L |
L 60 °C . pHAE 9.0, FEFEEEE 200 t/min (U E1F T, 4
SR 0.5,. 1. 1.5, 2.0, 2.5h,
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GB/T 5532 W fifE, 4 — M (E M d = mE =%
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PEOHT, ARFREFRR 25 B3, I Origin 8/ E T
22K

2 HER5SH

2.1 FALIRE XS I RRAFH KR SA IR BV A 20

FEMCRR L 1 2.5 kg/L BU4REURA T, AS[A] Ak B
SoF S SRR A 1 ORGSR A B IY R
1 AR AN 18.95%+0.91%, T 71.29%+1.87% F4 3
BE LAZLAR I T A AE . AT BB AU v (ol L RH L
A%, AARCERBUE R RORE TR, e T LR
B4 o A EE T AR AL B (T AR, BT R AL
X B AR R AR TSR AN K, 17 1R I A T Ak B A
AR IR 2 53.17%+1.34%., Xu 25003558 i 2 RR 45
R, 2K CRREUS , TR 45.85% T E
91.69%. i JPRKT 283 R P2 i TR AL B, 5 i AS:
RNHTH—EETE, H83.27%£0.67%, FLARM S
N 71.29%+1.87% AL E] 6.86%+0.21%. 1] 2 AN [F] il

AT B TR AH AR B, AT AR, Sad kiR
T TER AN B S , KA (& 2 R Ak b, MR Ab B
B 1) 66.74%+1.04% FFEMEE] T 39.78%+0.66%, 60.25% =
0.44% YV IR AR FAUURUE T, X HE AR AL BEAY FRAF
AT B 33.34%+0.34% B . Li ZEPRGE, 4
S tig s, EEARCEAY, BB DR
fiX, QoKBHERBEAMmIEE, BAHEA & & D EWY
2o DA AR I R 12 T T MR I — A R X SRR B A T
S, PECLEE R B REAR, DR T KA TR SR IO R
KR R T R AR B, BT T I IA R ZELIAE)
WEFErp, L3k 1 ¢ 5 kg/L Bl 5 25 R L R AT 20,
B 1k AR 22 3 1 208 1 s s IR 0 43 B o EL R T AR ST
AR AL R 1 2 2.5 kg/L, WK REE B, ok
ANBEFE o HE SR I i p, Bl E A S BN,
T AR R E R 3.93%+0.17%.
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Table 1 Effects of different pretreatments on aqueous extraction
of flaxseed oil
IR T
; R ERlES
Jasi HEE ) oil oil
Free oil Oil
Treatment PP content of content of
yield/% content of di
emulsion/% aqueous sediment
phase/%  phase/%
b
AU 18.95+0.91a 71.29+1.87c 5.21+0.14b 3.48+0.20c
Untreated
S
TI}M.LIE 19.21£1.41a 71.96+1.11c 5.09+0.12b 2.47+0.14b
Drying
R TR AL
Moisture- 53.17+£1.34b 38.88+1.67b 5.44+0.12c 1.76+0.14a
conditioning
plus drying
TR TR A

Acidic moisture-
conditioning plus

drying
e RBUGRE N 60 °C, pHIH 9.0, BIELIL K1 : 2.5 kg L, HREUH]
H2h; =PRI RFRR E R 24 (P < 0.05); R,

Note: Extraction temperature is 60 °C , pH value is 9.0, flaxseed to

83.27+0.67c 6.86+0.21a 4.25+0.07a 3.93+0.17d

water ratio is 1 : 2.5 kg - L', extraction time is 2 h; Means in the same
column followed by different letters indicate significant differences (P <
0.05), The same as below.

il Aqueous phase [ 4{] Sediment phase

B A He )
Distribution of protein in fractions/%

0
E ] TR

Untreated Drying Moisture- Acidic moisture-

conditioning  condition
plus drying  plus drying
Kb 3 Treatment

A2 RRAXEEGESMASH
Fig.2 Distribution of protein in fractions with different treatments
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FH 2.1 45 H R P VR i A AT LA AT AP S AR K R
AR 2 2 RO R AT 1 9 T T AR 5, TR e e B R 1 VR T
oAk PRAE O fe il WAL T2 . B FORE XKML T Z
HpHH . R BRI EL . BREUS R 44 TA SRRk T
itk
2.2.1 pHALX I iRAF i 32 B & 69 %o

pH B T K AR 45 O BHE B b ik AR R 2 ¢
EEAE, 38 L 5 iR R 0 I A S e b s TR
FAB A LS, B 3 PT%, FifiE pH{ELA 7.0 34
9.0, VIS EE LA AR AR IR B E AR
M pHAE K 7.0 B, W IHAFRAL R 54.11%=£1.11%, &
BRI M 7.05%+0.22%, 4 pH A TH 5 £ 9.0 1, I
T 2 83.37%, AR AR L RE E 3.93%+0.17%. 24 pH
AL M E] 10.0 B, 5T RIE AT BEAL, 5 79.75%
1.34%. 3V JRREE 25 v J5 7E 4.4~4.6 22 8] U5 Bl %5 pH {H 1Y
T, BB AR RGO, TR B A R R T
TEEg ok, MpH s, ¥R THEAME L, i
J T K AR o A rh LRV A Ak, S B S T A R
FEAG . Bt 5 pHAE 9.0 by 7K A 7 $5 BRI JRROFF 7 3583 R
pH1A -

100 - 2 5 Free oil EZA /KA Aqueous phase 100

°\\; o0 | I FRK Emulsion \:(Ifﬁ*ﬁ Sediment phase ] 90

S sl b v 7 80 o

S gl w / 5
Vg . / 60 =
£ sl % % 150 8
& % / e
= | 1o 5
H 4 40 % % 40 ‘M‘
= | % 130 &

E 20 H % £ % 20

g N N % = % . N i

00 8.0 9.0 100 "
pH {H
pH value

TE: SRIBGEZ N 60 °C, BHE LA 1 : 2.5 kg- L, F2HRTEH 2 he
Note: Extraction temperature is 60 °C, flaxseed to water ratio is 1 : 2.5
kg L', extraction time is 2 h.
B3 pHALX KA LI kAT i 09 % vf

Fig.3 Effect of pH value on aqueous extraction of flaxseed oil
222 BEXN LT RRREG A

HI 4TI, BEA IR B B Th e, S RRRF i £ 3
& Th i A URE S 40 °CIY, TE AR AL 49.22%+
1.22%, AR N 5.80%+0.21%, SHREBURE T+ &=
50 °CHY, TH il 1IN F) 82.76%+1.44%, i MR I %
WREE 3.97%+0.11%. X ] REl TR LT, S0 T
BEME, RRBEEERRAR, MRS ShE A, 150
NEA 5 55 8 7 A FUAVE R LRI . 4 Tt B 4k 2
THE 2 70°CHT, ¥ AFR R T 2 5.98%+0.19%, A]
AE THRBGE B m B e, DU, A
AT HR ol e T BOE A ER MR T . BRI D
ARBEABEHIRIRL, 725 T 5 %A, B S O
FEANE S, R 50 °C R UR E .

100 - 241t Free oil #1 Aqueous phase- 100
90| NNFRNT Eglulsion l:bl A Sedinll)ent phase] 9
80 7 !
70
60
50 Foz
40
30 |
20
10

0

150

L
W
o O

V5 Free oil yield/%

553
(=)
?%E

WG 53 A A5
Distribution of oil in different fraction/%

—_
f=1

1
f=]

VR Temperature/°C

TE: pHIEH}9.0, BHEIL A 1: 2.5kg L1, 22 he
Note: pH value is 9.0, flaxseed to water ratio is 1: 2.5 kg L', extraction
time 2 h.

B4 iR E A ARSI I AT i 6 v
Fig.4 Effect of extraction temperature on aqueous extraction of
flaxseed oil

2.2.3 Ak AT TR AR BRE 6 B

P P S AT, R EE XTS5 3 RRRF i 1 R (1) 52 ) g
. YRR IR T 1 2 2.5 kg/L B, TS REEE RIE
AR N 2 A R, AR R R IR R R ]
AE R BHR L LKA, VAR RS TR, RS
PEWAY BT 38 e i, AR AS BEAE 58 4 1% MUJORE i g
e, DT 7S R B T 36 1R DA B ol K o 1) LR R B0
ORI LR EN 1 s 2.5 kg/L )5, TMEHEENS FTE LT
FEHA B, DT80 T I A 5 A R LAt 4 o )
fih, AR AR RE NS LAE 25 B A RAS , AT IS R
9 83.27%0.67%, KA T AR 5% 30 2R DL FLAR B 1)
BRI, RN LRSI N 1 3 ke/L BT, IEIMATERIK
BE—Hhn, FFRLEREL 2.5 kg/LAE ESE R HE .
100 W57 Free oil 28 /K A Aqueous phase 100

90 | SIFLARM Emulsion  [J#iAf] Sediment phase] o
c c

X

=

2

g sof 180

& 80 &
_E 70p 170 ©
= b 5.
TE O 160 3
&s @
&K E 50+ 150 E
9r =
E3 40} 140 ¥
= s a o

g 0T 130 =

Z 2} {20 %

E

E 10 a c ‘ 110

0 ZANEE 0
1:1.8 1:22.0 1:2.5 1:3.0
FHk L Flaxseed to water ratio/(kg-L™)

i pHIEH9.0, EEEH 60°C, $&HUAFHI 2 h,
Note: pH value is 9.0, extraction temperature is 60 °C , extraction time is
2 h.
B 5 Ak s KR RSB AT i 49
Fig.5 Effect of flaxseed to water ratio on aqueous extraction of
flaxseed oil

2.2.4  FEBCETIE) A I RAT R PR IE 0GB h

A 6 AT, Bl I ] B HE K, 3 S AR B N
RIS R L 2.0 hJE BOMZEE . Wi AR R DL R R
TR IR5R T 26 AL o 2 sF T A ST R e . 1 I R 4R G AR
L THAE DA DR R T SR I SR A B B R — Y
BF ], 4R B ] k2.0 h B, W AR %l 83.27%+
0.67%, 2 HCHFE N 2.5 hiF, 3 W15 R 4 83.42%+
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0.43%, —HIFTLREMEZES (P>0.05), HUHE 24 H
AR 2.0 h )G, WIEC &AL E4, WA ReR
I HE, Pk 2.0 hVE 3R I B I 1a]

100 - ZZ 3l Free oil
[ B 2R Emulsion

KA Aqueous phase 7100
4] Sediment phase ]| 90
d d ]

MR 21 He )
Distribution of oil in different fraction/%

IR R Free oil yield/%

05 10 15 20 25
fi[a] Time/h
TE: pHIEH9.0, B 60 °C, FRIBUNIFIN2h, BHEILA T : 2.5 kg L7,
Note: pH value is 9.0, extraction temperature is 60 °C , flaxseed to water
ratiois 1: 2.5kg L.
B 6 IR 1) X ARAR ik 3R B RO i 89 % v

Fig.6 Effectsofextractiontime onaqueous extraction of flaxseed oil

225 ZAIELEMHRIERE

AL SE T . pHAE 9.0, I 50 °C . BHEH 1:
2.5 kg/L, $2HUE] 2 h FEAT 3 WAEATIRER, TR
I3 h 82.87%, 83.32%, 82.59%, “F-I4{EH K 82.88%=
0.30%, WEBHIL T2 28 S0 HHA —eEEE .
2.3 EEIZTRITHERBRNSMN

R KFE AR LIS T2 &M T, £ A AR I
FIE, N 3.97%£0.11%, BRI T bRt — A n iR
T X — [ R, T i A A AR AR AR, 4
UL 2, (Al KOG AR AT B A BRI, A AR I R
M 3.97%+0.11% FEAE 2.65%+0.03%, 1 {5 FH 7K AH 2 42 42
B hE, #AHER AN 2.85%+0.07%, Al GEH T /KA
MR I, EREVRER, KRRE, BN
FEAT BB KA G rh T DA K A AR 0k i s A
BT R A ISR AN AR . YA E AR EE BN A 50% DU
B 2K EE VRS, AR IR 2 2.09%+0.04%,
FEAH R AT JFURH T B K 2R AT Pk s, I AR AR
WAL B EEREE, 52.01%+0.03%. 4 T K
AR KAL B SR TE AR R EHINA 50% JRURH Y
oK A PR A

R UEXERER RN

Table 2 Effect of second extraction on oil content in sediment

phase
R IR TRAHFR R HE L AT ES
Medium of second Oil content in Oil content in
extraction aqueous phase/% sediment phase/%
K Pei# Untreated 3.9540.15b 3.970.11d
4li7/K Deionized water 4.01+0.11b 2.65+0.03b
JKHH Aqueous phase 3.65+0.10a 2.85+0.07¢
AN 50% 7K
Aqueous phase with 50% 3.84+0.16ab 2.09+0.04a
water
JRARIN 1A%K
Aqueous phase with 1 3.81+0.12ab 2.01+0.03a
time water

2.4 FLRGHORE PR

TE KA L S BOW R A B e i T 25 b, T
REARRTEAEEWNEAR . U5 LA 4 i i
R, XY A RAFRREGE, FRBGIRET, |
T FE DL S G S 8500, AN Al B i = AR e 1
FURWEEY, A TR S E MR, SRR AR
Kt T A E R &I TRl . 25 R Kl 7
FiioR, R URIRGR, Bt 8 e DL SO TR 1 e LR
MeFLACR B BHRMBEG, B R ik 98.13%+
0.57%, AR FL R B E B R T, I
IR Z [ BT BRI a1 TR, DRt
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Fig 7 Demulsification rate of emulsion with different treatments
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Table 3 Quality indicators of flaxseed oil

AR Rk
847 Index Flaxseed oil by aqueous Pressed
extraction processing flaxseed oil
P48 % Refractive index 1.48+0.00a 1.48+0.00a
W2 {H (LA KOH 1)
+ +
Acid value(KOH)/(mg- g") 0.15+0.02a 0.16+0.01a
SURER (A1
+ =+
Peroxide value/(mmol-kg™) 1.98+0.13b 161009
WL 179.02+1.87a 178.79+2.01a
Todine value/(g-100g™") ’ ’ ’ ’
L A
Conjugated diene 4.05 +0.06a 4.02 +£0.05a
value/%
B = I E
Conjugated triene 0.75 £0.04a 0.73 £0.05a
value/%

T =T AR RN BE 2SR (P<0.05),
Note: Different letters in the same row indicate significant difference (P
<0.05).
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83.27%+0.67%, FLARIE F 2 M 71.29%+1.87% [ A% 5]
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Technology for aqueous extraction of flaxseed oil with method of lower
water consumption by pretreatment of acidic moisture-conditioning
plus drying

Zhang Wenbin**, Peng Huaiyun *, Yang Ruijin "*?, Hua Xiao "**, Zhao Wei **
(1. State Key Laboratory of Food Science and Technology, Jiangnan University, Wuxi 214122, China: 2.Synergetic Innovation
Center of Food Safety and Quality Control in Jiangsu Province, Wuxi 214122, China 3. School of Food Science and Technology,
Jiangnan University, Wuxi 214122, China)

Abstract: Aqueous extraction processing (AEP) is an environmentally friendly method to extract oil from various plants at a
moderate temperature. However, the AEP alsohave several limitations. Firstly, the cream can be inevitably produced to form a
sort of highly stable oil-in-water emulsiondue to the adoption of water, stirring and centrifugation during processing. The
formed emulsion become difficult to break completely, resulting in a huge challenge for the AEP performance. Secondly, the
water that used in AEP normally serves as an extraction medium, but the usage of excessive water can result in the formation
of thick suspension, which making it hard to directly release free oil. In general, the ratio of seed to water 1:5 kg/L or even
higher was mostly chosen as the optimal ratio to eliminate the thick suspension as well as stable cream. However, the
substantial consumption of water increased the treatment cost of subsequent wastewater after processing. A modified aqueous
extraction of flaxseed oil was investigated using a low consumptionof water under acidic wetting and drying, in order to
enhance the AEP extracted yield of free flaxseed oil,while decrease the consumption of enzyme and water. The results showed
that the yield of free oil was improved significantly due to the solubility effects of flaxseed protein under the pretreatment of
acidic moisture-conditioning plus drying. In untreated flaxseed kernels, the free oil yield was only 18.95%+0.91%, while
71.29%+1.87% of the extracted oil went preferentially into the cream fraction. By contrast, the free oil yield increased to
83.27%+0.67% with the pretreatment of acidic moisture-conditioning plus drying. There was a vast increase in the amount of
protein distribution in sediment phase under the pretreatment (from 33.34%+0.34% to 60.25% +0.44%), while the protein
distribution in aqueous phase consequently decreased from 66.74+1.04% to 39.78%=+0.66%. Processing conditions of aqueous
extraction were also optimized by single-factor experiments, and the optimal parameters were obtained as follows: the
extraction temperature was 50 °C, pH value was 9.0, the ratio of flaxseed to water was 1:2.5 kg/L, extraction time was
twohours. The recovery of free oil was achieved 82.88%=+0.30% under the optimum conditions. Due to the increase of protein
content in sediment phase and low flaxseed to water ratio of 1:2.5 kg/L, a part of oil was entrapped in sediment phase, which
limited the further improvement of total oil yield. The sediment phase was further extracted by the aqueous phase plus
deionized water, wherethe quality of deionized water was 50% quality of raw materials. The oil that distributed in sediment
phase decreased from 3.97%=+0.11% to 2.09%+0.04%after the second extraction. Subsequently, different enzyme and freeze-
thaw were used to treat the demulsification of residual emulsion. The total yield of free flaxseed oil was 93.44%+0.29% after
the residual emulsion was demulsified with papain. After detecting the characteristic value of flaxseed oil from aqueous
extraction processing and pressing extraction, the experiment came to a conclusion: There were no significant differences that
observed on therefractive index, iodine value, conjugated diene value and conjugated triene value. Although the peroxide
value of flaxseed oil by aqueous extraction processing was slightly higher than that by pressing extraction, it still well below
the maximum value of cooking oil (10 mmol/kg). These findings demonstrate that the proposed pretreatment with low water
consumption under acidic moisture-conditioning plus dryingis suitable for the aqueous extraction of flaxseed oil. Therefore,
this presented study can provide a promising technology for the extraction of flaxseed oil, where can increase the free oil
recovery, while reduce the water consumption and the amount of enzyme.

Keywords: extraction; process optimization; flaxseed oil; aqueous extraction processing; acidic moisture-conditioning;
emulsion; lower water consumption



