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The pseudophase model interpretation for the antioxidant efficiency of

ferulic acid and its alkyl esters in oil-in-water emulsion
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Abstract; Four ferulic acid alkyl esters were obtained by the
direct esterification reaction of ferulic acid with the respective al-
cohols ( ethanol, butanol, octanol and dodecanol ). The
antioxidant efficiencies of ferulic acid and its alkyl esters in bulk
methanol solution and in 2 ! 8 rapeseed oil-in-water emulsions
were determined by the DPPH assay and the Schaal oven test,
respectively. Results showed that ferulic acid had the highest an-
tioxidant efficiency in methanol solution, with its DPPH scaven-
ging abilities 0.967 mmol Trolox/mol. Ferulic octyl ester has a
maximum of antioxidant efficiency in rapeseed oil emulsions. For
the emulsions with the addition of ferulic octyl ester at the

volume fraction of emulsifier 1.0% and the oil to water ratio 2 :
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8, the time to reach a conjugated diene value of 1 and the p-anisi-
dine value of 6 was 51 and 40 d, respectively. The pseudophase
kinetic model was used to determine the percentages of ferulic
acid and its alkyl esters in the interfacial region of the emulsions.
The results showed that ferulic octyl ester was the most efficient
antioxidants in the emulsions because its percentage in the inter-
facial region was highest.

Keywords: ferulic acid; esterification; emulsion; antioxidant effi-

ciency; pseudophase kinetic model

B P AR 28 ARl 2 7 A T L R RS R e R R
39 AR B O M A O I R R O (R A
P 2 B E B DR 22— LR (A
W ROR G T OB KR A i T R AU
FE e B 2 B R AR HRT BRAR IR A R A
BB Jr B M e 22 U R O R R RO R AR BUA I
e,

Wy BRAE A AR T IZ A7 7E - i T RE B AL B0RE 2% 14 A 2K
PR Sl B 2 AR 0 B i R AR T S AR
S MR PR R B T AE R AAIE Sl 2R 4 - 3 8 I Tl 1k %
PRI /K T B T A LA R R i R
G AR SR A N R HHEAT T W A . AR SR g K
P i HG B B 4 R 67 T 41 SN & AR B K B T DA T
o HAEFL L R R b T A AL PR RE RIS R AT R 2
TG0 S A AN ) i < 1 1 Jo8 i e I A 1 M3 iR 7E 5L
TR BB AR R0 R 2 B A L K P o T s 3 e R
— 2 S K U B AR R I R AR R B el BT
ELEU R IS VAP R B B E S S I N NS e
Costa 551 FIBCAH 3l g 27 465 R4 fi B 17 wim ol e K% ML e B T
(Co~Cro) Bl 7K 3 0 470 A 2003 38 di R P J A
i SRR % H b T ) 0 SR AR AR R S AR FL R T

29



30

HA#F 55 FUNDAMENTAL RESEARCH

DI 1 B 43 BOAH X 7 o 8 F A 2 A R R i 1 R L
TS T DX A 0 AR K P AR RO R

7 58 F 33X — A5E R 1) 3 P 5 3K 56 PBUTE 5 5 ek R 45
4 HE B 2L B BT B R (A B G o 355 1 A 249 4 PR I R
rh R SRRl L T PR . TR Bl g AE BRI
AEFITH FA K de 4 T8 16 L VRS 1T o 1 40 A1, B TE W R
E LA R A e A 0 B AR AL R 2 R A AR A
1 #RLS Uik
1.1 #E5iRA

BTER R (4l B 97%) . %t W3k R BE MR (A 4
$==99.0%0) KN e K e (4l 97 %) (AR AR T
fig (4B 906 =R ALHN & Tk (Al 98%6) (R R 25 & ik
OrHrat) IE -+ 2B R 5y 80>98.0%0) « i 22 e pk A
R A R AT

Trolox: 4l fF 97 % , 2% [# Sigma 2\ 7 ;

DPPH . 4li [ 96 % , H A R4l 24 Tl bR 25 4k

Sy F i EEE (200 ~300 HO i M (200 HD : [H 2
A AL 20 A BR 2 ) 5

Ho At 32700 34 2y T B 3 A

SR R R Ty s,
1.2 UE5E&

AN ORI : Agilent Cary60 B, ZHEMRFH L (h
=D A R F

pH it :PHS-3BW B, b iR A PR A A

SIS AL ZF-7 B, RN S B A A R
ANEIR

12 TR A T AL - FJ-2000 B, B4R AL AR )

1t FL B 3% Y . AVANCE TIT HD 400MHZ # , 3
A N T

fi B 4T AF 6 3% X . NICOLET 380 #1, 25 = & & /1
NI
1.3 RKEH*
1.3.1 Bl 2% B8 e JE B8 ) & B M R AE 2 % Sorensen

SFUIM Tk MEBY KA RBER WA 1 iR, &
15.4 mmol P B8 15 % T 150 mL PY & kg (THEF)
BB, 1 mol FTELER 55 3 mol B BE JR Lb 7S in 51 b 2 iR
B9 THE %98 P TR B R (e SR L4 Bl 500 i
AL BRI 40 mg/mL 9 48 F 5% LA B 25 = 7 v e
AWKy KR E TR & T, 7€ 250 r/min, 55 C
BIS PN RGN 5~7 d. N S5 W5 - R £ 4> T . %8
% THE Jt ¥ IR A WITE LR BRI . 5 A5 %
W B2 80 5% 1 NaHCO, % W K B % B0k It
BRI T4 LABR SR REM K . SRS - o Bt a3 0k (LU
TR B TR £ TR SO IR 2 T B B R B K B R A
P4 52 B R

B 2188 | 2019 F 12 A | RS

COOH COOR
/ /
R=H, FA
R-OH R=C,H,, FA-C
N i R=C,H,, FA-C,
H,CO e HCo R=C,H,,, FA-C,
OH OH R=C,H,, FA-C,,
B 1 JUR T A B B B 4G A R &

Figure 1 Synthesis route of several alkyl ferulates
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2.1 MBRBRERNESHREMRIE

W B 1% 2 1% (FA-C,) 'H NMR (400 MHz, Acetone-
ds).0:7.59 (d,J =15.9 Hz,1H),7.34 (d,J =2.0 Hz,
1H),7.14 (dd.J =8.2,2.0 Hz,1H),6.88 (d,] =8.2 Hz.
1H).6.39 (d,J =15.9 Hz,1H),4.19 (q,J = 7.1 Hz,
2H),3.92 (s,3H),1.28 (t,J =7.1 Hz,3H), FTIR v:
3 405,2 980,2 842,1 703,1 632.1 603,1 514,1 429,
1270,1178,1 034,847,818 cm ™',

frf 8 /R T fig (FA-C,) '"H NMR (400 MHz, Acetone-
ds).0:7.60(d, J =15.9 Hz,1H),7.33(d, ] = 2.0 Hz,
1H),7.14(dd, ] =8.2,2.0 Hz,1H),6.88(d,J =8.2 Hz,
1H),6.40(d.J =15.9 Hz,1H),4.15(t,J =6.6 Hz,2H),
3.92(s,3H),1.66 (ddt, ] =8.9,7.8,6.4 Hz,2H),1.51~
1.29(m,2H),0.95(t, ] =7.4 Hz,3H), FTIR y:3 405,
2 955,2 875,1 700,1 630,1 599, 1 516, 1 455,1 269,
1170,1 032,848,817 ecm ',

BT8R = 5 (FA-Cs) 'H NMR (400 MHz, Acetone-
ds).0:7.60(d. J =16.0 Hz,1H),7.34(d, ] = 2.0 Hz,
1H),7.14(dd, ] =8.2,2.0 Hz,1H),6.87(d,J =8.1 Hz,
1H),6.40(d,J =15.9 Hz,1H),4.15(t, ] =6.7 Hz,2H),
3.93(s,3H),1.79~1.62(m,2H),1.51~1.17 (m, 10H) ,
0.88 (d, J=17.0 Hz, 3H), FTIR v:3 417,2 930,2 857,
1704,1629,1598,1 513,1 458,1 269,1 168,1 031,848,
817 em™ ',

FIBLER + — & (FA-C,,) '"H NMR (400 MHz, Ace-
tone-d;).6:8.11 (s,1H),7.50 (d,J =15.9 Hz,1H),7.26
(d,J =1.9 Hz,1H),7.05 (dd,J =8.2,2.0 Hz,1H),6.78
(d,J=8.2 Hz.1H),6.31 (d.J =15.9 Hz,1H),4.05 (t.
J=6.7 Hz,2H),3.83 (s, 3H),1.59 (p,] =6.7 Hz,2H),
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1.44~1.00 (m, 18H),0.78 (t,J =6.6 Hz,3H), FTIR
v:3 402,2 928,2 856,1 703,1 630,1 594,1 514,1 460,
1265,1163,1 031,847,818 cm ™',
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Table 1 DPPH radical scavenging ability of ferulic
acid and its alkyl esters
(mmol Trolox *« mol™")
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FA 0.96740.003% FA-Cs 0.6724-0.002¢
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FA-C, 0.61840.005¢
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Figure 2

different volume fractions of Tween 20
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Changes in conjugated diene (CD) value with time in rapeseed oil/water emulsion with



&M | Vol.35, No.12

[’}
T

—=— X A

-1 A

p—anisidine value
o
T

6 —— [A
—<—FA-C,
4 v FA-C]
L —— FA-C{
e FA—C12
00 10 20 30 40 50 60 70
b JHE e ]
Storage time/d
(a) 1.0%
161

—u— IR

P R

p—anisidine value
o

6 —o— A
— FA-C

4 —w» FA-C

2i7 —x— FA-C,
—%— FA-C

Il I
0 10 20 30 40 50 60 70
R )
Storage time/d
(c¢) 3.0%

HMRE MRBREEREBEEASHARPRALNENREELNER

16
14
o g
= 2 10
w8 —a— X R ZH
}%]%[ é 6 —o— A
X7 —— FA-C,
O] — FA-C,
* — FA-C,
2 % FA-C,
0 L L L L L

0 10 20 30 40 50 60 70
I S P ]
Storage time/d

(b) 2.0%

P A

p—anisidine value
o]

6 —o— A
— FA-C,

4 —» FA-C,

o —x— FA-C{
—— FA-C ,

Il Il I
0 10 20 30 40 50 60 70
e s 7]
Storage time/d
(d) 4.0%

B3 REKRYHKeER 20 #H &0 EFHLR T p-9 KA (AV) A 6 T4

Figure 3

Variation of p-anisidine value (AV) with time in rapeseed oil/water emulsion with

different volume fractions of Tween 20
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Table 2 Values of partition constant P{ for FA and

its alkyl esters

AR A Y

‘o
e SR Y IR Ve P
FA 96.40+0.62 — —
FA-C, 33.40£0.20 65.11£0.31 7.80£0.26
FA-C, 8.0040.15 90.50£0.85 45.20£1.65
FA-Cy 5.40+0.04 93.10+1.05 69.00+3.85
FA-Cy» 3.70£0.02 94.80£1.54 98.70£5.61
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Figure 4 Changes in absorbance and In(A, —A,,/)

of the azo dye with time
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Table 3 Change in the observed rate constant &,, for FA and its alkyl esters with volume

fractions of emulsifier @, s !
Ff i 0.5% 1.0% 2.0% 3.0% 1.0% 5.0%
FA 6.4X107° 3.9X107% 2.5X107°° 1.8 X103 1.4X10°° 1.1X10°3
FA-C, 9.0X10° 5.0X10% 2.8X107°° 1.6 X103 1.1X10°° 0.9X103
FA-C, 8.0X10° 5.5X10% 2.8X10°° 1.8 X103 1.3X10°° 1.1X10°3
FA-Cg 8.0X10° 4,0X10° 2.9X10°° 1.7X103 1.2X10°° 0.9X103
FA-Cy, 7.9X10°° 4,9X10° 2.5X107° 1.7X103 1.1X10°° 0.9X103
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Table 4 Values of Ply,, P}, and %, for FA and its
alkyl esters

FE P} Pl ki/(Lsmol™!+s71)
FA — 145.89 0.015
FA-C, 392.22 3059.31 0.011
FA-C, 188.29 8 510.51 0.012
FA-Cg 629.18 43 413.69 0.010
FA-Cp, 332.17 — 0.013
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Figure 6 Changes in the percentages of FA and its alkyl
esters in the emulsion interfacial region with
different volume fractions of emulsifier
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