2% 511 B 2 4 T iR o Vol. 12 No. 11
2021 6 H Journal of Food Safety and Quality Jun. , 2021

oAl B EREL D AL S SFE kg
(1. A ERAV R Bl B ArE SR B ARG, dJbat 100081; 2. HF EIF R FHEAM G .0, LA 100026)

B OE: BEY U g bR FOREE p-RREN. MHERSE 4 MR N R RORAA g
B, Jo B3 EANE - AU [ b R bl 4 FhSEIE N R AOIRAAIRS R B 22 5, DABOR LR Ak e 41
FEAS DRI AR DEER R TR BA FE, BOE Ok E T Ak, PR IE bR, S
Ye-CNE-HEE(2:3:5, VIV VYR, 4 YMC Carotenoid f47541:(150 mmx4.6 mm, 3.0 um)4r#, DL & H ke-2E-H
BE(2:3:5, VvV R ahal, S5 EEVEM, DAD R geaeil, ShpRvke it SRASHR . pU)Il . AR LLPg AL S5
(4 19 ANVSRREAS, FELLBT B 28 3 X URRK L A Rh O ARFR, N9 A0 12 ST 9 WIRAEE, XShEASrh 4 Fhisi
B MR G T R p-AE MR BB SR, MRS 4 RS N EAE 1.0~200 pg/mL
PR i Y PR N LA R IR S R, MEE RELGA R T 0.999, J5iE i BR g 2.0 mg/kg, ERFR M 6.0 mg/kg.

JAR ECR Ky 88.1%~92.7%, RSD N 3.44%~6.45% (n=6), 19 NUPHEEN HAEME PEMESENT
1468.4~6999.1 mg/kg Z[H], V- &-0 3287.9 mg/kg, f-#HE MR . FRHR ., p-REHR ., MEXNFHTE
S35k 581.3. 1789.4. 102.0, 815.3 mg/kg, &I ABFFE WML ER . IEE, X 19 M UDBRE A
Fi500T, S5 RFHIART] SR rh 4 P2l 8 b R & 22 SRR, MEANRER A R A ES o7, 2553k
B 11 7 i ARG VBRS8N RS R

R UG g0 DR FORBRG AR B MR, R OB Gk

Analysis of carotenoids content in sea buckthorn by high performance
liquid chromatography

YAN Hua', BIE Wei?, CUI Feng—Yun?, FENG Xin?, QI He-Ming?, LI Zi-Yi*, ZHANG Zhao-Hui*’

(1. Institute of Quality Standard and Testing Technology for Agro-Products, Chinese Academy of Agricultural Sciences,
Beijing 100081, China; 2. Science and Technology Research Center of China Customs, Beijing 100026, China)

ABSTRACT: Objective To establish a high performance liquid chromatography (HPLC) method for simultaneous
determination of 4 kinds of carotenoids (f-carotene, zeaxanthin, f-cryptoxanthin and lutein) in sea buckthorn, and to
analyze the content difference of 4 kinds of carotenoids in different producing areas and different varieties of sea
buckthorn in China, and to analyze the change rule of carotenoids in sea buckthorn at different picking periods.
Methods The fresh berries of sea buckthorn were freeze-dried firstly. And then the sea buckthorn powder was
extracted with hexane and reconstituted with dichloromethane acetonitrile methanol (2:3:5, V:V:V) after

saponification. Then the sample was separated on a YMC Carotenoid column (150 mmx4.6 mm, 3.0 um) with
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dichloromethane acetonitrile methanol (2:3:5, V:V:V) as mobile phase by isocratic elution. 4 kinds of carotenoids
were detected by DAD detector and quantificated by external standard method. 19 samples were collected from
Xinjiang, Sichuan, Jilin, Shanxi and Hebei Provinces. 9 samples of Shenqiuhong (from Xinjiang Autonomous
Region) were collected from early September to the end of December. 4 carotenoids in these samples were analyzed
by HPLC. Results

concentration range of 1.0-200 pg/mL, with correlation coefficients (+?) above 0.999. The limits of detection and

f-carotene, zeaxanthin, f-cryptoxanthin and lutein had good linear relationships in the

limits of quantitation were 2.0 mg/kg and 6.0 mg/kg, respectively. The recoveries of 4 carotenoids ranged from
88.1%-92.7%, with relative standard deviations (RSD, n=6) of 3.44%—6.45%. The content of total carotenoids in 19
sea buckthorn samples were ranged from 1468.4 mg/kg to 6999.1 mg/kg, with an average content of 3287.9 mg/kg.
The average content of f-carotene, zeaxanthin, f-cryptoxanthin and lutein was 581.3, 1789.4, 102.0, 815.3 mg/kg,
respectively. Conclusion The established method of this study is accurate and reliable, it is found that the content of
carotenoids in different subspecies of sea buckthorn is significantly different and the content of carotenoids in
Shenqiuhong is highest in the mid of November.

KEY WORDS: sea buckthorn; p-carotene; zeaxanthin; p-cryptoxanthin; lutein; high performance liquid
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J), Xt E VR O . DI AR L AN A
Hi VD S D ST R E AT, XS TR
FRLL B VDA A R R A B A A 280 & N ZE A b T
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1 MR5RE%

1.1 UFE5RF

Thermo U3000 & AL & #H 4 3% 1 R 4 (M &
DAD-3000, WPS-3000SL H st 4% . TCC-3000RS #I:
T A (36 [ FEBR KA IR 2 |)); WPE4S 8 4R & a4 (T8 15
Memmert A #]); 3K 15 5 3 12 Uk 2.0 HL (2 F Sigma A H));
Milli-Q 4l /K #% (3% [ Millipore 23 &]); MS3 R i 1R 5 2% (14
[ IKA A H)); TF-FD-1L 8 VR T4 4 (b ARSI A BR
NCIDE

B NGB 97%) . MR FE (L 95.3%) . FoKH
JE (4L 95%)(1#[F Dr. Ehrenstorfer GmbH /A #]); f-Ba# i
(LLFE 97%, &K TRC A7), BEE. 5. ECkE. B
Wk (B4t 351E Fisher Chemical 23 7)o
1.2 #&EKIE

19 AN VPG SEAE S A ok EBREEE . Uil g
dvEEH, RO 2R BV 2000 g 2247, Sk
B S TR SR PR, FUARE SIS EILE 1.
1.3 LWHE
1.3.1 R AEH

MM 3 mL =S aARE, P EEEE 10mL,

B-IEHE o - AR (L1, v B RSRR 0 i A
VR, o FH B P R A R A A A TR R A TR

TERR RIS i 1R g5 DR | TR PR
R RAEE A TR, O BTR S R v T R, R IBGE R
BRI R, BCE A R AR B IR A bR T AR TR,
BRI 2,
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Table 1 Information of sea buckthorn samples
G5 Al A g o TR /m SR A ]
1 RICHE S 0k B ) 2% 86.21 48.08 477 2019 4F 8 A
2 EA S 9k B ) 2% 86.21 48.08 477 2019 4 8 J
3 Bof 7 2% 57 ) T ) 4% 86.21 48.08 477 2019 4 8 A
4 EpLy T ik b 4 2% 86.21 48.08 477 2019 4 8 A
5 W S R g 2 86.21 48.08 477 2019 4 8 H
6 PRI 70 BRI A i B 2% 86.21 48.08 477 2019 4F 8 A
7 FRICLL A P 2% 86.21 48.08 477 2019 4F 8 A
8 JeHE S sk B ) 2% 86.21 48.08 477 20194 8 H
9 it RN T 4k o 4 2% 86.21 48.08 477 2019 4F 8 J]
10 7/ €AN R 2% 86.21 48.08 477 2019 4F 8 J]
11 IRFKLL S R o 2 86.21 48.08 477 201949 H
12 BT 2R IR 1 Sk B ) 2% 86.21 48.08 477 2019 4E 9 H
13 BoT By 2 IR bk 11 S 0k B ) 2% 86.21 48.08 477 2019 4E 9 H
14 o 8y 2 R 0 1 S 9k B ) 2% 86.21 48.08 477 2019429 H
15 WEKELL R B 79.39 39.32 1000 2019 4E 9 J
16 A= VD o)1y 351 102.96 33.58 3500 2019 4F 11 f
17 IRFKLL GRLNEE 122.76 45.63 140 2019 4 8 H
18 A P NS 112.03 37.43 750 2019 4 11 J]
19 A P Wbk E A 115.15 40.77 1005 2019 4F 11 A
%2 BRAMOETERKRE (ng/mL)
Table 2 Concentration levels of standard calibration curve (ug/mL)
QEERARR WK1 WHEKFE2 WK 3 B4 KBRS WK 6 W7 WK 8
pEE MR 1.0 5.0 10.0 20.0 40.0 80.0 100 200
TR BT 1.0 5.0 10.0 20.0 40.0 80.0 100 200
BB T 1.0 5.0 10.0 20.0 40.0 80.0 100 200
R 1.0 5.0 10.0 20.0 40.0 80.0 100 200

132 Hmaras

Wt R PR SPRHSIHK G, KSR TR T AL
T, 3RV, BRES UK, RGO . RS B FREL
1.00 g VAT #F 50 mL HZE .04 %, A 0.5 g Ik
MR, 10 mL K/KZEELA K 2 mL 60% KOH &, BT
80 °CHE R HR % 2 rh 24k 30 min, JEBUE B OISR H EE IR,
A 10 mL iFCEE, ¥&% 15 min, fIKE 50 mL, &%
5 min, 5000 r/min &.0> 5 min, B 5 mL Fi%)2F 10 mL B
B, BRET, H 1 mL G, e 7800
fife, 0.2 pm SALIERERLIE, FHTL ARG R 10 A% )5 AL
FE o AR BRI R R T R

133 RABEEEH
f6,j%H:: YMC Carotenoid f&i5%#:(150 mmx4.6 mm,

3.0 um); WAhA: S bE-ZME-FEEQ2:3:5, ViViy); HE:
1 mL/min, ZERERER; AEIR: 30 °C, #EFEHE: 20 uL.DAD &
R, R 455 nm.

2 HER5E4SH
2.1 RFIAIBZEML

RN N R A HTAL P AR, AL R AR
SFAPIR. JEE DR EHIE R IR R EE O L R A
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AR, R AT AL BN G HEAT, I ABUIR MR B 1E
Afb. TSI MR FEE LRI ER WY e, ML
ENE, IR AT B AL ] . ASWESE LA T BARXT L A
g, DB 1 BB A, N2 E L O bR
Fr A5t B SR AR B, BOK R R T A 4R T,
MR SY, T4 B A0 P 1E O b SR BUBT A5 €6 1% [ 5
LREOT, =T, 4 Fba s SealSEek 4y, Hik
TATAR S 20, 100 BH 38 2o 2 Ak s o B T 25 B B 24 o ) T
o, (EEELRIEAL, SURTLAE2EEH S N R 008 i FR IR % TL
TR SIEA,

GB 5009.83—2016 { &b L EZARME S b
EIME ) FE BALSE R A AT TR AL AR L
BT AMMEEANIE O BRI A BUEE R, R BLIE b A B R
I, BEMCRFIE OB TR AL T IEC b B4y
HYS, FNAECERBUSTHIKESRE 50 mL, v/ f#iEC
fEot )z, [, ke A FIE, FEMAECE
PG 1R, /K ZE 50 mL J5FRY 1K, JAED.

22 PEBPEPE MRIEMEST

FEAE DRI FAAAE RPN, 755 FHEM
Ko HA LML R . AR S5 7E 400~500 nm
R B SRR, B ICR e O A (4 7% 15 -DAD - farill] 5
S H R R 12 X 2808 | R E T AT i R
o SRATRAE SRR p-I8 R EKRBR. -
PR BT . M2 A RSN AT DG RE EA T, B R
B 455 nm AR K

FKAE PR FARGEERBIZE S TR T 7 A5,
ANIE AR T RE R AR A TR, PRIUb 4258 S ZE i
i Ml R T — e MOXERE, JE R TR BRI 4 R
PIETERIE T, $EE RSB, DL etk
M, YMC Carotenoid fa i i (i DRI e RE L I Ik
BT Cyo ki, MLLHHL Cig AH TG, e, i

350
300 1

200

i % {E/mAU
=
S
L)

KAEELE I IYSSH N R 405 B2 A A A BAE ARG R, W]
KBTI o B8R . AT T & e - 2 i - FH i
(2:3:5, Viviv), - RCT BEER(17:3, V: V) =S -
ZIE-HEE(3:12:85, V:V:V)A5i SRR ZH RO 3 S RCR 5200,
SEIRBH, WA RN A - G- FE(2:3:5, Vi)
W, B8 NER . FOKE BT, -, MR 4 FHARME
BB ARG EOLE 2), BT, L, 55 5IE
FINRIM AN R /N | FEHEBUDN, IR PR SR R —
AFBE-CONE-HEEQ2:3:5, Vi Vi),

23 FHEEM

4 FRZEEAE N RL M RAHC R B3R 3, 4 Fhi2s
W8 N EAE 1.0~200 pg/mL Y5 F ML RIF(2>0.999), 7E
1.0 pg/mL MIWREEAKSE I, 4 Fh2edi s b R E0 LR T
3, AT FE AR R i Sk e AN 8 A R O 1k 0 A R (limit of
detection, LOD)} 2.0 mg/kg, & mBR(limit of quantitation,
LOQ)K 6.0 mg/kg,

B-EIE MR FOKET . pRRE M R A N
FHXTBRUE N 22 (relative standard deviation, RSD)E, 5% WL
4, RGIENRERZNERL, P E R

B[R] —HE VD At I AGE S AR X B SRV VR, 0 5]
W3 ANUREACE, 115 4 B2 g N & i S B,
SEIRNLER S, RAFHMHETIE &, K% ELT.

24 OBRHBPAPE NEIENW

A7 B[] 45 b T oA 1 V0 BIE S Rl B R 250,
R AR AL b DX VD S R ORI, 3 SE YD DU
Z IS B A BEAR, s EV O A, it AT
22, LT RBER TR E h RS . R R
AR AT RS R, W EBTES BRI SRz
L EROR Ay CAR Y U i I I 1 B S I
B VD T A 2 DA AR VDR T
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Fig.1 Effects of saponification on chromatographic separation
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Fig.2 Chromatogram of f—carotene, zeaxanthin, f—cryptoxanthin and lutein standard solution
R3 ATMEPE NENRER. 2R, ZMTEEREXRE
Table 3 LODs, LOQs, linear ranges, the linear equations, correlation coefficients of the 4 kinds of carotenoids

FE L3 Bl /(ng/mL) AT P LOD/(mg/kg) LOQ/(mg/kg)
SIS MR 1.0~200 ¥=0.099X-0.0278 0.9993 2.0 6.0
B NV 1.0~200 ¥=0.0239.X-0.0064 0.9996 2.0 6.0
BB 1.0~200 ¥=0.1116X-0.0387 0.9990 2.0 6.0

R 1.0~200 Y=0.1138X-0.6001 0.9998 2.0 6.0

=4 EEMIWHEFR(n=6)
Table 4 Results of precision (N=6)

5 1/(mg/kg) 2/(mg/kg) 3/(mg/kg) 4/(mg/kg) 5/(mg/kg) 6/(mg/kg) F-¥{E/(mg/kg) RSD/%
SR N 906.7 969.9 901.6 903.1 907.3 909.1 916.3 2.88
FORB R 1307.6 1081.7 1160.1 1162.2 1184.2 1131.7 11713 6.45
BB 152.3 143.7 133.9 152.4 150.3 138.7 1452 5.34
i 1684.0 1673.1 1674.7 1682.2 1689.6 1657.6 1680.7 0.67

ARG R BB . DI, AR P AT A 3
19 AVPHRRESLIEAT T ISEA S D R ST, 4RI 6.
19 MBI PR B S EN T 1468.4~6999.1
mg/kg Z 0], N 3287.9 mg/kg, i i fHR A S B i
BTl 2 b DX TE R =, B e v ) A P S BT B 5 s X P I
AR

XPARTRIRE b 4 Fp2REH S b 205 ikt a8, A
FIRE S Z B 2888 PR AR RESR. 1 5.2
T35 .65 115 125 13 5HERMFE EKEH>p-

B8 N FESIEE SRR A, 8 5. 95 14
15 50 16 SRR EORE > E > E b
E>p-Ba W A A, 18 5. 19 SRS TRt i
FE>EKREF>B-I1E N E>B-RE TR MA, 4 S5
d I >AE B S > RO >R H T, S SRR
CHT R Bl 2895 &) B-iH 8 b > FORE > 3 K >p-
FRAET T, 7 5 FE S (BRIT L) -8 b RSB > T oK
JE>B-BREE T, 10 5. 17 SRS P EOR B> R > -
BB B>p- % MR
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=5 IPERP 4 MEPE MROIFREIE KB EE (n=6)
Table 5 Spiking recoveries and RSDs of 4 kinds of carotenoids in sea buckthorn (n=6)
FE AJEAE/ (mg/kg)  MbREE/(mg/kg)  WE R/ (mg/kg) (BN & 7 BT IRR /% A XA AR 22 /%
422 939.9 85.4
BHAE MR 903.9 84.3 978.1 88.0 90.0 6.45
168.6 1066.7 96.5
256.2 1307.6 89.9
T E R 1077.2 768.6 1785.3 92.1 92.7 3.44
1537.1 2556.5 96.2
20.0 150.3 82.5
pI B 1338 59.9 187.0 88.8 88.1 6.00
119.8 2452 93.0
264.4 1803.8 84.4
MR 1580.7 661.0 2165.1 88.4 88.5 475
1322.0 2807.4 92.8
Fz 6 TREIVEHHRDS 4 MAEHPE MENEERAEE
Table 6 Content and proportion of 4 carotenoids in different sea buckthorn samples
B A - Fokdm FOKRER  ppadm  p-RER ,@—ﬁﬁ 3 ﬂjﬁﬁ o WEE ARy
/mg/kg) HH/%  (mgkg)  HH/%  F/(mgkg) EEH/% /(mgkg) HH/%  (mg/kg)
1 RITH HRRTEIZE 1139.5 51.8 93.3 4.24 647.4 29.4 320.3 146 22005
2 EA BEERTEIA 1181.4 52.5 72.5 3.22 562.1 25.0 4358 19.4 22517
3 Bzﬁj BRI 1707.9 60.6 88.6 3.15 624.6 22.2 395.1 140  2816.2
4 S BB 4132 21.7 27.0 1.42 594.8 31.2 871.7 457 1906.7
5 B BERPTEIZ 1050.3 35.7 48.9 1.66 1142.9 38.9 698.5 23.8  2940.6
6 e BTz 864.8 52.8 102.5 6.26 365.3 22.3 305.1 18.6 1637.7
AL
7 FEJCL  HimRTEIZE 407.0 16.5 29.4 1.20 1589.6 64.6 436.7 17.7 2462.7
8 TRl HEERTEE 8019 54.6 73.9 5.03 173.4 11.8 419.2 28.5 1468.4
9 iz N B 1523.2 57.4 50.1 1.89 312.4 11.8 766.6 28.9 2652.4
10 WKL HmBTEIAE 42692 78.5 201.7 3.71 196.8 3.62 773.9 142 5441.5
11 WEKLL BiRPTEI4E  1769.0 53.9 127.2 3.87 768.2 23.4 618.6 18.8  3283.0
12 gﬁi;jf BEEBTEIAE 1503.2 52.7 101.9 3.57 776.3 27.2 473.0 16.6 2854.4
13 gfﬁ;jﬁ Bz 24132 45.1 165.8 3.10 1387.3 25.9 1386.6 259 53529
14 PTBRR BT EIAE 15431 43.6 106.0 2.99 684.7 19.3 1207.3 341 3541.1
Jvbi
15 WKL FERR TR 4776.4 68.2 156.8 2.24 258.4 3.69 1807.5 25.8 6999.1
16 Ligaeeiy S I i 1314.1 67.9 73.2 3.78 133.3 6.89 414.7 21.4 1935.3
17 TREKEL HAREIR  5216.7 81.2 253.6 3.95 116.6 1.82 835.2 13.0 642222
18 LHEESRUy 7 S TN NSRS 839.1 32.7 67.4 2.63 4522 17.6 1204.6  47.0  2563.4
19 PRSI AR 1264.5 33.8 97.5 2.61 259.1 6.93 2119.5 56.7  3740.7
R/MA 407.0 27.7 27.0 1.84 116.6 7.94 305.1 20.8 1468.4
IS PNEN 5216.7 74.5 253.6 6.26 1589.6 64.6 21195 567  6999.1
- fE 1789.4 54.4 102.0 3.10 581.3 17.7 815.3 248 32879
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Fig.3 Variation of 4 carotenoids content in Shengiuhong at different harvesting times (n=3)
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