2021 4FZH 46 5 S M

S A EC!

Rl 89

HAERE

DOI: 10. 19902/j. cnki. zgyz. 1003 - 7969.2021. 05.017

AEFRMEMBRBRER XD BEREHRUEERF
LA IERE R

%, EXE, T =

(THEXF ERFR,ARLALSREHEHNHR I T, ILR L4 214122)
FE  SLEOR R T 2R 88 0K T Bh M e o] 2R BR BE BL B A m Z 09 K 2o R AUVE L A2 P BRE A R A%
o B B B 2R AR W AL, B R TT SR B 0K Tl o 17 SRR B5 BB A2 ALV i F2 P RO AR, SR &
B, T 2088 SR B e e 9] SR B BRI 0 SR AR IR hm 2 38 5 500 mg/ kg, 7T A 237 ) ALME b BRAE AR M
W AB It B A Tk R | T R BR 69 BALTE R
KGR T ALBR K LB ; T SRR BA B A ; 30 BAL A FUVEIR 2 5 BRAA ; M
RE S S TS221;TS227 SCERARIRAD: A SLEHE 1003 -7969 (2021)05 — 0089 —05

Evaluation of antioxidative properties of ferulic acid amides with
different dosages in frying system of soybean oil
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Abstract : The changes of acid value, polar substances content and fatty acid composition of soybean oil
with different dosages of feruloylphenethylamine ( FRP) and feruloyltyramine ( FTP) during frying in
soybean oil were compared, and the antioxidation properties of FRP and FTP were studied in frying
system. The results showed that the soybean oil added with FRP or FTP with dosage 500 mg/kg had the

best antioxidation property, which could effectively inhibit the increase of acid value, polar substances

content and the oxidative degradation of linoleic acid and linolenic acid in frying oil.

Key words: feruloylphenethylamine;

polar substances

BT ZRIR Ay — A AP PR R AR DT
AT Z N T A P (ELR B R AR E
25, AU IR I B AT PR BFER
W1, Bl BR 37 A5 0 )7 A A 08 R AR JE M Y 3%

W7 H B8 :2020 — 05 — 22, & 5 B #8:2021 —01 — 17

E €A FHERFEAR T (31701559)
EEE N B3R (1998) , 2o FEPARL, Lol o i i B 5
T F2(E-mail ) wenhuajin@ outlook. com; 5% 35 (1993) , &, &
BEL BRI I IR 4R E-mail) hangjinfang] 801
@163. com, IR FEIFIFE N H 1

B 5=, B, B S (E-mail) wstongeue
@ 163. com,

feruloyltyramine ;

system; acid value;

antioxidant; frying

DT BTRRR ", L BT B0 P e 1S ) I A T L 3%
FE200 C LA E o ARFUAE F AR A & B T PR
P e S0 3, 33 G v 3 S 4 ] 2 19 4% 2 T i A e
BURRIEIERG Y o RGO R SR T R W
M) AR B R o e i R T AR A
AU R s AR RE D Y

FERL it ol v, F0 AP 8 8 T A 7 A 1 L
T, B4R TR ) 3 B 45 T 2 A X AR A B Y £
B TR R AR A LR 25 52
HYTAARCR 5 HA A H VIR R . ABESE
AR S A KR, PRAR 1 AN [R5 Jon 2 A o] 2 R
L Y92 0 50 P % T 2 A B AR 2R o ey e 2 A 1



90 CHINA OILS AND FATS

2021 Vol. 46 No. 5

AE , 8 i FORCRRAE R I 5 A D5 TR 2L o, T
FE T UM I TS, R T 7 R Bl 0 Tk fre 2
Py oA E B it ol i AT B
1 #MR57E%E
L1 Rt

— PRI CORASINFT A ) |, d AR R 4
At AT P UE B AT B L Ak S 60 (0. 063 ~ 0. 212
mm) FAABE IO KGR N, b i [ 243050 24 7
IEHAEC ke P DU R, 1R R PR
] 337 Fb I 07 R HY T TR 45 B v i , Sigma 20 ] 5 ) 2
PR Bt e (FRP) 1B 2 2 s 196 i (FTP) | i i 1%
N 95% , Hi L m w4 o

YF - 81 FAFTRAGH L LE )M T S Y Jof 1 4
AR A EL 204 W7 K7, M Re ) - $E0] 21X A%
( L) A PR 7] E304 AEEHIZE 3B (6.7 em -
JiEl) ;C - MAG HS 4 A I fig # 4, R ()7
) AL ZRBE A R ] ; Styragel HR 0.5 (RFHHRFL 5E
B L , Waters 23 7] 5 Agilent 7820A “TAH (351,
K LR RA A
1.2 sE3edrk
1.2 1 N[ e 80 R 6t S A 70 74 o DR 2 ik
i

$ 0.200 g Bl B IS4 80 AL R I AR TS it
ALY 100 g R, SR B P AR B s i, 72
AR EE Dy 50 °C R Be il S & 2 000 mg/kg HY Bk
o R HIFREN 10,25 40 ¢ BT 90,75 .60 g R
IIE =R el | N s NI R R IR 7 Nl S k=
AT I 535124 200,500 800 me/ kg R T
1.2.2 I Wil v B AUrE 28

W5 RIS BRI 7 7 R 40 g
LHERETERT (10 ¢ F AN (10 g REIK, A 40 mL 7%
FERCE 7K 1R AT, FE 80 mL 7K | il B T Wit 2|
110 °C iy al inFARE 1 B HE 4% , 3R SE40 Sl #4 8 min,,
FFRLAE

RUNESE 228 SCHR[ 12 ] F A7 el ik, AR v
WIR 2 W BEAR A 100 g R 3, B AR ) 4+
T, 5% 500 v/min, TR (180 +5)C £+ 10
min, A 10 g BT Y AB I BOME IR, 45 1
FERUKE 20 min, B &9 )5 4R 2L B #F, T 60,80,
100,120 min £5HUAE 10 mL, £5:00
1.2.3  MRAEAINE

FRAE A E 2 BE GB 5009. 229—2016 (£ &
A EZFAE SRR AIE) .
1.2.4  RWimR 2 i s

FERAL - 1) 25 mg AR AP 2 mL IEE A

F1500 WL ZAEALH - B (2 mol/L) , k35 2
min, § 55 W2 AP, FIJEK Na,SO, BRoK,
B0 3 min, JE R BRI, 3 SAH S i

SRS 43 Bt 25 12 Agilent 7820A A €445
{%; TRACE TR - FAME (60 m x 0. 25 mm x 0. 25
pm ) EIERE 2 N, BABE AN 1, RS = A
ARG I 6 38 B 3410 250 °C s AR 1 1 s 4330 b
100: 1; N, (H, F178 S 43 4 0 25 .30 mL/min Fl
400 mL/min; FFE )T N 60°C £ 8 3 min, 3 L)
5°C/min FHEZE 175 °C , R )5 76 175 CA% 54 15 min,
F&LL 2 °C/min FHE 220 °C, 78 220 CH£ B 10
min, SRR H EETR A5 v i M e ok e T AR
H—Abik e 7.
1.2.5  BevE o8& f m il

ZIRSCHR 8 | SR FH i 28025 [l HE BH €8 35 v 43 5 A
Y P AR PR A7

Wt i & BRI 2 218 GB 5009.202—2016 (£
w2 ERARE Rl EAL 5 (PC) BIRE ) .
1.2.6 $imabs

RS AT 2 U, B Fabn B A 00E 3 Ik,
SR OVIME « hrifE2s” R . RJT SPSS 22.0
TR ST, P <0.05 FRFAEREER . R
Origing. 0 | [& .
2 #HR5iTR
2.1 RRRME B T BRI A2 P
HREMNEA(RAT AL BH2)

1 TERMEBHFERERE Z B BUEX S

[igi=N b
FKEmT[R)/ FR{E (KOH)/ (mg/g)
min 200 mg/kg 500 mg/kg 800 mg/kg
60 0.42+0.01"  0.46+0.01* 0.45+0.01™
80 0.51+0.01°  0.50£0.01" 0.66 +0.01°
100 0.61£0.02" 0.60=0.02" 0.70+0.01"
120 0.85+0.03" 0.63+0.02° 0.76 £0.00"

Y (]9 PR [/ IV 57 B 2 AR [ B I ) R (12 1)
HAy B2 F (P <0.05) s [{— 1T AR RIS TR A
WINE T RREZFEA BEE5F(P<0.05), T

H e 1 AT FERTRESRE T IS BT 2R 2K £ ik
JHe A8 R 3, JH PR (L B o I B ) 1) S T v
5RIE 60 min A H, BTAE 120 min B, %R0 200,
500,800 mg/ kg FAJERIR K £, Bk iz 114 R 531 R 43 1]
BRI T 102.4% 37.0% 1 68.9% , 5 B EAE 2,
Tk RS I 500 me/ kg B, O R 7 91 R 1 1 417
HlRE S e o X i T A AT B i A IR BT AR
R e S 5 B30 ) BT il 45 28 1 g g /b



2021 4 55 46 15 55 5 1] T

i o1

FREF R HE B A AR o Bk I W) 1 60
min J5 BT BRIRHE 2 BE MR it 800 mg/kg YK
TR 5 T 500 mg/kg (9. H FTRA CHRIGE R %
VAT R, KL 225 0 B 0 B B T R A R
TremEg .

40

=200 mg/kg
0500 mg/kg
#4800 mg/kg

QIO l(I)O 1i0 léO léO
FAEI [)/min
1 AR R P EE % Z B AU A
RN RS RAH M

SN I I = VI N i B N S L7972 N [1 R )
R GIHAE RS T M o2 & e 4 Bl o KR B[]
MYIERC TG AN . REKESTE] 2y 60 min B, A [v] B 21 12
IR TR s T s 1) R 3y o A M B il
16. 1% (200 mg/kg) .11. 0% (500 mg/kg) .13. 5%
(800 mg/kg) . FERUKERTIA, U 500 mg/kg P EEMR
IR G i K MR R R A I R E PR fRE . R
JE 120 min B, AN 7] B 25 R 4% £ Tk R 4% in 4t 1 R &2
TR P BT A i D 37. 1% (200 mg/kg) |
29.1% (500 mg/kg) .35.4% (800 mg/kg) , 5 A #f
60 min A HLAFFIHEK: 21.0 181 21.9 N4 5, U
HH B BRIR R SRR IS o 500 meg/kg Xof R 2Bk
PEY) B B R SOR B 4. H T A SRR E
BRI BRIR AT A= AR AR SD BT SR AR IS PR 5 0 VR B )
JRRGE ) | R FRBE AR IR ) 454 56 . Maurya
AU ] BT BRR 7 B ) A BT SR 3 HE AT R SR
I I, 2 A v B v T e — (R 2 1 A 4R
FEAERT 00t PR BT 2 I A A= 0 5 4 s 5 O A
HAEH, 78 AL I b 3 2 2 8 AR AR B 25 )
(P ) , i = A=A S AR o

S R R I JRR PR 7E e it R KE AR &R i A 5 5
A SE AR A S S NE , DT A A5 BT AE 2o A v 5 o
5RO o ] S B — 2 O AH DG . IR, m] o o A
TN i 75 1R AL ) 72 e ok Wi T L 3k R v ) A
fRFERE . HET, R Z E NN FE AR5 AR R C18:2
5 C16:0 HfH(C18:2/C16:0) 1 C18:3 5 C16:0 |k
(B (C18:3/C16: 0) E A fi 5 BT KE ¥ 45 28 P JiE 17 B 22
Febrt 7 d I 2 AT SR BT AR 2 A
IR G IMERTESE T C18:2/C16:0 i C18:3/
C16:0 J4 [ifi 25 B BoF ] 9 ZE 4 T B3 i R K 120

60 70 80

min Fif, AN [ B 20 8 A% 2 Tt Jig AR s 1) K v
C18:2/C16:0 4351} 3. 84 (200 mg/kg) .4. 18 (500
mg/kg) 3. 97 (800 mg/kg), C18:3/C16:0 435K
0.35(200 mg/kg) .0. 41 (500 mg/kg) . 0. 37 (800
mg/kg) o FILAE Y, B BRI 2R £ Wk IS in it 2k 500
mg/kg [ R Hp C18:2/C16:0 1 C18:3/C16:0
FEiiE 4% T 200 mg/kg F1 800 mg/kg 11, 15 W] 500
mg/ kg P BRI R LR I T A RO B df o

507,

4.8

F4.6

©

544

4.2

]

o4.0r =200 mg/kg

38 <500 mg/kg

2 4 800 mg/kg

3.6 1 1 1 1 1 1 )

60 70 80 90 100 110 120 130
FCHE R F]/min

0.52 (b)
= 0.48
é
U0'44
&
5 0.40
o =200 mg/k

0.36F 500 mp/ks

4800 mg/kg
0.32 L L

OI() l(I)O liO lé() 1%0
KR []/min
B2 REFNENARBEZ BN AT
R R R B R
2.2 RRRAE T AR B B A A AU LA P 4

AR (LA2.H3 . H4)
F 2 N[ERN R A T 2R BA T B 3 PIUKE K R BR 1B O R4

60 70 80

RUKEmS [R]/ (i (KOH)/ (mg/g)
min 200 mg/kg 500 mg/kg 800 mg/kg
60 0.45+0.00" 0.45+0.01" 0.47+0.01"
80 0.58+0.01°° 0.59+0.00" 0.75+0.01"

100 0.83 +£0.00" 0.65+0.01"" 0.82+0.01™
120 1.26 £0.04**  0.69 +0.01°®  0.87 +0.02*

B 2 ] 1, 3 ol o] 2 PR 1 O e S I 1 1 K 2
THAERTKE S50 T BR A ¥ B & R K B[] 49 22 4 i
o SHIKE 60 min LL#, FIAE 120 min B, %50
200,500,800 mg/ kg BrTZHEA 1% Bt i 119 O 2 Y R (B 1
S R 43 1k 180. 0% 53.3% F185. 1% ,
it Y BT 0 2 % B Y S 2t 500 mg/kg B, JHOGE R
IR (A AR B8 T Bl AT A i I i R B 2 R
IR TR AE R ARARL , 7] Ay 76 BT 26 P 1y s ik s 1] o 5 |
NEEIEN T DR b A R T e R T A R R
Hh il VR B S0 B A RO 22 1) B A DAY () BT 28
LT —3 o



92 CHINA OILS AND FATS

2021 Vol. 46 No. 5

=200 mg/kg
0500 mg/kg
4800 mg/kg

60 7‘0 8.0 9‘0 1(.)0 liO léo 130
RUAEE [A]/min

B3 FERINE P ERER BB X FIE R 2l

WY RS ER RN

H P 3R], AN (7] ] 0 1 T P e 45 0 1 K
AL BOKE 25 T ARE 0y i 5 S 22 it RO I ] ) 3
KM, HER T 500 me/ke BT 25 R 5% I 1% 1)K &
TR AR 0 o 5 o A BIOAE o A v e A1, U P i o i
Xof U G UK A A ANk ) R i R RCR fee Bt

4.8

I =200 mg/kg
36k <0500 mg/kg
h 4800 mg/kg

60 70 80 90 100 110 120 130
RUAEE [A]/min

+200 mg/kg
0500 mg/kg
4800 mg/kg

60 70 80 90 100 110 120 130
TKE B ] /min

B4 R0 Y B B R S B R X B K B 3
BE A ER 4B R B9 22 M

FH Pl 4 R T, AN () ] 2 I % 9 A o 1 K 02
IMTPERIME S5 FF C18:2/C16:0 I C18:3/C16:0
B BRI ) B SE R T A, AE 120 min [, AN
v R 28 1 s T P 2 4t 79 K 32 9 v €182 2/C16: 0
435124 3. 63 (200 mg/kg) (4.00(500 mg/kg) 3. 88
(800 mg/kg) ,C18:3/C16:0 43314 0. 34 (200 mg/kg) .
0.37(500 mg/kg) .0.36(800 mg/ke) ., W 1B 54 g
% T i 7 fin & 500 mg/kg I, C18:2/C16: 0 Fl
C18:3/C16: 0 ¥4 i & & F 200 mg/kg 1 800 mg/kg
e, BERES Iy 500 me/ kg I 4T B AL RCR B b
3 &

AR S 3 0 A () o 2 7 T e 25 4 I (ol 2
R TR Ml R ] 5 6 B ) A e 1) RS R ik
FEHIRAE W 5 R D R AL i A2 4k, PE

PR T 0 R T e 21 ) ST M R 2R T B BT AR AL E

T30 BERII, Rk B SR P9 1% S 0 Jo A R Sl o

AR 500 mg/ kg, A ACH il BEAE ik

(B ARPE ) T 55 Y T i I 3 R STV PR TR 1) 4 Ak

WEE i

Sk

[1] WARMER K, LASZLO J A. Addition of ferulic acid, ethyl
ferulate, and feruloylated monoacyl — and diacylglycerols to
salad oils and frying oils[ J]. J Am Oil Chem Soc, 2005,
82(9): 647 - 652.

(2] WAL JRIDT AR Al il 25w B 5 205 g i A0 o] 20 P 225 g
WEARID . 107 Ki%. KEMT R, 2014,

[3] TANIGUCHI H, NOMURA E, HOSODA A, et al.
Thermally stable ferulic acid derivatives: US 689520 P ].
2005 -05 - 10.

[4] NYSTROM L, ACHRENIUS T, LAMPI A M, et al. Comparison
of the antioxidant properties of steryl ferulates with
tocopherol at high temperature [ J ]. Food Chem, 2007,
101(3) ; 947 -954.

[5] ALADEDUNYE F A, PRZYBYLSKI R. Antioxidative
properties of phenolic acids and interaction with endogenous
minor components during frying [ J]. Eur J Lipid Sci
Technol, 2015, 113(12) ; 1465 — 1473.

[6] WINKLER - MOSER J K, RENNICK K A, PALMQUIST
D A, et al. Comparison of the impact of y — oryzanol and
corn steryl ferulates on the polymerization of soybean oil
during frying[J]. J Am Oil Chem Soc, 2012, 89(2) ; 243 -252.

[7] MONTALBETTI C A G N, FALQUE V. Amide bond
formation and peptide coupling[ J]. Tetrahedron, 2005, 61
(46) . 10827 - 10852.

(8] K& T7. W BT BILIR I5E I AL & 9 14 il 46 e HCAE B AR 5
e Pt B AL BE Ty AL [ D). 70958 o8 YL K
2, 2018.

[9] KATHLEEN W, META G M. High - temperature natural
antioxidant improves soy oil for frying[J]. J Food Sci,
2009, 74(6) : 500 - 505.

[10] ALADEDUNYE F, CATEL Y, PRZYBYLSKI R. Novel
caffeic acid amide antioxidants: synthesis, radical
scavenging activity and performance under storage and
frying conditions[ J]. Food Chem, 2012, 130(4); 945 -
952.

[11] NAZ S, SHEIKH H, SIDDIQI R, et al. Oxidative
stability of olive, corn and soybean oil under different
conditions[ J|. Food Chem, 2005, 88(2) : 253 —259.

[12] ALADEDUNYE F A, PRZYBYLSKI R. Rapid assessment
of frying performance using small size samples of oils/fats

[J]. J Am Oil Chem Soc, 2011, 88(12) ; 1867 — 1873.
(T#% 116 W)



116 CHINA OILS AND FATS

2021 Vol. 46 No. 5

[3] MESSIA M C, REALE A, MAIURO L, et al. Effects of
pre — fermented wheat bran on dough and bread
characteristics[ J ]. J Cereal Sci, 2016, 69 138 — 144,

[4] BLIGH E G, DYER W J. A rapid method of total lipid
extraction and purification[ J]. Can J Bot Physiol, 1959,
37(8):911 -917.

[5] MIN B, GU L, MCCLUNG A M, et al. Free and bound
total phenolic concentrations, antioxidant capacities, and
profiles of proanthocyanidins and anthocyanins in whole
grain rice ( Oryza sativa L. ) of different bran colours[ J].
Food Chem, 2012, 133(3) . 715 -722.

(6] sKERLE, WA, MIRI, 45 KRARE XIS AR B 2
WITRECR )] Frh TALRHE 2019(14) : 1-9.

[7] ZHAO G H, ZHANG R F, DONG L H, et al. Particle size
of insoluble dietary fiber from rice bran affects its phenolic
profile, bioaccessibility and functional properties [ J ].
LWT - Food Sci Technol, 2017, 87 450 —456.

[8] TI H H, LI Q, ZHANG R F, et al. Free and bound
phenolic profiles and antioxidant activity of milled fractions
of different indica rice varieties cultivated in southern China
[J]. Food Chem, 2014, 159(13) . 166 —174.

[9] CHEN M, YIN T, CHEN Y, et al. Preparation and
characterization of octenyl succinic anhydride modified waxy
rice starch by dry media milling [ J]. Starch — Stirke,
2015, 66(11/12) . 985 -991.

[10] RAGHAVENDRA S N, RASTOGI N K, RAGHAVARAO
KS M S, et al. Dietary fiber from coconut residue:
effects of different treatments and particle size on the
hydration properties[ J ]. Eur Food Res Technol, 2004,
218(6) : 563 —567.

[11] WEN Y, NIU M, ZHANG B J, et al. Structural
characteristics and functional properties of rice bran
dietary fiber modified by enzymatic and enzyme -
micronization treatments [ J ]. LWT — Food Sci Technol,
2017, 75. 344 -351.

[12] XISz, A8, EHHME, 5. FYER00 7450 XA
PLERAORTEERELT]. B AR, 2007(7) : 12 - 1S.

[13] SANCHEZ C. Lignocellulosic residues: biodegradation
and bioconversion by fungi[ J]. Biotechnol Adv, 2009,
27(2): 185 - 194.

[14] BEG Q K, KAPOOR M, MAHAJAN L, et al. Microbial
xylanases and their industrial applications; a review[]].
Appl Microbiol Biot, 2001, 56(3/4): 326 -338.

[15] BIELY P. Microbial xylanolytic systems [ J]. Trends
Biotechnol, 1985, 3(11): 286 -290.

[16] ZHAO H M, GUO X N, ZHU K X. Impact of solid state
fermentation on nutritional, physical and flavor properties
of wheat bran[J]. Food Chem, 2017, 217 28 -36.

[17] LIU L, WEN W, ZHANG R F, et al. Complex enzyme
hydrolysis releases antioxidative phenolics from rice bran
[J]. Food Chem, 2017, 2141 -8.

[18] LIU L, ZHANG R F, DENG Y Y, et al. Fermentation
and complex enzyme hydrolysis enhance total phenolics
and antioxidant activity of aqueous solution from rice bran
pretreated by steaming with o — amylase[ J]. Food Chem,
2017, 221 636 —643.

[19] STORY J A, KRITCHEVSKY D. Comparison of the
binding of various bile acids and bile salts in vitro by
several types of fiber[ J]. J Nutr,1976,106(9) :1292 -
1294.

(L3592 )

[13] HWANG H S, WINKLER - MOSER J K, VERMILLION
K, et al. Enhancing antioxidant activity of sesamol at
frying temperature by addition of additives through
reducing volatility [ J]. J Am Oil Chem Soc, 2014, 79
(11): 2164 -2173.

(14] 5. REZIMTEA R RUE A R b AR AE 21 A1 B ) 42
WAFFEID]. deat: ER LR, 2014.

[15] s, MyZRit A ATn s Al 1 i S FEAm 19 PE AL F
FELD]. 2= 220K, 2010,

[16] MAURYA D K, DEVASAGAYAM T P A. Antioxidant
and prooxidant nature of hydroxycinnamic acid derivatives

ferulic and caffeic acids[ J]. Food Chem Toxicol, 2010,

48(12) . 3369 -3373.

(17] M. AR 2,6 — BT AEx K H 5 (BHT)
PrEAAIE M B A5 e TR HERRATFEL D], KM . TR
Tolk R, 2014.

[18] ALADEDUNYE A F. Inhibiting thermo - oxidative
degradation of oils during frying[ D]. Lethbridge, Alta:
University of Lethbridge, 2011.

[19] BEARM. FIBLRRAT ALY 7 T80 A R b AL
EPERESELD ] Kb PRIAOlRHR Y, 2012.

[20] CHANG S S,PETERSON R J,HO C T. Chemical reactions
involved in the deep — fat frying of foods[J]. J Am Oil
Chem Soc,1978,55(10) ; 718 - 727.



