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Abstract: Carotenoids are the material basis for different colors of tomatoes. Systematic study on the relationship be-
tween tomato color with carotenoid constitutes and content can provide guidance for screening specific carotene components
such as phytofluene, phytoene and cis-lycopene. The carotenoid composition and color characteristics of twelve different to-
mato varieties at different maturity stages were analyzed by high performance liquid chromatography-photo diode array detec-
tion (HPLC-PDA) and colorimeter. The results showed that the main carotenoid in red series of tomatoes was lycopene, the

highest content was (123.50+ 1.34) pg/g, the main
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carotenoid in the yellow and green series of tomatoes was

B-carotene, the highest content was (7.56+0.02) ng/g.

(2019CB007) The content of phytoene and phytofluene in orange tomato
TEBEMN T PH(1996-) & BRONEN BB E, E8HFe was (59.72£0.84) pg/g and (23.2420.31) pg/s, re-
Jr R IREE R M. (E-mail ) 88623827@ qq.com spectively. The proportion of cis-lycopene in orange tomato

BERAEE HKE R, (E-mail) lianfu@ jiangnan.edu.cn was 77.44% , which was much higher than that in other
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tomato varieties. Among all tested varieties, the contents of phytoene, phytofluene and lycopene increased with the increase

of tomato fruit maturity, B-carotene showed different trends during fruit ripening in coloured-tomatoes. Lycopene content in

tomato fruits was significantly positively correlated with redness (a¢” ) and a”/b" ,

and negatively correlated with bright-

ness (L"), yellowness (b" ) and chromaticity angle ( H), B-carotene content was negatively correlated with brightness

(L") and chromaticity angle (H) , but had no significant correlation with yellowness (4" ). There was no significant corre-

lation between the contents of these two main carotenoids and color saturation (C).
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Table 1 Names and characteristics of tomato varieties
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Table 2 Color characteristic values during tomato fruit development

s KAEBB SEEE(L™) LB (a™) HEE(L) a*/b* ORI GRES()
1 Ml 58.97+1.44 -5.77+0.41 20.54+0.65 -0.28+0.02 21.34+0.69 105.69+0.89
M2 57.65+0.60 2.66+0.27 25.71+2.41 0.10+0.01 25.85+2.42 84.09+0.42
M3 53.79+2.38 9.51+0.69 40.10£2.01 0.24+0.01 41.21+2.08 76.67+0.64
M4 51.99+1.53 15.08+0.28 40.89+2.75 0.37+0.02 43.59+2.66 69.71£0.95
M5 45.81+0.97 19.59+1.40 36.57+0.63 0.54+0.03 41.50+1.09 61.84+1.51
2 M1 57.49+1.61 -6.91+0.58 22.20+1.89 -0.31+0.01 23.25+1.96 107.30+0.68
M2 54.01+1.17 2.34+0.26 40.41+1.84 0.06+0.01 40.47+1.84 86.68+0.41
M3 55.27£1.33 7.73+£0.59 44.70+2.28 0.17£0.01 45.37£2.28 80.18+0.74
M4 52.34+3.01 9.37+0.87 40.75+3.74 0.23+0.03 41.82+3.66 76.97+1.59
M5 47.64+2.68 14.27+1.40 36.44+1.95 0.23+0.02 37.39+1.86 77.01+1.19
3 Ml 56.79+3.18 -6.30+0.27 23.73+1.80 -0.27+0.01 24.56x1.80 104.91+0.65
M2 52.72+1.71 6.46+0.65 36.43+3.68 0.18+0.02 37.00+3.69 79.91+0.90
M3 51.37+3.86 9.58+0.76 38.86+0.88 0.25+0.02 40.03+0.94 76.16+0.98
M4 42.94+3.78 10.31+0.78 33.18+1.97 0.31+0.03 34.75+1.92 72.71+1.47
M5 45.17+x1.61 12.36+0.93 31.37+2.64 0.39+0.01 33.71+2.79 68.49+0.32
4 M1 46.60+1.18 -3.87+0.31 14.16+0.82 -0.27+0.02 14.69+0.81 105.31+1.26
M2 42.15+1.52 -2.68+0.26 9.96+0.90 -0.27+0.03 10.32+0.89 105.12+1.58
M3 42.12+0.80 -3.53+0.30 12.61+0.93 -0.28+0.02 13.09+0.93 105.65+1.27
M4 37.43+2.13 -2.24+0.24 11.53+1.03 -0.20+0.03 11.75+1.01 101.09+1.70
M5 36.70+1.36 -1.07+0.08 12.18+0.53 -0.09+0.01 12.23+0.53 95.05+0.44
5 Ml 59.15+2.44 -6.28+0.54 16.75+1.08 -0.38+0.04 17.90£1.01 110.60£2.12
M2 62.19+1.54 -3.58+0.37 15.90+1.44 -0.23+0.04 16.31+1.37 102.81+2.02
M3 62.13+2.25 -2.75+0.17 18.61+1.12 -0.15+0.01 18.82+1.11 98.41+0.69
M4 57.65+1.19 -2.32+0.21 18.91+1.23 -0.12+£0.01 19.05+1.22 97.03+0.78
M5 56.00+3.02 1.22+0.13 17.86x1.13 0.07+0.01 17.90+1.13 86.10+83.56
6 M1 54.54+1.28 -2.51+0.28 11.45+1.26 -0.22+0.03 11.72+1.24 102.44+1.67
M2 56.76+1.92 1.58+0.15 17.03+1.41 0.09+0.01 17.10+1.40 84.64+0.83
M3 54.42+3.14 4.44+0.32 15.93£1.59 0.28+0.03 16.54+1.57 74.35+1.38
M4 47.82+1.25 14.34+1.37 12.71+0.91 1.14+0.17 19.21+0.49 41.63+4.74
M5 43.59+2.06 18.16+1.80 11.80+0.56 1.54+0.11 21.66+1.76 33.13+1.85
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s KA SERE(L™) LB (a™) HEE(L) a*/b* FAAMFNSE @R ()
7 Ml 50.13+3.27 -4.53+0.43 17.21+1.39 -0.26+0.03 17.81£1.38 104.78+1.52
M2 47.83+3.04 -1.36+0.11 22.11+1.39 -0.06+0.01 22.15+1.39 93.52+0.30

M3 39.78+1.20 8.88+0.93 20.58+1.63 0.43+0.06 22.43+1.54 66.58+2.73

M4 38.38+1.06 17.46+1.59 19.80+1.42 0.88+0.05 26.41+1.99 48.62x1.66

M5 35.36+0.74 19.80+1.69 15.52+0.93 1.27+0.05 25.16+1.87 38.15+1.12

8 M1 57.26+0.95 -2.60+0.16 11.99+0.65 -0.22+0.02 12.27+0.63 102.25+0.96
M2 56.03+1.60 2.43+0.19 18.89+1.96 0.13+0.01 19.04+1.96 82.65+0.50

M3 51.66+2.07 15.92+1.42 18.99+1.85 0.84+0.07 24.80+2.11 50.00+2.27

M4 45.37+1.42 16.41+0.34 13.51+1.22 1.22+0.11 21.27+0.87 39.38+2.50

M5 42.37+0.65 23.19+1.21 12.99+0.45 1.79+0.07 26.58+1.21 29.28+0.95

9 M1 54.24+3.57 -6.57+0.64 23.73+2.35 -0.28+0.02 24.63+2.39 105.51«1.11
M2 56.37+2.22 -2.68+0.28 23.31+2.45 -0.12+0.02 23.47+2.41 96.67+1.32

M3 53.40+1.89 5.73+0.41 24.53+2.04 0.23+0.02 25.19+2.04 76.82+0.87

M4 46.02+2.92 15.54+1.44 18.65+1.50 0.84+0.12 24.34+1.02 50.18+4.26

M5 43.38+1.27 21.15+2.03 16.53+1.64 1.29+0.15 26.88+2.16 38.05+3.12

10 M1 55.55+1.49 -5.09+0.40 20.75+1.92 -0.25+0.03 19.84+1.86 103.88+1.67
M2 52.63x1.78 1.79+0.12 22.59+2.48 0.08+0.01 21.65+2.47 85.44+0.48

M3 45.73+1.75 12.72+1.33 27.59+0.93 0.46+0.06 30.34+0.80 65.23+2.65

M4 41.95+1.66 17.92+1.50 23.48+2.19 0.77+0.11 28.00+1.71 52.56+3.94

M5 37.87+0.99 22.08+1.67 18.74+1.34 1.18+0.06 28.34+2.02 40.33+1.41

11 M1 59.62x1.50 -5.80+0.42 17.47£1.76 -0.33+0.03 18.34£1.65 108.51+1.40
M2 54.98+1.22 -2.18+0.22 18.66+2.01 -0.12+0.02 18.79+2.00 96.72+1.03

M3 46.26+1.04 7.49+0.76 16.81+1.47 0.45+0.07 18.43+1.28 65.87+3.23

M4 39.33+1.74 12.20+1.04 11.61£1.27 1.07+0.12 16.79+1.19 43.28+3.22

M5 34.82+1.29 12.13+1.05 8.57+1.02 1.40+0.14 14.93+1.10 35.63+2.64

12 Ml 46.56+4.63 -5.09+0.19 16.55+1.73 -0.31+0.03 17.32+1.69 107.20+1.37
M2 41.45+3.27 4.71+0.47 15.39+0.86 0.31+0.04 16.10+0.83 72.96£1.85

M3 33.35+3.16 9.73+0.96 18.50+1.08 0.53+0.05 20.92+1.12 62.24+2.46

M4 31.13+2.71 8.53+0.57 12.53+1.10 0.68+0.05 15.17+1.16 55.67+1.80

M5 34.60+3.24 13.84+0.98 8.89+0.69 1.57£0.19 16.47+0.87 32.76+2.87
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7N ST AL Z R S b TSI s o i, DR kg 2 2
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AR T B 4 S U A £ R 4 e s B-i 2
NE A AL R I -1 2 b R AL AT ]
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T S A R ) JBE 7 W ' 2 U 4 S s AR ARV
W IR AR L S BRAs R/ . N FAMLLR NS
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Fig.1 High performance liquid chromatography of red tomato and orange tomato at 286 nm detection wavelength
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Fig.2 High performance liquid chromatography of red tomato and orange tomato at 348 nm detection wavelength
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Fig.3 High performance liquid chromatography of red tomato and orange tomato at 452 nm detection wavelength
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Fig.4 High performance liquid chromatography of red tomato and orange tomato at 471 nm detection wavelength
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Table 3 Comparison of carotenoid components during tomato fruit development

o gy NABBAK ANABMLE SNBAAK JUDIGLES SRABNLK SRABMY N NAEHE |
g gy WERDURER MOBERCR R MERTURETR LDRMGEUR ROSEDUR SR RASIREE KSR
(ng/g) (pg/e) (pg/e) Wi (pg/e) (pg/e) (pg/e) (pg/e)
1 M1 4.34+0.01a nd nd nd nd 2.05£0.03a nd
M2 5.73+0.03b 3.67+0.02a nd 0.29+0.01a 0.18+0.01a 3.95+0.01b nd
M3 11.83+0.05¢ 5.71+0.02b nd 0.78+0.02b 0.21+0.01b 7.13+0.03d nd
M4 31.32+0.43d 12.84+0.11¢ 0.07+0a 1.11£0.03¢ 0.26+0.01c 6.42+0.12¢ nd
M5  59.72+0.84e 23.24+0.31d 0.12+0b 1.88+0.04d 0.58+0.01d 7.07+0.16d nd
2 M1 nd nd nd nd nd 2.40+0.02a nd
M2 nd nd nd nd nd 6.09+0.09d 0.56+0a
M3 nd nd nd nd nd 6.49+0.30e 0.60+0.04a
M4 nd nd nd nd nd 5.27+0.15b 1.57+0.05b
M5 nd nd nd nd nd 5.58+0.04¢ 1.97+0.02¢
3 M1 nd nd nd nd nd 4.48+0.04b nd
M2 nd nd nd nd nd 5.61+0.01d nd
M3 nd nd nd nd 0.23+0a 4.13+0.12a 1.06+0a
M4 nd nd nd nd 0.24+0a 4.02+0.15a 1.45+0.05b
M5 nd nd nd nd 0.25+0b 4.95+0.09¢ 2.16+0.05¢
4 M1 nd nd nd nd nd 4.41+0.10d nd
M2 nd nd nd nd nd 3.34+0.03a nd
M3 nd nd nd nd nd 3.41+0.04ab nd
M4 nd nd nd nd nd 3.47+0.04b nd
M5 nd nd nd nd nd 3.82+0.05¢ nd
5 Ml nd nd nd nd nd 2.74+0a nd
M2 nd nd nd nd nd 2.71+£0.02a nd
M3 nd nd nd nd nd 3.12+0.03¢ nd
M4 nd nd nd nd nd 3.08+0.01b nd
M5 nd nd nd nd 0.36+0 4.58+0.02d nd
6 M1 nd nd nd 0.06+0a 0.51+£0.01a 7.19+0.06a nd
M2 nd nd nd 0.39+0.02b 2.16+0.05b 7.55+0.16b nd
M3 4.41+0.04a 3.17+0a 0.20+0.02a 0.67+0.02¢ 3.69+0.02¢ 12.83+0.26cd 0.77+0.03a
M4 6.10+0.01b 3.94+0.04b 0.96+0.01b 1.66+0.01d 17.49+0.30d 12.51+£0.25¢ 1.29+0.03b
M5 10.47+0.14¢ 5.19+0.04¢ 2.33+0c¢ 3.49+0.04e 36.56+0.09¢ 13.09+0.18d 1.79+0.01¢
7 M1 nd nd nd nd nd 2.95+0.02a nd
M2 5.31+£0.05a 3.52+£0.01a 0.35+£0.01a 0.59+0.01a 6.43+0.02a 6.83+0.02b 0.75+0.03a
M3 6.40+0.04b 3.79+0.02b 0.81+0.02b 1.18+0.03b 13.46+0.26h 7.18+0.22¢ 1.23+0.03b
M4 9.80+0.08¢ 4.33+0.05¢ 2.13+0.09¢ 4.40+0.14¢ 38.55+0.69¢ 10.35+0.28d 2.03+0.04c
M5 20.66+0.10d 8.58+0.03d 4.64+0.10d 7.09+0.03d 84.10+1.00d 11.70+0.12e 2.82+0.02d
8 M1 nd nd nd nd 0.59+0.01a 3.40+0.14a nd
M2 nd nd nd nd 0.73+0a 5.38+0.01b nd
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(hg/s) (ng/g) (ng/s) P (pg/g) (ng/s) (ng/s) (ng/s)
M3 4.47+0.02a nd 0.14+0a 0.42+0.01a 2.44+0.13b 8.55+0.03¢ 0.54+0.01a
M4 9.22+0.04b 4.75+0.02a 1.54+0.04b 3.01+0.13b 25.31+0.51¢ 11.99+0.19d 1.38+0.06b
M5 12.40+0.10¢ 6.28+0.04b 3.61+0.01c¢ 5.76+0.01¢ 59.03+0.52d 14.81+0.14e 2.37+0.05¢
9 M1 nd nd nd nd nd 5.72+0.03a nd
M2 5.15+£0.04a 3.44+0.02a 0.20+0a 0.64+0.01a 3.23+0.03a 13.15+0.36b 0.82+0.05a
M3 9.71+0.03b 5.26+0.05b 0.14+0a 2.02+0.04b 17.08+0.05b 20.81+0.14d 1.94+0.01b
M4 14.03+0.03¢ 6.75+0.09¢ 1.59+0.02b 3.11+0.01¢ 28.12+0.45¢ 20.70+0.20d 2.86+0.03¢
M5 15.57+0.06d 7.25+0.11d 3.14+0.16¢ 7.01+0.09d 53.96+0.38d 20.07+0.04c 3.25+0.06d
10 M1 nd nd nd nd nd 4.47+0.07a nd
M2 nd nd nd 0.29+0a 1.08+0.02a 8.20+0.06b nd
M3 5.34+0.02a 3.40+0.01a 0.30+0.01a 0.65+0.01b 3.99+0.08b 9.90+0.13¢ 0.90+0.04a
M4 7.07+0.02b 4.26+0.02b 1.42+0.01b 2.36+0.01¢ 15.92+0.12¢ 13.45+1.25d 1.80+0.03b
M5 9.00+0.06¢ 4.89+0.13¢ 2.43+0.05¢ 5.09+0.07d 26.52+0.9d 13.42+0.18d 2.17£0.04c¢
11 M1 nd nd nd nd nd 4.24+0.19a nd
M2 nd nd nd nd 0.36+0.01a 7.15+0.30b nd
M3 5.81+£0.07a 3.72+0.06a 0.69+0.01a 1.49+0.04a 6.82+0.05b 13.62+0.24¢ 1.69+0.09a
M4 8.93+0.03b 4.91+0.03b 4.21+0.11b 5.12+0.09b 41.52+0.06¢ 16.92+0.11d 3.90+0.01b
M5 9.94+0.03¢ 5.30+0.01¢ 5.46+0.09¢ 6.78+0.11¢ 54.44+0.36d 17.87+0.07e 4.03+0.08¢
12 M1 nd nd nd nd nd 5.67+0.07a nd
M2 nd nd nd nd 0.26+0a 6.61+0.03b nd
M3 6.58+0.03a 4.03+£0.05a 0.55+0a 1.32+0.01a 9.55+0.18b 16.06+0.11c 1.62+0.02a
M4 13.79+0.06b 8.12+0.02b 1.85+0.07b 3.38+0.08b 32.16+0.19¢ 23.90+0.17d 3.03+0.05b
M5 20.40+0.08¢ 11.82+0.23¢ 5.87+0.09¢ 20.79+0.18¢ 96.84+1.27d 23.88+0.21d 4.70+0.11¢c
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Table 4 Correlation analysis between carotenoid content and color

a’ /b BRB-IAE PR EYE LT BT E A,
RIS A S e B 8 N 3R e R B, L
fi%,B-88 NEE RS b" WA BEMHE Fa £
M-S MR ERESEEM(H) S0 E AR, B
TR BT ALLR B-IHE MRS R, A
PR/ T LR B-I 4 N B i R M R B
(C) BT FAENE

characteristic value during tomato fruit maturation

. NPT
A hr — —— — —
ERE(LY) I (a®) L ACD) a*/b* ERAAIE (C) O (H)
RS -0.599 ** 0.598 ** -0.381* 0.816 * -0.101 -0.750 **
LS MR R -0.461 " 0.684 ** 0.203 0.782* 0.043 -0.785*

RN E A (P<0.01)
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