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H BRI MFEHZYRATEEIRIG EARA LA, KFRA BFEAEEAKEEF (deep eutectic
solvents, DESs) # 2 Fot & FHH&otk F-F Bt ah, Bdhxtk 6 #EiTE2 4 DES GEFEL-C M. HAThz-
AR HATEE-FER . HTE-AR. FAEE-CR. AR 2R R ORIREE, FRERKEEHNE
A, AREME, UCEASE., gk, RIREL., RREAALHEZEXRTE, S0 @5 RRIEA
#; B RBATET R R RRBITRANFTRITIN, TREATXZ-ETHLLETETR IR RO A. R
25, FERRRMEE SR EE (LC-MS/MS) *TEM#FTASE ML ENHMH. R LAY FEFEE-LHRKR (DES-
1) ARBIKREIRER; KRB HRERREMATESE 47% (V/V) | #ikk 1:45 (gmL) . RIUEE 69 C,
GEMHT T EERRETE 644.11£1.99 pg/g. DES-1 54| &-ayet 5 ZiEk st £ 8 § 4= DPPH A s ka9 Fmm £
SHK 77.52%. 84.58%, BFE & THLKLCERIE (P<0.01) o £ 30 C/75% RH #3735 5 4500 Lux/25 C X5
HF, tRE-EEELRGOT R ERTES A 84.34% 2 33.73%, HEFHTTELEE, BAHLEZEHT
R EAFF AR B E, RNt R Z AR ATA 5T LREAMRBARER, AnBERABTH.
% LC-MS/MS %57, bttt ZE. PR EMBRBE B At g ELay, 2P HEETERELERS, B
IE A 107.93£11.36 pg/ge AT RH &0t H Z- BB L R EERG T HEATHE, THhHeTRFWERF LR
REZ S TR,
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Extraction of Lutein from Chrysanthemum by Menthol-based Deep
Eutectic Solvents to Synthesize the Lutein-Menthol Cocrystal

CHEN Jinyu, LI Dan, TENG Jie, LIU Yang*

(College of Agriculture, Jiangxi Agricultural University, Nanchang 330045, China)

Abstract: To establish an eco-friendly and efficient method for extracting natural lutein while enhancing its stability, this
study employed menthol-based deep eutectic solvents (DESs) for the extraction of lutein from chrysanthemum and the
preparation of lutein-menthol cocrystals. The feasibility of this approach was evaluated through the analysis of the antioxi-
dant activity of the extracted lutein solutions, as well as the stability and composition of the cocrystals. Firstly, the extrac-
tion efficiency of six DESs (menthol-acetic acid, menthol-propionic acid, menthol-octanoic acid, menthol-decanoic acid,
menthol-hexanoic acid, and menthol-lactic acid) for lutein was compared, identifying the optimal eutectic solvent. Subse-

quently, single-factor investigations were conducted on ethanol content, solid-to-liquid ratio, extraction temperature, and
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extraction time, and the extraction process parameters were optimized by using the response surface method. At the same
time, the antioxidant activity of the extracted lutein solution was evaluated, and the differences in light and heat stability
between the lutein-piperonal complex and the commercially available lutein powder were investigated. The cocrystal was
analyzed using liquid chromatography-tandem mass spectrometry (LC-MS/MS). The results indicated that menthol-acetic
acid (DES-1) was the optimal eutectic solvent; the optimized extraction conditions were 47% (V/V) ethanol content, a mate-
rial-to-liquid ratio of 1:45 (g/mL), and an extraction temperature of 69 °C, under which the extraction yield of lutein can
reached 644.11+1.99 pg/g. The lutein solution extracted and prepared with DES-1 exhibits scavenging rates of 77.52% and
84.58% for hydroxyl radicals and DPPH radicals, respectively, which were significantly higher than those achieved by tra-
ditional ethanol extraction methods (P<0.01). Under thermal conditions of 30 “C at 75% relative humidity and light condi-
tions of 4500 Lux at 25 °C, the lutein retention rates for the lutein-menthol cocrystal were 84.34% and 33.73%, both of
which were significantly higher than those of commercially available lutein. The formed cocrystal structure could physi-
cally hinder oxygen penetration, while the hydroxyl groups at both ends of lutein can form strong hydrogen bonds with the
hydroxyl groups of menthol, thereby significantly enhancing stability. Identification through LC-MS/MS revealed a total of
33 lutein-related components in the cocrystal, including lutein and lutein palmitate, with the highest content of free lutein
reaching 107.93+11.36 pg/g. The lutein-menthol cocrystal prepared in this study significantly enhances the stability of
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lutein and may provide more possibilities for the practical development and utilization of lutein.

Key words: lutein; deep eutectic solvents; menthol; cocrystal; stability; antioxidant

34 1€ ( Chrysanthemum morifolium) 2 54 5} 24 J&
ZAP A BARAEY), B E DLSIRIET A2, BB
AR B AE IR T, ZRUR S AR 1E
M— AR TR 2, - TP R, 2 Yk 32
M2 MRV HARIZE E& & BRI, &
TR EYEE ST, AR D RSN 2k
B R RSO A5, Horp T AT B R i
AJik 46.8 mg/100 g, 7ERIRAEY) AL TH R /K
M RE T 3,3- K -a- S MR, irFa5ib &
B Z D AE T, PImZE A 238 (-OH), R B4 %8
SRAYBLAAALERE T, PTAROERR E R L, IS T A
TEE AU, Ak, 2R BAT P IR DAL,
E N T o7 D gt & i ol

H AT, KRR 2R iR B 1 FEATRF LS
FUNZERENT | 875 IR 5 Bh R IR | fbp fil B B2 E
BBHIR AL CO, ZEHUEIY 45, SR, X LTy ik
AAAE—E W JRIRRPE, A WL R ZEBUE AT AR AR
(AN AV BRI 0.35%13), H & ks 50 5%
SRR IS YL R S Bk B e iR A R BeR
L5390, AR A i A s s RSOV Z) e (e 4 e =X
-2 ZR A S I SR, AT S 38O AE R B ST
FARTE M W 2R REN O RIE A CO, FEEE B B4
ST RN, JCsR B A0 EA, AH S S PRI e ik
35 MPa PYEAVE TN, Hik & A s . SR T THE™
BUSTE A, P ER AT . RIS RUER, S RE
fift, AR HN A T ENRI S AP, Fit, 1z
T R —IRG A SRR BRI T 2,

VT 4F 3, IR 3 4% %5 551 (deep eutectic solvents,
DESs)E N —Fi BUgk (42 7 #4552 01, ‘Bi&H
S HE3Z K (hydrogen bond acceptor, HBA) Fll & #l{it
{A& (hydrogen bond donor, HBD )#&%—x£ BE/R LLIR G110
IR FR, HoA AR . il A5 TR | AEE A U550
AP BHAET, BN T NEREP L T 545 IR SR

T ER AP, TESRTHRIBGICR A RIS 1 225571
SEMRAE, (AR R B SR A RS RE P22 R 7]
A, WETEREIE DES JE—APisik P DES, H A far s
1520 HBA, KAERIRIR . WIS elkibida /28 HBD, fif
By 7 Ay st o B L e B A A SR Lt R R B s
DES ek T 155 37/K Yk DES 5 5 25K P LG 7
RS BRI B R BR A, B T HAE s K MRS
PRIBCPpg B HREERY FHET, ©H TR R
W Iy I B A TR AR 2 AP e AT B SRR e,
AT A o AR P A S, B b . iR MR
YT REARERT, LLHCh HBA [ DES IR, N AERS
BEFEPE I KPR BAIEE L, S i B R DAY
LT PR R, BRI DS S s R
BRI A A, T S S5 5 B IR AR E TR . PRI,
AL DES TEM 8 3R 4 (0 B e i S e e T
J7 B R AT

AW FEAUA A7 B AL DES $2 0 5 35 b iy it
R, LR E & ORNR LE . SRIBGHE RS R BN )£
Ry BRI 2R 3 iP5 4 O SR 4 v B I B SR PRI A5
W], PR e 7 TR BT A T SR LA R B AR
T FEMRAIn BRI E Tl i zE n9 07 Xas
B ZR - I A, S R A B R 2 S A T
IrHT, BAERRRALGARBOT IR ARG FREMEZE ]
A i8S DES e HEORSE T B A A IR, LI
SRR B RS I AR I S .
1 MR5EE
L1 MRSNEE

B TR TGARERITARA A, FIHZ
AEM R LAS B S B 'G TR PR AT 28 s AT . 1R
NI, IR Ol S5R . FLIR . ZBF. 1,1- K %E-2-
—REFEEIRIPE . A8 AR BRIV . SRR AN B
TR — M. i AL R (o Afral) A2 T AR T AR
(i) e AT BR 22 w5 8 3R ME A (2IE>95%)
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AR PR R AR (BRIRE RN 60%) SRR
YR R, 0. LB PIEE . PR . Sk, &
AR . H IR ORCT R EE . 2,6- R T 3R XS B g
(BHT). IEC e taigal) iR T A RA R
TEPE. BT BT. SR, A E . by, it
T . 8-B-FUAMAEY N EEE . EORER . AR a-
B ot . B-Fat ot | Vg ARG FRBR o i (413 155>99% )
Sigma-Aldrich.

YB-500A BIZIhEEM AL kT e 1.5
BRZS ] 752 BRUSRHRAT DLA Gt i fERkdy
XA BRANF] CI78-1 HiRE i dlas P EE M4
IESCH B B kAT ; NDJ-5SN #UAEEE T
SRR PR F; 58 10R FUEs.HTL fH[E Eppen-
dorf A F]; HH-6SEUR fEIR/KIEHR  _LiEHER ST
A BRS ] XD-52 U@L 78 A il SRS s
X FE/NT); OLYMPUS-IX73 BIEIS 52560 Winss
W ARG FRZ) F] s KBF P240 BINDER £ aE MEAf

AN ARHCA RS W QTRAP 6500 ZUAAH
OISR RIS SCIEX.
1.2 SEWFE
1.2.1 DES 1yi#il# DES #l&Z=% LU 429 195
B, LLRIISAE S HBA, 2R . TNIR . 1R . 251k, &
Bz . FLEZ 4 3I1E 7 HBD, #BE/REE 1:1 7 80 °C R
i, HE i AR EAL, T R — iR A,
4y % A DES-1, DES-2, DES-3, DES-4, DES-5,
DES-6. W Bo il - iR -G a8 w1 g A7 55
H.
1.2.2 FeRFE AR 2% MUSSAGY 228
7k, FREL 0.2 g BREAO AR TReEMR, 50 5)4% 1:60
(g/mL)RHE LN A 30%(v/iv) ZEEHY DES 3T
FAERE S1 PR 60 °C FIR2A 15 min, fR ¥ #1 &
FEIRJE, 1 4500 r/min | 25,0 10 min, /INOUEE &
W, WECLRAE . B VWA 400~700 nmif 1K Bl Y
G, BE B AE R I RRE I K
1.2.3 DES 7k
1.2.3.1 ASEEAIE  FIARSEETHIAE 6 F' DES %5
FEPRL B o BB IR R ARE SR P, IS
T HENIEBRAT L, (5% 2 MR B Aeil g, o
SEAR I IO IER )5, Ja SR BT, PR Ry
30 r/min FEATIE, MEGE A TR, & T Fa £
TG, ERHOT ISR E A, AR — K.
1.2.3.2 e EEBCRIE DA SR G
FabR, XT Lk 6 Fh DES A 2Bt £ 28 h ik 25 22 19 HE L
RO . FREL 0.2 g A5 ETHR THebr, 43514 1:60
(g/mL)BHR LN 30%(v/v) ZEE) DES & .
TeoK LBEFTTRAERE 13 FE4s 60 °C T 2 HL 15 min,
R H ZE 2155, 7 4500 r/min T 2.0 10 min, /)Mo
Wt IS, FH LRSS FAXT RS0 445 nm &b
& HIWAH -

1.2.3.3 N EARAERTZR AL T R B BUEAY T
2322 T 7K 5 AP0 Fe R B RV TR T T2, YRETR P o
0. 1.2, 5. 10, 20 ng/mL WIFRAEA W, JH L BEAE
Z5 PN BR ST 445 nm AN 52 O G(E . LA
R (ng/mL) AR (X)), 445 nm AR SGE
YRR (YY), it EpR g R : Y=
0.1645X+0.0762, R>=0.9974, M KB
AR
cxXV
m

M FRIE (ng/g) = — = (D

o ¢ FoRpREM LTS B AR R R
e, png/mL; V R BUEFARL, mL; m Frn 224
ZSMTEL, 8o
1.2.4 FAHZESCE SHRERELE (LS. B
bb L $E IR B R SR B A i S BRI, RS
VINAS-OSPINO 5P o3 4501 K vy S 4502 wf
FEIT IR |, 45 G WSE IS g e G e, JTLAL
SR SRS 245 BA DR X - R B AU R
1.2.4.1 DES AFEFEXIMHRIZBURIEmM FR
H 0.2 g A58 RINAS 1.2.3 ik ) iy fE DES
BB L 1:75(g/mL) | 3EBUEFE 60 °C | $EHL
B [E] 15 min, 75 %< §1 K  DES & B & &t (10%.
20%. 30%. 40%. 50% )X M- ZZHEEUR AR
1.2.4.2 BHE LEXT 3 R 3R ORI BRI 0.2 g
EAZOM AR INF] 1.2.3 fiiik i Bk DES 11, [
DES ZBEEHN 40% . $EEURE N 60 °C | $EHUATE]
A 15 min, FZEEFARIZ K L (1:30, 1:45, 1:60,
1:75. 1:90 g/mL) X5 2GR 520
1.2.4.3  $RECE X E s RS HCR 52 FREL
0.2 g BT AINF] 1.2.3 ik H i &k DES 7,
[# % DES LEES &0 40% . B b 1:45 g/mL.
PEEUI[E] 2 15 min, 25 %< FR P - BUR E (40, 50,
60. 70, 80 °C)XF i ZRIEHEAIFE
1.2.4.4 $RECHF AT b KPR HCE 2 FRER
0.2 g BAZSBAINEF] 1.2.3 Fifivk il i L DES 1,
[5 % DES Z W5 & 1 4 40%. BH& LA 1:45 g/mL.,
FEBUREE R 70 °C, HEL B R RIS A (5. 10, 15,
20. 25 min) X8 R EEREAY 5,

1.2.5 maEPR bR T2 DL AR
25 1R B, AR P Box-Behnken W0 4H -G 1X56 4% 11
SRR, BEEGE AR LB S i (A) R B (B) | $12
B (C) A IR F, FH Design-Expert #4347
WA, Utefert S IR T 2, EFERAUKEILEE 1.

1 WE LT Y R R K-

Table 1 Factors and levels of response surface test

K- LS (%) EHR G (g:mL) FRIBGRE(C)
-1 30 1:30 60
0 40 1:45 70
1 50 1:60 80
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1.2.6 P AbisE Rl
1.2.6.1 BARRBUCL 2RI 2T RER  IRHE
i 3 TG A A5 21 i S AR HE BT 25 2%k, FRE 0.2 g
BB AR E TErh, FoRH L 1:45(g/mL)AIIA
EARFRAIEL 47% 2R DES-1 380, T8 Sk
#, F 69 °C 5 FHEFE 15 min, FHARKBAIE SR
15, 4500 r/min B0 10 min, ZNCUEE FHEHK, #56G
PAres o
1.2.6.2 L PFEFREUL & B3GR FREL
0.2 g EAEHRE TReprh, #hE Lk 1:45(g/mL)
TINAARTTEL 47% 1 C T, T g 1 as v,
T 69 C 45T HtdE 15 min, fHA R BN EER)E,
4500 r/min B.0> 10 min, /INOUWEE BT, BEGCIRATE
H.
1.2.6.3 %5k DPPH A LG TEAMIRE S%4E0
TRAER FrER SRS, S35 HL 50 pl 48 DES-1. &
BB A 85 2, I 950 uL DPPH B, 58
SRS, VR E s 53 REH 50 pL ZES) 950 pL
DPPH IR GIA), Ve A A, F iR RE T
IR T REYGN, 20 min &, SRFH 1 mL BEES LI,
TE 517 nm P IE WOGAE, “SPATIE =k, BOF-
PHE. FEIBU R A5 DES-1 5 L U
I-2 VAT DPPH [ R B0 5%
Ay — Ay
Az

o, AL RIRAS FIAAE 517 nm &b I GAH
Ay A RFRMELFE 517 nm ZbAWGAE .
1.2.6.4 JHERE A B IEWEHENNE S RWE
LB 7 RS VRS 2, B 300 pl 5 mmol/L HI4R — A&
JEVEWR, IR HIA 300 pl 0.75 mol/L HIRERR 4N EL 2%
i (pH7.4) . 150 pL 7.5 mmol/L [ FeSO, ¥, 1
BRI TAER . 533 150 pL 5 DES-1. ZEE
By BB WA R 750 uL TAE® ., Fhn A
150 pL 1% H,O, ¥, IRSIVE I E 4 K B 2%
W H,0, VE Xt BELH ; e e RIS . H,0, 3
Wy H,0, VENES A o F Bl L4 35l &
TE 37 °C /KIBE 412 60 min, 25 °C F 8000 r/min
B0 5 min J&, 403 HC 1 mL FBEES A LA e
536 nm AbWZOGIE . FRE AN 25 253513138 DES-1
55 R E A I B FR RO R AR BRI R R

i 11 B A (%) = 2R 100

Az —Ay

A Ay i E ZHAE 536 nm AR IR OGAE Ay
Xt A AE 536 nm &b YW GAE ; A4S FIAHFE
536 nm &b GIE .
1.2.7 JLfFRcE i e
1.2.7.1 PR RALAMARIEE o DES $2EUY 223501
TR WOLATEFZ 78 AT, 76 70 °C R lieik 25k,
R HARBOE A 25 30% AR IR, B A 2=

DPPH H HI 25 BR 2 (%) = x100 X (2D

F W &D)

Jei, BIAREFR NI BT 25 °C JAE b, 49 2 i 2
R EEILRO R AR TR R SRS U,
i 100 H i, FRAFRAEAHRT — B 00R AL 5, EEGAIR
TR T e 2525,

1.2.7.2 FHORZEFIOLEE  SRAMEBIE D6 BB 5
e i 2 2R -y P RO AR T 4 I B BB AR 1O UL
LR HEAT WSS TIRT L o R PIAAS AR S 5301 34 20 5
BT A A b, DS =, B ORIk o3 A1 1
2) HICW] 2 AT SRGHEPY, A ORA K 100 AiriEA T
PUE S

1.2.7.3 #FEPERME  SHARIEDY IR REE
PR, 433K i 2 - Sy e RN T B I B O R
SPEFAESE RS I, W BCE TRROE 46 1 (30 °C/75%
RH), BRI RK PR, 53 3I7E 0. 2. 4. 6. 8. 10,
12, 14 d BURE, Fil FH A0 -4 60 BE T e AR 5 e
{EIFT R BE ERAREE AR

1.2.7.4 SeREPERNE  SHARIED R REE
BRI, S35 8 2R - g P R T S B OB R
SPERESE L |, B S cE T sRobisseE s h OB R
SREF 4500 Lux, EEE 25 °C), KBS AR NIR, 43
BITE 0. 2.4, 6. 8,10, 12, 14 d BUEE, FIFHZESM-43
SR E AR RO GBI B R LA R
1.2.7.5 MEZHEEFITE I 2 mg BRI
F1, i 10 mL JooK 2, B 5 78 437 f L Bl IS 7
4500 r/min T Z5.0> 10 min, /WA FIEW, JH 20
VEZS FAXT HR T 445 nm AW R OGE . ™
IO &,

I 2 26 A5 2 (%) = Aé % 100 ® (4

A A FRIREE N d BPRE R IROGIE; A, ToREE
0 d BRE SO EAE
1.2.8 AHEIE FRETTHE (LC-MS/MS ) Il 72 -2 2%
1.2.8.1 FESBTANEE =% INBARAT 450 J5k, FR
HX 0.05 g nf i 3 -y Aoy B A Oy R, A 0.5 mL &
0.01% BHT (g/mL) 14 1E C. /P Bi/ Z BEIR S (1
1:1, v/v/v) P, 23 T iRE 20 min J5, 7 4 °C
£, 12000 r/min B5.0> 5 min -3, PR S HREL
— WA B OGIE RIS, KA R R ook 4 S,
150 pL S B, 1 0.22 pum JERE, /A7 TAR 0
BB, AT LC-MS/MS 43t .
1.2.8.2 WAHEIES& =35 INBARAT 5509 Jrik,
it YMC C;0(3 pum, 100 mmx2.0 mm i.d.) & AH (4
FEREXTAR S IE T OS5, LA A S 0.01%
BHT F1 0.1% HFEZAY R B/ 206 (1:3, viv)IRE W T
SHAH B AN 0.01% BHT Fy B 3640 T ki AR
A 28 °C, #tAER: 2 pL, Wi 0.8 mL/min; BREEVERR
2K 0~3 min A:B -5 100:0(v/v), 5 min & 30:70,
9 min 2} 5:95, 10~11 min >} 100: 0,

1.2.8.3 JEik &/ =% RIVERA &P 19751k, Ji
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JSMHTLE Q-Trap 6500 JTHX b, R UElL 207 DES.1

2 B U TE B8 TR, B TURRLE B M 350 C. 445 nm DES-2

ARSI AR ST 25 psiy BEALAUE T 60 psi. v e

I 3% SR A SR T 22 5 7 W VRS2, o k1 90 B 8 g ol = DES-S

> m/z 100~1200, = ’

1.2.8.4 45RO SRR RS 10 5 i 05 N\

SINPECIEIS , B B AR R B A TRy, it e T

HMRIEIEATE AT . AT ST — T DT %0 450 500 550 600 650 700

TR 1) 22 I 8 WA 258 i, I B A R A= n IS (nm)

e S AN A K1 AN[F] DES ZERI B H A - 25 E VSR AE 24T
A WSRO

cxV
1000 X m A ()

o ¢ ToaRFEAS PRI E AR AR HERT 45
F) U EAE, pg/mL; V R EE T R AR,
uL; m FRoRFRBEAS i, g
1.3 BIEAIE

BECIRFEE 3 UK, S5 RO EpR R 23R
Ne GETTArMTE A SPSS 21 BRAHAT AR R I 2557
T (One-way ANOVA), & 95% H 5 X [H], ZFE Lk
¢ K FH Duncan 155 24 P<0.05 BP0 B Gl
M ZEHEAAH A Origin 2024 Hl1E,
2 RS9
2.1 BEHFMHEZE DES FiRmARIBUE K

Wi 6 Fhidifar i3k DES #2 By i # s w5 )
TE 400~700 nm I FE N4 HE, XTS5 R 10RF
TEM WSO K AT 2 . AN 1 BT, 6 Fhd BOi Y
TE 445 nm b7 W] W 0 IRG, IZ 45 IR SARRE 2 PY | 4
TRCN R F52g 0 Ah i 2 2 Y RRIE IR A 445 nm

MR RASFE(ug/g) =

Fig.1 Absorbance values of lutein solutions extracted from

different DES types at UV-Vis
: Hrf DES-1(Ef B Z12) 5 DES-2 i B: AT ) ; DES-
3T : 1R ) ; DES-4 (A7 B 58112 ) ; DES-5 G Bi: C
M2); DES-6 (HififiE: FLIR)
—3, BEHH ] DES $2 Y 5285 35 2R A AR IE M i
A 445 nmo.
2.2 DES fifi&

FL 4 SCHiR [24,28] A9 DES il #5715, it il £
6 i fif B 5k DES, 413k 2 Frox . Horp DES-3 (G
frflist: 1R ) . DES-5 (JHEfarlist: LR iR B (i TR
A, HAR YA Ry JO s IR o Rl JRE 2 A B A Ui 30
BH 71 B9 45 F5, 6 B DES Hfi By [l 24 8.1~64 mPa-s,
¥4 NEDAEI 4510 $2 11 i i /K 4 DES K EE N /N T
100 mPa-s HIFRIE.

DA 2R i AR Sy 38 A 0 128 B2 IR Fe e Y
DES 2%, nE 2 P, LB O it s R i
B 2 4 AT 6 Bl DES 42 B it i B 2R 412 B A

%2 DES R KOR
Table 2 DES type and viscosity

JeHd HBA HBD HifEE (mPa-s) JE IR
[¢]
DES-1 )J\OH 12.240.42 Pkl TLN
2
o
DES-2 \)L 8.1£0.36 To o I A
OH
iR
(o]
DES-3 o M@H 19.2+0.53 TR (A IR
R
anni| o
DES-4 LS MOH 20.0£0.58 To (3% Wl A
21k
[¢]
DES-5 /\/\)I\OH 9.2+0.37 IREEE A
@A
o]
DES-6 ot 64.0=0.65 Jo 3 T A
L

4 RTHBANEEZ 14, HBD oy S LA
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600 460
a
500 440
_ _ 40}
3D 400 &
Z @ 400
gz 300 18 380 |
B
2 200 2 360}
100 340 F
320}
0

3
Q@%,\ Q@%ﬁ' &%9: Q@%'b‘ Q<o°«‘b Q@%'b »
K2 XSHEAFIZER DES 5 LBEHIU f3 s R AR i
Fig.2 Comparison of lutein extraction yield from different
types of DES and ethanol extraction

H ANE /NG FR R R B E 25 (P<0.05), K 3~
& 6 [f] .,

(P<0.05) . HHULAEYTRIBCEE FZIWLTFEIx
I ZEANT], M R O RIS MR, LR
B K B g oA 32, AN s A /D iR AR S, AR 55K
PR BRI T, WTer e L K B 2 S R A M A
A DAUAG I 7 70 v 5 -2 2R 4 IR B T Ak
BKAE EAE S S3kan &, A b p— 2 Bg 5], 5t
WE T AR AWER SR, NIt DES X2 & a3k
Gy A=

Xt 6 # DES BYFRHUSUR,, DES-1 By 4 BGRR
B ETE T HA DES, #2808 526.01 png/g(P<0.05),
54N DES-3, DES-5. DES-6 X - 25 (32 B SR J6
WEEF(P>0.05), BWASKE, MR PR EGE hkH]
/NI A DES-1>DES-3. 5, 6>DES-2>DES-4>/2,
fi. DES-1(Gifar - 2.0 ) $2 BCR e i, — 7 minT
fEJE T HBD N ZIRH}, DES #e i 58 = VL EE EE
AR, MRS TR RS UK E, XT T AR S
SR ek E DES, FERS T FRIREE AU HE K, 77734
{AA A 32 T REEARR K PR B, 5 i 2 Z A
BE R RES; gk g, B3 2 BT DES-1 K5 12.2+
0.42 mPa-s, &b FHAKIK, X —FptEA F FHE Tl
B R PR IUA FR R AL TR, R ITT e e PR s
AR, Y5 DES-1 i fE DES 250, 785 4%
SEE AL ZERYESN DES 1 HBD.
23 BEZRIWER
2.3.1 DES W AEESEEN B3R
WAz DES-1 W AEE S s, LEER] 5 DES 41
Sy B S A, S B Sy TR OV 055, R R IR,
{# DES BE W 4 Mz A B2 ZSBy PIFREY, & 3 A
LI H, BEZE IR 2, S i Ao v, e AR
BRI R RIS, HANR QB 2z A7
1R HEME2EF (P<0.05) . R AE LS &N
40% B IS FIE(H (434.31+2.78 ng/g), BiE L&
AR N, PRI 2 R R, X AT RR R Tl &
g2 {d DES-1 Al & AE R IEHI 558 2 %, 2
PEHCE R RES LIRS IR, S B 2
A 40% B ERBGUCR R AE

1.0 2‘0 3.0 410 5‘0 6‘0
LS (%)
3 O[] Sl i 2 R AR ORI 5
Fig.3 Effect of different ethanol concentrations on lutein
extraction efficiency

2.3.2 KR HLAFENN 7RI R AR ECR, R
Ll SR M BT 1A 7R A8 BICRR BE, HE TR i 28 28 DA
LA AOB TR H I RCR I, Ay RIS R e R R
F, AT ST of [ B A5 ARy i, I Ee g 1
DES-1 /&R, #R57RHR Hb X i 8 22 2 B A R 0 .
SEIRANE 4 R, BEEBHR LEavs)s, i B 2R PR A
BN EW S SRR B 1:30 i =
1:45 B i 28 3 BSOS a8 ¥  vey 28 B RO(HL (582.10+
2.65 pg/g), ERHR EL 4RSS, e SRR TGS & W
RS, HELLL S IR AT B 2R L
U NI TGN, N 25558 K 55 DES-1 1942
MRTEIER, $8 A% BRI PR BCR Ti; EURHA L4k
SEps/)N, B ER R BEIE AN, T RR S A AR,
Hailit Y DES 23 flifA RBLEERG O, flint 25 R P20
TRREEO £ TR, DA 1:45 SR RIS I e 2

600

570 ¢

1:.30 1:I45 1:160 1:'75 1:'90
BHE L (g/mL)
B 4 SRR X 2 22 SR B ) 5 R

Fig.4 Effect of different material-liquid ratios on the
extraction efficiency of lutein

2.3.3 $EHUREERYSEN FEFIH DES $EHUR 4
R B, AW 5T s 3l . BB T HGH
B, 250 A% DES i ERHR ST Sk T Il R X
DES-1 $2HCE 25 it H F 5200, AFRIRE T 51
TR, 25 NIE 5 R, FEE PRIBORE s, i
ER PRI AR L IS T SRR a3, HLAS RS
FAF N IR R 3 22 55 (P<0.05) . 40~
70 °C [A] B A& 32 P 4 e, i PR I B W T,
TE 70 °C BFIAEE KA, $EHUEY 633.35+2.88 pg/g,
IR PRI A v B T v a3 By, BEAIK DES
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BE, AE—E AL PR s i B m M R AGAOR TP B T
YR DES FR s R T RE A R AR S T, 3R
BoE s R RE, i BRSSO AR
L5, TR I A, A3 AR R iR P SR S KB A
F2 A5 SR A BaE it S N, AR B BT A4S JE 55 307 28 5 k=
Ae W RU(k S RV HRE L A S LU A, Ba TR
FEHE, R UL, T AT ~#IR ), IR T 2
o5 2% ) S A A S SRR I R S N b,
KPR R Pt e A RS 2R R RER 27 1,
PL 70 °C A i 3 TS i U

660
630 -
600 b
570 +
S40F 4
510t
480

450
420

B (ng/g)

40 50 60 70 80
B (°C)
5 ANl IR X 3 2R S ORCR 1 52
Fig.5 Effect of different extraction temperatures on the
extraction efficiency of lutein

2.3.4 FRILETRIAREN AEFRE R A as AT, $RE
B[R] ] e S i B ZE OIS HE EEMY . SHFRGE RS TR
i85 LR GRS, AREFST T T S RIS
i 6 U, BB ] AR 4k, it 2 2R JR HUE e
Hl N 620.094+0.47~636.60+£2.05 pg/g, 243 B [a]
15 min B}, P2 IR R, (H5 5 min. 25 min
ZH AR R A L TC i 25 25 55 (P>0.05) o [F]HT, 10 min
ZH5 20 min APyt R BTN TSI 222 7
(P>0.05) o FREAT )X -5 2R HR B (52 i JC B fnd
ARALFRAR, PR IR AR R BT Ta) M A by T AL B9 =
SEEFE . ETISELSLAE, RIRT4S G40 RR
ARJEN), BERE 15 min VE i Bz a8 19 Hh e 25 o

660 1

IR (ng/g)
N
3

600

5 10 15 20 25
Hf I (min)
K6 ARl R TRD - R AR OO A 520
Fig.6 Effect of different extraction time on the extraction
efficiency of lutein

24 MEERBHESLS S
FF AR ZFE LIRS R, 25 Box-Benhnken A
DEHETFEH, DL 2SS w(A) R EL(B) . $EEUREE

(C)NZEELHAZR, LA RSB AR (Y ), 3858
A HA RIS B SR PR R A 2, S8t
L 17 ARG R, Horp B 5 g O R A SR TIE, IR
BN 3,

F 3 WANL B B AR

Table 3 Response surface analysis test settings and results

ST CEEER (%) BRAN(gmL) REGRE(C) $#BGE (png/g)

1 30(~1) 1:60(1) 70(0) 446.01+4.09
2 40(0) 1:60(1) 60(-1) 500.60+3.15
3 30(-1) 1:30(-1) 70(0) 488.7243.98
4 40(0) 1:30(-1) 60(~1) 533.03+4.91
5 40(0) 1:60(1) 80(1) 495.2143.69
6 40(0) 1:30(-1) 80(1) 512.43+4.52
7 50(1) 1:60(1) 70(0) 482.79+3.13
8 40(0) 1:45(0) 70(0) 689.57+4.28
9 50(1) 1:45(0) 80(1) 547.97+3.46
10 40(0) 1:45(0) 70(0) 685.75+4.62
11 50(1) 1:45(0) 60(-1) 580.64+4.02
12 50(1) 1:30(-1) 70(0) 493.74+3.96
13 30(-1) 1:45(0) 60(-1) 542.46+3.06
14 40(0) 1:45(0) 70(0) 680.66+4.25
15 40(0) 1:45(0) 70(0) 678.66+3.56
16 40(0) 1:45(0) 70(0) 686.30+3.79
17 30(-1) 1:45(0) 80(1) 532.29+5.34

XY E YA T R WP, 4551 52
BGAHr I B F AU S AR N T g A (L 1] U
R TR

Y =684.45+11.97A - 12.91B - 8.59C + 7.94AB-
5.64AC +3.8BC — 83.07A” — 123.57B” - 50.56C”

FH & 4 nl 0, BERYAY FAE N 755.60, P<0.0001,
IR E W 2E K- (P<0.01), RIS P (Bl 0.4384>
F 4 BRI R R Y [ R R
WEEE S
Table 4 ANOVA results of regression model equations
for lutein extraction rate in chrysanthemum tea powder

ik EHM AmE ¥ FfH PlEH REME
(el 118000.00 9 13108.27 755.60 <0.0001  **

A-CFEER 114577 1 1145.77  66.05 <0.0001  **
B-BHELL  1334.12 1 133412 7690 <0.0001  **
C-iJE 590.82 1 590.82  34.06 0.0006  **

AB 252.17 1 252.17 1454  0.0066  **
AC 127.46 1 127.46 735 0.0302 *
BC 57.84 1 57.84 333 0.1106

A? 29051.94 1 29051.94 1674.63 <0.0001  **
B’ 64290.48 1 64290.48 3705.88 <0.0001  **
c 10764.60 1 10764.60 620.50 <0.0001  **
B2 121.44 7 17.35
AL 55.59 3 18.53 1.13 04384
alifR2s 65.85 4 16.46

B 118000.00 16

R*=0.9990; Rzadj:0.9976; R .=0.9916; CV=0.7393%

prec

T * R 35 (P<0.05); **F/m il i35 (P<0.01) 6
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0.05, FW] 2044 P32 sk IR 3R SR, 32 HA A
FRE A/, Al AE B, LRl AR . o R
(R*)=0.9990, £ IE R HU(R®, 4,)=0.9976, Tl PerE KL
(R?},0q)=0.9916, iX — A SCHHEPRISHGT 1, BLIIZAE
YA I E 55 S BRAE P0G B =, 1T ELXE AN
Bt BAA RAFHO TN GE 77, REAE N AT S M A R
MEEGEE R . ARIRIGAE 7 R ECHN 0.7393%<10%, 3=
TR A TE . SRR, e b = AR E X
TR PR R Y S R B HE T R B (B) > S BE
H(A)>HEHUREE(C) . Hih—IRII(A . B, C) IR
Ti(A?, B*, C*) BN 45 BRI K 25 (P<0.001), 28
HIG AB. AC F Ik ik 5 (P<0.05) o Z% T
R, AGAIGAL G R EE &, v 58P 11 DES-1 %
FLAG R AR .

2.5 ERZEEASHTSEYIERAIEIE

2.5.1 HAEMSHT  dm e Ry R i i,
SULE M 1 TR T 52 B0 45 v £k KD RO 3D il A8 1k
T, RETE EOWLHD S e#5 I ZR 3 BEAE R, ASCEAT]
X AR IR AL . 545 e R R A R Bl
JE, ARRPIR R A HAE 35, 758 sk IR, P
R HEAERANA R P, K 7 fras, Bl 7a. Bl 7
A LR IR XA A RTE, FH 2l B (A) SRR L
(B) . SBES (A S5HEBURE (C) Z I I &

T

— 700

& 650 AL

E 55 RIRERS
sy
S L0
AR 4

= Y%

o

,257’;3:;;“0
’/}%;;;l : 2
//;/IIIII""" 9
550 ,///I//IIII"'I"

1 b"l""O

I8 Z PR (ng/g)

7 & PR 2RSS AR RIS B A A b rh i i R A BRI 52
W 9 157 1T B &5 R 2
Fig.7 Response surfaces and contours of the effect of the inter-
action of response factors on the extraction rate of lutein from
chrysanthemum tea powder

MIZEHAE . G54 =4 iy o 2E—2E 5T T A1, 45
DA 22 181 22 B A FH f4g i oz T 440 22 5 11 a1 104 i T, 36
A5 B, AYS CHCEAERAN 8RR
me 52 SRR S Y A A A, ELARAEAN AL e, v oz T
&l 7a 13 B R B, Sz e i 8 3R PR B X £ d
(A) FTERE LG (B) AR iUk, T 2B & (A 5
FPEHUIRE (C) Mg B MIAEX IR Z o 25 1, 45 RI3R
Xop b AR ECR (A2 5 7 250 HT e SRARTT .

2.5.2 [EIEABERIAGEIE  dEid Design-Expert ZRXAF7
My R R T SN JWES & 47.57%.
BHRELE 1:44.7(g/mL) | $EBURE 68.71 °C. by T
SCEGLE R UERGIE, ARPE SRR T 280 R 2
B 47% . B 1:45(g/mL) | FEBUEFE 69 °C.
IHRACSEA DA TR, ST E AR =R, 45 R Un3e 5
PR, SER - PR N 644.11£1.99 pg/g, 515
{H 646.79 ng/g 43880, UiBHIHRE T Z A BT 58

F 5 MR I L SR TR IR 45 R
Table 5 Results of response surface center point
verification test

AT L R (%) BHR L (g:mL) $RBOREE (°C) St (ng/g)

1 47 1:45 69 642.56

2 47 1:45 69 643.40

3 47 1:45 69 646.35
SFEE 644.11+1.99

2.6 MEMNEMEST

SMERFT DES-1 $RBUITS 28 R T E s v
RES, AT AT L T DES-1 il 2, st By e A5 -2
FEIREBE T DPPH H fH3M1¥% A i 3LiEbRae . 45
RN 8 s, DES-1 $2HUE 44 2 2 114 $i2 B X
DPPH [ H3E97EBRAE T 35 5 TL G L EEHR B,
HRFRIA 84.58%(P<0.01); [FIfFE, DES-1 $2HUK M-
FRPEHORO ¥R S 1 B R 2 0 T S B R
B PR BOR (P<0.01), 3K 77.52%. M TALSE
ZEEHUA R, DES HEHUA 31 vpind 285 28 (4505 I 5
T, MRS s 2R A R R T HA R P kTs TR
Fell; 5 —J7 1, HEmTEEAE S DES B HBA, 2R B EL4&%

100 - ZZ DES-1 [ 2%
k% *k
R
80 7
S 6ot
44?: 40 +
20 F
7%
7

DPPH [ i % ‘é%ﬁi Hi%E
K18 DES LB HEIUITI M 2 RS OB i A AL im
Fig.8 Antioxidant activity of lutein extracts obtained by DES

and ethanol extraction

e U B B 2R (P<0.01),
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27 MEZR-EEEEESRREMHS

2.7.1 ORESAURES 8 E] 2 WA X T
P30 ZROMY AR B 2R - ey S Sy SR I RSO s A i
AT UK 9A | 1&l 9B B, N 3 AR AL
25 4] 22 IR HE AN KON RIS, T i 28 2% -k g st
rm U B B S A Y R AR S R . IR S 22 5
T T HAO A HES AR ], i 32 - it
AR A P 2 A P S Y R L S e I L
Z AT AR 0O SR HAE T, DA 101 FEE SR LR
H ZH 26T AR B A AR g A ), SR i & S0
KSR 53T HES, A T HRAE S ATE S i 3k ath, I
ERT MBI ECETE . SR, - EE ey IR AR AR
S5 EZAEENEaER, nREREILMIAIE U
Sy FIRFHEAEHMSEm o X —BG 58 RIE D iFo
BB R - R R AR R G AR, MR O R
FeARIE UG IR AAAS R T S8 8 0, I &
PSR HIRAE KB, T B i i i 5 38 1 W g £y (o
W AL DI 2R 5 IR 32 A5 ) AN 673 nm I F
607 nm. IXFPH H 5 AR S S 00 B 5 O RS M B ek
A5, ATUE T4 0] z-r A0 AE IR AT 55 R 850N 19
PHEWE R TS

2.7.2 RRUEMESHT R - e S S TR
HE AR EEE T L& R anE oc . B 9D s, 1E
30 °C/75% RH 2514 FCE: 14 d, e a4
FA3(84.34%) i T IR (2.72% ); £ 4500 Lux/
25 C eI, JLS LR B %(33.73% )t i 3
TR A (4.17% ), UEBHHIES & PR R e TR
SE s, WREMEAIRT AT BE B i T A
BT, I8 25 -5 Wi fer s ad 3R ik () S E I I T

SO 1 AL ), T2 H A L AT A LT S 3,
ST R B2 TRV, DT e
A
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) d o .
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Fig.9 Comparative microstructure and stability analysis of
lutein-menthol eutectic and commercial lutein powder

TE: A 3 3 - 3L AR GIOW A 5 B i B o R O
g5 C: PRRRE PELLES D: AR LA

2.8 MEZRESLEESHT

i F LC-MS/MS o 2He i An (8 i 22 20 4334 7
SR, SERANER 6 ran . LA E R 33 Fhnt i E A
Gy, ALFEF R AT pRR B T . EOK B
At KBRS, Hoh 32 & G = o 107.93+
11.36 pg/g, AR YT 62.34%. LAk, FE5
Hrid Ay L1 22 h 2 R BRI ST, AN Pt ZE AR R TR
M3 T ORI R A . X R e S AR
1) 17 308 B35 R R S s A, DT A ) TR AL, SR 58
= AR SR [FeE, Hibee el TR B
AP, S Eesh IR, S AR RN B R B
w0 EARA B2 SR S A e e P B 3R
FhFEFN T EEAA R AFr B T -

F 6 FI LC-MS/MS %5E 3 iy b 2 3 (4 S Hdia
Table 6 Mass spectral data for the identification of lutein in eutectic using LC-MS/MS

22 L/} PB4 ] (min) IR Ry Wy (uglg)
1 R 424 [M+H-18]" 107.93+11.36
2 I} 8 Z AR R T 7.01 [M+H-18]" 18.37+1.24
3 L2 3.07 [M+H]" 9.09+0.89
4 ST 1.67 [M+H] 6.40+£0.39
5 FRB 479 [M+H] 6.21£0.42
6 SR TN N R 6.24 [M+H]" 4.76+0.28
7 A R R T R P 7.54 [M+H-228]" 2.98+0.01
8 B-BEE T 5.63 [M+H] 2.24+0.17
9 N3 3R AR 7.01 [M+H-256]" 2.18+0.22
10 a-Fa BT 5.19 [M+H]" 1.95+0.06
11 R IS e e 7.97 [M+H-284]+ 1.68+0.05
12 SR R IR S R T 7.20 [M+H]" 1.12+0.14
13 BT 2.07 [M+H] 1.03+0.19
14 B/ Ny 8.02 [M+H-256]" 0.84+0.08
15 TR A R T 7.00 [M+H] 0.69+0.03
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Trik, Seitiiets H LAEmiiE oy HBA, 2% > HBD [
DES JSRU A AP BOA T o PR 2 e 5 i 351
W, FE LB SB 47%(viv) L RRR EE 1:45(g/mL) .
PBUERE 69 C M4 T, M3 R IREE A 64411+
1.99 ng/g. ZIZEBT DPPH A ik 535 A iy
WM 84.58% 5 77.52%, W3 T8t 4
BRI (P<0.01) o TP BB M 1 EFL 228 & il 45 114
P2 2 - R PG A A AROUR S BRRILA AR gt Ay,
TEE IR R (30 °C/75% RH) FIER G (4500 Lux) &5
T 14 d S5 R B RS HI0N 84.34%+1.14% 5
33.73%+1.28%, ¥J W 2 & T i B it OB oK (P<
0.05) . LC-MS/MS 053431 as, Heff 2 e
33 AP SEAEY N R, o kR R S e,
107.93 ng/g, [RIEHL & 2Pt 8 RERIE NSy, BARAS
WFFEF AL AT IEESL DES $RHCS A HoR, A
R TE T R PR e S5 A M, {2 DES iyl
WA« TR = i 14 T & B vy IS b 2 it ekt
B A R ) A e S PR AT A FRIR ARSI, LI
S SRR B FE I E AR S I A & R R RS
A -

© The Author(s) 2026. This is an Open Access article dis-
tributed under the terms of the Creative Commons Attribution

License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

Sk
[1] &4 ket A4048, . RRABZHESERLEH 0
Boh 0], B B 4 kA 5 2023,69(2): 74-76,80. [ CAO H,
ZHANG X S, ZUO H J, et al. Effects of different cultivation mea-
sures on yield of Wuyuan Imperial chrysanthemum[J]. Shaanxi

%474 5 161 WRa® | 4 WA BEE A PR R A B i 2 B R AT L A A5 - 279 -
g6
5 Ly £ 88 Bf 8] (min ) FEL A Yy (ugle)

16 I RIS R TR 6.06 [M+H-18] 0.62+0.04
17 e R T AR R 7.22 [M+H-201] 0.47+0.02
18 ORI R TR 6.61 [M+H-18]" 0.47+0.02
19 SR - IR 5 SR IR TR A P 7.30 [M+H]" 0.42:0.04
20 ST - IR TS R T -V R TR 7.16 [M+H]" 0.390.02
21 I3 2T R T 6.63 [M+H-18]" 0.35+0.03
22 55 2R 0 R R T 7.15 [M+H-18]" 0.22:0.02
23 SR - N T R T - A R TR 6.95 [M+H]" 0.14£0.01
24 5,6-FR AT 2 T A HEER TR 7.19 [M+H-200]" 0.11£0.01
25 LN 3.61 [M+H]" 0.09+0.02
26 SRR T MR T 7.06 [M+H]" 0.070.02
27 8'-B-FAN S | BRI 4.69 [M+H]" 0.07+0.01
28 TR BT A W5 TR e 6.66 [M+H]" 0.07+0.01
29 KB - AR R T - N PR 8.22 [M+H] 0.06+0.02
30 ST TR 6.30 [M+H]" 0.04+0.01
31 BT E 2.99 [M+H]" 0.02:0.01
32 R 4.88 [M+H]" 0.02:0.01
33 T JIEJ R 5.64 [M+H]" 0.02+0.01

3 z:él:ie Journal of Agricultural Sciences, 2023, 69(2): 74-76,80. ]

(2] Bk, EHa4, BAE F A8, 85 SRR E VA
I B A ] Rk FT R 5 K &, 2023(7): 42-44. [ CHENG
L, WANG J J, LAI CF. Industry as a medium, polishing the founda-
tion of rural revitalization—taking Wuyuan, Jiangxi as an example
[J]. Agricultural Development and Equipment, 2023(7): 42—44. ]

[3] XFHs. 2HHmayWRRA = %I L[D]. &0 &je T
A X 5, 2020. [ LIU Z T. Extraction of functional components of
royal chrysanthemum and product development[D]. Hefei: Hefei

University of Technology, 2020. ]
(4] teAkk, ARk, EEM. FRZH LGRS HBKEL
LR EMAFET]. £RAR L I A, 2021,42(13): 98-103.
[RAO G W, SHAO L L, TONG J Y. Optimization of ultrasonic-
assisted extraction of total flavonoids from Wuyuan Imperial
chrysanthemum and evaluation of their antioxidant activity [J]. Food
Research and Development, 2021, 42(13): 98—103. ]
(5] ZF. 222 A5 BRR. 5B LHELEHEEMRID].
R, REZAH K, 2018. [ MENG J. Research on the extraction,
separation, structure and biological activity of polysaccharide from
Imperial chrysanthemum[D]. Tianjin; Tianjin University of Science
and Technology, 2018. ]
[6] ZHANG J, SU W Q, FILIPCZAK N, et al. Pharmacological
effects of volatile oil from Chrysanthemum and its associated mech-
anisms: A review[J]. Acupuncture and Herbal Medicine, 2024,
4(1): 79-91.
(7] V23, FEE, N, 5 2ANAZRSEEALTRA
A7 (7], R #OR A5, 2014, 42(31): 10905-10906. [LIUY
S, XU Z H, LIU J, et al. Analysis of the beneficial components and
edibility of the Imperial chrysanthemum![J]. Journal of Anhui Agri-
cultural Sciences, 2014, 42(31): 10905—10906. |
[8] XIAO Jinshan, LING Li, LI Xuebing, et al. Lutein as an
antioxidant inhibits the Maillard reaction in heated egg yolk[J].
LWT, 2025, 218: 117490.
[9] AJITHKUMAR V, ISAIMOZHI V, DINESH K S, et al.
Exploring the potential of seaweed as a source of lutein: A study of
seasonal and spatial variation insights along the south-eastern coast

of India[J]. Biocatalysis and Agricultural Biotechnology, 2025, 66:


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.3969/j.issn.0488-5368.2023.02.016
https://doi.org/10.3969/j.issn.0488-5368.2023.02.016
https://doi.org/10.3969/j.issn.0488-5368.2023.02.016
https://doi.org/10.3969/j.issn.1673-9205.2023.07.015
https://doi.org/10.3969/j.issn.1673-9205.2023.07.015
https://doi.org/10.12161/j.issn.1005-6521.2021.13.015
https://doi.org/10.12161/j.issn.1005-6521.2021.13.015
https://doi.org/10.12161/j.issn.1005-6521.2021.13.015
https://doi.org/10.1097/HM9.0000000000000090
https://doi.org/10.1016/j.lwt.2025.117490
https://doi.org/10.1016/j.bcab.2025.103576

- 280 - £ Tl B4

2026 4F 8 A

103576.
[10] RE, 23T, L E2E, F. %A T RAER S RA6Y 5
B[], F B A & A, 2022,33(9):91-95. [ SONG C,
LIUH Y, WANG Y X, et al. Health food raw materials applications
on relieving visual fatigue[J]. China Food Additives, 2022, 33(9):
91-95. ]
[11] KUMAR K P, SINGH S, KUMAR S M, et al. An efficient
process for the extraction of lutein and chemical characterization of
other organic volatiles from marigold (Tagetes erecta L.) flower
[J]. Food Chemistry, 2022, 396: 133647.
[12] GAYATHRI S, RAJASREE R S R, SUMAN T Y, et al.
Ultrasound-assisted microextraction of f, e-carotene-3, 3'-diol (lu-
tein) from marine microalgae Chlorella salina: Effect of different
extraction parameters[J]. Biomass Conversion and Biorefinery,
2018, 8(4): 791-797.
[13] MARY L J T, JOTHY T P, DHARANI G. Rapid green
microwave assisted extraction of lutein from Chlorella sorokiniana
(NIOT-2)—Process optimization[J]. Food Chemistry, 2022, 372:
131151.
[ 14 ] DERRIEN M, AGHABARARNEJAD M, GOSSELIN A, et
al. Optimization of supercritical carbon dioxide extraction of lutein
and chlorophyll from spinach by-products using response surface
methodology [J]. LWT, 2018, 93: 79-87.
(15 ] F4T, Bm A, MRS, F. Rl R FR-ERRRT & H
g etk £ (], 43 T42,2023,51(8):27-32. [LIWX,GUL
L, YANG F R, et al. Supercritical extraction combined with solvent
extraction of lutein from marigold [J]. Chemical Engineering, 2023,
51(8):27-32.]
[16] ZHANG Yifu, ZHANG Tiantian, YANG Tongliang, et al.
Alkaline electrolyzed water-assisted ultrasonic extraction of lutein
from daylily (Hemerocallis spp.): Structural preservation and
activity evaluation[J]. Food Chemistry, 2025, 463: 141334.
[17] Z3%, 0%, MER, . Z7HFTHERRRE ). #F
T AL M 3 3R, 2025,33(4): 474-482. [ WANG G, YU F Q,
TAO Z G, et al. Research progresses on xanthophyll of marigold [J].
Journal of Tropical and Subtropical Botany, 2025, 33(4): 474—
482. |
(18] 3lkE, 2343, KRBT, & ZAH PritEo2 3 ERR
T ERA]. Ak A,2021,37(4): 71-78. [ LIU B X, WANG
L L, ZHANG X X, et al. Optimization of ultra-high pressure extrac-
tion process for lutein from Marigold[J]. Forest engineering, 2021,
37(4): 71-78. ]
[ 19] MONTUORI E, LIMA S, MARCHESE A, et al. Lutein pro-
duction and extraction from microalgae: Recent insights and bioac-
tive potential [J]. International Journal of Molecular Sciences, 2024,
25(5):2892.
[20 ] FANG Shuaizhen, WANG Yingjie, ZHU Lin, et al. Effect of
zein nanoparticles addition on anthocyanin and lutein dual-loaded
nanocomposite hydrogels: Structure, physico-chemical and delivery
properties[J]. International Journal of Biological Macromolecules,
2025, 309: 142967.
[21] EL ACHKAR T, GREIGE-GERGES H, FOURMENTIN S.
Basics and properties of deep eutectic solvents: A review[J]. Envi-
ronmental Chemistry Letters, 2021, 19(4): 3397-3408.
[22] ZHANG B X, MUHAMMAD G, DENG L Y, et al. A sus-
tainable and efficient method for sequential extraction of lutein and
lipid from deep eutectic solvent pretreated Chlorella pyrenoidosa
[J]. RSC Advances, 2025, 15(18): 14072-14078.
[23 ] GHOSHAL S, DUTTA A, MANDAL A, et al. An optimized

technique for ultrasound-assisted extraction of xanthophylls from
marigold (Tagetes erecta L.) using saturated fatty acid-based
hydrophobic deep eutectic solvent[J]. Journal of Molecular Lig-
uids, 2025, 437: 128398.
[24] LIU Yang, WANG Hanfei, XU Yugin, et al. Menthol-based
hydrophobic deep eutectic solvents for the purification of tea peroxi-
dase using a three-phase partition method[J]. LWT, 2025, 218:
117528.
[25] CAO Jun, SU Erzheng. Hydrophobic deep eutectic solvents:
The new generation of green solvents for diversified and colorful
applications in green chemistry[J]. Journal of Cleaner Production,
2021, 314: 127965.
[26] JIN Y, JUNG D, LI K, et al. Mixing of menthol-based
hydrophobic deep eutectic solvents as a novel method to tune their
properties[J]. Journal of Molecular Liquids, 2020, 301: 112416.
[27] ZHANG Jing, HU Yupei, WANG Zheng. Menthol and its
derivatives: Exploring the medical application potential[J]. Engi-
neering in Life Sciences, 2025, 25(9): €70039.
[28 ] MUSSAGY C U, RAMOS N F, CAICEDO-PAZ A V, et al.
Techno-economic insights into one-pot bacterial astaxanthin extrac-
tion and sustainable therapeutic product development using natural
solvent mixtures[J]. Separation and Purification Technology, 2025,
356: 129926.
[29] LoR3E, 448, 4545, 5. A8 5 30 ) A B ke et s &
B B A E AR ] P B A vk S, 2024, 49(11): 187
194,220. [MA Y Q,NIUJ C, YOU T T, et al. Study on extraction
of lutein by ultrasonic-assisted compound enzymatic method and its
antioxidant activity[J]. China Condiment, 2024, 49(11): 187-194,
220. ]
[30] VINAS-OSPINO A, PANIC M, REDOVNIKOVIC IR, et al.
Using novel hydrophobic deep eutectic solvents to improve a sus-
tainable carotenoid extraction from orange peels[J]. Food Bio-
science, 2023, 53: 102570.
[31] MR, BeARE, Wik, & & o E 00 IS IE 3R IR g
A FHR[I]. &AL, 2025, 50(6): 240-246. [ CHEN J, LU
C X, XIAO X, et al. Extraction of lycopene using natural deep
eutectic solvents and its degradation kinetics[J]. Food Science and
Technology, 2025, 50(6): 240—246. ]
[32] &F X, RHEW, AR, F RLBEFRBGET T 5 5B
I ERACR L % B R BUR M R BAE A7 [T]. i R R L 53R,
2024, 40(7): 1330-1342. [GAO Z W, JIAZ T, WANG L H, et al.
Process optimization of tea polyphenols extraction from green tea by
deep eutectic solvents and analysis of antioxidant activity[J].
Jiangsu Journal of Agricultural Sciences, 2024, 40(7): 1330—
1342. ]
[33] Rmid, 5 A, 302, 5 AR TR I L AR
BAH AT [T]. 2ok T A3, 2024, 45(15): 187-194. [ CAI
Y J, WURN, LIY, et al. Optimization of process conditions for fer-
mented mulberry leaf tea and analysis of its antioxidant activity [J].
Science and Technology of Food Industry, 2024, 45(15): 187—
194. ]
[34] RM&, 236K, 244, F. §HATE LR FIEA R
M6y SRR BAC AL A [T]. R B T Ak A3, 2024, 45(8): 21-28.
[ZHU Y X, WANG W B, WANG ] ], et al. Antioxidant capacity
of different solvent extracts from ge-riched Auricularia auricula
mycelium in vitro[J]. Science and Technology of Food Industry,
2024, 45(8):21-28. |
[35] #RmE. mAELE B KB ETHERET AL R E
WA [D]. #18: # 8 X%, 2024. [ ZHEN C X. Improving the


https://doi.org/10.19804/j.issn1006-2513.2022.09.013
https://doi.org/10.19804/j.issn1006-2513.2022.09.013
https://doi.org/10.1016/j.foodchem.2022.133647
https://doi.org/10.1007/s13399-018-0331-9
https://doi.org/10.1016/j.foodchem.2021.131151
https://doi.org/10.1016/j.lwt.2018.03.016
https://doi.org/10.3969/j.issn.1005-9954.2023.08.006
https://doi.org/10.3969/j.issn.1005-9954.2023.08.006
https://doi.org/10.1016/j.foodchem.2024.141334
https://doi.org/10.11926/jtsb.4893
https://doi.org/10.11926/jtsb.4893
https://doi.org/10.11926/jtsb.4893
https://doi.org/10.3969/j.issn.1006-8023.2021.04.010
https://doi.org/10.3969/j.issn.1006-8023.2021.04.010
https://doi.org/10.3390/ijms25052892
https://doi.org/10.1016/j.ijbiomac.2025.142967
https://doi.org/10.1007/s10311-021-01225-8
https://doi.org/10.1007/s10311-021-01225-8
https://doi.org/10.1039/D5RA00423C
https://doi.org/10.1016/j.molliq.2025.128398
https://doi.org/10.1016/j.molliq.2025.128398
https://doi.org/10.1016/j.molliq.2025.128398
https://doi.org/10.1016/j.lwt.2025.117528
https://doi.org/10.1016/j.jclepro.2021.127965
https://doi.org/10.1016/j.molliq.2019.112416
https://doi.org/10.1002/elsc.70039
https://doi.org/10.1002/elsc.70039
https://doi.org/10.1016/j.seppur.2024.129926
https://doi.org/10.3969/j.issn.1000-9973.2024.11.031
https://doi.org/10.3969/j.issn.1000-9973.2024.11.031
https://doi.org/10.1016/j.fbio.2023.102570
https://doi.org/10.1016/j.fbio.2023.102570
https://doi.org/10.1016/j.fbio.2023.102570
https://doi.org/10.13684/j.cnki.spkj.2025.06.024
https://doi.org/10.13684/j.cnki.spkj.2025.06.024
https://doi.org/10.13684/j.cnki.spkj.2025.06.024
https://doi.org/10.3969/j.issn.1000-4440.2024.07.020
https://doi.org/10.3969/j.issn.1000-4440.2024.07.020
https://doi.org/10.13386/j.issn1002-0306.2023080151
https://doi.org/10.13386/j.issn1002-0306.2023080151
https://doi.org/10.13386/j.issn1002-0306.2023070197
https://doi.org/10.13386/j.issn1002-0306.2023070197

%478 5 16

WX, 45 Wi R AR B R A o 2R s B 3R T e R T - 281 -

stability and bioavailability of lutein using cocrystallization tech-
nology [D]. Nanchang: Nanchang University, 2024. ]

[36] INBARAJ B S, LU H, HUNG C F, et al. Determination of
carotenoids and their esters in fruits of Lycium barbarum Linnaeus
by HPLC-DAD-APCI-MS[J]. Journal of Pharmaceutical and
Biomedical Analysis, 2008, 47(4—5): 812—818.

[37] RIVERA S M, CHRISTOU P, CANELA-GARAYOA R.
Identification of carotenoids using mass spectrometry[J]. Mass
Spectrometry Reviews, 2014, 33(5): 353-372.

[38] LA, REM, Mo, F. BT R F0REBR
CO, F BB H A48 % WAt 7T [J]. 45 49 4L T, 2009, 26(12): 1215~
1220. [ MA Z H, HOU X L, CHEN H X, et al. Lutein in fruit peel
of trichosanthes Kirilowii maxim. by supercritical CO, extraction
and its stability [J]. Fine Chemicals, 2009, 26(12): 1215-1220. ]
[39] A, AW, FRE, F ERPIHERLNY L EoF
ggml 2 [J]. F B A & A A, 2016(5): 121-125. [ ZHANG L,
PENG Y J, NIU Y M, et al. Determination the contents of lutein and
B-carotene in Perilla frutescens[J]. China Food Additives, 2016(5):
121-125.]

[40 ] NEDAEI M, ZAREI A R, ALI GHORBANIAN S. Develop-
ment of a new emulsification microextraction method based on
solidification of settled organic drop: Application of a novel ultra-
hydrophobic tailor-made deep eutectic solvent[J]. New Journal of
Chemistry, 2018, 42(15): 12520-12529.

[41] CHERNIAKOVA M, VARCHENKO V, BELIKOV K. Men-
thol-based (deep) eutectic solvents: A review on properties and
application in extraction[J]. The Chemical Record, 2024,24(2):
€202300267.

[42] Z & KREBERRBIER T EAT P EGHFAAL R
[D]. X #&. X #&HAH K5, 2024. [ WUR N. Study and applica-
tion of deep eutectic solvent extraction carotenoids of orange
peel[D]. Tianjin: Tianjin University of Science and Technology,
2024. ]

[43] Zaih. AR 7 69 5 & FAE R R Z BT Sfe K3 P B
BEAESD AL (D] KA KA XS, 2025 [LIJH
Preparation and characterization of deep eutectic solvents and study
on extraction of anthraquinones from Salvia miltiorrhiza Bunge and
Rheum palmatum L.[D]. Changchun: Changchun University of
Technology, 2025. ]

[44] x5, Zwadm, B 2&, 5§ ARLBE N D S BRT
B R AT ST R [T, A e T kA, 2023,44(24): 1-11. [LIU W,
WANG X Y, ZHOU Y X, et al. Research progress on the applica-
tion of low eutectic solvents in extraction of plant polysaccharides
[J]. Science and Technology of Food Industry, 2023, 44(24): 1—
11.]

[45] CAI Yuging, GAO Hui, SONG Linmeng, et al. Optimization
of green deep eutectic solvent (DES) extraction of Chenopodium
quinoa Willd. husks saponins by response surface methodology and
their antioxidant activities [J]. RSC Advances, 2023, 13(42): 29408~
29418.

[46 ] &b, # X0, BT, 5. A5 MW IKLIEIE R R F R AL
FAELLHRAR L AR R% T LA, 2025, 46(13):
218-232. [ZHAO Y, CHU T X, GAO Z, et al. Optimization of
ultrasound-assisted deep eutectic solvent extraction process and bio-
logical activities of Cerasus humilis proanthocyanidin[J]. Science
and Technology of Food Industry, 2025, 46(13): 218-232. ]

[47] JAGLAN P, KUMAR M, KAUSHIK D, et al. Optimization
of the extraction process of Moringa oleifera flower by using deep
eutectic solvents (DES) [J]. Results in Chemistry, 2024, 7: 101445.
[48] ACHIR N, RANDRIANATOANDRO V A, BOHUON P, et
al. Kinetic study of f-carotene and lutein degradation in oils during
heat treatment[J]. European Journal of Lipid Science and Tech-
nology, 2010, 112(3): 349-361.

[49] 3% Hm, 28I, F KREBEANRBRERG SHLE
AR A & A H AR R U] & Tk AR, 2025,46(15):
255-265. [PEIL Y, YANG L, WANG S D, et al. Optimization of
deep eutectic solvents extraction process of polysaccharides from
Morchella septimelata and probiotics proliferation[J]. Science and
Technology of Food Industry, 2025, 46(15): 255-265. |

[50] xitkie, ® &S, TR, 5. A2 F W FUREEEARBET
5 B T ERACEFEAFE LA T]. & T A A3, 2024,
45(4):171-179. [LIUJY, HUANG L L, WANG T'Y, et al. Opti-
mization of Syringa oblata Lindl. flower for extraction of polyphe-
nols by ultrasound-assist seep eutectic solvents and analysis of
antioxidant activity [J]. Science and Technology of Food Industry,
2024,45(4): 171-179. ]

[51] OJEDA G A, VALLEJOS M M, SAMORI C, et al.
Hydrophobic eutectic solvents for sustainable recovery of
carotenoids from mango peel: Extraction optimization and insights
into molecular interactions at play [J]. Journal of Molecular Liquids,
2025, 425: 127264.

[52] LI Meigi, LI Zhen, ZHANG Qi, et al. Fine-tuning the colors
of natural pigment emodin with superior stability through cocrystal
engineering[J]. Crystal Growth & Design, 2018, 18(10): 6123~
6132.

[53] OLMEDILLA-ALONSO B, GRANADO-LORENCIO F,
CASTRO-FEITO J, et al. Bioavailability of lutein from marigold
flowers (free vs. ester forms): A randomised cross-over study to
assess serum response and visual contrast threshold in adults[J].
Nutrients, 2024, 16(10): 1415.


https://doi.org/10.1016/j.jpba.2008.04.001
https://doi.org/10.1016/j.jpba.2008.04.001
https://doi.org/10.1002/mas.21390
https://doi.org/10.1002/mas.21390
https://doi.org/10.13550/j.jxhg.2009.12.019 
https://doi.org/10.13550/j.jxhg.2009.12.019 
https://doi.org/10.3969/j.issn.1006-2513.2016.05.013
https://doi.org/10.3969/j.issn.1006-2513.2016.05.013
https://doi.org/10.1039/C8NJ02219D
https://doi.org/10.1039/C8NJ02219D
https://doi.org/10.1002/tcr.202300267
https://doi.org/10.1039/D3RA05949A
https://doi.org/10.13386/j.issn1002-0306.2024060044
https://doi.org/10.13386/j.issn1002-0306.2024060044
https://doi.org/10.13386/j.issn1002-0306.2024060044
https://doi.org/10.1016/j.rechem.2024.101445
https://doi.org/10.1002/ejlt.200900165
https://doi.org/10.1002/ejlt.200900165
https://doi.org/10.1002/ejlt.200900165
https://doi.org/10.13386/j.issn1002-0306.2023040133
https://doi.org/10.13386/j.issn1002-0306.2023040133
https://doi.org/10.1016/j.molliq.2025.127264
https://doi.org/10.1021/acs.cgd.8b01002
https://doi.org/10.3390/nu16101415

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 DES的制备
	1.2.2 最大吸收波长的检测
	1.2.3 DES筛选
	1.2.3.1 粘度的测定
	1.2.3.2 叶黄素提取量的测定
	1.2.3.3 叶黄素标准曲线的绘制及提取量的计算

	1.2.4 单因素实验
	1.2.4.1 DES乙醇含量对叶黄素提取量的影响
	1.2.4.2 料液比对叶黄素提取量的影响
	1.2.4.3 提取温度对叶黄素提取量的影响
	1.2.4.4 提取时间对叶黄素提取量的影响

	1.2.5 响应面优化叶黄素提取工艺
	1.2.6 抗氧化活性的测定
	1.2.6.1 最佳提取工艺制备皇菊叶黄素溶液
	1.2.6.2 乙醇提取法制备皇菊叶黄素溶液
	1.2.6.3 清除DPPH自由基活性的测定
	1.2.6.4 清除羟自由基活性的测定

	1.2.7 共晶稳定性的测定
	1.2.7.1 叶黄素共晶体制备
	1.2.7.2 微观结构观察
	1.2.7.3 热稳定性的测定
	1.2.7.4 光稳定性的测定
	1.2.7.5 叶黄素保留率的计算

	1.2.8 液相色谱串联质谱（LC-MS/MS）测定叶黄素
	1.2.8.1 样品前处理
	1.2.8.2 液相色谱条件
	1.2.8.3 质谱条件
	1.2.8.4 各组分含量的计算


	1.3 数据处理

	2 结果与分析
	2.1 皇菊叶黄素DES溶液最大吸收波长
	2.2 DES筛选
	2.3 单因素实验结果
	2.3.1 DES中乙醇含量的影响
	2.3.2 料液比的影响
	2.3.3 提取温度的影响
	2.3.4 提取时间的影响

	2.4 响应面模型的建立与分析
	2.5 因素交互作用分析与回归模型的验证
	2.5.1 交互作用分析
	2.5.2 回归模型的验证

	2.6 抗氧化活性分析
	2.7 叶黄素-薄荷醇共晶稳定性分析
	2.7.1 微观结构观察
	2.7.2 稳定性分析

	2.8 叶黄素组分鉴定分析

	3 结论
	参考文献

