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Abstract: Phytosterols esters are a type of compound synthesized through the esterification reaction between
phytosterols and fatty acids. To clarify the research and application of phytosterols (esters), the author provided an
overview of their structural characteristics, synthesis methods, and physiological functions. Additionally, it was
elucidated that phytosterols (esters), as functional food ingredients, play a significant role in reducing cholesterol levels
and exhibiting antioxidant properties in the human body. By delving into the bioactivity of phytosterols (esters) and
enhancing people’s awareness of their nutritional value, this study makes an outlook on the research and application
prospects of phytosterols (esters) in food, thereby providing a crucial theoretical basis for the application of functional
foods.

Keywords: phytosterol (ester); functional food; application

BEE BRI T SR A B, N R SORI A B, A D RO B e AR
ATERN 1 e REL ] v B B 2 A0 L IR S JE0RE L R 0 55 I T R A AR I IR T 1 A B
APPSR DN 1 R S N N S 7/ B a3 (DN R = N ) Ny P ¢ = o L
ARIRP= W) FHR LN % & A B R, & b U, i S B (5D N H 2a 48 2, /RO —Fh
H AT 6 O I BRI 7 2 — 2 e shaetk e R, CE RS TSP LR R
Fefe — Rl RAEY S — R T W5 BN KRR, A R (R S H

HEWMB :HR+ 17 E SRR H (2024YFF1106100) .
BEEE N EO982—), 2 Wi, S80I, 8 ZENF AL = FE TR JL . E-mail:24825848@qq.com
Y ¥ B EA:2024-11-11 1EE HEF:2025-02-19



Vol. 44 No. 8

5207 7 i R A 0 A2 A e L IR TR A
& DR AH R T R J7 77 O LR N R R B T R
RANE B T IRANRTC -
1 R (IR 1 S5 R 1

TSR RE —MHARZ R R N e S L
TEI A AT AL B A% 2R R A e
FANE AR ARG T H AT
2 A W 8 e 1R e DA S e SR BRI 3 b, B AT
AEAEARAET A o AR BRI 2 AL BE S, 8 I Y
Je I i T 2 AR 25 BE 8 1) R 2R 88, 34 1T 2 Ak D il

B ORE: BEVEBEONMRERREERRTHEA

BAE ) S R AR LR S R A
(K126 3 AN BRI 7 HE 82 1 DB RS 28 17 Ak a1
B S PRI SRR BAREE R b 2 22 P £ Tl
55 £ 2 1) S R A Joit S A2 R (A R S A 4, T
BT AR R A XM, A4S
AR T 58 A AT, A BERA D) M 2 e % 1O
B ol B e BT . W I SR IO p- I L B
T R JH £ e e SR i B T ALK o e, I 4
POk S L 5 5 Ph i BE IS P B RE L . 2 B
ik 5 VR i 7 TR R 2R AT SR S NI, B AT e Ak
TE BT X6F N 2 R F A ) 54 I B

H.C 38 CH,
HzC/«,’/\J\'/CHz HXC%(\/'\(CHX

3S

CH‘ LA ey CH}
B-43 85 Csitosterol) SIS BE (campesterol )

H.C,

CH
H,C 3 " o 38
H3C/’/,, \ CH\ !
- - C 3 - CH3
i (stigmasterol) JH{SEE Ccholesterol)
CEH} 3R
”"m,M/CHz
C

S i BERE (campestanol)

3

i 2

Bt EEa LA
Fig. 1 Structures of phytosterols

2 WL IR A BT Tk

VBN — Tl 37 24 (A R it i A 43 5 AL 4D 655 i
MIFRFHGIE T T2k, REMAGFEENR
SRAE ) S T BT A Bh T HESh A ) S IR A B
RFELRTHHE. ST, AWRZNE I FE
B Py Tk A 77 75 R, BE 28 5 S B R A St IR AR B
A 5 [ I A8 RO 77 HE ) B T S ) % D20, BN
TR S T AT P A A AR
2.1 fE&%

I I A B A R ) S TR AR N R R
N % B D IR AE T AL R B 0% ik 5 1 R AR
AT R I A 2 A TR S T e R TR
T EAES R BESE . S Ah K Cn =
A VAA Gy T RO R &R OBk R A E E R
AP

e 273 B A ) 2% AR B A L JEURE A AR HL &
RN &5 AT EE L 5y T SE B A B Ak A S

P 7% i BT 35— BLRGE T Tk A Kt & A 7 AR
PLH o FEWTTH XA 750 A0 it 7K 7 P B2 9 a2
& TE N RN i A 0 R T . T )
W7 5 25 2 PR E 2 IR I S IR AT IR & N, H
RN Z G5 — R, 6 AR A A R R M TR & 4 11
R X R P H R S NS Bt AT A N A fk AN
R,

FEAL 2 5 O R R I B i R R
PEHEAL T BTSN 5 5 51 R AN 16 2 (1 B S, 1 4 2
AN LA R R ) R AL R L S . DR B, ] e S
2 1) s L I R O b B B L I A A O B v A K
B, % 2R RO R . BE S A S B T A
W R N A 523 5 B W B I TR A B AR RE AN I AR
A6, BLR R 2 7 2R S R R R T R
(7] Byt 75 2 5% v O A o i e R b AT RE AR ) R I
IS e i, Aff DR 7 it 1) 22 A AN AR E P

15



16

Journal of Food Science and Biotechnology

22 E%E

VB Dy — i 538 00 A ) 3 1 R 3k 7 AR AT
& Gt A Ak 751 B 1) R R B0 B O 9% R B R
77, B © )7z B T B T R AT AT .
g AN B & @ S Th ae e A R AR E 1)
AR BE o AE 2R 4 B 2 30 AH QB 9T R, T
b B 3 BEAE K AR R AT AR AR A S T
A3 Tl R T R A 25 AR Ak N E AT () R AR A
Z T TR B AR OB, EE A T2 S B
Ik FE A% HL U 3l M BE A /DN 5 e B3 858 v L e AL
X5 3, HANHT LEZH UL Y, B Ik v] A 2R A
Ao B, AR B PR R RN, AT G At # 1 R R
IR e S Bl s AN TR 7 S I T A D S ¢
T | B A R S S A A K 1 - R 1

BE305H1 2025 8 A | RRE5EYEARFER

Vo, B & R ) 655 I 186 3 22 35k T IR 0l g 0
WAE R, BARTT 73 08 2 Frig 42 - 1D B IR L& 12, 1%
IR A% A P I 17 I A A ) S B O T B S IR
i W5 TR A A= L e IR A S B, S B KA ) S R I 1)
J s 2) 6] 2 R 22 5 B A s AR, IR A% I 1 AR
P e 2% I W TR P G R P G AU I 7 TR i
(R 1 38 I IR A e 5 3 S AL A I N SE R
5 I 158 11 25 o

SR, G I VS RO S I R A B
[N I W X -3 E I I R S -
Jee AEL WD g AL 5 B AL S VD BT ST, B AR F2 3 5E N
e 2 A OR 10 B Y AR R DU OT R — B RE
PR HL v AR R T A ) S I A R R R AR

(WIS

®1 BEBUBESREYEEIENTGE
Table 1 Method for synthesis of phytosterol esters by enzymatic method

) Jig s g 2 N . . 2%
5 N A/ 5 /eC UE
M 7 Tt WL 2% J LA I 1] Jm | xR ik
B AR 22 T BEJTG D 1 A 5~10 IE e 6 40~50 93~98 [22]
2 Fe,0,/S10 -g-P(GMA) 3 50 86.2 [23]
A W% AR 22 % B) g i S B
10 GMA 72 50 85.7 [24]
7.2 VA i — P e 25.3 453 71.95 [25]
8~10 I ik 16 45 94.42~97.33 [26]
4 SR L2 T B
11 SO it 5.8 30 96.1~98.5 [27]
10 1.5 60 93 [28]
§ 10 [Bmim JPF/Tween-20/H,0 48 50 95.1 [29]
4 AR 22 T B I 107 T AY 30
18 H,0/AOT/RM 48 47 87.33~88.91 [30]
A ERE I 7 10 b =R 6 40 81 [31]
WAk A5 iR i 8 435 3 i 5t co, 41 78 93.2 [32]
Vi YA ] 7 1K A AR R 5 G D I v 4 A I s Bl 435 1 H A FE 3 kPa 48 80 97.65 [33]

23 BF&REE
BTWAARERMETAYE R B EEZ A
s, HEEEMEINAYE BT A B RNH
B, BTl R—MEZRTRE H 485
BT, B B TR, k&R E
TR A AR B TR T B S E A L
W5y BT B PR A, e B i Al ) AN g I ) IR B
T e . G S B UM TE BT Y 4R A PR
AR R P A AR B T VR R TR
VS B BR A R T TR B R E B D HE R
P B 78 SR i #ARR 8 PR R AT O SRR AT
e 3 B B AR B S (T R . E R S I R Y 4
W5 b i, B 9k BE SE I HE ) S E TR Y

oy 5 Al AR R R AR R

B TR AE R ) S B R S U N
s R 732 V= P NS T G U (2 N E S R P
SRR AT R TR HLE . H AT R TR T LA K B
TC B P BT RS B R 0 e Ak S LA AL
R HER AR AR KR, &7l AaE
£ R R AE P 5 I 18 1) & 3 S BB K RIS ) 3
N B2 ERRR S RHFERRTRT . &
TR I D R ) B I AR A R B TR
P T7 A BT SRETE P B INE 75 5 2 Ak 2 A
bt KRR
2.4 RAFEEBLE

T ) B A% B AR AR Dy — RO B A R0 &



Vol. 44 No. 8

BSOS AR, NHE ) S BERR A PRt 7B g . 1%y
V2% DR B 58 e P AR 8 A 7 450 12 75 AL S 1 7 ATk
IR T iz R . R Jo v R B B A VE A R IR
S A TR KRR B 5 A IR R A B R L AR R 1
i Ak 2 (H 3L N PR Y B2 PR T R 4 - R b 2T
TE FE 50 XU 5K «, B- S T RN 45 40 25 5 e RE 10T
XoF T v AN LN T 7 I T A R e 2R B R ) S B
B, T B E MR B B RSB, MR T
(00 S RLAT SR~ 77 0 e 36 P DA 9 A 1) ) I 7 AL i) 2
R 1) PR A o A, AT A CRTE TV R B
S K T — IR AL SO (R B SR A Al
PR bR, R YR IT A OB, REL
VA R LB T VA TE A A S T S A R TH R DL H B
K& 77 A8 R AT 50475 75 08 0 — P AR BE
HIE , A SR A TT 87 2R £ TR A I B 5% A VB i A AL
K, (A N AR 2R B )z () JEOREIE N DA Bl 1% 5 vk
TERE ) 658 BT A R A0 38 1) v FH R e

2% LT IR Ak 2B E A RO ) S T S B AR K
2 BB B, 2T I 3 R AR 1 S 2 A 1 B
1 X 2 Bk R 5 B v DL L €0 LR o 1A 4R R B BT
H AEL RS R RE 58 2% R 11 20 SR BR i) 1 B AR £k
F B TR R H T BV AR D B R
FH 8 BE B4 75 o AR B AS 5 A 25 5 1 1 1) A5 VA
FE R E B A SRR B 5 6 70 (0 H A
R 119 5 A PR R R TR R % T AR M 5 B AE Tl
AR T I B KPR . 4R VE S B &
AR R, R T R S B S RS 2 4
A S5, K R 24 Bl 1% U B R AR T AR LSk
10 75 1) K -
3 % AL GRS ) 1 2k PR O) fig

W AR, B N AR T W, A S I B A £ T
A2 BRI BE R ) 6 T U AR D R K & Il 8 BH 15
TR Y BB 2R R PR A RO
25 N AR B 53 40 A AR, 3 BT DL BRI 3h 4 1 i i s
Hh ) e R [ R AR 2 R IR AR LA B KR, AT
RAE B O ML 5 (AR Y. Ak HE ) S B
fig ik 2 AT P DR B A AL Th g S BE 95 B2 T ML A
PE N R B A A LI DA K T B 1 M g R A
3.1 BRIKBEEERKF

2= e e ORI AE ) S T R 6 K BN R
B T BUR A AR K RO AT T, R Re
1) 7 38 H SCFAs 7K ~F 1y ik — 5 7t /& , 8 SCFAs
KRR S IE R R E AR K. A

B ORE: BEVEBEONMRERREERRTHEA

MR E Y R E R AN e
ABCGS8 FI Jif Bf ABCA1.ABCGS If) mRNA ik /K
S, A5 1 7 AE [ B R AE & R B 02 . Simonen Mk
L, 5 0k BEZEAH L, & P R W S B R T A SRR (SR
/B B 482 (1) B8 G 5k BR 20 ik 2 93 13 2 (1) 1L 3 IR
[i5] B 7K -
32 mEMWEN

Li %k I, 56 B Ak B8 0T 55 35 ) Ang I3
K75 5 1 A7rS 3 2 ik SF 3 UL i 988 20 PR i) e R 0
BE 5 5 2 P R B T GO, I 02 R A
BT Mk, B8 I Re 2 ] Ang 1155 S 10 40 i
o5 P 4 (reactive oxygen species, ROS) /K ) FF
fe 5 (A IF 38 5 4 i b R 40 P 804k B (superoxide
dismutase, SOD) #l i % 1t & 1§ (catalase, CAT) ]
Bl % M, 22 0 S I T R R U Y AR Al B O S8
1t 1) 3 WA Ty e SR R HE o s AR A .
3.3 REEM

TR TR, -3 S B AN AT DL Bk
L ) 5 2 ) A K B B, s mT DAE a3 )
H # PEP. GraB Fl IFN-y & [R ) & 1k 7K 7 K3 4k
ERK {5 ‘5 i B , >R 58 = I 8 40 e vh bt B o 32 AR I 3%
Yo A RESRIN, - EEIATEY LR GE
W2 15 fE 175 5 B16F 10 38 (5 308 40 i 0 T, HiX 2 Fb
WM AERE E KF E ¥R X BI6F 10 M 5 3K 9%
2 P A= K B B Y 22 e P A AR R
34 MRFBHEREDPREM

Islam 2105 30, A5 4§55 I Bl 20 % G 0 3 ¥ B
ROS F1 1] ROS 1) 77 A2 & 5 P A8 A NPT 408 M
T S B e VR — 2 B AR W s e L, A S IR
i T RO A AR 15 24 UL A )T 1 R Mk S H i
S WA RN RE MY S BN — KB R
€ B N AR B G 3 H = AE A et R e, T]
A2 51N — S8 1 25 4, 1K 48 25 4 W) g 2 5 M
AP M. Feng S5 R T A0 2% oM HE ) 5
Fig 10 A2 ) 22 A, R TAE R A 88 I TR 1 5 RO AR
o, AT R IR AR O B A ) S B A, X B
AW & AE B AR B S R BOE SE AR A — E =
Mo WA R, BAAE Y & BN E 2 S
O &2 A AH R AE AT e, 75 B R
Fon] Gy R B A 2 Ak I R . R SR I B AT
— P G X B AR I KRS, JF AR R e i a3
() W T R AR A R B A 3 e R, DA fl R 4B ) 55
i 76 £ i M 25 24 Q0TI 22 4 B H

17



18

Journal of Food Science and Biotechnology

4 HY LR TE & b R

MY EEEN - RBEAARANE RNLE
M, T REER GRS MEY T,
5 URE (19 4K 2 55 K R0 22 R AR B )RR A B ol
R I T B P T S, AR ) AE R A I [
Y40 B A RE T TR E E AR . MY &S BERE
1 R FE P 885 B 1 — i e v T 5, 7R & R i R
iz HZ2 R, s i AR B Th R N &l G 8 1 {
RV o R 88 T IS AN AN AT DL B AR N If 3R
JIEL ] 2 7K P R I 3 AR % R AR B IE [ B 4R 4, 16
MR R AR B R ERRNEDI A K
B ORI . DL Wi R, R S R
IS AL RE % 15 25 B ARG 7 0 H R &, 8 R
JE K AR, IR R RE A O EORT T M, X — E
PEAE AT & S A P 6 IR 1 N 3 a7 L R
Ko il S AR R T I N . A A S R
B 3 W DAV I 22 EE e RE e, DLYR D IR A AR
M@ E R PE btk ae . g8 LTk, My & R
FRrEfR Tt ERERME XEERB A THES
HEEH

1999 4F , 36 = & 5 25 5 I B 3R (FDAD B
UG AE B R S I R LR 2R ) Al AL | R bR T
AR R b A LIS IR R AR R
LA . MRE FDA BRI, 2006 45 1 7T 6238 5 7o
VPR W) 855 W IR A D T e PR R 23 A i Rt T O
FL A B AR S R R R R L ThRE O] A5 A
Fald . 2010 45, 3R [ g O & F P A A 7 | OE
RATAH I H ik v AR A S T AR SR TR UR A
W 2 Bz, Al 685 R AR L2 B T [ 9 A1 22 3k
e e

] A0 L ) AT Mk R, Ak 2 DA 4 6 I R Y
FLA N TR T, Hodr &2 07 L DL N AR
W S T T O T I (1 kA R A R A A 6
BEWRIE A ST R ER i 20, A RE MY
SEERR AR TR AR R T Y
ez g T ARG G 030k VB D H R IR, RE 95 3 B 2 4E
T A DA K% vy I i 0 BB 3 3 PRI S RS T
1L 375 18 2 55 i 8 1 JOEL ] e i R ] e K o

B 2 AEL A 5 IR 1Y 2L A, B R LD
OREFR £ FH D S H AT O H AR B
LW HE AP, NS, E SRR
m Cln W K 4% 2 B oD IR B AR 6 K 4y
PE 2 5 7 R A S I TR SE R A A R AR .

BE305H1 2025 8 A | RRE5EYEARFER

R2 TERB=RPEVEEEAOTNRE S
Table 2 Added mass fractions of phytosterol esters in different
types of products

s
i 4 R il
e AT i 5 50/%
NS 1
Wik
FL ] T 4.6
417 WRF 22 15
B E R CoNat 4237
SR JE TR R YA 10
55 5 Pute Health 0.57
K& s ma 0.004 25
1 EIRK 4
P 3 IR o
N i B I & F 4R
23 G v 0.136
Yokt FLAL R MERE = 3
] A Rk AfWHEIRE 30

FRERRE & & A B0 a6 i
PR Jeat A% 28

Ty RE 1k £

PLZF 2 1] Benecol 77 i A1 5 1% 7 b 78 = i £ 2
VRN TR W S W B L N ) 3 N
A AL

FEl P9 HE 4 S I T 1 B R B I D A0 B L fH
T b bR v S AR ) S B R ) B B L .
2010 4, T [ 1 = HE 9 5 B 18 mT 4R R BT R
. H AT, B R A S R R D Re v L ]
L T [ |6 A 40 1T 37 4 4, Bl A 6 AL £ B IS B O
(AN TR R N, A4 655 2 TG s 4 A8 n 281 2 # it
At By REMCYRESE TS e M. b
Ab T S BEAE O — Bl DO Re 1t B 5 ROk AR B R K
P R HHF A R0 B A A P R B S A i
FEAE T, o] Dod i 28 9% 6 i 2H 4 S Ak SR S I A,
ST AL AR I 5E Ak B TR BRI A A
K
5 g

T8 B CREOAE N — Fh SR e ) Th e 1 & i
JI | I I A e S PR b s | B AN = R T TN
Rz R E . W& B AR L AR s B IR
W AE B FE AN W TR N DL B T8 ol 25 0 {8 R AR 0
A AIE R H a5 sk, Y S B CBSD 1 R S5 N
WK T K IENLIE

R, A A S B RO I 52 R 8 S HAE B AT
IR A T AR i s 2 — R HAE R
T it 5 AL ) A R R o AR AR A T HE D



Vol. 44 No. 8

§ A (DR E PR B ED KRS RE X T
FEL) HS I (IR D IR O SR R i Ak 352 28 B B, ik £ R
P2 A BT 7T 5 SR B, DU [ B S K P %
B A S IR FE B b R I R B H T
T A2 DS T i it T A B T BT AR A R R A
R BRI Rk Jy . BEE BRI RIRA
SRR 830 HH ) IS S R AR R A B
PG 9B AR R PR S S . ROK L
P £ 1 (I ) e il JLJURY: (10 Tl B8 1k 2R 5 i A2 31 9%
O A R 22 A ot R I S i JR R R AT RE
1737 23 (8] 9 5| TR iy ol 1) 58 g b S 0

BTE Y BB N — i 2 D Re S
(LN DI (= RE WA 7/ IS S 15 s A R K7
£ I 8D [ T 5 A0 R AN 02 B 3032 20 i AR B
RN AOE S KR . RO Rk R
WG R WORAT M AT IS BT R R ORI
WH NN RBERE. RERK, MY LB
CHR O B T 37 A 35 Rl LA B0 A0 1 B A5 & b AT
NP ERR T DN/ ik /1

S E Rk

(U] 38 M b BR = 3, i XU, &5 L 18 B I 0 B 9 3k e (0]
JTHAT,2017,44(22):101-102,82.
HUANG W X, CHEN Y B, PAN F, et al.
progress in phytosterol esters [J]. Guangdong Chemical
Industry,2017,44(22):101-102,82. (in Chinese)

(2] FE/ANERBRC, R ORZE 5. R B BEClERD B i 58 5 B
mrstLI]. HAAMAS TR 9830),2023,53(4) :445-452.
WANG X K, CHEN W,ZHANG T J, et al. Research and
application prospect of phytosterols (esters) [J]. China
Surfactant Detergent & Cosmetics,2023,53(4) :445-452.
(in Chinese)

[3] DUDEKULA J B,KUMAR P R, RANGANAYAKULU D.

Bioavailability problems of phytosterols: a systematic

Research

review[J]. International Journal of Applied Pharmaceutics,
2022:9-17.

[4] JIANG C, DONG Z, MENG Z. Artificial preparation,
biosynthetic, health effects, and applications of phytosterol
and phytosterol ester: a review[ J]. Food Bioscience, 2024,
59:104023.

(5] BRI, Thatfrab SIEaalel)]. i S EMERER,
2024,43(4):1-7.

CHEN W. Functional foods and dietary health [J] .
Journal of Food Science and Biotechnology,2024,43(4) :
1-7.(in Chinese)

(6] 5k HE. DhaETEM IR IT R B ABALI]. B 5EY
B, 2022,41(6):112.

B ORE: BEVEBEONMRERREERRTHEA

ZHANG Q. Study on key technologies of functional oil
development [J]. of Food
Biotechnology,2022,41(6):112.(in Chinese)
[7JHE W S, PAN R R, LI L L, et al.

Journal Science and

Combined lowering
effect of phytosterol esters and tea extracts on lipid profiles
in SD rats[J].
2018,24(5):875-882.

[8] Tk¥b, XS RE, J7 e, 45 . LD IS I R %R 0T AR BR )y e A G
FE A= op R BLHIRT SE0D 0. R Bk, 20221 :43-48.
ZHANG S, DENG S T, FANG C K, et al. Study on the

properties, physiological

Food Science and Technology Research,

functions and application of

phytosterols in animal production [J] . Hunan Feed,
2022(1):43-48.(in Chinese)

[o) BEmiZy, &, skilg B, 55 . p-7% S T & TR I 6 JI o
gifgRe E RIS W], & S LG 2019,35(9):20-25.
HOU L F, ZONG S Y, ZHANG H C, et al. Effect of
p-sitosterol acetate ester on the structural stability of lipid
membrane[J]. Food & Machinery, 2019, 35(9) : 20-25.
(in Chinese)

[10] E& &7, o0k=E, RIET 5. MY & B -& SO 5T it e
(0], A4 Tk #,2023,21(2):210-219,236.
WANG S S, ZHANG X, WU Z Z, et al. Research
progress in the synthesis of phytosterol esters [J] .
Chinese Journal of Bioprocess Engineering,2023,21(2) :
210-219,236.(in Chinese)

(1] B E I, % 5, 55, MY SRR G & L 2ot 5 ik
JLIT. b 22 4 BRI 2 41, 2015,6(2) : 585-590.
ZHAO Y, TANG G S, HOU Y Y, et al.
synthesis technology of phytosterol esters[J]. Journal of
Food Safety & Quality,2015,6(2):585-590.Cin Chinese)

[12] FENG S M, WANG L L, SHAO P, et al.

chemical and physical modifications of phytosterols and

Research on

A review on

their influence on bioavailability and safety[J]. Critical
Reviews in Food Science and Nutrition, 2022, 62 (20) :
5638-5657.

[13] B, Bk, 2R, 5. W S B 52 a6 75 v o
FoRERELI]. g, 2024,49(2): 114-122.
WANG Y Y, MA G Q,LIY F,etal. Research progress
on extraction and purification methods of phytosterols[J].
China Oils and Fats,2024,49(2):114-122. (in Chinese)

[14] XU R, W RN, 5. FH ) 8 BE o- 0 0 BR B8 1) ) 7%
B A5 SRR R R AR R R CT]. B S L,
2022,38(12):133-138,144.
LIU Y J, PAN L, CHANG Z G, et al. Preparation of
phytosterol a-linolenic acid ester and its application in
astaxanthin-loaded liposomes[J]. Food & Machinery,
2022,38(12):133-138,144.(in Chinese)

[15] BAIG,MA C G,HU Y Y, et al.
of free phytosterols during the bleaching of corn oil[J].

Chemical conversions

19



20

Journal of Food Science and Biotechnology

Food Chemistry,2023,412:135512.

[16] Brie. Bk oy i me i s fb £ T Z D], b
AR TR 2021

[17] RYDER N S, GOAD L J. The effect of the 3-hydroxy-3-
methylglutaryl CoA reductase inhibitor ML-236b on
phytosterol synthesis in Acer pseudoplatanus tissue culture
[J]. Biochimica et Biophysica Acta, 1980, 619 (2) :
424-427.

[18] KNOCH E,SUGAWARA S,MORI T, et al. Third DWF1
paralog in Solanaceae, sterol A’-isomerase, branches
withanolide biosynthesis from the general phytosterol pathway
[J]. PNAS,2018,115(34):E8096-E8103.

[19] SHIW X,LIH Y,FUY J,et al. Preparation of functional
oils rich in phytosterol esters and diacylglycerols by
enzymatic transesterification[J]. Food Chemistry,2024,
448:139100.

[20] TORRELO G, TORRES C F, REGLERO G. Enzymatic
strategies for solvent-free production of short and medium
chain phytosteryl esters[J]. European Journal of Lipid
Science and Technology,2012,114(6):670-676.

[21] ZHANG Y R,ZHANG T,ZHANG Y, et al. Microwave-
assisted catalytic synthesis of phytosterol esters [J] .
International Journal of Food Science & Technology,
2022,57(5):3162-3170.

[22] PANPIPAT W, XU X B, GUO Z.

of phytosterols

Improved acylation

catalyzed by Candida antarctica
lipase A with superior catalytic activity[J]. Biochemical
Engineering Journal,2013,70:55-62.

[23]YU D Y, ZHANG X, ZOU D Z, et al. Immobilized
CALB catalyzed transesterification of soybean oil and
phytosterol[ J]. Food Biophysics,2018,13(2):208-215.

[24]YU D Y, YU C H, WANG T, et al. Study on the
deacidification of rice bran oil esterification by magnetic
immobilized lipase[J]. Catalysis Letters, 2020, 150(5) :
1256-1267.

[25] asts. Y BN O REE & RID]. e KR < iR KR
Pk K 52,2017

[26] CHANG M, ZHANG T, FENG W H, et al. Preparation
of highly pure stigmasteryl

oleate by enzymatic

esterification of stigmasterol enriched from soybean

phytosterols [J]. LWT-Food Science and Technology,
2020,128:109464.
[27] LIU X L, WANG L H, LIU P, et al. Catalytic synthesis

of  p-sitosterol linolenate emulsion-
immobilized lipase[J]. E3S Web of Conferences, 2019,
78:02019.

[28]NO D S, ZHAO T T, LEE J, et al.

by Pickering

Synthesis of
phytosteryl ester containing pinolenic acid in a solvent-

free system using immobilized Candida rugosa lipase[ 1] .

BE305H1 2025 8 A | RRE5EYEARFER

Journal of Agricultural and Food Chemistry, 2013,
61(37):8934-8940.

[29] ZENG C X,QIS J,LI Z G,et al. Enzymatic synthesis of
phytosterol esters catalyzed by Candida rugosa lipase in
water-in-[ Bmim ]PF, microemulsion[J]. Bioprocess and
Biosystems Engineering,2015,38(5):939-946.

[30] CHEN S N, LI J,FU Z J, et al. Enzymatic synthesis of

f-sitosterol laurate by Candida rugosa lipase AY30 in the

reverse micelle [J] Applied

Biochemistry and Biotechnology,2020,192(2):392-414.

[31]CHOI N, CHO H J, KIM H, et al.

water/AOT/isooctane

Preparation of

phytosteryl ester and simultaneous enrichment of
stearidonic acid via lipase-catalyzed esterification [J] .
Process Biochemistry,2017,61:88-94.

[32]YU D Y, WANG T, CHEN J, et al.

esterification

Enzymatic

of rice bran oil and phytosterol in
supercritical CO, [J] .
Preservation,2019,43(9):e14066.

[33] AL BR S Fh ok, & . 302 Jo ¥ A4 & o R Ak R R
THE A B BEERLT] . ARG R L K 5 ¥ 4, 2015,
46(9):38-43.

HU L Z,CHEN H,SUN L B,etal. Synthesis of phytosteryl

Journal of Food Processing and

esters by esterification and transesterification in vacuo and
without solvent using lipases [J] . Journal of Northeast
Agricultural University ,2015,46(9) :38-43 . (in Chinese)
[34] B (T S0/ ERE R, & B TR AL & BT IR TR
Y e B B BT JELT]. IR ,2013,38(4) :34-38.
LI JJ, HE W S, PAN X X, et al. Synthesis of citrate
phytosterol esters in the presence of ionic liquid [J] .
China Oils and Fats,2013,38(4):34-38. (in Chinese)
[35] WA . 3R GR A2 £ 5w JEURE R 40 55 1% 23 A7 7 i Y
LK NHBEFID]. A ZRE R, 2011,
[36]SHI H G, LI S, LIU J L, et al. Green and efficient
synthesis of pine sterol oleate catalyzed by SO;H-
functionalized ionic liquid [J] . Journal of Chemical
Technology & Biotechnology,2022,97(11):3083-3090.
[37] 2, fLI 0T, B ge, 4. MY 8B LT Em &
s AR et L], TR 2,2022,53(18) :5884-5898.
ZHAO M,KONG K X, XUE L,et al. Research progress
on biosynthesis of phytosterols and their derivatives[J] .
Chinese Traditional and Herbal Drugs, 2022, 53 (18) :
5884-5898. (in Chinese)
[38] EISA M, EL-REFAI

biotransformation of corn oil phytosterols to boldenone by

H, AMIN M. Single step

a newly isolated Pseudomonas aeruginosa [J]
Biotechnology Reports,2016,11:36-43.

[39]ZOU X Y, XU T, ZHAO T, et al. Phytosterol organic

acid esters: characterization, anti-inflammatory properties

and a delivery strategy to improve mitochondrial function



Vol. 44 No. 8

[J]. Current Research in Food Science,2024,8:100702.

[40] Z=MEds  RRBAMG 2 , dl 7Y, 45 . R4 5 B i v v IR IR B K
B £ M A ) R IR DT IR I s L0 TR,
2018,39(7):292-297,302.
LIY T,OUYANG P L, QU D,et al. Effects of phytosterol
ester on short-chain fatty acids in colon content of rats fed a
high fat diet[J]. Science and Technology of Food Industry,
2018,39(7):292-297,302. (in Chinese)

[41] o es , MR I 4 500, & . R B85 I % oo B L 6 T
BRI PE 2 E,2019,44(21):4552-4559.
LU J X, ZHENG Z G, XU Z M, et al.
research on hypolipidemic mechanism of phytosterols[J].
China Journal of Chinese Materia Medica,2019,44(21) :
4552-4559. (in Chinese)

[42] SIMONEN P, ARTE E, GYLLING H. Obesity does not

interfere with the cholesterol-lowering effect of plant

Advances in

stanol ester consumption (as part of a heart-healthy diet)[J].
Journal of Cardiovascular Development and Disease, 2021,
8(4):36.
[43] L1 C M, LIU Y, XIE Z, et al.
against Ang II -induced proliferation of the A7r5 aortic
Food & Function, 2015,

Stigmasterol protects

smooth muscle cell-line [J] .
6(7):2266-2272.
[44] 0, XUER BRE D, 5. p-47 o AL seam i
195 8 g SGC-7901 £ Mg 1) 52 i Sz H AL 4R L1, 4
JEF k& ,2014,3007):578-584.
WANG J, LIU J Q, CHEN F X, et al. The effect of
p -sitosterol on cytotoxicity of human costimulatory cells
against gastric cancer SGC-7901 cells and its mechanism[J] .
Immunological Journal,2014,30(7) : 578-584. (in Chinese)
[45] B4 22, i meul, okl 55 . RE ) (55 B 0) 28 € 3R 4 iR
A S O AR RIDI]. T AR R, 2014,
41(10):94-97,4.
CHENG X,ZHOU X W,ZHANG S M, et al.

phytosterol on growth inhibiting and apoptosis induction

Effects of

of melanoma cells[ J]. Guangdong Agricultural Sciences,
2014,41(10):94-97,4 . (in Chinese)

[46] ISLAM M S, YOSHIDA H, MATSUKI N, et al.
Antioxidant, free radical-scavenging, and NF- kB-inhibitory
activities of phytosteryl ferulates: structure-activity studies
[J]. Journal of Pharmacological Sciences, 2009, 111(4) :
328-337.

[47] NARTEA A, FANESI B, PACETTI D, et al.

by-products as functional ingredient in bakery foods:

Cauliflower

B ORE: BEVEBEONMRERREERRTHEA

fortification of pizza with glucosinolates, carotenoids and

phytosterols [J] . Current Research in Food Science,
2023,6:100437.

[48] BAE H H,HA J Y, GO Y S, et al.

levels in corn cobs point to their sustainable use as a

High phytosterol

nutritional source [J] . Applied Biological Chemistry,

2022,65(1):69.

[49] MR — fR2W, & 056, 55 . AR T & 11 20 45 ot T 6
MmO mI]. &R 5 EME AR EHR,2023,42(2)
40-44.

YANG TY, XU X M,JINY M, et al. Effects of different
gluten components on bread quality [J] .
Science and Biotechnology , 2023 ,42(2) : 40-44 . (in Chinese)

[50] Xl fe e, 5, BRif A, 5. R i Il e e i &0 A e
P L ST I [o] . & B 5 HLBR, 2021, 37 (1D«
105-110.

LIU L L, WANG J B, CHEN Z T, et al. Study on
oxidation stability and shelf life of oleogel[J]. Food &
Machinery,2021,37(11):105-110. (in Chinese)

(51 Fsfh, BER R, A ko, 55 . o- WU BRTR WAL W) 86 WG B2 77
Ay s AR eI, & TR, 2013,
34(11):353-355,360.

CHEN W,MU Z S,LI H L,et al.

acid,

Journal of Food

Study on the function

of components «a-lionlenic plant sterol ester
compound milk on the assisting blood lipids reduction on
human body [J] .
Industry,2013,34(11):353-355,360.(in Chinese)
[52] SUSIK J, PTASZNIK S.

post-fermentation corn oil with a high content of free fatty

Science and Technology of Food

The first stage of refining of

acids and phytosterols: comparison of neutralisation by an
ion-exchange resin without solvent and base neutralisation
[J]. Food Rescarch International , 2023 ,164:112302.

[53] MAKRAN M, CILLA A, HAROS C M, et al.
Enrichment of wholemeal rye bread with plant sterols:
rheological analysis, optimization of the production,
nutritional profile and starch digestibility [J] . Foods,
2023,12(1):93.

[54] XA, &7 G B, B E 40, 45 I AR £ 42 58 1) F ol
[J1. fr i TR, 2021,42(22) :240-245.
LIU X J,SHU Z C,ZHAO Z H, et al.
health-care porridge for regulating blood lipids [J] .
Science and Technology of Food Industry,2021,42(22) :
240-245. (in Chinese)

Development of

CHUAT G 4 - MR 20D

21



