E¥1%¥3R ACTA AGRONOMICA SINICA 2023, 49(8): 2259-2274 http://zwxb.chinacrops.org/
ISSN 0496-3490; CN 11-1809/S; CODEN TSHPA9 E-mail: zwxb301@caas.cn

DOI: 10.3724/SP.J.1006.2023.24202

BEMRERIEEZENNERES 13HERE MEHEE
BT T BEMCT ok R OE#E' EFEHXY

/ , 510640; ° ,
066600; ° , 712100
) 13 ;
(1 1 1,v/v/v) R
(1 3,v/v) 0.01% 2,6- (Butylated hydroxytoluene, BHT) 0.1% A
, 0.01% BHT B R YMC Carotenoid C30 (2 mmx100 mm, 3 um),
0.8 mL min !, 23°C, 1 uL, 450 nm, 8 min 13
, 0.997;
13 )
: UPLC; ; B- R

Simultaneous determination of 13 carotenoids in sweetpotato by Ultra-
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Abstract: Carotenoids as important indexes to evaluate the edible and process quality of sweetpotato, are crucial to pro-
moting sweetpotato breeding. However, the lack of rapid detection methods for the compositions and contents of carote-
noids in sweetpotato has limited the progress of edible quality analysis and breeding of sweetpotato. In this study, an Ultra-
Performance Liquid Chromatography (UPLC) method was established for simultaneous determination of 13 carotenoids in
sweetpotato by optimizing the chromatographic conditions and sample pretreatment process. The results showed that etha-
nol: acetone: hexane (1:1:1, v/v/v) was used as the extraction solution, and methyl tert-butyl ether was used as the dissolu-
tion solution to obtain the highest yield of carotenoids. Analysis conditions of UPLC: methanol: acetonitrile (1:3, v/v) con-
taining 0.01% 2,6-butylated hydroxytoluene (BHT) and 0.1% formic acid as mobile phase A, methyl tert-butyl ether con-
taining 0.01% BHT as mobile phase B gradient elution, YMC Carotenoid C30 (2 mmx>100 mm, 3 pm), the flow rate was 0.8
mL min~', injection volume was 1 pL, the detection wavelength was 450 nm, and the analysis time was 8 min. The linear
relationships of 13 carotenoids in this method were good, the correlation coefficients were all greater than 0.997. The test
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results of precision, repeatability, stability and recovery were all in line with the requirements. The UPLC method in this
study can quickly, accurately and simultaneously detect the contents of 13 carotenoids in sweetpotato, which can lay a

foundation for quality analysis of germplasm resources and breeding materials in large quantities of sweetpotato.
Keywords: UPLC; sweetpotato cultivar; B-carotene; content determination
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Fig. 1 Chromatograms of the different elution programs
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7 B- ,8 b L9y .10 11 12 13

A: the chromatograms under the first elution condition; B: the chromatograms under the second elution condition; C: the chromatograms
under the third elution condition; D-E: the chromatograms under the fourth elution condition, D—E: 10 and 13 carotenoids, respectively. 1:
lutein; 2: zeaxanthin; 3: a-cryptoxanthin; 4: e-carotene; 5: B-cryptoxanthin; 6: a-carotene; 7: B-carotene; 8: d-carotene; 9: y-carotene; 10:
lycopene; 11: violaxanthin; 12: neoxanthin; 13: antheraxanthin.
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Fig.2 Chromatograms of carotenoid at different column temperatures
A~E 20 23 25 28 30C 1 ,2 ,3 ,4 ,5
6 o- .7 e ,8  B- ,9  o- ,10  B- 11 8- L1200 - , 13
A-E are chromatograms of carotenoids at 20, 23, 25, 28, and 30°C, respectively. 1: violaxanthin; 2: neoxanthin; 3: antheraxanthin; 4: lutein;
5: zeaxanthin; 6: a-cryptoxanthin; 7: e-carotene; 8: B-cryptoxanthin; 9: a-carotene; 10: B-carotene; 11: 3-carotene; 12: y-carotene; 13: lycopene.

>
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Table 1 Resolution of 13 carotenoids under different chromatographic conditions

Resolution

Chromatographic

.\ 2 3 4 5 6 7 8 9 10 11 12 13 14
conditions

20 3.09 1.01 1.67 228 2.6l 1.49 1.87 1.93 1.67 394 3.61 3.69 10.11 2.49
Chromatographic 23 2.88  0.88 1.62 2.18 245 1.57  2.00 1.68 1.80 387 3.71 370 989 297

column 25 246 067 151 206 226 1.71 213 133 198 379 379 373 975 337
temperature
0) 28 238 057 158 191 204 186 229 092 214 362 387 376 948 3.98

30 1.58 1.35 1.77 1.89 1.97 236 059 235 348 389 378 921 4.30
0.6 4.02 1.19 1.89 259 299 1.53 1.93  2.29 1.71 422 3.60 3.60 10.43 1.25
Flow rate 0.8 2.88 0.88 1.62 2.18 245 1.57 2.00 1.68 1.80 387 3.71 370  9.89 297
(mL min™) 1 2.64  0.66 148 2.00 218 203 244 089 236 370 3.69 355 975 329
1 4.23 .12 2,01 256 274 180 223 1.68 199 398 3.78 374 988 272
Injection volume 2 2.88  0.88 1.62 2.18 245 1.57  2.00 1.68 1.80 387 3.71 370 989 297

(uL) 3 280 078 130 1.88 229 120 158 2.03 143 379 349 358 994 220
1~13 13 1 ,2 ,3 ,4 .5 .6 a- .7
& .8 B- L9 o .10 p- L1 8- 12 g 13 14 w

1-13 represent the chromatographic peaks of 13 carotene compositions. 1: violaxanthin; 2: neoxanthin; 3: antheraxanthin; 4: lutein; 5: zeaxanthin;
6: a-cryptoxanthin; 7: g-carotene; 8: B-cryptoxanthin; 9: a-carotene; 10: B-carotene; 11: d-carotene; 12: y-carotene; 13: lycopene; 14: the solvent

peak. “—": no data.
20C 0.6 mL min' ,
26 , 12 1.5, 1.25,
; 23°C ,6 20°C 8 min R
, 2 , 1.0 mL min ", , 13
1.5, , - B-
, 0.89, 2 ; 0.8 mL
,23°C min’ , 13 6 min
213 ARBEXNXERY N E oA Hw 2.1.1 , 0.88,
, 23°C, 1.5,

, , 0.8 mL min!
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Fig. 3 Chromatograms of the different flow rates
A~C 0.6 0.8 1.0mLmin
,6 - , 7 e- , 8 B- ,9 o

1 ,2 ,3 L4 )5
.10 B- S 8- L1200 - 13

A—C represents chromatograms of carotenoids at flow rates of 0.6, 0.8, and 1.0 mL min~", respectively. 1: violaxanthin; 2: neoxanthin; 3:
antheraxanthin; 4: lutein; 5: zeaxanthin; 6: a-cryptoxanthin; 7: e-carotene; 8: B-cryptoxanthin; 9: a-carotene; 10: B-carotene; 11: 3-carotene;

12: y-carotene; 13: lycopene.
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Fig. 4 Chromatograms of the different injection volumes
A~C 1 2 3uL 1 ,2 ,3 , 4 ,5
,6 o , 7 e ,8  B- ,9 o ,10  B- , 11 6- ,120 - ,13

A-C represents the chromatograms of carotenoids at injection volumes of 1, 2, and 3 pL, respectively. 1: violaxanthin; 2: neoxanthin; 3:
antheraxanthin; 4: lutein; 5: zeaxanthin; 6: a-cryptoxanthin; 7: e-carotene; 8: B-cryptoxanthin; 9: a-carotene; 10: B-carotene; 11: 3-carotene;
12: y-carotene; 13: lycopene.

R2 DBMERT MRMEMEEEAFE. BHXRHE. BUHRMESR

Table 2 Regression equations, correlation coefficients, and detection limits of carotenoids

Carotenoids Retentif)n time  Linear raﬁge Line.ar Corre?ation LOD,] LOQ,]
(min) (ugmL™) equation coefficient (r) (ugmL™) (ugmL™)
Violaxanthin 0.709 0.1-100 y=14.2103x-2.2023 0.9997 0.003 0.009
Neoxanthin 0.831 0.1-50 y=11.9700x+5.1485 0.9995 0.004 0.015
Antheraxanthin 1.057 0.1-100 y=9.3125x-0.0484 0.9996 0.004 0.015
Lutein 1.370 0.1-100 y=16.0211x+18.3307 0.9985 0.003 0.012
Zeaxanthin 1.678 0.1-100 y=11.7821x+13.2805 0.9971 0.005 0.016
a- a-cryptoxanthin 1.961 0.1-100 y=20.9719x+10.9579 0.9984 0.003 0.010
& e-carotene 2.363 0.1-100 y=16.7789x+16.6374 0.9975 0.003 0.011
B- B-cryptoxanthin 2.506 0.1-100 y=17.7172x+5.8782 0.9990 0.004 0.012
a- a-carotene 2.874 0.1-100 y=18.1369x+9.9311 0.9986 0.003 0.010
B- B-carotene 3.317 0.1-200 y=16.3936x—4.5911 0.9993 0.004 0.012
- §-carotene 4.326 0.1-100 y=15.1643x+8.9234 0.9982 0.003 0.011
Y- y-carotene 4.712 0.1-100 y=19.4632x+3.0909 0.9997 0.005 0.016
Lycopene 5.770 0.1-100 y=2.9934x+1.1650 0.9990 0.018 0.060

LOD: limit of detection; LOQ: limit of quantitation.
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6 4 , 13
RSD 0.46%~ 84.61%~122.38%,
8.66%  0.45%~2.02% , 2.3
3 , , 4
0.35%~ 16 ( 3 ), 79
3.14% 1.07%~2.76% ,
; 13 79 (P =0.374 > 0.05),
1.80%~14.05%  4.38%~ 79 (P<
8.16% , 24 h 0.01), (P=0.279
223 FeirEk X > 0.05) 5
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Table 3 Relative standard deviations (RSD) of precision, repeatability, and stability
Precision RSD (%) Repeatability RSD (%) Stability RSD (%)
Carotenoids Retention time Retention time Retention time
Area . Area . Area .
(min) (min) (min)
Violaxanthin 0.46 1.31 0.51 1.61 7.03 5.07
Neoxanthin 0.89 1.82 1.10 2.23 1.80 6.61
Antheraxanthin 0.49 1.75 0.79 2.23 6.97 6.95
Lutein 0.55 1.91 0.82 2.43 3.90 7.64
Zeaxanthin 0.60 2.02 0.99 2.76 6.67 8.16
a- a-cryptoxanthin 0.55 1.55 0.80 2.21 5.36 6.88
€ g-carotene 0.73 1.14 1.20 1.70 4.75 5.76
B- B-cryptoxanthin 0.74 1.47 1.45 2.25 8.15 6.85
o- a-carotene 0.86 1.09 1.05 1.74 6.48 5.75
B- B-carotene 8.66 0.92 1.19 1.55 11.08 5.33
3- d-carotene 0.50 0.61 0.35 1.32 6.69 4.64
v- y-carotene 0.86 0.48 0.59 1.15 10.51 4.38
Lycopene 5.76 0.45 3.14 1.07 14.05 4.57
R4 DBMERT NRMEKER
Table 4 Recovery rate of 13 carotenoids
Recovery rate (%)
Carotenoids Background 1 pg 2 ug 3ug Average recovery rate
content  Addition amount 1 pg Addition amount 2 ug Addition amount 3 pg (%)
Violaxanthin 0 138.35 132.15 96.65 122.38
Neoxanthin 0 74.64 91.43 91.32 85.80
Antheraxanthin 0 116.19 110.63 97.25 108.02
Lutein 1 104.71 103.42 117.10 108.41
Zeaxanthin 1 111.90 112.67 130.56 118.38
o- a-cryptoxanthin 1 96.12 95.93 110.95 101.00
e g-carotene 1 97.73 98.90 113.73 103.45
B- B-cryptoxanthin 1 91.99 91.58 105.84 96.47
o- a-carotene 1 92.94 93.89 108.49 98.44
B- B-carotene 1 80.54 80.11 93.19 84.61
5- d-carotene 1 83.79 89.19 105.73 92.90
v- y-carotene 1 92.51 93.31 110.18 98.67
Lycopene 1 84.82 87.86 106.71 93.13
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Table 6 Carotenoid content of different sweetpotato cultivars
Content (ug g ')
Carotenoids ? 87 32 L 26 25
Longshu 9 Guangshu 87 Pushu 32 Guangshu 79 Jishu 26 Yanshu 25
Violaxanthin 2.22 0.79 1.16 0.41 0.62 0.72
Neoxanthin 1.54 1.60 ND ND 0.50 0.39
Antheraxanthin 4.07 5.79 1.11 3.19 6.30 3.55
Lutein 3.18 ND ND ND ND 0.81
Zeaxanthin 0.41 0.99 ND 0.10 ND 0.67
o- a-cryptoxanthin 0.88 ND 0.78 2.88 ND 2.70
€ g-carotene ND 0.41 2.62 2.00 ND 1.28
B- B-cryptoxanthin ND ND ND ND ND ND
a- a-carotene ND ND ND ND ND ND
B- B-carotene 58.66 27.86 178.08 205.91 3.79 125.34
o- d-carotene ND ND ND ND ND ND
v- y-carotene ND ND 0.00 ND ND ND
Lycopene ND ND 0.00 ND ND ND
Total content 70.97 37.49 183.76 214.49 11.29 135.15
ND: ND: not detected.
3 itie e
, b
> [22] [23] [24] [6,10]
R 7
b
’ b
’ R 7 Ishiguro 161
5 Kim [
’ R 60 min ( 7),
> o
> s
; HPLC ( 5 pm )
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