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Patterns of oxidative changes in the synthesis of phytosterol esters
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(1. School of Food Science and Technology,Jiangnan University, Wuxi 214122, Jiangsu , China;
2. Food Laboratory of Zhongyuan, Luohe 462300, Henan, China)

Abstract; To improve the quality of phytosterol esters, the effects of reaction temperature, substrate,
nitrogen and antioxidant on oxidation and dehydration during phytosterol esters synthesis were
investigated. The results showed that the levels of oxidation and dehydration products in phytosterol esters
increased significantly with the increase of reaction temperature, the increase of fatty acid unsaturation, and
the decrease of fatty acid chain length. The level of phytosterol oxidation products could be effectively
reduced by nitrogen protection measures, while the level of dehydration products could be significantly
reduced by the addition of antioxidants while decreasing the level of the oxidation products. In conclusion,

the levels of oxidation and dehydration products during phytosterol ester synthesis can be effectively

controlled by optimizing the reaction conditions, nitrogen protection, and addition of antioxidants.

Key words ; phytosterol ; phytosterol esters;

HH %) 1 % ( Phytosterol or plant sterol ) S48 4
() — PGPSy, PR A b 5 B REAR AL TR
B, A S i S5 07 28 M 10 R A R I O, e
ARSI KA FE R AP O I i A« R 47 I K

RS B HE 2023 — 12 — 11 4& 8] B 8 :2024 — 06 —27

=S ai)= HEPE S0y e iV B A FR AN I PS
FEHOAR S 7788 (2021 YFC2103800 ) 5 17548 52 45 [ 517
M H AW A AET H (BZ2022041)

EERE N :BR B(2000) , Lo, 7R AR 1, W5 T7 1 D il i 5

F# 5% 4 (E-mail ) 6210113006 @ stu. jiangnan. edu. cn,
BEEE % W), 5, 1A S ( E-mail) mingchang@

aliyun. com,

dehydration; oxidation

S R A ) B B A 52 OQE, TE B TN T
YRR S A A 22, RORE S R D R I
ﬂﬁ?ﬁl*ﬁ%fﬂ P T, AT S0 G o P A s o

TP 5 R 5 G A b 2 R A A K , P A A )
‘E?@%%Lﬂsf”% (POPs) R/ "4, POPs £4F To — 2
(T —H) 78 - 3 (T8 - H) 68 - ¥3E (68 -
H) Sa,6a - & (5,6a —E) 58,68 - 14E.(5,68 -
E) ZEIE(T)F 7 - B (7 - K) , XAy
BARE HA A B A2 Bsh Bkok HERE AL K5
JIEL T A 5 A B2 7 B A 55 G
LAk BRI S B AE ) (B0 1 b i
R LIRS T IIE A 577 A Y T, 5 S AR
PSR AT = A o /KA £ e £ 220 3,5 -



2024 4E 45 49 ¥ 45 10 W i

iR 85

SRR T RS 2,5 - SEMTEIRT 4,6 — F5 470 4%
o SRR Beah M S BRI  S k
BB, 2 2,4,6 - BSRRBK S B . A
WFoEEM,3,5 - IBH S S S8V E RS, 3,
5 — K T RS R i o A0 g A ok H At 4
i T R EAT TR, DR O A A 655 i1 22 4t T
BEAFAE RS,

IR, R SR 6 Wi Ao i o 11 42 f kA8
R O s N = el st 5 e UP T L7
54 G 5 S A I A B A SR AR AL RO 7R )
— AL (NaHSO, ) ' 7 [ S i 4% 1 A 4 5 e
A2 R ZE R KRN A, {H H TR 0RO 4%
P RTAR ) S B ek 7% b AR A S AL AR S e DA S s
TG AR K 42 5 SR (RS

PRI , AR AR 0 55 T i A S8R 1 IR B, AR S
IFFE R 6 Tl A Rt P SR 26 (B I 3L A
Yy AN IR RIS VR PUEAR ) XA )
BTG SE AL RBE A = K, LAY Dok DA 54 T 4
FERIBEK =1y , B Ay 55 B = it ot AR S 55
1 ME5HE

L1 SEaeitst
L1 RS0

A HEEE(95% ) L EE(95% ) , AN SRy % A il ;
BSTFA + TMCS ({&KFLEL 99: 1) fE ke fbif 7]+ —hbe
BEARREIR (DBSA ), b2 sk A AL B A A IR
AL MR  JCK CE R L IE G BE MEE  TEK &
M SR ATC K BRIR B2 Ry oA 4l iE C b
Tl [ 2548 AL F R A BRA W 5 19 - R AL I [
B Sa - IHE Be, BRI A Y RHA R A 5 SPE
FEMCHE, AL 5T A R BB PR 7] 54 Fhi B R )
PTG P i, 700 o A B LC.D,

112 &S5 RE

QGC — 12T A AW T, FifE 5 &7 22 w5 DF -~
101SZ e FA e i I FARE Ty e+ 8% , IS RHEAX
A R ] 5 TSQ Quantum XLS AR (43 5 3%
BRI (GC = MS) , Thermo Scientific /A 7] ;1260 &
OB @35, 56 [ Agilent 24 7]

1.2 sk
12,1 Wy mle i &

SH A AR S R A R T . KR
T S b 28 ( 2 I A () IR D R i A T A
JE (RERRTR TR IR ) (HE (] EERR IR IR F1
BERRER ) , WEREAN[R] AR ) S B A I 7 R (4 Jo 1) &
P 12 13) M0 B LT, 1o s s S IO 25 8 PR A e
JLJEE W) A £k 57 DBSA (i 4 5 % W) Jot ) 2 9

20% ) , A — 7 5t 430 DA 22 B R 7 A i 7K
FER N R P B B AR A AR SE BN 0. 01%
AR YRR (R B FER(GA) REETILA
RIE TR (EGCG) (HU A i B2 At B2 g (L -
AP) ZEE R E(Vy) ) EARIEEE (60.75.90 C) T
JVE 150 min ( 552 56 6ff 5 19 S N 2% 1), 45 2 AE )
B B, o AL FR B K 7= ) & s EA TN E . AE
S BEER AL AL (A)) BT RE A (1) .

A =(Qy —0,)/Q, x100% (1)

AH: Qo F Q43 1A SN FH BN i A 7 A
P R T, g0
1.2.2  POPs & iy

SR 0k ERE S . FRE 100
mg AEY) BN G T 1.5 mL & e,
A20 pg B9 19 - BIREPHFEFEFA 5 mL 1 mol/L HY
KOH - ZF#5 W, W i 10 min, 25 iR E G 2418 h,
A S mL —4(H %A1 3.5 mL 7K, #75E 1 min DL
IR AT 2, B0 R BR KR B A LA, 5 3
Wo BATEAVAME, RS mL IEC R
W RIEH D JOKERIRGE AR SPE BRI
5 mL IECEElE 1k SPE RERCHEf5 , #oK Ak L AER)
SPE fEMEHE, A 10 mL IE CUbE - ZBECIRRLEL 9:11)
10 mL IECbE - SBECIRFRELT: 13) kit , 555 1
10 mL NEAPERE POPs JEI4E . A A WKT, A 100
L MEBERN 100 WL BSTFA + TMCS FELEALIRH], 250
TR 12 hy HAR TG AT 1 mL 35
IECKE, g, fif GC - MS £, POPs A= 5 41l il
FR SRR AR AT A 5L POPs 8 5 in A
PUEALH G A L) POPs it (1) 25 (8, RT3 H 5K
HINABCAE AT A ) POPs 1Y LU A

GC %5fF: DB - 5MS E 41 & 4 3% 4 (30 m x
25 mm x25 pwm) ; FEFE R 300 °C; /0t EE 10: 15
HERERE 1 L A 1 mL/ ming FHEFR T4 50 C
{%£4F 1 min, P4 50 °C/min F} 2 280 °C , 1) 3 °C/min F}
% 300 °C , {545 10 min,

MS Z5fF: B IR EE 230 °C ARt 300°C,
HLFHERE 70 eV, 4 B - FEl (m/2) 50 ~ 600,
1.2.3 JBisKRE ) S B i I

SHE TR B J s IR, 25 mg
T S PEEAE A, A 20 g 1Y Sa = IHE KA N
b, T 1 mL IEC BE, BT C G SPE it g
FE, WO FERE W, T 10 mL 1E ke itk ik, iode
WRPEIR , & IF BRI R IR, R R TR T
1 mL €835 46 0 & 8, o i B, 7F GC - MS £,
GC — MSHGI S5 [F) 1. 2.2 JI KA ) 55 Pt 5 it DA



86 CHINA OILS AND FATS

YRR T K R A AR A 655 P A B
L5 TR A £ B i ) EOAEL . KRB 55 P A A o
RIHA T S% 1.2.2 POPs A gl Zm 115
1.2.4 st

TR 3 YOFAT S g, B0 DL M+ AR
2" FoR . SrRISR A SPSS 26 Al Origin 2024 k{4 kb
PR LA

160 r m5,6a-E m68-H @5,68-E 8 7a-H
140 _D7B_H B7-K T a

S0 E °C
e AT TR A bR R L BLEAT 555 5 (p <0.05) . Tl
Note : Different letters indicate significant differences of the same index in different groups(p <0.05). The same below
B 1 &R EXEY EER | & BRI

Fig.1 Effect of reaction temperature on contents of oxidation and dehydration products
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Fig.2 Effect of phytosterol types on contents of oxidation and dehydration products
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Fig.3 Unsaturation of fatty acids on contents of oxidation and dehydration products
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