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A RS ] ; MM400 Retsch AfFBE A, 1 [ 3 5 20 7] 5
ExionLC™ AD i /& £ WA 3% 4% (UPLC) F1 Ap-
plied Biosystems 6500 Quadrupole Trap & X i %
IX(MS/MS) , 35 [ ABSCIEX A7)

1.3 Fik

1.3.1 UPLC-API-MS/MS ¥ fih iif 4b # = %
Geyer &SI 7 3 I AB B, K 1A% VR T4 i
FHBFEE AL AE 30 Hz 244 FAFES 1 min 28K, B
50 mg My AL, A BINA 800 wL 1E C k¢ : PN B :
R A PO (R 1:2:2) F1 200 WL 7% 1%
K, BURA M 500 pL (& 0.01% AT FEXtH
B, g/mL) i BEHE L 20 min J5 12 000 r/min 5514 F
B0 5 min, B EIE W, EE R4 WG IF LG
W WRARZ T W48 I AR 100 ol BB : F
BT BEBHRE G E W (KB 1:1) #1753
J& , A R B S W 28 48K IR G IR A e T
4 °C,12 000 r/min 54 F B0 5 min, K LG WRAE
mid 0.22 wm UEME S | PRAF T AR G ERE R b LATE
LC-MS/MS 43 #t

1.3.2 UPLC-API-MS/MS 414

1.3.2.1 UPLC &M Z% Geyer S22 J5 i 5t
ImPAE S, YMC C30 %M (2 mmx100 mmx3
pwm) ; A 0.8 mL/min; A 28 °C; A= 2 L,
DL EE : O (AL 3:1) Him A 0.01%BHT F1
0.1% W R WIR AW i shAH A, DL JRUT SE Ak
(% 0.01%BHT) A sh A0 B, LA H B R PEEH .
FHARE Ve #E1T UPLC 2007 BRI W3 1,

®1 BEGEHERREE
Table 1 Liquid chromatography gradient

elution conditions

A 3] /min AR A% A8 B/%
0.0~3.0 100 0
3.0~6.0 58 42
6.0~8.0 20 80
8.0~9.0 5 95
9.0~9.1 100

9.1~11.0 100

1.322 API-MS/MS %1  Z% Geyer 5521y
7 LAE e, API6500 Q TRAP LC/MS/MS %
BRE MR TSN, FIEE FRAT

547, 3 M Analyst 1.6.3 34 (AB Sciex) & il .
APCL IHAES AN < 85 75 APCL+; PR B 350
°C; A5 (CUR)25.0 psi; i 48 < (CAD) %, flifk
S5 HL H (DP) Filf 48 HL e (CE) , 22 45 22 JO g W
AL (MRM) B X589 DP Al CE S50 AR ¥E 76 1k
WA e 2S00 8 SRR, X R i A Y —
41 MRM & Xt AT
1.3.3 MRS RS S R A PR R i o BT

FET IS N ZERAR A GOGE RE SR R S
FERAEAT AT . A B — DA T B i 2
I W A (MRM) 43 Br il #s SR R 2880 & b &R
B, PR, H AR 50 A 1A 25 - B RE 25 14 i
e PUARFT 58 18, DAHERR H T 43 5T k) B X g
7 VL HERR T, fmEEIFESHEE,
R T2 i B IR R IERE R B T —
DU AT 2o 38 2 1 LAHEBRAE H AR 87, it — 25 HERR
FHE, PRAE S o RS A R AR P R [ RR 28
BN RGBS, XA 2R
OG5 1 1 AR 43, IR e [ — 9 A AN TR
REAS o (1 8 35 e AT BV A OE 5 AR Ana-
lyst1.6.3 Kb 35 5T B , R AR o th £ 07 et 4%
2z 1o 0 & it (DL pglg SEEIT)
1.4 HIESMELE

Wi IBM SPSS Statistics 22.0 i {4 %} i 56 %5

P AT 08T R XS 2 & ik AT 25 5 0 #r, 3L
1,P<0.05 #an R E ., FIH RIES (% vegan
£ 2.5.4 stats £ 3.5.0 Fll ggplot2 £ 3.2.0) #1T7£
AR i F LS54T 18 H Graphpad Prism 7.0 Pho-
toshop 3K f1F2: &l
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UPLC-API-Q TRAP-MS/MS 43 #7 5¢ B , AR 4f% 2% 5
N Z RO A B R S B X S R, 6 R 2
BN R AEAS R A RS I ) i S5 3 0 R AT AR OE
DABORE PR E B I HERG . B35 £ U i Analyst
1.6.3 FRUFALER, &1 i SR A 2K B S KR
K 5y MU T (Total ions current, TIC) .
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Fig.1 Total ion current chromatograms of components for carotene esters of blood orange pulp
#* 2 UPLC-ESI-MS/MS EH 4 #mERAEHRE MEER
Table 2 Identification of the carotene esters of blood orange by UPLC-ESI-MS/MS
. M Ty ik
Y5 ] -
Q1 Q3 M AR N RT/min
1 oh F A R B B 761.80 533.50 778.80  [M+H-18]" 6.56
2 vt 3k AR A9 AR B 789.80 533.50 806.80 [M+H-18] 6.82
3 vtk & = A AR B BS 733.50 533.30 933.50 [M+H-2017 7.10
4 vtk & =W 2R Ay 761.80 533.50 988.80 [M+H-228] 7.30
5 oSk F AR AR B B 789.80 533.50 1 044.80 [M+H-256]* 7.40
6 otk & = b B B 815.70 533.40 1 096.70 [M+H-282]" 7.19
7 vt 3 & b BR B 815.70 533.40 832.70 [M+H-18] 6.40
8 # & F A7 A9 Bk B 821.70 565.50 838.70 [M+H-18]* 6.40
9 E 4135 AR AR BR B 791.70 535.40 790.70 [M+H]* 7.27
10 &R =T BB 741.60 653.50 740.60 [M+H]* 6.09
11 35 R A AR R B 783.70 583.40 800.70 [M+H-18] 5.60
12 B R A 2R AR BY 811.80 793.70 810.80 [M+H]* 5.95
13 B R AR AR i BR B 837.70 745.60 836.70 [M+HT* 5.78
14 B E = A AR B 966.70 948.80 965.70 [M+H]* 6.54
15 BH - %R A K B B 965.70 947.80 964.70 [M+H]" 6.69
16 B R-MW 2 E R B - A AL By 993.80 975.70 992.80 [M+H]* 6.70
17 B3R =W 2 KB By 1021.80 793.70 1 020.80 [M+H]* 6.94
18 Bk - 2 R BR B AR AR BR B 1 050.00 793.80 1 049.00 [M+HT* 7.10
19 B3 R Az e AR BE 1 077.90 821.70 1076.90 [M+H]* 7.22
20 ST R - 2 RE R B -0 BR AR 1 075.90 847.70 1 074.90 [M+H]* 6.95
21 93 R = i R B 1 129.90 829.80 1128.90 [M+H]* 6.90
22 E RS R AR AR BR B 807.80 551.50 806.80 [M+HT* 6.88
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01 03 M W, 54X, RT/min

23 EAEA-AMRBRE 933.90 533.20 932.90 [M+H[ 7.24
24 ERFR-A MR E-R 2R G 962.70 733.50 961.70 [M+HJ* 7.35
25 EAKASA AR 990.00 761.80 989.00 [M+H] 7.46
26 k- P B A A A B 989.90 533.40 988.90 [M+H] 7.46
YEES T Y ML T T 1018.10 533.60 1017.10 [M+H] 7.62
28 F R KR AR AR R B 789.50 533.50 1045.10 [M+H-256]" 7.74
29 K Sk —AR AR BR BS — AR S BR B% 1074.10 789.80 1073.10 [M+HT* 7.87
30 R i B A B A 1071.90 789.80 1070.90 [M+H] 7.60
31 BB EEA MR 735.80 535.50 734.80 [M+H] 6.85
32 B-Ta 3 IR P 2 7 B Bg 763.90 535.50 762.90 [M+HJ* 7.10
33 B- 1% ¥ i A7 A8 B2 BS 791.90 535.50 790.90 [M+HJ* 7.29
34 BB E R 817.80 535.40 816.80 [M+HJ 7.07

QL. BEES Q3. FHEWE A B M. AHXS 2> 7 Bkt ; RT. { B[]

LS bRIE R — B

22 MEARRMAERAEXLAL PRETUNE

ENM

e ) AN ) B2 ) S W 25 IS 3R o o T 9 3R

IR e R B A 3 9 ) TS e T RN, TR
EESIE NN N S Y R e R TP S

%3,

R3 KPP MNREERERITAENLE

Table 3 Calibration equations of authentic standard for the carotene esters

- 2 F5 ik
ey feod Fr ket 2 A2 R
i ot % 1 528 A ¥ =0.93282x + 0.00463 0.9989
2 oF 3 % H A9 B ¥ = 0.93282x + 0.00463 0.9989
3 of 3 & = A 4k 8 By ¥ = 0.93282x + 0.00463 0.9989
4 of 3 & = K 57 0 A ¥ = 0.93282x + 0.00463 0.9989
5 o 3 =4 A 8t B ¥ = 0.93282x + 0.00463 0.9989
6 of & = i B4 B ¥ = 0.93282x + 0.00463 0.9989
7 of 3% 7 i B B ¥ =0.93282¢ + 0.00463 0.9989
8 3 6 AR BB ¥ =2.48212x - 0.00832 0.9981
9 £ 413 R AR A BR B ¥ = 0.62746x + 0.00604 0.9982
10 EH R =T B ¥ = 3182401 + 0.00744 0.9951
1 R A B B ¥ =3.18240x + 0.00744 0.9951
12 R 19 55 6 B ¥ = 3.18240x + 0.00744 0.9951
13 S R A A B4 ¥ =3.18240x + 0.00744 0.9951
14 R = P A B B ¥ = 3.18240x + 0.00744 0.9951
s - H 55 B A ¥ = 3.18240x + 0.00744 0.9951
16 S R — 1 B B ) A A ¥ = 3182401 + 0.00744 0.9951
17 Y T ¥ = 3.18240x + 0.00744 0.9951
18 R R R &5 A A B ¥ = 3182401 + 0.00744 0.9951
19 S 3 R = A A B B ¥ = 3.18240x + 0.00744 0.9951
20 T N EE L T ¥ = 3182401 + 0.00744 0.9951
21 R = i 4 B 1= 3.18240x + 0.00744 0.9951
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(8% 3)
YT 1 E-ih REAE
AR & AR R?
22 E R SR AR AR R B ¥y =0.19619x + 0.00601 0.9975
23 ERE R A AR B y =0.19619x + 0.00601 0.9975
24 R - A AR B - 8RR B vy =0.19619x + 0.00601 0.9975
25 ERF RN 2R A y =0.19619x + 0.00601 0.9975
26 E RS — PR B BE AR AR B B ¥y =0.19619x + 0.00601 0.9975
27 R T- M 2R 8RB A7 A9 BR BE y =0.19619x + 0.00601 0.9975
28 E R AT AR B B y =0.46422x + 0.00213 0.9928
29 E R SR R AR AR R B — A g R B y =0.19619x + 0.00601 0.9975
30 E R S — i B B — A% A9 PR B ¥y =0.19619x + 0.00601 0.9975
31 B-T&% A A y =0.34505x + 0.00352 0.9972
32 B-Tak W 2 R B B y =0.34505x + 0.00352 0.9972
33 BT 3 Ji AR AR BR B y =0.34505x + 0.00352 0.9972
34 BTk Jf i % B y =0.34505x + 0.00352 0.9972
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FURERR o LA, 37 66 SR 47 14 8 A 1 v 200 3 o A
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K BRI 5% 0 00— PR S0 S PR T - ) R TR R 55 B ot —
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Pkt \B— e B o A R PR i K B— e B IO il R T 114 % &
I PR B [ 9 S T 22 B T %, HL O d AN
90 d WA 7e R E2E S R T HY 0] | 2% 3
FERTUAR 2SI 2 N Rl & A, H 24
PRAOE SR A PR ST IS B R A (R R (] 2
] JC . V22 5
23 MEARBULRAXAEL NREERST S
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53T I7 ¥ (PCA) I T 23 A AR I I e 44
LA A ()R 2R P A 2T D 3RS A AR AR A

ST AR BIR 4 4 FE R TTIR AR T 2519 91.88%,
W& 2a 7R ,PCL A1 PC2 43 5 5Tk & 57 22 19
58.66%F1 18.26% . Hi EIAI 1 K75 0 d F 30
d SFLAERE S (R Stel Al Ste2) AR5 0 d A1 60 d
JETUAE A (Sty 1 AT Sty3) 7 T4 L343 AR 2 9 0
d FRIEFES (BY Eql) 2 F4 F#sr, R Stel |
Ste2 . Styl.Sty3 Al Eql 5 PC1 2 1EAHG , S35 (R
It 5 60 d F1 90 d (Bl Ste3 FI Ste4) LA K T IG5
IF2 8% 30 d A1 90 d #E 5k (R Sty2 Al Styd) £ F 22 |
T4y, AR AE AR IR I 30,60 d A1 90 d BE S (BRI 51
M Eq2 Eq3 Eq4) 57 T 72 T #8741, % U] Ste3 Ste4
Eq2.Eq3 .Eq4 .Sty2 1 Sty4 55 PC1 £k, 1t
#h ,Stel .Ste3 . Ste4 Styl.Sty2 Sty3 .Sty4 DA & Eql
5 PC2 R IEME, 1 Eq2 .Eq3.Eq4 LK Ste2 5
PC2 ARG, DA 455 SR W] AR LI i 403 2R
F TR ARG 5T PCA 43 H7 B 58 Ao B R B
e R BN, M PC2 AR5 B (& 2b) rl %0, Hr
FERRIRRBR | K 21 0T A A R e | 25 8 0T g (B 5%
BT FERR TR |55 BT A L R TR | 5 BB A AR i
MR 55 8 T — N T PR IR |55 B o — Y e R R —
MR R T |25 B 0T AR R T | 55 B BT - Y R TR
P —TH R 5 | 5% 98 0T O R R ) | B OK B TR (R K
KEFAR RN . FOKE T AR IR R . oK H
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Abstract The diverse composition and changes of carotenoids under low—temperature refrigeration conditions have gradu-
ally attracted widespread attention. However, there is still a lack of research on the effects of long—term low—temperature
refrigeration on carotenoids in different parts of blood orange pulp. In this study, the blood orange was used as the ex-
perimental material, the influence of low—temperature storage at 9 °C for 0, 30, 60d, and 90 d on the composition and
content of carotenoids in the different parts of blood orange pulp was analyzed by UPLC-API-Q TRAP-MS/MS method.
(DThe results showed that 34 kinds of carotenoids were identified from blood orange pulp, among them, the contents of
B—-cryptoxanthin palmitate, rubixanthin palmitate and B-cryptoxanthin oleate were the highest in the pulp of different parts
of blood orange, and the content of various carotenoid esters at the stem end pulp showed an upward trend with the
prolongation of low—temperature storage time, while the equator and stylar end pulp did not change significantly under the
condition of low temperature storage. @The results of principal component analysis showed that the carotenoid esters at
stem end, equator and stylar end pulp were significantly different, and most of the carotenoids such as the neochrome
palmitate, rubixanthin palmitate, violaxanthin ester, zeaxanthin ester and B-cryptoxanthin ester in different parts of the
blood orange pulp during storage periods had changes, and various carotene esters at the stem end pulp significantly in-
creased during low temperature storage. In conclusion, a total of 34 carotenoid esters were identified in blood orange
pulp, and of which the esters content in three parts of pulp were significantly different. In addition, the content of vari-
ous carotenoid esters at stem end pulp significantly increased with the prolongation of low—temperature storage time, while
the equator and stylar end pulp did not change significantly. In this study, the composition of carotenoid ester in blood
orange was analyzed, and which provide a reference for exploring its change mechanism.

Keywords blood orange; carotenoid esters; low temperature storage



