XA ALY EnH=z 2023, Vol.44, No.16 127

EREAUEIB R AU E DR R A iR
AR 2L i R AR R P 1 535 i

HZEfY, Z=400, B
G M K2 Rk 5 TR 2ERE, WV AU 310014)

5 2 SRR FLAC A OB R 9K LR, B TR AR IS S 0 0 H R VE A B A D FL A R AR 2
H A (soy protein isolate, SPI) {EAILHAALFIN YUK AR E BRI . 45 BRI BAEFLEHI& L24%
TR 600 W SEELLT 1.5, Bkph B8 s. A I [E120 min, % L2024 T il & Mg oK SLIR R A &
F((75.1+4.9) %~ (74.6+4.2) %) . {KkifZE ( (244.0+3.0) ~ (246.8+4.5) nm) FlE Zeta o 4 5H{H
( (—67243.0) ~ (—69.3£4.0) mV) [KFFS. BEESPIFIMA, KR A . BRACE L2 SR E
e PG, AR E M R R . KRN, B R G L ATER AT BB, SV RRORT 4 K R o A
S AR AT TN RO R 7KV YA A AR e PR A, 7 — P B, R RE BRI B 28 3 . (R HAE &
s T ) S SR 1 R A

KB WA SEMAEIRIARE N KSR EE: YUK AR

Effect of Emulsifier and Co-emulsifier Combination on Oxidation Stability of Flaxseed Oil Nanoemulsion

TIAN Yitong, LI Yinhui, FENG Simin™
(College of Food Science and Technology, Zhejiang University of Technology, Hangzhou 310014, China)

Abstract: The purpose of this study was to investigate the effects of sodium starch octenyl succinate (SSOS) as emulsifier
and soy protein isolate (SPI) as co-emulsifier on the oxidative stability of nanoemulsion. The ultrasonic emulsification
method was used to prepare flaxseed oil nanoemulsion. The results showed that the optimum preparation conditions were
as follows: ultrasonic power of 600 W, core-to-wall ratio of 1:1.5, pulse mode of 8 s, and ultrasonication time of 20 min. The
nanoemulsion obtained under these conditions was characterized by high embedding rate ((75.1 &+ 4.9)% to (74.6 + 4.2)%), low
particle size ((244.0 + 3.0) to (246.8 + 4.5) nm) and high absolute zeta-potential value ((—67.2 + 3.0) to (—69.3 + 4.0) mV). With
the addition of SPI, the peroxide value (PV) and thiobarbituric acid reactive substances (TBARS) value of the nanoemulsion were
significantly reduced, and the oxidative stability was remarkably improved. This could result from the fact that SPI could increase
the hydrophobicity of the mixed emulsifier, preventing flaxseed oil from contacting with oxygen radicals in the aqueous phase. This
study will provide a new idea for improving the water solubility and oxidative stability of flaxseed oil, and provide a theoretical
basis for extending the shelf life of flaxseed oil and promoting its application in the food field.
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TR, KAEARAAR /N o [R] A ik o A =t K AB F
iR/ (D) o Rk, RS & 9K AL B 2%
ENBAETHR600 W, ASEEELT: 1.5, ka8 s i T
i [3]20 min.

1 1 1 J
400 600 800 1000
GHERIEAY

100 - B

80 | | |
Re0f = )
g ‘

K A0F |

100
80
R 60

x40

60
8 40
o
< 20
0 1 1 1 ]
1 4 7 10 13
Jikis =/s

A~D.HEFE I TEELL I IA) DA e A 2kt
KAEMIR W . P RAFEREZFEE (P<0.05) .
[ O F S ZUDC R A

Fig. 1  Effects of preparation conditions on K, value
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Table1 Effect of SPI as co-emulsifier of properties of nanoemulsion
i AR Pk R m PDI Zetafifi/mV  EIE%
NS SSOS 2181439 0.12840.029° —382+£03 792408
LS 1/3SPI+2/3SS0S  244.043.0°  0.196+0.032° —67243.0°  75.14+49°
HS 2/3SPI+1/3SSOS 2468445  0.100£0.057° —69.3+4.0° 746142

e FAIAFE TR ZR RS (P<0.05)

WRIFTR, Bt SPIF LB M O%IE N FI33.3%, T
KifRM (218.1£3.9) nmEFHEINE] (244.04£3.0) nm,
Zetafi it ) ( —38.24+0.3) mV & F F K F

(—67243.0) mV. H4Zetafi {7 (4 %HE K T30 mVI,
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R 08 O R S A R B A 9 K ST, T v e L HE SR T A
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SR, 4SPIM1/3 (LS) 3¥hnE|2/3 (HS) I, “F¥ki
B Zeta WAL A AR . 1K A PR it BE L il 78
1:1.5. BE#ESPILLGIfIE I, PDIE 4 A0.128 £0.02914
hn0.196£0.032, 4RJ5 W3E NFEF]0.100£0.057. SPI5
SSOS I8 5 B % /1580 7 PDIRIE i b6 5 £ [ISPI
W BHEE DRI A, FIRER TR N E AR, A5
5 SSOSIA#|*F4if. PDUNZ /- #PETa%L, PDIE/IN, 44K
FURHIRLAS oy A . et . PDIZNT0.20, TEHIgK
FLI R AR AT A SR PP, RUEEIR, 3 MEARE
PRI (74.6+14.2) %~ (79.2+0.8) %lihi, i
EMER. SREEA REEMEFEN62.8%) PIaiilik
SEEA. EEBERAE B AE (RmaiRN
63.70%) GKFLIA L, EITRA R . SEREH,
PASSOS A LA ISP 3L F Ak 77 0 499 2K 7L e 35 e b o,
TG JBRFF M -
23 HORFLRE TR R BV R AE

WMERAFTR, =HMWEWIIREHHRER, WE
DAL 3 PR LI 4 4 FL B o W 2B TR,
YK FLR KL AR 299250 nm,  TINS (R 285 /N TLS
HS. Ik4k, LS (E2B,) FIHS (2B, Z[Alffkifzasks
BEER, XUHRIER I

1~3.NS. LS. HS.
P2 HPAORBRESMI (A) FRMEsH (B)
Fig.2  Appearance (A) and microstructure (B) of lyophilized nanoparticles

2.4 DSCH T

WEBHIR, SSOSHIZL B /R H2 A 3 B IR i,
WEAH YRS (T, 751 ~148.91 'C (Ig1) F1178.59 C
(W2)  (F2) . WEfEH 1T REESSOSHIK S 2 K I ALY
KA )0 06 ¥ /K LB T 7100 °C, X2 H F-SSOS
DF5KGFZIRNARELE )G . WE2HSSOS
(R AL B o TENSHE e, OB SR S A5 14 1y IR i

(T=154.73 °C) . NSFmK{E (25.09 J/g) K T-SSOS

FES IS (33.90 I/g)  (2) . FEHSHILSHEES 4,
FEAEIE S 79 248 A 124.21 ‘CHIN142.05 °C, & AE 53 3l BFAR
$23.54 J/gF125.57 J/g. SPINISSOSESA B & 1) =W i
WE, RJETEHSHILSHE b, 3 IR AR AIE U6 4 56 4 400 1
(E3) X B LR R R R RGP, iRk B
R Efae s, FHEISFEXT SR IR 5

#2  DSCHlEMMIIFHE

Table 2  Thermodynamic parameters determined by DSC
Kb ae e T/)C  AHI (/g
SSOSIEF#r 102.15 154.73 234.22 25.09

1/3 SSOS+2/3 SPLAT#y  84.73 124.21 186.35 23.54
2/3 SSOS+1/3 SPIAT#1  93.25 142.05 213.69 25.57
SPI 150.04 154.15 195.08 41.51

g1 148.37 148.91 159.99 6.41

SSOS
g2 159.99 178.59 213.47 33.90
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NI N
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— - -
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T T T 1
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Fig.3  DSC analysis
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Fig.4  FTIR analysis
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PRBNUE, U0 8 VAR T J5R 1) 2% (R i R B A K T
(ERFRSESEPD i WMFFHI7E3 000 em ™' LA %A W
IR, X S LA R B ER IR A5 M . 1 024 em” Ak
JNSSOSIHIHFAENE, g i Z [ i NAB 7543 Aot b Bir
4 SSOS HL Al 3 Uk k43 . SPIZED 657 cm™ A1l 535 em ™ "4tk
WA 06 55 G e MR e T O, 3K 2 3R 1R PR AR AR 0, 5
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SPIAH L, Kk O BE R A BEIZIT (1650, 1547 cm™ ")
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Ak B IAT e 5 U B A O, R A2 710 em AR AT DA 2% F
3 ok A ft W AU B S5 /0N T ST JBRORT- 3ol (O PR AT 0, 158 BH 7L
AL HE AR AT
26 PRI AR E M

JIE TR A8 2 RS MR P i ORI, B I
AR B — BHORA, Bte A B 5 I 7 U N
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0 1 3 6
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Fig.5 Effects of co-emulsifier concentration on PV (A) and
TBARS values (B)

MESATT LA i, NSHIHSHIYIE E AR A PV
( (0.29+0.04) mg/kghl (0.124+0.01) mg/kg) W&
e TR M RE S RHEN, SR DR R A R Ok AR
TEBRNE, T RE A . A AR LS
AL, 2SI A AR 0 2 A S 2 AR SR
AR, X AT e AR R R RS, TS EK
FRIPVEE E . WEISARTR, NSIHPVIEsIEREZL, 7Ehn
AN R SE3RIL BN  (7.72£047) mg/kg) ,
T R PV (1.68+0.03) mg/kg) o BiH
AT PR FUBUR TR T 484k, LR R 4R
A JEH L R B, RO A X e i TS
AU il . AEGNK FLR R A SRR AR O, B T

A AR A AR T R, TR HE T4 e n
WAL R, HSIPVIRAR TECEH (BB1~3K) .
LSHIPV ( (1.30+0.03) mg/kg) £ 1K & T HCE
W (1.9940.05) mg/kg) , HEEIRLEREER.
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