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Effect of tocopherol on stability of flaxseed oil nanoemulsions
GUO Xin, LU Yuning, ZHANG Tao, LIU Ruijie, CHANG Ming,
JIN Qingzhe, WANG Xingguo
( Collaborative Innovation Center of Food Safety and Quality Control in Jiangsu Province, National
Engineering Research Center for Functional Food, School of Food Science and
Technology , Jiangnan University, Wuxi 214122, Jiangsu, China)

Abstract; The effects of tocopherol on the physical stability and oxidation stability of flaxseed oil
nanoemulsions were researched. The results showed that tocopherol significantly reduced the content of
lipid oxidation products in flaxseed oil nanoemulsions, thereby enhancing the oxidation stability of the
nanoemulsions, and did not affect the particle size, PDI and Zeta potential of the nanoemulsions.
Therefore, tocopherol could be used as an antioxidant to improve the oxidative stability of flaxseed oil
nanoemulsions, but had no effect on the physical stability of the nanoemulsions.

Key words: flaxseed oil ; tocopherol ; lipid oxidation ; nanoemulsion ; physical stability ; oxidation stability

IRBRFRL TS, ZHERRELEL REEF R G H 7, ik L4 214122)

SERRFF , WAREARRAT , & il 38TE 38% ~45% , 2%
HERHEEY, g R P ESEEZ NH I E.
RESLIIER n -3 ZAMEHIE BTER 7ECo % M8
PR e E S R 0 14 T 5 A A o o R R E AR
'Y REBEFMMXEIRAE S 0 -3 2R
FRERIBR AR E . MERRFFI T o« - TRRIRAY & 817
o TENMAACHE R, WRRER FT LARE AL —+ —
B7SRIR (DHA) Ml — Bk FURER (EPA) % n -3 £
ARG TER > o K BB 5 TIE 52 TR R A R

TS B #9:2020 — 02 — 17 4& 5 B 88 :2020 — 05 - 26
EeWB:-EZXERBES IR - REANERIA
(JUFSTR20180202)

EERT 58 #&(1995) 58 TR+, B 5 7 1) i g 8
% (E-mail ) gjinzhou1995@ 163. com,,

BEIEE A 93, B (E-mail) Chang@ jiangnan. edu. en,

AT LAREA 28 2 Fh I8 M i RS o B % T8 R
AT KA R R A SR T, T 57 b BT R
ZHIIREME R & P E S n -3 2B
THEEME= LB 2. 4R, B R RRIHIKEL
WRE B Z 0L T IRETE R BUR PR VA 1A 2t BEY)
A ELER AN RE . AGOKRFLIOZ 5 AR BN AT LR
HAAAARE P, 15 W] LA S 3 s g B AL e A AR
ZITEORS €

SR, FLIBCTE ) 4 Al A A0 0 FH A 1 78 o, I 5
FEBEYIX H A= TR P B TR E A R B R
Wi o AR FE R ) FLIR S LR R AN ZK AT L
FEARFLIR R SR AL =40 , 2E T 48 = FLl Y B AL AR E
PECT BB BE Y AT LA 2 ) o
TR L SRR, S E i 7K T A BEL A B SRR Y
Mo R RAE Y R LAY PR AL, 2



142 CHINA OILS AND FATS

2020 Vol. 45 No. 11

AL — S IR e B G R
TR BBt Ak, FE AR A b fE AR B By Al LA 5T
Bk LR, TRk B B &R TE R E iR
ey, NS i i A ia et . HREXT
A= %ot 2L T B 2+ 0 R B Ak B B IR AR 5T A
B,

AR S 1 [ R A3 O/ W 9K FLk p s i Ak
B 5 A B W W RRAT i O/W 40K ZLI A 9
HREEMLFREENER, DR E &
n = 3B FIRE BTER AR Y Te B IR S5
1 #MRl5H%

1.1 A

TWRRFFHR B TEE B EABHEARAA,
RISt &AL, FLIE B E H W T £ E Davisco
i

St E LR 1,1,3,3 - S 0LDU 2 8% B8 TR
RAR, Sigma /A &) FEE IE C b F IR BN 34l
Fisher A 7] ; IEC k¢ I BE . TC/K S Bk EhR . A& 4L
BB AL EA e, [ 25350 PR A .

1.2 s£EJrik
1.2.1 RRFFm RO E raife

H— 8 & 0 RRFF L SRR 11 5IEC fE
RAE, Tl O R HE R . BT 6 cm x80 cm,
HRN A SR RERR REEE £ MR RERR, ERHEL
By 5:2:1:2:5, AR D Lk 1 /s, YRRl
EE k.

1.2.2 TWRRAT IR AR ZLIR A il 2%

PIFLE /B8 E (WP Sy 2LAR T, K B i A%
R 2% MELE B E BRI, B e H
FLIE 7 S E BRI TRRAT AR R 90 1 1R
B U IINE FRAFIR S T & 2. 4% 894 F B, 20 000
r/min = # 8] 2 min J5 5 LK FE S L E ) 120
MPa JEFFREL 4 IR B Z5AF T 2, 15 250 JBRAT 76 20
KW ST EDBRE R A VK AR &4, By 1k 3,
A AFLIR R E 0. 02% B2 E A4 5 % #ik
T 37 CHAEIRAR o 5L, 1 1A A AH AR bR AR AL, B
SIS ENE . LLRTS AR B B 10 ML RRAT I 40 K
FLI AR HRAH o
1.2.3  SEJRRFF 1 A BT R 4H A )i o

SRR 180 i 5 R 2H R RE 2 % Zheng % Y
T
1.2.4  ERRAFIHIAE B A FE Y & & 0

EEBEES% Guo % T, RARM G
Wk ATIE . HEESES% Shi & ik, R
FSAH G - BTk Ak ATl e .

1.2.5  SERRAT I 49K FLIR 0 P 3 R AE

FLIR A BRI 2 00 BUR B0 (PDI) 8 2 HR
Liang % B9 751, 16 25 C T . I A7 4 B
o i PR 1) 5 3 388 ' B YIS BB LA okt B 22 R ST A
N, TR SE R S R 2 M KL E 5 Zeta HAL 50T
&

Zeta R Z FAERE S Zeta B4 53 HT1X
WRE o i R PR 20K T00 7% B LA G S B AR
(DL SR AE ELAFE 5 ~ 10 Z[A]) o
1.2.6  SERRFF 0K ZLIK 00 R B 8k 7= il

FLR A R B & BARYE Liang %0 1975 1%
e . FLW BB Bt 2 B2 ) i 97 (TBARS) & &
S Mi % T EIE
1.2.7 ¥UEESHr

BRI EESR 3 K, KA Excel2017 1
SPSS18. 0 #4777 24047, R LA 391E + brifE ="
FR o fH A Origin A4HIE
2 #ER5iHR
2.1 HALET G T RRAT S B B e B AR R A 44
2H %,

WA A B & — 2 &M MEFREY, T2
AT M2 H S, XY 507 1E ] fE
SXTININAE B B 4 RAFE—E 1) T3, FHIL, 78
NSRS JRR AT it Al 17 B2 4EL B R R 3R T, 1 S il A A
AT A b ab B R P R R R E L RE

afi Ak A 3ERT I S RRAFFT A BE TR 2 RS R ot B 1
B & BUNE 1 iR,

F1 G EiELERIFHERRANMYEFEDSE

BgE| 4Ly Atk g
C16:0/% 6.02 +0.09a 6.18 £0.31a
C16:1/% 0.05 +0.00a 0.06 +0.00a
C18:0/% 4.29 £0.34a 4.35+0.22a
C18:1/% 21.55+0.22a  22.38 +0.56a
C18:2/% 15.97 £0. 11a 16.00 +0.34a
C18:3n6/% 2.30 +0.02a 2.26 £0.09a
C18:3n3/% 49.82 £0.56a  48.77 +0.41a
a - BB/ (mg/kg) 16.32 0. 11 -

y - HEH B/ (mg/kg)  289.63 £0.24a 3.23+0.11b

B- A/ (mg/kg) 1322.36£14.23a  423.36 +2.22b

T/ (me/kg) 180.55+2.99a  90.23 +3.66b
SV S B/ (me/kg) 323.66 £3.52a  150.22 £0.23b

W =R Y AT RIS A RN FRFRR RS &
FEZEF(P<0.05) .

HI R 1 ATHD, Al AL b SR S JRROFF I A i 7 R 4
RS R TE R E R SRR A 7 R R
B2, 7 iR iR (C16:0) BRfEihER (Cl6: 1) (AF g



2020 4F {45 % 5 11 143

i 143

B2 (C18:0) HIER (C18:1) \LyMER (C18:2) (o — W
JRER (C18:3n3) y — W JREER (C18:3n6) , Hit o - T
JPRER (C18:3n3) & B fwrm , AL/ 5 BN 48.77% .

WA FEEH o - EB B (16.32 mg/kg)
My - £ EW (289.63 mg/kg) , it EHraAiLE,
a-EEFHHEEHER, KBS0y - EEmMHE
bR, ZBRFE N 98.88% . WMRAFHH EZEEH 3 Fh
BB 8 - AP B S S i, Rk
CER[ 13 RIELE R —F. Hi . p-FHEENETE
B, 0 1 322.36 mg/kg, Al b FREBR T 67.98%
M) B - A H B, B B SE EER S 290008
180. 55 mg/kg Fl 323. 66 mg/kg, 4tk 5 F=BE %4 5l
7 50.02% F153.59% .,

PRI , 38 AT Ak A 3, AT DA 25 B ST R AT HH A K
BT R R REY) , BRI RR 4H UL e AR Ak
2.2 TprAF R K ILR 69 ¥ 12 PDI Zeta W A% (JL
H1~K3)

300
250

g
Z200
H

[ %) S

@
150
e
2100
H_

50

0

15
Fsf a]/d

B 1 DGR ) A A B AR AT i 2K FLik T AR R R2

0.28
0.26

0 I5 1 IO 1 I5 2I0 ZIS 3I0 3I5
i) /d
B2 Mg HA 8 A F B X T R AT it 4 oK 2L ik PDI B2

-15

|
[\
(=]

|
[\
9]

|
W
]

Zeta®i/mV

|
w
9]

- S

|
N
(=]

0 5 10 15 20 25 30 35
HiF [)/d
3 IeEEHA A A B B X I AR AT B 4K FLiT Zeta BBALAY RN

TP L AT, PR R IR a] , X ARZE AN SE B 20
FEPRAR R AR K, B RIS FERIR A KT, HLAH 1]
ZRAKR

PDI 38 # AR & FLI I Fe e IRl . B 2 W]
1,40 T ko B ZE N SR 0 4H 40 K FLIR B PDIT 4351 Dy
0.163 F10. 150, [{f & v 5 B+ (] A9 2 4, PI4H Y PDI
BIRHRE EH/NT 0.3, HAR TR EHEE S,
LB I3 A 9K FLIRAERE A 30 d | I 78 34 ] 591 4L
FERSH RS A ER%E . 4L, [T
MR FLR IR I T B, A% 90K LR R AR
T PDI F= A 0, SEER4E SR 5 Liang 4 MM T
JRAT- TR LI A 25 SR — 2

H [ 3 AT, 7R N IR 6], W2 FLIR Y Zeta
AR B X BRAZLIR D) Zeta FALTERE N
-34.70 ~ - 17. 45 mV, 525 4H 1Y 25 4k 70 Bl N
-34.28 ~ -17.63 mV, BB EHEZRF (P >0.05),
Wi B [a] R AT T 9K FLIR S AR B B A 252 i 3,
Wil Zeta HUOL, SCHLE 5 Cheng 261 44 72 (19 7 iR
LR s R —3,

2.3 B HMARIURGEAZTE(ILE4)
301
éi” 250 & 4l
gz.o L
S5t

RN
—1.0F

&

0 5 10 15 20 25 30
Fiof )/ d

| X AR
o | &S

0 é lIO ll5 2I0 2I5
Fif [/ d
B4 £EFEBMITLRTHAKILBEMIREENZ N

KT IR TR 1, S ALY # F ok
Be— A YR & &, TBARS & TBA S,
BRI ) J5 S L AR B 4 7200, 5 PR B g TR — %
AR AR

H1 4 AT, RIS 3 1 T AR B BL, Xk BEZH AN
LA R ANy &R EHRE BT B
% R [E] AR , W FREA R S A S B B
THE, FFEIR 24 d 3R E e (2. 48 mmol/kg) o 5L
AT ALY & ENZHN S, B ey
FRABMTXIRAP <0.05), X IRHAMLIH
TR 18] 9 TBARS & B R H KM, 9 %18
BTt AR SE B H B TBARS 2 &8 B B F X iR A



144 CHINA OILS AND FATS

2020 Vol. 45 No. 11

(P <0.05) , H R I fe it 1] B 52 56 25 f) TBARS
HEAINBAN—F. ERABMAETH A U—E
TP LA TR I 2 K FLIOIR B A AL ) — G A AL
P R EA T . AN, AW AR A BE 1
IE B B PR FLIB G R ALK T RE S

3 &

ARSCR FAFLIE 70 B 2R E AL AT ] 4 I RROFF Gk 27
KFLR, WFFT T AR B % S JRROFF 10 40 K FL IR B RS,
MR E R . BRI, I B B
AL 3 I U T A0 1) ST JRROFF il 40 K 2L P A —
R REEAT IR E & EXT LR A YRR E T
W . e mT DL, A B AT AR D S JRROFF ik 40
K FLIR A AN e Sl Y AL RS E P B
TRt & R B R R BT T
SE W
[1] YU X, TANG Y, LIU P, et al. Flaxseed oil alleviates

chronic HFD - induced insulin resistance through

remodeling lipid homeostasis in obese adipose tissue [ J].

J Agric Food Chem, 2017, 65(44) : 9635 —9646.

[2] BURDGE G C, CALDER P C. « - Linolenic acid metabolism
in adult humans: the effects of gender and age on
conversion to longer — chain polyunsaturated fatty acids
[J]. Eur J Lipid Sci Tech, 2005, 107(6) ; 426 —439.

[3] LIANG L, CHEN F, WANG X, et al. Physical and oxidative
stability of flaxseed oil — in — water emulsions fabricated
from sunflower lecithins; impact of blending lecithins with
different phospholipid profiles [ J]. J Agric Food Chem,
2017, 65(23) . 4755 -4765.

[4] CHENG C, YU X, MCCLEMENTS D J, et al. Effect of
flaxseed polyphenols on physical stability and oxidative
stability of flaxseed oil — in — water nanoemulsions [ J/
OL]. Food Chem, 2019, 301, 125207[2020 -02 —17].
https ://doi. org 110. 1016/]. foodchem. 2019. 125207.

[5] BONOLI - CARBOGNIN M, CERRETANI L, BENDINI
A, et al. Bovine serum albumin produces a synergistic

increase in the antioxidant activity of virgin olive oil

phenolic compounds in oil — in — water emulsions [ J]. J
Agric Food Chem, 2008, 56(16) : 7076 —7081.

[6] GUO X, ZHANG T, SHI L, et al. The relationship between
lipid phytochemicals, obesity and its related chronic
diseases [ J]. Food Funct, 2018, 9(12) : 6048 —6062.

[7] KARAOGLU O, ALPDOGAN G, ZOR S D, et al. Efficient
solid phase extraction of alpha — tocopherol and beta —
sitosterol from sunflower oil waste by improving the
mesoporosity of the zeolitic adsorbent [ J/OL]. Food
Chem, 2020, 311 1258902020 — 02 — 17 ]. https://
doi. org/10. 1016/j. foodchem. 2019. 125890.

[8] ZHENG L Y, KARRAR E, XIE L L, et al. High — purity
tocored improves the stability of stripped corn oil under
accelerated conditions [ J/OL]. Eur J Lipid Sci Tech,
2019, 122 (2) [2020 - 02 - 17 ]. https://doi. org/10.
1002/ ¢jlt. 201900307

[9] ZHENG L, SHI L K, ZHAO C W, et al. Fatty acid,
phytochemical , oxidative stability and in vitro antioxidant
property of sea buckthorn ( Hippophaé¢ rhamnoides 1. ) oils
extracted by supercritical and subcritical technologies [ J].
LWT - Food Sci Technol, 2017, 86: 507 —513.

[10] GUO X, SHI L K, YANG S, et al. Effect of sea — buckthorn
pulp and flaxseed residues on quality and shelf life of
bread [J]. Food Funct, 2019, 10(7) ; 4220 —4230.

[11] SHI L K, ZHANG D D, LIU Y L. Incidence and survey
of polycyclic aromatic hydrocarbons in edible vegetable
oils in China [J]. Food Control, 2016, 62 165 —170.

[12] MI H B, GUO X, LI J R. Effect of 6 — gingerol as natural
antioxidant on the lipid oxidation in red drum fillets during
refrigerated storage [ J]. LWT = Food Sci Technol, 2016,
74,70 -76.

[13] A, L, &8T5 ARSI A

BRTZE A EAR[T]. HEhAR,2018,43(9) 132 - 135,

[14] CHAROEN R, ANUVAT J, KAMOLWAN J, et al. Influence

of interfacial composition on oxidative stability of oil —

in — water emulsions stabilized by biopolymer emulsifiers

[J]. Food Chem, 2012,131(4) :1340 — 1346.



