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Effect of preheating treatments on the stability of flaxseed oil body emulsion

ZHENG Rui, CUI Nannan, ZHOU Dayong, LIU Huilin
(SKL of Marine Food Processing & Safety Control, National Engineering Research Center of Seafood,

Collaborative Innovation Center of Seafood Deep Processing, Liaoning Province Key Laboratory for
Marine Food Science and Technology, School of Food Science and Technology, Dalian
Polytechnic University, Dalian 116034, Liaoning, China)

Abstract; In order to provide reference for the development and application of flaxseed oil body emulsion
in food field, two phases of oil body and slurry were obtained by water extraction from flaxseed with
different preheating treatment ( steaming, roasting, microwave ). The oil body and slurry were mixed in a
mass ratio of 4:6, and then subjected to shear to obtain the flaxseed oil body emulsion. The appearance,
microstructure , particle size, water distribution, storage stability, environmental stability (pH, salt ion
concentration, temperature stability) and oxidation stability of the oil body emulsion were measured to
explore the influences of preheating treatments on the stability of the flaxseed oil body emulsion were
analyzed. The results showed that the appearance of non — preheated flaxseed oil body emulsion and

microwave preheated flaxseed oil body emulsion were milky white, while the appearance of steaming

preheated flaxseed oil body emulsion and roasting
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KRG TT % 24 FI ] ( E-mail ) misszhengrui@ 163. com., treatment group, the average particle size of the
BAEVEE X, JEUF , 81 (E-mail) ireneliuhl@ 163. com, oil body emulsion in the preheated treatment

preheated flaxseed oil body emulsion were milky

yellow. Compared with the non - preheated
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groups increased, water molecular fluidity enhanced, and storage stability decreased, with the microwave

preheating treatment group showing relatively minor changes. The temperature stability of flaxseed oil

body emulsion was good, but the stability was destroyed under acidic environment with pH 4 and at NaCl

concentration greater than 100 mmol/L. Preheating treatment reduced the environmental stability of

flaxseed oil body emulsion, and microwave preheating treatment had the least effect. Compared with other

preheating treatment and non — preheating treatment, microwave preheating treatment reduced the oxidation

degree of flaxseed oil body emulsion and improved its oxidation stability. In conclusion, microwave is a

suitable preheating treatment for flaxseed, which has the least influence on the stability of oil body emulsion.

Key words: preheating treatment; oil body emulsion; physicochemical stability; oxidation stability
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Fig.2 Influence of preheating treatments on particle size and water distribution of flaxseed oil body emulsion

2.3 FRIMA AT T ARAT AR ILR R AL A 0 H R
FRAAAL T S JRT H0 A LI R S P P 2 1)
WE 3 s

21
18F
15F
1

gaang

FLTHE R0 %
[38)

S W N O
T T

KabPE  ZEH] Pt T
B3 T Ab IR 3 A0 FR AT i A FL i e g RS E 1 B 2 0
Fig.3 Effect of preheating treatments on storage stability of

flaxseed oil body emulsion

P L 3 AL Bl SRS TR] A 2 BT R A
FUATHE RO R A, 14 d IHRE 5 B LA 15 i 30k
IR . SR P AL FEZ A FE 3 Fh B Ab B4
JRAF VR LV LT i 5 ) 3 W A O, L e flp A
PRZH HE MR /)N, 2 i TR 2 3 i e K . X T g
J& TR 2 AL B e A L Y ek i R T
K, R AT IR T il /K A T S 0 A e, A il 4%
FLIB A BUAR ST B I G , IATTTRALG 1 7ol AR L 1 T 5
FRE R, A 2 P iR Al 1 5 =M B, TR SR
Ab P2 Y (A LR 8 B8 1 3 W DS, R LA
B R A
2.4 FRAALFD 3T T RAF AR LR BRBEAS T AR 0
2.4.1 X pH FRuE LR R

TR FLIRAE B 5N T A R PR 0] BE 2l 2R
7] AR B ER B , M HL R P o IR T I
XS] pH 254 SRR 1 4% 2L 2 2 P 1 5 T
ZERE 4 s,

a I:Iiﬂ‘IE
7.0F b =l
£ 6.0 dl |l IZH?U}i
2 50F == 17))2
XH T
N
Eol 4.0F
{3.0F &f¢ .
Al i
0 2 4 6 8 10

pH8 pH 10
BTN o s 5 O % =i

4 ﬁmﬂﬁﬁ$ﬂpH%#TIrﬁHW#ﬁ%M\
HEMESR RN
Fig.4 Effect of preheating treatments on the appearance,
particle size and morphology of flaxseed oil body

emulsion under different pH conditions

HIE 4 a0, BrA kAR AE pH 4 I AEF LTS,
RIAR R FIR, WO Z 18] K AR 2R 4. 7k pH 2.6.8 10
I, A AR RL ISR B A FLAT B G . 5 R T



2025 4 25 50 £ 5 6

S A EC!

Rl 91

ALPRZAAALE  FEAATR) pH R FURAE BRI AL I 1
WL AU RERE ) T B AR, (H AP AR AR R
FErP R AR AL BREH S PRI AR W A /)N , 2 AL
AP EPRAE IR . SR HZE A LE , TR
AL PRI A FLIRAE AN ] pH 25 F B R AR AR 1Y
RAE P Bl TRURA AL 32 il A L SR R AR AN
2, T A B A FLBORIE R B R ZR L
WRRFFIM AR LI B A SE R pH 4 i Y
pH 755 HEL s BRI IR, JHhR =2 18] B K R A P A
TEAE TR T B AT B 2 B HET 7, BT S 2T
PP S o B, pH O 4 (YRRVEIRBEAIE
T MRRFAIAFLIR R i o 25 b, SR B

AL , B BRI R FLIBAE AN ] pH Z51F T 19
TRRETERFAR

2.4.2 W TREERZN

B TR S SL I R E P T R
A S B S BRI . BR5E T TRAAL B AR ] R
T BT BRI R L R R S 44 SR
RN

H AL S T, BT A RE 7 £ B TR B2 S0 ~ 200
mmol/L £/ T ¥ & LEFUMT B0 %2, HL2h 85 7k JiF ik
L FUNT LGB 2 (£ B TR B 50 mmol/ L i %
LTS, h B U B 1 100 mmol/L 7L
PG ), IR AR i 2 . 5 R gk sk B
CHLR LE , A ) B 7 3 T T Ak B ik (A LR
(AL (PR FNFLTREIE ) B W1 I 25 55 (S 3k
PR, He P st B P b B2 ik R L O B kAR
1R B /)N, ) T ALk 38 L A L - 40 R 1
ek Hou 25V B R NaCl ¥ B 9384 0, K&
A6 FVE ALK iih P L VR R A2 34 1 Zhou 25177 4%
A6 S AL B R 5 TR I R A i Y
FaE M, Bl £h B 1 W B I, SE R R AR I R, DL
W EE R S AT R 45— 5. AT, b5 h
BT T, A R R B K. S
R FAAGE BRLE R L, S T3 Ak T2 i A Lk R 4
T BE SIS S5, T 26 ) TR A 0 20 3o 4 3L 34k 3 4
TR BB Ao BR300 B T 4 Ak
%, 33 T B 2 DRI g 5 ViR B 114 £k B T RE 08 R VIR
2 [ B v R A P, S B R S0 b B W
AR TR T i A T ro e v, HL3h By
T R A, JHL R A IR IV ) e e R A T R
MRS R E M TR B " &b, 5 R
Ab FRZE AR HG , T B A 388 20 i R L VRE S T 3 B
VBT (R E TR AT, L o e T B Ak 4 o
B

0 5C
mol/L. moll/L

Y SN SET IECTR TR e
& W oF T t

-

0 50 100 150 200
NaClif¢ J&/(mmol/L)
(¢)  Ommol/L 50 mmol/L100 mmol/L.150 mmol/L. 200 mmol/L

K Ab 3
s el

AL

T

5 FALEWNAREREFIRESETERTFHEILR
LIS g S ki b= |
Fig.5 Effect of preheating treatments on the appearance,
particle size and morphology of flaxseed oil body

emulsion under different salt ion concentrations

2.4.3  WRRLEERRE PR B )

iR A B XS A [ 1 B 2% T I RRA I A LB AR
FEPERI M AN 6 Fis .

HH L 6 Tl T A dh AN [R) TR A5 1 Ak P S
PR AT IS . 5 R AL BRZLAH LE, AH TR
T I T B A B A Yl (R LR 1 T A R AR A R, I
H BRI TR AL B2 398 A /) , 2 T 0 Ak 3
Ko AR TEA RN B S5 T a5 e %,
REAEREMG Ui AU HRIF AR WP
FLW A AR A SR B A & i T
TR FL A B E ko Twanaga 25170 % 3E B4 4L B
(30 ~90 °C ) H-I A7 i fe) 2 1 it 7K A FE DT 5 1 Ak 7k
PRFLIR S F4 s Chen 25 57 T K S MR LI 1 08
FE I, & R AR FL IR AE AL RS PR RS , DA
FFREE R S ARV A R — 8 L5 b, WRRAT I
RFLE A RIFR R E T . 5 AR AL FHA A
Ll THURACA A T A 2LV AE AN TR I B A R e 1



92 CHINA OILS AND FATS

2025 Vol. 50 No. 6

A, JHE e ol TR ik P2 PR 32 B/

(a) 4°C | 25°C [37°C [65°C | 90°C

A
L

| 4°C |25°C‘37‘C‘65°C ‘ ”%\

oF ks e e mpy

4°C | 259C| 37°C |65°C | 90

—
=2
=

SEHPRIARS m
oo m =N
SN I S NN

e

6 FIFALIE IS A ER A& M T IR R A EL iR
R
Fig.6 Effect of preheating treatments on the appearance,
particle size and morphology of flaxseed oil body

emulsion at different temperatures

2.5 TR AT T RAT AR SLIR B R Y
EAC

MEFRFFIHAA FLWE & & PUFA, 76 & o it 72
T 5 e RSB AR S B i T T T
XS R FI A LB A A RS T s AN ] 7 T o

FH L7 AT, S RRFF T AR 2L 00 B POV 4%
1%, X AT R 5T A SR I AR 25 4 DL S CH: YR A7
P S T R ) 0 S SR <) 11
] B4 2 K, T A A G 1 POV 2 TBARS 3K,
5 R TAALE SR AR B, I 5 s A v ka3 A 4k 2R 2
IMARFLIE AT POV 5 TBARS Sk - 35 i 2 FEAR, ué
AP Ak 380 20 il A L D o AR A AR B /N , T
il B2 BRI T HA A B AT i AR FL I POV 5 TBARS E'
PR ¥ TR, BRI 2 AL iR FL e T AR
FERSR o 250 S A B RAAR T S RRAT T A 2L
(IR B A AR RS B T Il ARFLI Y A AR e 1 .

POV/(mmol/kg)

TBARS/(mg/ke)

KAbB ZEH Pt ¢l
E7 FALEITRFRELEENTRE NI
Fig.7 Effect of preheating treatments on oxidation stability of

flaxseed oil body emulsion

3 & it
FEh] FAHE R 3 I RRORF AR A 2 fel T R

FRI AL A AN R FE A SR AR, 186 R HF- 2 ki A

KoK i 8 i EE, H A i A B i B . 3

o T AR AR B 2 IR IV RO Tk S LB R I RS 2 1 A

IEAe I, P R A PR e e BN o 3 Ah,

T AR AL AR B T S RRORE il A L R Y S R

P T FACHEE T2 ) FT A A FHE ) B AT 17 STV JBR SRR ATk 4%

FLIR I AR E Ve PRI, TR0 R 3 3 S JBRAS 114 93

FARE B 52, X A LR RS E MR )

B3k

[1] MUEED A, SHIBLI S, JAHANGIR M, et al. A comprehensive
review of flaxseed ( Linum usitatissimum L. ) : Health —
affecting compounds, mechanism of toxicity, detoxification,
anticancer and potential risk[ J]. Crit Rev Food Sci Nutr,
20, 63(32): 11081 — 11104,

[2] YU X, NIE C, ZHAO P, et al. Influences of microwave
exposure to flaxseed on the physicochemical stability of oil
bodies; Implication of interface remodeling[ J/OL]. Food
Chem, 20, 368 130802 [ 2024 — 05 - 13 ]. https://doi.
org/10. 1016/j. foodchem. 2021. 130802.

[3] OOMAH B D. Flaxseed as a functional food source[ J]. J
Sci Food Agric, 2001, 81(9) : 889 —894.

(4] B5H, A EJE, EAELE, 5. FLAHI 2RI /K A 3k B4

SRR FL ) AR PR e [T ] rb g , 2025, 50

(2):34 -41.

YAMASHITA T, SANO T, HASHIMOTO T,

et al.

[5

[

Development of a method to remove cyanogen glycosides
from flaxseed meal[ J]. Int J Food Sci Technol, 2007, 42
(1):70-175.



2025 4 55 50 45 5 6 1] T

Rl

93

[6] HE F, HUANG F, WILSON K A, et al. Protein storage
vacuole acidification as a control of storage protein
mobilization in soybeans[J]. J Exp Bot, 2007, 58 (5):
1059 - 1070.

(7] BSESE, wfial, AL, 5. R R i e P2 I 2 AR
A6[J]. g ,2022,47(8) :25 - 30,56.

[8] CHEN B C, MCCLEMENTS D J, GRAY D A, et al
Physical and oxidative stability of pre — emulsified oil
bodies extracted from soybeans[ J]. Food Chem,2012,132
(3):1514 - 1520.

[9] FABRE J F, LACROUX E, CERNY M, et al. Barriers to
the release of flaxseed oil bodies and ways of overcoming
them[ J/OL]. Oilseeds Fats Crops Lipids, 2015, 22(6) ;
D607 [ 2024 — 05 - 13 ]. https://doi. org/10. 1016/].
foodchem. 2019. 125401.

[10] ZHU Y, MCCLEMENTS D J, ZHOU W, et al. Influence
of ionic strength and thermal pretreatment on the freeze —
thaw stability of Pickering emulsion gels [ J/OL]. Food
Chem, 2020, 303 1254012024 — 05 - 13]. https://
doi. org/10. 1016/]j. foodchem. 2019. 125401.

[11] JOHN L, CORNFORTH D, CARPENTER C E, et al.
Color and thiobarbituric acid values of cooked top sirloin
steaks packaged in modified atmospheres of 80% oxygen,
or 0. 4% carbon monoxide, or vacuum|[J]. Meat Sci,
2005, 69(3) : 441 -449.

[12] CHEN Q H, ZHENG J, XU Y T, et al. Surface modification
improves fabrication of Pickering high internal phase
emulsions stabilized by cellulose nanocrystals[ J]. Food
Hydrocolloid, 2018, 75, 125 - 130.

[13] MCCLEMENTS D J. Protein — stabilized emulsions|[ J].
Curr Opin Colloid Interface Sci, 2004, 9(5) ; 305 —313.

[14] WHITE D A, FISK I D, MITCHELL J R, et al
Sunflower — seed oil body emulsions: Rheology and
stability assessment of a natural emulsion [ J ]. Food
Hydrocolloid, 2008, 22(7) : 1224 —1232.

[15] MCCLEMENTS D J. Food emulsions: Principles, practices,

[16]

[17]

[18]

[19]

[20]

(21]

[22]

[23]

and techniques[ M]. 3rd ed. Boca Raton: CRC Press,
2016.

HOU J, FENG X, JIANG M, et al. Effect of NaCl on
oxidative stability and protein properties of oil bodies from
different oil crops [ J/OL]. LWT - Food Sci Technol,
2019, 113 108263[2024 - 05 - 13]. https://doi. org/
10.1016/j. lwt. 2019. 10826.

ZHOU L Z, CHEN F S, HAO L H, et al. Peanut oil body
composition and stability [ J]. J Food Sci, 2019, 84
(10) . 2812 -2819.

GUZEY D, McCLEMENTS D J. Impact of electrostatic
interactions on formation and stability of emulsions
containing oil droplets coated by beta — lactoglobulin —
pectin complexes [ J |. J Agric Food Chem, 2007, 55
(2): 475 -485.

DEMETRIADES K, COUPLAND J N, MCCLEMENTS D
J. Physical properties of whey protein stabilized emulsions
as related to pH and NaCl[J]. J Food Sci, 1997, 62
(2): 342 -347.

IWANAGA D, GRAY D A, FISK I D, et al. Extraction
and characterization of oil bodies from soy beans: A
natural source of pre — emulsified soybean oil[ J]. J Agric
Food Chem, 2007, 55(21); 8711 -8716.

ZHAO G, ETHERTON T D, MARTIN K R, et al.
Dietary o — linolenic acid inhibits proinflammatory cytokine
production by peripheral blood mononuclear cells in
hypercholesterolemic subjects [ J ]. Am J Clin Nutr,
2007, 85(2): 385 -391.

TONON R V, GROSSO C R F, HUBINGER M D.
Influence of emulsion composition and inlet air temperature
on the microencapsulation of flaxseed oil by spray drying
[J]. Food Res Int, 2011, 44(1) . 282 —-289.

FISK I D, WHITE D A, LAD M, et al. Oxidative stability
of sunflower oil bodies [ J]. FEur J Lipid Sci Technol,
2008, 110(10) : 962 —968.





