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Abstract: Carotenoids are the most common lipid-soluble plant pigments in nature, which have the functions of antio-
xidation and prevention of many diseases. In general, most natural carotenoids exist in an all trans configuration, with low
biological activity and bioavailability. Cis-isomerization of carotenoids is an important means to improve its application
value. On the basis of expounding the isomerization reaction mechanism, this paper reviews the isomerization methods
(thermo-isomerization, thermally induced catalytic isomerization, photoisomerization, etc.), factors affecting isomerization
reaction, and the effect of isomerization on its biological activity and bioavailability under different evaluation methods.

Finally, the problems in the process of carotenoid isomerization and future research directions are proposed.
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Schematic diagram of the structure of all-trans carotenoids'!
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Table 1 Effect of solvent types on cis-isomerization of carotenoids
TRIFhE A N RAA JFaE 34 e Al N ACY) EEDUN

4°C.24h 19.7/11.4/60
CH,CL,/CHCL,/CH,B LR 12
e SR ! 50 °C. 24 h 77.8/48.4/75 2]
Ik FILLR 80 °C.3h 6014 I [13]
L2 SUIVEES, TVt kT Vi el a1 AR N T T g ek VR Fmmar 120°C. 5h 70/73.3/80.1/72.2/73/63.3/58.8 [14]
#im#Co, S-S N E 80 °C. 30 MPa, 5h 60L) 1 [15]

_ SR N ) 6/32.
ZRIE K2 R R/ PSR 2. s 25 C. 30 min 33.3/25/25.6132.5133 [16]

e 41.7/—/43.2/45.1/44.4

PR RS T Bk PP TR 75 °C.. 50 min _ [17]
RIAlE e LIN- 200 °C, 10 MPa, 30 s 60.3 [18]

i, CH,Br,. CHCI, Fil CH,Cl, %4553 o 14 -5 P R
FIE e HADAA B FIAH L, 505 et A b v
A HEAT , XS5 A 1A o5 Lo AR X %88 @, T REZ T
CH,Br,. CHCI, Fil CH,CI, 1Ay J2 & R i H 1~
AR, MIJSEAES N 2P & 2 T AL
BREsHY, AR AR R A S A |
REREERR I 4E S, AR TS bR AN A4
AR, ARSI, ARSI T A, AT A
BRI BV, TR RIS h R
FEA B RIS, X9 70 345 5 T A2 SRAS KT o, i
P Ak . FLI £ W X PR AT FLS 28 4 1)
OB ETON H T N R A feiiserb.

KNS bR —F BRI R, IETE N =
TR, AR TRESEZE 8 b R Aeuhg iy
W, EAFITRImIR IR eI b2k, WS
SRR W A ke e, [RI A s i S A AR g R
S A H S T R T, AFR g im e
RER BNfE PE2EI S b R A fbpE PO, Honda
SR R IAE 5 A B LR TR Ok (A R L RN
¥ WA BRI 5% BORHETH, /AT R
SR T LRI 5% BEINE] 32.3%. JARIE B
1R Z R B EEE IR NS, R DL RIE
NG DR SR AT BT, AT AR R
M A s e, B BA B4 @RI,
O AT R HAATEE T R N AT R
2.1.2 RPEEXIZEIAE N ER AR FEIRE S
ey Al ok R v, SO TR e S v A 3 AR e A A
Honda 4572 38 i % 22 it 31 S Vi, TP 5t LR 24
PR A Z= i A7 4 ) TR L 3 AL N, 2523
B, 2SRRI 1 min, IR 80 C $25%] 180 °C
B, M ZL RIS 7 U 18.1% i 4 iy 5]
77.2%, TALLERLR BN 95.7% BRAKE] 0.1%, K]
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B S A AR R S A AR ) &, (BT e 2
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Table 2  Effect of catalyst type on carotenoid cis-isomers
HEAETIZEAY Jel s N AR e S RTINS (%) B2 30k
A
FeCly/Fe,(S0O,),/AICL,/CuSO,/AL,(SO,), ML TN . 40 °C., 60 min A 20 [25]
A 70.8/54/50.2/40/29.3
nA
oy Fi R ZEZ . 60C. 1h A 233 6]
JmA 68.0
FIMA 12
il B N & CH,Cl,. 10 mi
p-iE MR 2Cly+ 10 min A 0 [27]
SHBL SR T ik pEE MK HIKACO,, 50 C. 20 MPa, 30 min ﬂ;?ﬂ\)\ 15 [28]
38
AHASILZZRTIO, TR ZBRZEE. 70 C.2h AIA 133 [29]
1N 34.4
RIMA 1
CMC-41/Ti-CMC-41 CEIES CH,Cl,, 10 min [27]
JmA 36/81

SRS RR 81.5%, TMAE LA I E A
o e, HI SAAR & ST ik5)] 97.5% ., Murakami
SEDIE A I U AT 2R 43 il 304 T FRAL BRI RS,
LESL R A TR A SN S, FOW A A 5
K F] 56.1%, WiE S SCECR MR N B A ASE] 5%,
Honda 4502 YE IO CHIGIMEIL 54, B4 i U i
LI RVETIEC ke, HFETK = 600 nm A9FTCREST 1 h,
AF BN T A 5 LA 7.4%; [RFESAE R IA
YEREGRITER 2 a ANV 3055, A AR A1
AT AR 2 57.4% F 51.3%, Hirh 5Z2-FFihsr 2 5
Lb RGN, 4350k 39.9% A1 31.7%

FEEAEY N B A RN 3 R R FH R
FI A ML, LR ER | RBELTAE, AN[EIZERY ) GHGR
XTPEEHE N RS ICORAS A HIE, e 3 Iras.
o, VR A GRS A8 Ak SO e i DL I A7),
FIPESERHEI NS R H i3 A= v, el 4 =X
Tl A U423 (R In A AT BES |2 4 b
EOFHIEAREGEIRE, 4—E R 458
B N ELERERR, [RIR, SR S — R AN B
A il A B 0, SR FHAZ R . 2R
2 a., JREELT B LA H RS SR CTR OO, 2SS

2 SRR T RV E B CRGR AR, AR

Gy N AT .
24 HHRHHEE

TR s SR R — e 4 e 0 S A Ak i, B

A ERAETR A, INFAIE 5 SRR AT, SR A 2 5 A
SRR AR AR, (HA5 BIF 57 2 BH AR 4 5 i 2K
3N R SRR S T IECRE ), 41 Honda
LD NGAL GRIM I I IS T Fm S A T b, A B EY
FIAECSAME A R 22 (100 °C L 1 h), Homi
SR 5 U AT IR E 13.34%, T 7EAH RIS R ik 48
DAL FATTE 3 min PR AHLLER Y= A4 44 o5 bl
iXF] 42.3%, HHJLPASRERR .

B bR JLAPR 0L ) S A4 7 vk 2 Ah, Weit”! i
Gao %P8 X 4 ) A EE RN - N RV T fikd
HRAN FeCly fb2f 48 AbAREE, BN PR)S 28 R 2%
Az A 4 I X BHES - [ i /3 A 25 5 e A R =X,
ZJa 5SS N R H AR AR Sy b e
MCAEHA S S 2, FW S ELBBIS B 40%~60%, 1%
SR TR T AR IR, AT A BT (i Tt AR rpis
BHEE N ZZREAR, (R BB A B = B R A 5
P, BTLA HRGHEA S8 2 0.
3 EPE MERMUTEEVEMFE T
FAE RS20

JShHE R 2, (HH AT AR RSl 5

N 22 A AT LA 1 P AN A= 4 ) FH RS A S ) A A
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Table 3 Effect of photosensitizer type on cis-isomerization of carotenoids

P 61l PSR v B SN2 TSGR SRR 5 H (%) 2% 30k
2R 25 a/ 3 H 21 EiS AN IECEE. 32 °C. =600 nmiEEEs. 1 h AIA 74 [32]
A 51.3/57.4
RHELTB i AT FHOE 320, 450-600 kA 1h 7 (2]
A 47.7/46.4
453 2 o/ B B -4 2 by SR IR A 4 R R b/ . " KA 12
BEYN ISR D pIAE R 12°C. 3000 b3k, 48 A 22/23/21/22 (4]
RIMA 81.5
il -FRE 25 CHHEXT . 10h
BRRHEE NT A o5 [30]
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o Miiller 258 ) FH 2 i 21 22 Sl il S b M A o ik
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W Fe’ PR Bein £ 2 M H A A RT3 1Y

it sz B, 2 B S A 5 i SR A AR P e s g
PETCHH 22 1 F/ean 4L R A AR PTE AL RE
By A—, 1T ReSZ HH AN FEINE X B Ll 2R 54
IR R EAE I EZE ST S 3 . (BETICIER
FRAR AR 7 1 Pl R LIRS A0S 1 B 41 3 I
RFFIALFAED UL IE T, HIEARSXTHUARBH R 58
FEAEANFIRZ R

T ANLL 2R S A A X 2R W R 3 B FR AN 5
mi] AR YR R AR N AR S M A S 2R T
ME, GRS MREE (NZERGTE Caco-2 4IREFE . A
SMHEACSSSRL RN RO AL A5 | B A L R IE PRI
SEL N 5 R . EARPNIES T, Honda 4519 & 8
AL I FAGAAE /N BRITF R A 0 SR AR B 4>
e ACHY 3 754 . A, Cooperstone 250 3 55 A4A4
IIfs A A A E B S LT A Fe 0 v Q= S A &
N 94%) Jm , HAE AL R AR YA E R A AR T
OB F AR ST 10%) 1 8.5 fi5. FEMRA ML,
Failla 48P il T 40 28 & R U AR RS MBS
SRR 7 T 240 B A B B AR P S A A . AR AS
[FIPPAl 7 A5 B AH R 4518, BN == R Lt
LR ASFHEEAE B EAERRE, &R TE
PIEA R N = W S BN Ry = W o VA N S B e ]
AE B AR ARSI AR e TR AR S A, B TAR IR
FEEAE, A ) T8/ 1Nzl RS R A IRz AL -

K4 AFEPERETT TR DRSO AR DS R

Table 4 Effects of carotenoid isomerization on their biological activity under different evaluation methods

P S EPE I E PN
. LPSCHll & AT HE: (all-B)<(Total Z) [5]
iieLs FRARIE PUASLTEE: (all-E)=~(Total Z) [5]
A TS (FLEULTEE) (all-E) < (Total Z) [43]
AT S TEACHI & PLEALIE M (all-E) = (Total Z) [44]
/NBSE (HUBhpkHHERE AL ) (9Z)>(all-E) [45]
- DPPHill & U fLifdE: (132)>(92)=(all-E) [46]
e FRAPIl & PORAIEE: (132)>(92)>(all-E) [46]
DPPHill & P TE: (92)>(all-E) [29]
LINEE J il Caco-2 41 AR YA A5 (all-E)<(Total Z) [29]
F5 LR A PR (92)>(all-E) [47]

5 ARV AR 280 N RGO AR YA B R

Table 5 Effects of carotenoid isomerization on its bioavailability under different evaluation methods

KIE MR LECVIE:N AR EZ PN
£ (all-E)(20.3%)<(Total Z)(72.5%) [52]
IRSMH AL (all-E) (19%)<(Total Z)(27%) [53]
I [ i Caco- 24 5 5% (all-E) (10%~15%) <(Total Z) (26%~30%) [51]
KRS (all-E)<(Total Z) [54]
INLSR 90% (all-Z) (4.98%)<94% (Total Z)(47.7%) [50]
MIME AL, (all-E) < (Total Z) [55]
SEHE MR il Caco- 24 i 5 77 (all-E)>(Total Z) [56]
PNERE JFFJUE /B 1 B2 JOk /B FUE /i 5 e/ L 3%/ 52 3L (all-B)<(Total Z) [53]
- PRI B (132)>(92)>(all-E) [57]

Wit Caco- 240 15 5% (132)>(92)~(all-E) [29]
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AR BE N 8 1 ) B AR IR S8 b T AL E 1
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A AR N RSN, e E IRy s R EVER, O B
B-EHE N R APERIRS A H], e FEEh eIk
AESIAFAEZE ST o FEAE FH AN BASEUR Sh A AR P A AR
(R sk, JHON S S A A 1 A= 4 0 FH B ot BRAS
[FIZh 5L, 3X AT RE &t TSR p-t 8 b itk R
B SeEiel, fukn] UL, S N R TTERIER, DL
BEASHA R | 22— Al gk AR PN 9 oA 35 3= ot (FR 1A
JT. L REE AR S ) B sE a2 8 N Rk
Rt
33 ME=E

MR (CyoHs Oy S — PP B R RL S S h 3R,
SHABEEA R N ZRAH LY, A S AR iSRS I o2
SR, EMRATAE T ORI N B R
T, VB —F A 25 T ASMEER TR &Y, FEA
WA K BB AN FEI BRSO E AR, 72228 Uit
1, 2 R AR ORI, AR TR R AT AN
IREMI R E 5 TE B, WA SR i S5 A A e )
TN A AT HIR o 25 A R 2

TEM 2 2R SR A A P 0 PR I AF5E 7 THT, Sahin!®Y!
N Gunal'®! 45 & B85 28 5540 T 5 7= A= e I = 44
AR T 5 4 N AT S AR BRI 2K A, I L3 A VR Y
G B IR SZ AT AR PRI ys i IR BRI o R 6 4
A5, PRAFOCIRRASZ SR A Sz BE RIS 41

Az A0 sl At 4 1 3 TE BB J1 (ORAC-L) . DPPH
1 FRAP — P A - 20 2 SEAA AR It 54k
T, G5 R R (132) - 3> (92) - # FH=(all-E) -
R . AR T R e S A S =
SR DI RERFE AT I, FUN S A AR 2 1
PEE T A S A A

- 22 S A %o AR ) R R R ELA B s ),
{BAEATRIPEAE =0T, S b E = SAa A al i A=
YIRHEEATAEZE R, WL 5. N, HE—1RSMNE oA
UG v, o i 2R SRR AR 1) A 4 R BE U SRy
(132)-M#3E>(92) -1 2> (all-E) -8 =07 [WifE
Caco-2 Hg A Bl ge b, X Fnh 3 HZ Ay 4=
YR A RAMRILE S, B (132)-M# 2=(92)-1t
wWE>(all-E) -2 P ey R A 25 =
St K A B 5 4 i EL R B 5 R 3 R R T RS B e A,
TE 7T AR B R e, T A EA B B A
JHE
34 HMAHRE MR

HRE 2R (CyoHs,0,) JE—FhEIAISHH 2 M3, 22
TEAETF g sy, HAE Sk se570 12
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