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Effects of sesamol on the quality and oxidative stability of fish oil yogurt
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ABSTRACT: Objective To develop fortified yogurt containing docosahexaenoic acid (DHA) fish oil, and explore
the effects of sesamol on the quality and oxidative stability of fish oil yogurt. Methods The fish oil emulsion
containing sesamol was applied to fermented yogurt, and the effects of sesamol on the fermentation quality and
oxidative stability of fish oil-fortified yogurt were investigated by analyzing the changes in sensory evaluation, pH,
water holding capacity, textural properties, rheological properties, free radical scavenging activity, lipid oxidation
products and DHA retention of yogurt. Results The addition of fish oil emulsion had no effects on pH and radical
scavenging of yogurt, but reduced sensory evaluation, water holding capacity, hardness, 4°C thermostatic viscosity,
energy storage modulus, loss modulus and variable temperature viscosity from 4 to 30°C, and accelerated lipid
oxidation. The addition of sesamol did not significantly change the pH of fish oil-containing yogurt, increased
sensory evaluation, water holding capacity, hardness, thermostable viscosity at 4°C, storage modulus, loss modulus

and variable temperature viscosity from 4 to 30°C, and improved radical scavenging activity, lipid oxidation stability
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and DHA retention (81.19%). Conclusion The addition of 300 umol/L sesamol can improve the quality of fish oil

yogurt and enhance the antioxidant efficacy of the yogurt, providing a theoretical reference for the development of

DHA yogurt products.

KEY WORDS: sesamol; fish oil; yogurt; quality; oxidation stability

0 35

WiE NATTAE TG Sh 4R R, B S SR SR A R R
Tl B AR Az 2 a r e HRre A
TR Bt g™ ek R R h AR
MR BRI TE TR0 AL, 53 ANAN G B £ 2 )|
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methylphenol, BHT)AH L, 2 Kl BAG 5 4 A Bo A AL 16 P
A 25 AR 2 BRI A REA TS A0 A . SRR
AESORSE 3o R0 SR 2 it i 1y S5O, SR R A2 2 A R
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1.1 MR5RF
SREFLE 22 Mlekovita A PR F]); 2 RREH (AL =
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B Ao B (1 25 8 B R A IR A\, 1,1- 208
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TR T A bR Iy B BR A D), #EIE(60~100 H, H &
A THBA ).
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PRI (LI TR R 0 F1 6 mmol/L)FSmF| i iR 444
5o ¥ SY%IAHFD 95% M KAIR A, Wil T25 mdifi+k
B L 15000 r/min (R HAN R 2 min, BEEEADSFLIBOK
VK, 650 WS A HE 5 min, FRAREN RN 0.02%H)
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B BRI AT 4°CUKAR HREEI A2

Fz1 FRUVER
Table 1 Composition of yogurt
o 2RE4FL Il ZRRB  DHA & &
/mL /mL  /(umol/L) /(mg/100 g)
X B2 4y 100 0 0 0
5% IR 95 5 0 115
5%:2 R MRS 95 5 300 115
10% iR 5 90 10 0 230
10%Z FRG @R YS 90 10 600 230

13.4 &80 e B TR0
VIR ARLAS — BB, BEVL RS . Pk
W B S B S o, MERBOPEE AL . XA
R PR TR | AU T EA B Z B b T PEAN, F
SIFRUEILFE 2,
#z2 BRINBEETENIRE

Table 2 Sensory evaluation of yogurt

T Rl 55
RRE g, o fa ek 10
Sk MUTSIEN, WA B 46

IRk B, % TRmES 03
PSSR, B, BN 5oy

a7 HESR @, BEBs), Jokik 4~6
HRE, RS, JO6E 0~3

FHURAHN, BRAHIE H, JCIEMk 7~10

FUBGHEMR TR, BREhE F, ARMIE®  4~6
FUBOHRE, 1 RRE L, Admspek 03

FTFLATH . 5 710

EHEAVINA AL . 54 4~6
KRB 208 0~3

E[S =5 7-10

SRR R =57 4~6
REIR 0~3

1.3.5 & BR45 pH 49 E

i A pH X BRI B 1 pH HEA T A2 .
1.3.6 & hBnFRi e m 2

Fras BB REICH Woe 15 10 g BRUSE T30
B, IFCE R W, B0 (4°C. 3000 r/min, 15 min),
B 10 min, S ZEW, DR P kot
B (1)

1 0
1.3.7 &b BRAA JT M4 4 ) 52
fdF TA-XT Plus BiAg U INER IR . ] 36 R ]
Sk ZECh: IEEERE: 1710 mnvs, F 1 mm/s, J5 10 mm/s;
TRERERS 9 40 mm, FRIA MR S 5xgl?,
13.8 #hBR WA M ey R
K F MCR302 FHHI AN o S0k FRY3 WA i
BTUIH R AR LAY e R 4°C, fHAEHE: 300 t/min, X}
90 ANIELEEHE AT 360 s M, ERWIN AR T R
4°C, FIIZE: | Hz, AT 0.01%~100.00%, U4 21
ANBHe s PRSI EEIA: BYIEER: 505!, L 4~30°C,
FhE A 3°C/min, R4 24 MBI AP,
1.3.9 #ihBEA45 DPPH @ b 2L A TR & el
100 15, 0.5 mL WY, LBE. WERRIRA, Wi
JE B0(4°C, 3000 r/min, 10 min), & 10 min, BUERIAT
ioal R
4 5F S IE O DPPH L BEA (0.1 molV/L)IR G, T iE,
HEOEIEE (25°C, 30 min), PERIEE(S17 nm), LEERER
WA R xR, A ) RP
DPPH H 3G bR %/ %=
(- L6 IR
7 AW
1.3.10 &b BR A o fig iy B e m 2
X SHANTHAPM A 1) Jr sk it 4756 3%, A i e 45 o
R — A E AL A L FERRR(0.3 mL) S5 FrEby
SEREE3:L, ViV, 1.5 mL)IRA . WRE 10 s, [A1FF 20 s JHEE R
e, TR 3K, EidFE 2000xg FELL 2 min (4°C)FrES KA,
200 pL ¥R 2.8 mL HEE- TEAQ2:1, VIDIRG. BAREG T
FA Fe V(50 pL) S mIREA (50 uL, 3.94 mol/L), i
JiE, ZEARBEHFE 20 min, T 510 nm AL ERERE . Fe®
TR T R 45 B9 FeSO,4 (1 mL, 0.144 mol/L)#1 BaCl,
(1 mL, 0.132 mol/L)MR A V5 W #5.0>(2000xg, 2 min)J53k
1o R R A S AR T AR 2K -
13.11 & 5hE45+ DHA R F 69w 2
Z:H8 GB 5009.168—2016¢ & 5 & 4 E ZARE &
Jig 0 R A 2 ) 52 BR 405+ DHA B &5 2t
14 HIEALIE
BT 3 REHE, 45 R LU EEbR R 22
FoR. [ SPSS 25 #AFUEAT LR K 5 22 43 HT (one-way
analysis of variance, one-way ANOVA)%#7, f#i [ Origin
2021 4K

2 HER5HH

2.1 ZHRERRT & MBI R E TN BRI
IS 3 AT, X BEPR WA S0 . i FUERER . 4

) x 100% 2)
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Table 3 Sensory evaluation of different fish oil yogurts

i H Rk GRES RPN VRS AR Z

o FRPR 5 8.91+0.62° 8.19+0.52° 8.43+0.59" 8.21+0.62° 8.42+0.56°

5% M AR 5.12+0.55° 7.91+0.44° 6.35+0.38° 6.89+0.46° 6.15+0.45°

5% & R E I BR 6.97+0.43" 7.9340.66° 7.2620.46° 7.53+0.49" 7.36+0.68°
10% i R 1 3.58+0.37¢ 7.16+0.37° 5.47+0.41¢ 6.06+0.71¢ 4.06+0.35¢
10% 2 JFR M £ 7 BR 5.2740.21° 7.88+0.63" 6.55+0.53° 6.94:+0.32° 5.85:+0.34°

T PR NG FRER IR R A 2 A7 B 35 25 5 (P<0.05), T IA]..

ZUIRAS B AL Z AR B fie o BT A« S% Hm iR 5
10% MR DI WR . FUEGER . HEURZS A2 i

®4 TREIEMERYIE pH. Bk
Table 4 pH and water-holding of different fish oil yogurts

(VT 5T A0 T X B RR 05, 3 4 A7 2 £ e e 2 % FE i pH Fktkre B
MR IR | RS VR 7 R A T A, BRI 2 xt X B R 4.30+0.02°  62.27+0.85% 87.66+1.69*
5% Fa i ER T} 4.33£0.03°  72.58+0.67° 77.27+1.10°

HIMBR Y A AT HESZREIE o 5% 2 BRI HIMBRWIF 10% 2 R

(ER R | T R ] AR T 5% IR 5 10% 5% 2RI EIMERYT  4.34+0.01°°  71.64+1.10° 85.38+1.95°
éﬁ{m@f{ﬁﬁ ﬁﬁ@%%ﬂ@ﬁﬁu&%@{méﬁﬁﬁ%%%%ﬁ E%ﬁ 10% 3l R 15 4.31+0.02°  86.81+0.90° 77.37+1.16°
10%2 R IR TS 4.35£0.01°  78.66+1.10° 68.30+2.05¢

M, ELFGRRARAIERR | BT R AN RS2, eAh, 2
RR A 143 0 A ol 2500 00 P 40 14 L B UIR 25 T A3, 5% 2 IR
FOIM AR WA S AN HL LI BT AR e, A A7 1 B S A
F S%EIMERTT . AT, Z R ASRESE M Rk, %0
SR I — s, DRSS AImER Y B A Z
2.2 ZRRERXS & MER Y pH BIFZ M0

TR 0% B R J3E 5 XU S T B B AR O, W il T 4 S i
KBGO, R 4 TIHL, S5XTHRERIBAHEL, S% iRyl
Je 10% MR Y ) pH H & BRI, 5% FRBY il R
W5 S% L pH AN BT 220 . MRy pH
F & L R R LR TR 1 R U A, T LA F T LB 2 R
PRI TGS R 473 2 T st LR B 1) R B B R R I AT s 25
W SRS A B, BNINGE 2R 2 B A B M BR T
S WET AR B9 R BERE IR, (HJES 10% M0l BRI M H,
10% 2 R fIm R 0500 pH 4R, X ATRE R Rm 2
PR 100 1) 17 TR R 2 T
2.3 ZRERXT &RERTNIEK TR

PR K IO T HN BB LUR S, 2R ysh&E A
5 HA Wy R 22 A AR LA R T 3 4 T, S0 R R
WAHIL, S%EIMPRYIS 10% MRS K #8527,
FLARTE 70%0A Lo R Rk A 7 A0 A I B 48 e T i TR
T A3/ IN BT 5 R I X 245 HP R R B PR T Ak
RERY, oAy T Rl fa LI P AL A B I AR SR T I
SRR AR KBE AT K20 FkobE p B s ol Ak
B A% R, 0 ) P40 o5t J55 R T R 2 TG L T S BTG EE
TR, 5 10%AIMER WA L, 10% 22 JRR B F 3 B2 0% 1) 15
K BE T KW, R ILEE i fEa i
TR 2R F IR A R A 0k 1T AR A IR 0 W) 4% 45 40 1) K i 1 PO
AN, S%ZIRRE MR K TS S% iRy kA

S, TR AT H BLFLIE AT S AR ) A,
TiEH 300 pwmol/L 2 WRER 1IN ATAT e IR R 3 ISR 1 o
2.4 ZRRER 3T & HER U RAS YR M R RN

S BT JTAG R BT LAAS 2 BR W5 1 £ FEROOL . 2544 PR 25 AN
ShBRAEME L B3 5 AT, 5% AR WA 10% th il FR W3 1Y
TERE . BRRRPE L S DNERME L RCE M S X BEER WA H
R, U B LV S N A T RR A A B L B
PELBE . RYE . RETE. 5 5% AR, 5%
JRR T 60 70 T 4% P A 8 . 8 B M R A M S B, R
300 pmol/L 2 JFRI ¥ I A BEAS $E THfa h BR W5 (1 i 32 . bt
PERE A T o (R 10% 2R E i R I R B | IR % M5
10% 2 H R WY AH EH) B B A . b 100 2 BRI 25 41 1 25 11
BELS R A FHE W, M URTR S PRSI 4 45 44 110 1 5 1 ofe
R R i A 7 5 S e B RS A7 BT 2R O HER
PRI Ay SRRl B 2 R R S 2 5 i £ R AR o B AU G
T2 RED AT AR AR R 4 1 AR T AR5
2.5 ZRERXT EMER TR T B9S2
2.5.1  EREra: dh B 4°Claik K0 FAMA A ZL
8 7R

HT Tl 1 AT, I TR IS 1 2 WL 0k (1 140 i 5 T [ 17 42
KM M. FEARRIBS ] A, S%faihBR U5 10% il R U5 6%
FEES A AR/ IN T X IR RS, 2R BH A A BB AIK T IR 95
MG . 5 BRI A b, 2 BRI 0 T R % 14 266 3 B K
0 BH 2 JRR T A WA T 038 T T R % 1 2 R (X T
U5F 22 R 5 28 1S ) AU A A BLVE . 5 4R
WHRE SR 5% 2 R 0l R W 2 B 1 A8 Ak it de /), iX R W
TR AI 300 pmol/L 2 R T LA FR WS EE A Rt T AR A2 -
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Table S Textural properties of different fish oil yogurts
FE i ik Jig FhME Sl NP J A
X HE R 87.66%1.69" ~117.28+5.51° 0.96+0.08" 0.87+0.06" 75.76+4.51°
S% LM AR W 77.27+1.10° -80.04+2.65° 0.93+0.05° 0.83+0.05° 63.80+2.11°
5% JFR I £ I R 1 85.38+1.95° -95.43+4.89" 0.92+0.07° 0.80+0.07° 68.2243.31°
10% £ I R 15 77.37+1.16° ~53.08+3.80¢ 0.92+0.04° 0.83+0.04° 64.70+2.56"
10% 2 KT £0 1 AR 1 68.30+2.05° -53.53+3.16¢ 0.93+0.06° 0.84+0.05° 57.43+3.76°
20r BB
i —— 5% J%@ Ry
\ S R
\ —— 10%HHRYs
200 a\ —— 10% 2 bk B £ T ER 1

FEMFEE/(Pa.s)

MR
0 50 100 150 200 250 300 350
i [al/s
1 4°CHE 45 1F R A ) foa Jih R 0 2 WL 2 W et 17 28 1 i i 2%

Fig.l1 Curves of apparent viscosity of different fish oil yogurts with
time under constant speed condition at 4°C

252 ZAREN &b N E AR R ek

B ERY N AR R S5 AN B 2 TR o 7E B0 1 0 AR A5
BT, AR E (G > BFEE S (G”), I ARk
B (G AR FE R 5 (G R B LB, 0 BH 7 IR AL
728 N TGV 2 T R 340 I3 22 R W 00 Yo R 1) %) P 2% 235 AL 0%
2 BN O, FA B 0 S R [ RRRAE R, Bl
BN T, AR R (G0) T BRI PUT BT iR
R FHARRAL(G”), AR MRS, BRYYH AR A 5%
REACRES . B S XHRIRYI G R G i, ZRRE
WERYS G H G & FHIMRR Y, . X R AL A2k
WX HRR S ) 45 5 A AR B PERE . A, TR RIS REf% I
SR AR I R D 1) P 28 S5 R T R AR e, TR B 2 £ 1
5T I A S 5 I A AL BR W A 4 S VRSP
2,53 ZRErST BB A 4~30°Claik AR A T AU
FEEEAH o0

S FH R BE O BR WA AT, A0 iR R AR Ak
ot B4 P9 R A 2R 55 4 B SRR RE Mk BRI, A 9 BR WA HE
AT B TR ST AR ORI B 1 2 TR S K R .
WE 3 fin, S ERERY M FREE IR 28 T AR s,
THER Y (0 FRWLZE B HMIS T 2 BRI oy BR 9, X Fh e SR
B I A T SRR B A — B AR R A,
A i I R T N TR DL RT R, 2 BRI B AR/ T

100

G’/Pa

—8- G X HRR Y

—— G 5% HR Y,
—A—G” 5% R I ER T

—v—G” 10% AR,

" G lo%zﬁﬁiﬁ%ﬁ @{iﬁﬁ

0.01 0.1 1 10 100
BTN AR/ %

100

G”/Pa

=G Xif Eﬁﬁﬁ!ﬂ}

—v—G 10%&3@?@%}

10
0.01 0 1 1 10 100

BIYIN AR /%

62 4°ClrE BRI T A IR SR Y3 B it BERERE (G R
BUERR (G AL i 4
Fig.2 Variation curves of energy storage modulus (G) and loss modulus
(G”) of different fish oil yogurts at constant frequency of 4°C

10 90 R W5 W28k G VLI Tt v T T MR R o FEAH TR
ﬁ‘%W%ﬁ%@%%ﬁm%gﬁ%?ﬁwﬁ%,m%%
JRR 53 RE A0 138 558 2 4% 720 g I Ak 435 i v PR B RE
2.6 ZHE}Xf&HERYY DPPH BEHEFRBRIEMMN
E'.; ul"]

H 2% 6 A0, £ il A ES IR ) BEBR W i) P SR AL T A T
A EEVER N, 2 PR B A I L IR P BT R TE M TR
WIAH b B 5, X R 2 ) B & InsRER Y DPPH
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F S BRAE S . SCIRAE SRR, 5% Z IR il B9 HAT
I AbRE 1, L DPPH A 3L RRAE IR T 10%2
JRRIE FE TR WS o 10%2 BRIy £ ik R 0% 1) 22 JRR i R 6 00 5 6
R 5% 2 RR M FLIMIR Y 2 B, 10% 2 bRt il R WY ) £
TMERR WS e 1 A rh S A AR BE W5, 10% 2 R I £ AR 45 114
ZRRBR LA ] i A A S LS RE T TR, T2 10% 25
B IR DIPTSR AL RE IR T S% 2 AR MR W . A7 5C
WA, ZRRE AU MG BR DPPH A i 2E I RE

TR B, T ELZE SRR RIS AL h 2 RR I (B
AT M T RARBUEAL R 2 R R,

250

3 o X HER
eSOt
< 592 IR A R
—v—10% A R %
200§ o 10% KM AR 0
N
< \\\%\\
= 50 \ .
g \\\\\ Y
& W
100 - tii*%:‘
\\é,;\k‘t'\k\'
50 é llO 1l5 210 215 30

R EE/PC

B3 R ER W LA BELE 4~30°CHYZE fL it 2%
Fig.3 Variation curves of apparent viscosity of different fish oil
yogurts from 4 to 30°C

&6 ATREIEMERYA DPPH BHREFMRE
Table 6 DPPH free radical scavenging rates of different
fish oil yogurts

FE DPPH H Hi BETH R %/%
T B2 Uy 58.48+1.02°
5% IR ) 60.58+1.10°
5%:2 IRt B W) 68.67+1.96°
10% I R 15 60.7542.15°
10%2 BRI £ 7l 2 64.53£1.91°

2.7 ZRRERXS & HMERTIBE BRE LRI

Pl 4 IR WINE T — K EAL T P A B AR TE 4°Cliti
7d Ak, 7Td)E, FTARTN S EAPEEE K. 5%
F PR AN 10% 0 R4 4 A E AL P S8 3 K T % R R
Wh, It 5t AL R ARG o 592 BRI £ i AR 45
1 10%22 R 0 I R 3 1) S0 E AR P E 2 ) 8.2/ 5%
F BRI FN 10% RS . dBH a3 B9 b T BR U5 Y
g T4 Ak, AER 22 BRI 1 TR N 282 /& T 003 R 4% 1Y) SR Ak
e X5 DU P R —8, A% 6

ol i 28 9 0 A S 2 0 o 3 o R A AR E R . 2R
B 000 5 9 470 4 A P R D5 L A 1) 5 g R 2 R T
FEORIF AU b I HLA 5 I R R R 5l R i B 4R Al
T BRAE JUY . A2 BRI T A RO B S H A
T P B R A

L C1%50d
30 Edr g .
. 8 b
% 25 —
£
520— ¢ _g
i\% sk £ f
P g
1.0 F
i ; h
05F I
TS S
& ¢ ¢ ¢ ¢
S © & ©° 5
K e\e g\&$\ \Qg\m @ﬂ\
o o
) S
N T 3 4

TE: AR/NG FREIR A RIRE fh Z AR B35 122 5 (P<0.05).
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