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WE: [ ] @& T @3S LIUETE Medicago sativa L) W EEIEIHRA . LEF (V). BREEKE R
(A) FIERE T (Z) &atllE k. [ ik ] RS RORAE (3 (HPLC) 34 5846 B & i Fr i 2 A A 1
3AEGHATTIE, XL T TR, [4558 ] V. AR Z =AW IR AE 3~100 pg/mL JE[H
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(n=5) i) RSD 43514 0.96% . 0.39% F1 0.87%, & 5E R E: (n=7) 9 RSD {43514 3.33%. 1.42% Fil 1.86%,
BHIAPE IS (=5) 19 RSD 73 91 25 0.48%. 3.98% Fl 2.59%, F 3 [l 3 (n=3) 43 5 g 99.55%. 96.04% FHl
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Determination of the Content of Xanthophyll Cycle Components in
Leaves of Medicago sativa L.. by HPLC

XU Chao'?, HE Chenggang', Duan Xinhui', ZHOU Kai',
HAN Bo', JIANG Hua', BI Yufen'

(1. College of Animal Science and Technology, Yunnan Agricultural University, Kunming 650201, China;
2. Kunming Agricultural Broadcast Television College, Kunming 650032, China)

Abstract: [ Purpose] To provide an effective method which can accurately determine xanthophyll
cycle components, violaxanthin (V), antheraxanthin (A) and zeaxanthin (Z) in alfalfa (Medicago
sativa L.) leaves. [ Methods] Under high performance liquid chromatography (HPLC) method,
the content of xanthophyll cycle components in alfalfa leaves was determined and the experimental
method was validated. [ Result] The content of xanthophyll cycle components was around 3-100
pg/mL and it had good linear relationship with the peak area, the correlation coefficients of V, A and
Z were r=0.999 49, r=0.999 61 and =0.999 60, respectively. The RSD of precision (n=5), stability

Wik HH: 2019-04-30 BRI H# . 2019-06-07 W28 1 & BTE . 2019-07-09 10:39:23

HLEWH . BERARPFES (31660682 ) ; A B A AITRIRE (2018BB002-02) ; mEAH AL
HAA (2018HBO75) .

EZ T VR (1985—) , 2, mEARJN, W, KEW, =N SR ER SRR i
7%, E-mail: 846438725@qq.com

**W(FEH Corresponding authors: 4 (1976—) , &, FHMMERON, 1+, HZ, FEMNFHREFRR |

WIRS IR E M ASE . E-mail: jianghual5@163.com; YeEIF (1960—) , &, WA
WA, Wi, #dz, FENFERENZEA BT TAE. E-mail: biyufenynnd@sina.com
W25 14 & Hihk:  http:/kns.cnkinet/kems/detail/53.1044.5.20190708.1015.002.html

i



http://dz.doi.org/10.12101/j.issn.1004-390X(n).201904083
mailto:846438725@qq.com
mailto:jianghua15@163.com
mailto:biyufenynnd@sina.com
 http://kns.cnki.net/kcms/detail/53.1044.s.20190708.1015.002.html
 http://kns.cnki.net/kcms/detail/53.1044.s.20190708.1015.002.html

5 1

VOE, . SRR G (HPLC) A2 SAEERE M b i RIS PR AL 00 5 i 821

(n=7) and reproducibility (»=3) of V, A and Z were 0.96%, 3.33% and 0.48%; 0.39%, 1.42% and
3.98%; 0.87%, 1.86% and 2.59%, respectively. [ Conclusion] This method is efficient with high

precision, reproducibility, stability and high recovery which makes it suitable for determine xantho-

phyll cycle components in alfalfa leaves.
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FAMEY), ez T, Boerh E R R
P FEZNEY), WRAESRHEMESRE M, HEFH
WOlb LA A S i B e al Y . AR AR A TR
T4 BEE B RE ST RR SRR, JUHLROL B RET .
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PRAPALE S5 RFERURF VA OC, OGP I 2L
il P A WK 5 2 K 6 BF (xanthophyll cycle)
AT AR S BRI B R RN,
YAMAMOT!" & i, it 2270 20 B o i 2 2R 1
3 FPhZH ). SR¥E T (violaxanthin, V), A LK
Jit (antheraxanthin, A) Fl & K ¥ it (zeaxanthin,
Z) TERE B CRR AN pH S50F T, 38 SRR3R
AACVE A B AR PG A PLTR o A REIE Ao i 1
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Wi . AR @S A AR B S T A rh
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1.1 s Rk

2 B AR AR T T R AT AT A ST Y
R, AR H 2B il PN AR B4 & 3l
B B AR BURXI &SR8 B AR5 1 Fm
ZR, KK 0.1% HgCl, XF 2 AL E T M 111
B 30 min, SRSERHE T AN TR LS 24 h,
FIR (14 h) IR 25 °C, &08] (10 h) iR 18 C,
P K ZF 0P AP LE A R JE AR A R 2T A O

TR EERE) 2 L4z, 3~4 d B
1 %X 50% 1Y Hoagland & 37, 7EMEMKRZY 10 cm
F, BERER R B4, FHR AR B
T, AR 3IANESL, B8 k. A
K2 150 d BFBUSEAN F, LL HPLC 3E N 2 i35
R 57

M RIEER V. AR Z 45 bR oE S T
CaroteNature 2y A, 4l 99%.,

1.2 R
1.2.1 Bt b v v R T o)

FRIBUM- 8 2% (V) ARfEdh 0.768 mg, LIH
%, MEBRMERS 10mL, B RFTREKE N
76.8 ng/mL B EEW , P43 B R AT A vk B R
0.0768. 0.1536. 0.3072 Fi11.536 0 pg/mL HIIETR
PR B 85 2 (A) bR 1E &b 0.564 mg, DL HY B %
fiit, MEBMERZE 10mL, Bl ERE N
56.4 pg/mL WY R, T 53 ) R BT o vk B oy
0.056 4, 0.112 8, 0.225 6 F1 1.128 0 pg/mL H ¥
W FREUHEZE (2) brifEsh 4.8 mg, DU BV
MARBERZE 10 mL, %R & kN
480 pg/mL B BEVR , T 43 0 R AT A R R
0.048 0. 0.096 0. 0.192 0 F1 0.960 0 pg/mL
AN
1.2.2 ERGRAH S (HPLC) 451

H Agilent 1100 /55 %% W AH {0 3% AL (3 [ .
G1322ADEGASSER . G1311AQuatPump . G1316A
COLCOM. GI1315B DAD) 3 47 il %€ . Agilent
Hypersil ODS (4.0x250 mm, 4.6 um) {43 F: (3
), WAl AWl 100% 2, B A 100%
K, ARFRG B VR B DR AR T 90% A T +
10% B ¥ LEME 15 min, %25 FE 5 min N, 90%
AR5 Bk 3 1 2 100%, =2 05 PR
20 min, i 1 mL/min, K 445 nm, #HF
TR 30 °C, BU10 uL BEALERER] 5
1.2.3 R H &

BUERAEE TR B 0.1 g, BIARAWTE R K
R, A 4 mL 85% NER, 213 2~3 min, P/
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A 1mL 100% PR, A3 1 min ZJ5ETPKE 15min,
1200 g #5.L> 10 min, HCETEWH 0.45 pm AL g
FRE I DB JS VAR FE S, (B SR AR IR i PR A PR
HE T
1.2.4 bRt £ T

S3EC 10 pL BB 3. 10, 50, 100 F
200 pg/mL AUBRIEMIE IR, # MR B gk S5 kit
P, DAVEET R GAL PR y, T e R R A
bR x, BEAZLEIEGFE,
1.2.5 % R

2 % I v R 1.92 pg/mL B9 IR
VAR AES AR . BRI O 1.41 pg/mL (1Y I BE
2 A BRUE SN BT R BN 9.6 ng/mL A i
B Z bR, AT 5 Wk, BRERIERE 10 uL,
Fe IR 122 @GR, M 3 Pl s K54
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BB, WE 3 Fhit 3 RGP 73 i e T AR,
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1.2.8 RIS

Fi 1.2.3 0 )5 pe il g RE S U, 0 A L
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1.2.9 HdEo i

AL ETE M Rk R o R A 1
PLoP bR 2R, RIS # 44 (SPSS

20.0) FATHH R IT 2 01 (ANOVA) K 2% 5+ &
PR

2 HBRESH

2.1 3 M H AR E

M RGN 5B (V). AR B KRB
(A) FIEKE T (Z2) MPRIERE UL 1~3, HE 1~
30 3 R B R4 5 6,706, 9.945
1 14.852 min,

mAU 71 DADI A, Sig=445,10 Ref=off (SSS\20110909000001.D)
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Fig. 1 Chromatogram of violaxanthin

MAUT DADI A, Sig=445,10 Ref=off (SSS\20110909000002.D)
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Fig. 2 Chromatogram of antheraxanthin
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Fig. 3 Chromatogram of zeaxanthin
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1.2.2 T EGERAT, WE R, DIAsiEs
X B, E AR B R A A, V.
A M Z &8558 9.868, 6.978 Fil 5.771 pg/mL.
EEEnE 4 FiR .

mAU DADI A, Sig=445,10 Ref=off (SSS\20110822000027.D)
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Fig. 4 Chromatogram of violaxanthin, antheraxanthin
and zeaxanthin

2.3 3 AT bR 2R ) 2

T R B O VR P AR AR AR I, (A
U TR RS o i v B 2 () 2 RAF A R (K] 5~
7), FTLARE] 3 Ry B AR I AR

V YIRS R =77 032.972 61x—2.113 31
(r=0.999 49).,

A PRI RN =76 728.788 71x—1.498 57
(r=0.999 61).,

Z PRI RN y=91143.207 69x—1.345 47
(r=0.999 60).
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HERT T AL b 3 R R TR B
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T F/(mAU s)
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N o] o
S
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e : measured point: (0.000, 10.525)
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Fig. 5 Standard curve of violaxanthin
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Fig. 6 Standard curve of antheraxanthin
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Fig. 7 Standard curve of zeaxanthin

2.4 J7IERGE

F IR 1.2.5 W iR AT RS % A, I
V. A Z iRESE T (n=5) A (mAUs)
A3 9IR 140 7.17. 102 0.50 F1 948.55, RSD 434l
1 0.96%. 0.39% F1 0.87%, 54 HE B30
2R, RPN ® R R AT

Fe IR 1.2.6 15 B kAT RROE RS,
iR ERIGIALA Ve AR Z BRI
(n=T7) BT AL (mAU-s), 25550 917 1 241.97~
1378.39. 1077.32~1 040.56 1 1 180.41~1 123.47
I, H 0~24 h M-3R JG IR 3 2l 430 11 FR
() RSD {H 43 %M 3.33%. 1.42% £ 1.86%, 154
HRUE B TEOR, RUMARE M ISRTE 24 h N

FE R 1.2.7 W5 AT R, AR
FEGAI (n=5) V. A 1 Z (PRI (mAU-s)
SR 176.27, 4.28 F18.98, RSD 434Ih 0.48% .
3.98% F1 2.59%, 46 H ME R ER, R
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534 %

HCE N e B A 3 R (V. A Rl Z) B
LTI 1 ) D N RN =/ B NI s 4
B 7K FR AR E S PR TR R AT TR 32 (n=3), il

14 A B R AR AR (9 B R, IR
B, SRR 1, 40 MCRIAR Y R
4, RSD {HATE W HUERIIHTEOR
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Tab. 1 The results of standard addition recovery

M RIEAN 3 AN p(FEdh )/ (ugmL™) ks &/ (ug-mL™)

Tk e e A/

three components of sample mass adding standard (ng'mL™) /% FRIEMCES  HRARIER %

xanthophyll cycle concentration matter amount measured value rate of recovery  average recovery RSD
6.144 8.304 100.44

A% 2.123 7.680 9.771 99.67 99.55 0.96
9.216 1.117 98.53
4.512 5.318 94.80

A 1.098 5.640 6.462 95.91 96.04 1.38
6.768 7.664 97.43
3.840 4.888 94.52

4 1.332 4.800 5.774 94.17 94.08 0.51
5.760 6.635 93.57

25 FERIHETEEI 3 AN S R F2. WF 2T 2 FE A B SR 8 Z AR R

¥ 123 Ik ml & rEmis L, 122760
T 25 TR 2 ASFE W I EE 2 A A 2 0 B 6 T
1, B bR E AR R L, 25500

Ay VM Z., A+Z 5 V+A+Z R H L EE A 2 5
(P>0.05), HA A &8 B4 Fh i 2w TR
X4

*2 AMELEEMAMAREFRESVUELER (X £5,n=3)

Tab. 2 The results of content determination of lutein constituents in two kinds of alfalfa leaves (X+ s, n=3)

A w(V)/(mg-g ") w(A)(mg-g")

w(Z)/(mg-g™)

WA+Z)(mg-g")  w(V+A+Z)/(mg-g ™) [(A+Z)/(V+A+Z)]/%

Z T A wild species 0.168 83+0.014 98 a 0.006 77+0.000 55 a 0.010 72+0.001 48 a 0.017 48+0.001 64 a 0.186 310.016 59 a

Bl SR X1 4 Algonquin

0.157 84+0.010 85 a 0.005 55+0.000 45 b 0.011 42+0.000 62 a 0.016 97+0.000 97 a 0.174 81+0.011 19 a

9.38+0.14 a
9.73+0.64 a

e FSIPAREVNG FREORIE 5% KCF LR R,

Note: Small letters indicate significant difference in the same column at 5% level.

3 Wit

Y BRI 3 PP S TE—E S5 N AR E
£k, T DAY A 200 5 ol 2 % L R ) e, B
U, X3 R I A A T A
FREN . BHFFERM . 2 A A A AR RDEAE
R KR RERIMER™ . ARge b, MRS T
() 2= T S A o B 7 [X) 4 e 2R I B 4 4y
VI Z, A+Z 5 V+A+Z L H I ERE 25 (P>
0.05), ZPAREMIAERKFMIER , K225
Jpift o AH 2 R P A A0 E A S R E AT AR
V. A Fl Z+A IR FRIRX 4, ATRE& R i Fh
Bt 4, JCAERLRE 1R, MR
RN L F i e (W AEHLARE ) T LU i 8 R AL Sy
FARIRZS (DPS) 3R, Rl DPS=(A+Z)/(V+A+Z)™,

ARG, =EE AR DPS [H/NTFRI/R X 4,
BT HN AvZ b, Bl %
EETE R S RIGIE (VHA+Z) S . A
FERM . FEEDEE AT, BREMEITN
(A+Z)/(V+A+Z) I NPQ AL, H At # R IGHF )
REIES , X GH G A BB R, e A
IR RGP RE RAFERLAE ST . R E
KA A Rk — ot

4 ZEig

PR AR AR I B R IR AR B VL
A M Z+A PR TBRKG, RUNZF B I AAT
BAFRTE P . ASBESEA T HPLC 35300 5246
Ee i B R A RS, AL T AR bR 2R
e M B RS AL SR Tk . T kAR
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