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Relationship of Fruit Color and Anthocyanin Content of
Hawthorn Germplasm Resources

LI Peihao, SUN Xinyu, WANG Jian, FU Dongxu, DONG Wenxuan, LIU Yuexue,ZHANG Xiao
(College of Horticulture, Shenyang Agricultural University, Shenyang 110866)

Abstract: The aim of this study was to evaluate the fruit color traits of hawthorn ( Crataegus pinnatifida Bge.
var. major N.E.Br.) germplasm resources via measuring the chromatism index and anthocyanin content. Fifty-one
hawthorn cultivars that preserved at the national hawthorn germplasm resource repository (Shenyang) were used.
The peel and flesh of these hawthorn resources were initially determined using a colorimeter to identify their
chromatism index (L", a", and b"), followed by the calculation of the 4°, C", and CIRG (color index of red
grape) values. The anthocyanin content in the hawthorn peel and flesh was measured using a microplate reader.
The relationship between fruit color traits and anthocyanin content was established using correlation analysis,
principal component analysis, and cluster analysis. The anthocyanin content of hawthorn peel was considerably
correlated with the CIRG value of the peel and the anthocyanin content of the flesh. The ¢", C*, and CIRG values
of the flesh as well as the CIRG value of the peel were largely influenced by the anthocyanin content of the
hawthorn flesh. 51 hawthorn resources could be divided into four groups based on fruit chromatism index and
anthocyanin content. The a" value and anthocyanin content of the flesh were both highest in the first group, while
the peel has the lowest a” value and the highest anthocyanin content. The @” value and anthocyanin content of the
peel were highest and lowest in the second group, respectively, while both were lowest in the flesh. The peel of

the third group's fruit has a medium a” value and a high anthocyanin level, whereas the flesh has a higher a” value
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and a higher anthocyanin content. The higher ¢” value and medium anthocyanin content of the peel, and medium

a’ value and anthocyanin content of the flesh were found in the fourth group. The fourth group contained both the

peel's higher ¢" value and medium anthocyanin levels as well as the flesh's medium «" value and anthocyanin

content. Collectively, this study assigned fruit color trait using digital scores and assessed the relationship

between fruit color traits and its anthocyanin concentration, thus providing a reference basis for enhancing the

evaluation of hawthorn germplasm resources.

Key words: hawthorn ; germplasm resources; fruit color; anthocyanin
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Table 1 Name and origin of hawthorn germplasm resources
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Table 2 Peel chromatism indexes and anthocyanin contents of 51 hawthorn resources

{8,2{H Chromatism indexes AETTH O i
G (nglg)
Code I 4 b . c P Anthocyanin

contents

1 35.85+2.27 35.64+3.70 16.75 £ 2.04 0.44 £0.02 39.38+4.13 2.40+0.20 1138.91 +£12.82
2 3542+ 1.85 36.50 +4.32 17.11 £2.84 0.44+0.03 40.32+5.05 2.394+0.21 1452.99 +179.25
3 35.62 +2.47 27.52 +4.45 16.77 +3.31 0.55+0.11 32.40+4.37 2.66+0.23 492.67 +239.56
4 34.59+2.73 33.25+4.79 17.79 +£3.70 0.49 +0.05 37.76 £ 5.74 2.51+0.30 700.57 +£3.44
5 39.30+1.93 41.60 £3.00 23.29+1.92 0.51+£0.02 47.69 +£3.40 2.07+0.11 607.86 £ 6.50
6 33.83+1.77 30.81 +4.21 16.54 +2.87 0.49 +0.05 35.01 +4.82 2.63+0.26 1295.29 £31.22
7 34.52 +1.46 31.75+3.43 15.71 £ 1.37 0.46 +£0.04 35.45+3.39 2.58+0.16 1558.58 £6.78
8 36.34 + 1.84 31.00+2.99 19.21 £3.16 0.55+0.06 36.54 +3.64 247+0.17 581.18 £35.96
9 34.68 +1.44 26.91 +4.96 16.44 +3.21 0.55+0.08 31.62+5.38 2.73+0.24 850.58 +28.06
10 31.39+1.86 19.61 +3.03 9.67 +£0.88 0.46 £ 0.06 21.89 +2.95 3.38+0.22 2346.41 +£0.46
11 35.38+2.68 33.78 +4.21 18.23 £ 3.89 0.49 £ 0.04 38.42+5.48 2.46+0.27 895.07 +£17.38
12 34.36 + 1.69 32.02+7.36 17.49 + 5.06 0.51+0.19 37.05+6.00 2.544+0.25 1094.09 +£31.04
13 32.65+1.76 24.79 £2.97 11.95+1.48 0.45+0.03 27.53+3.24 2.99+0.17 966.16 £ 15.15
14 39.16 +£2.03 43.10£2.57 23.57+1.51 0.50 +£0.03 49.15+2.49 2.04+0.08 480.19 +8.08
15 35.58+1.41 32.24+7.04 17.54+2.40 0.52+0.15 36.94 £ 6.04 2.03+£0.16 825.81 £45.16
16 46.40 + 6.02 31.73 +£6.57 27.63 +4.21 0.72+0.16 42.55+4.30 2.50 +0.25 211.84 +0.65
17 35.99 +2.97 33.84 +3.65 18.96 + 3.55 0.51+0.07 38.87 +4.38 2.41+0.20 842.83 +12.64
18 33.79+1.70 30.97 +3.10 15.87+2.15 0.47+0.04 34.83 +3.49 2.63+0.19 1282.80 + 120.06
19 34.56 = 1.68 28.01 +4.16 16.55 +2.64 0.53+0.06 32.58£4.55 2.69+0.22 839.35 + 14.03
20 35.62+2.23 27.58 £4.27 15.16 £ 3.33 0.50+0.05 31.51+5.20 2.70 +£0.27 865.50 + 8.64
21 36.29 +2.43 31.94+3.83 17.93 +£2.82 0.51+0.07 36.72 £ 3.94 2.47+0.18 785.73 £16.08
22 35.64 +1.97 31.00 +3.31 17.12+2.55 0.50+0.05 35.45+3.75 2.54+0.18 891.25 +100.36
23 36.51 +3.14 38.34 +4.95 20.42 + 3.28 0.49 +0.03 43.46 +5.76 2.27+0.26 739.47 £27.23
24 37.66 +2.49 31.03 +3.67 19.26 +3.13 0.55+0.07 36.61 +4.04 243 +0.21 645.84 £29.74
25 3143+ 1.10 25.92 +2.90 10.76 = 1.42 0.39+0.02 28.07+3.16 3.03+0.22 2260.07 + 15.89
26 37.32+1.79 35.70 +4.38 20.35+3.02 0.52+0.04 41.13+5.01 2.30+0.20 663.45 +7.06
27 44.17 +3.62 41.51+£2.52 24.57+1.92 0.53+0.03 48.26 + 2.80 1.95+0.11 369.74 £7.99
28 33.91+2.22 27.39 +4.42 14.49 +£2.90 0.49 +0.04 31.02+5.10 2.80 +0.30 969.71 £6.78
29 35.02+2.45 34.05+4.44 17.56 +3.17 0.47 £ 0.04 38.34+£5.18 2.47+0.24 1015.31 £30.20
30 37.13+2.43 30.77 £ 4.25 19.98 +3.23 0.58 £0.09 36.82 +4.26 244 +0.19 472.90 £ 15.61
31 40.98 +£3.54 44,13 £3.38 26.27 +3.50 0.54+0.05 51.42+3.99 1.95+0.14 417.37+12.27
32 3527+ 1.70 37.56 +3.71 17.93 +2.71 0.44+0.03 41.63 +4.45 2.35+0.18 586.04 +10.59
33 34.47+2.15 25.07+5.30 13.73 +£2.55 0.51+0.09 28.69 +5.29 2.87+0.27 1087.65 +5.76
34 42.54 +5.23 38.15+6.12 25.63 +4.85 0.60+0.15 46.44 + 3.80 2.03+0.14 421.71 £11.52
35 3336 +1.23 29.55 +3.50 1492 +2.13 0.47 £0.04 33.12+3.91 2.72+£0.21 1418.03 +£59.29

36 3429+2.78 31.21+4.93 16.79 + 4.99 0.48 +0.06 3551 +£6.67 2.61+0.32 856.30 +£4.93




76 LN 7/ S AR S S 25 %
®2 (%)
{1 2%/l Chromatism indexes BT
s (ng/g)
Code I J b i c CIRG Anthocyanin
contents
37 34.66 +2.87 31.82+4.33 17.75+3.89 0.50 +0.06 36.50 +5.40 2.55+0.29 978.97 £ 1.49
38 36.75 + 1.66 36.38 +4.36 18.82+£2.45 0.48 +£0.04 40.98 +4.77 2.32+0.19 727.38 +£19.42
39 34374243 35.39+4.36 17.77 +£3.48 0.46 +0.05 39.65+5.21 245+0.25 1088.90 + 247.55
40 36.35+2.60 35.19 +2.68 20.72 +3.31 0.53+0.06 40.90 + 3.53 2.34+0.17 54.27 £ 4.09
41 36.13 £2.62 26.22 +4.48 16.86 + 4.54 0.57+0.09 31.31 +£5.64 2.69+0.29 875.02 + 12.64
42 34.87+1.63 34,72 +3.45 15.84 £2.70 0.43+0.03 38.18 £4.25 247+0.18 1452.66 + 14.96
43 35.64 +1.48 39.45+4.59 18.94 +2.89 0.45+0.03 43.77+£5.29 2.28+0.19 1572.57 +132.60
44 36.64 +2.98 32.78 +4.13 20.18 £ 4.06 0.55+0.07 38.58£5.11 241+0.24 334.52 £6.97
45 36.08 +1.63 32.57+3.75 18.09 £2.43 0.51+0.05 37.29+4.14 246+0.17 796.24 +£4.92
46 35.70+2.23 33.15+4.65 18.46 +3.42 0.51+£0.04 37.97 +£5.56 2.46 +£0.25 568.37 £ 0.65
47 34.82+1.56 28.59+3.33 16.27 +2.80 0.52+0.05 32.94 +£4.02 2.66 +0.21 1063.93 +£73.41
48 36.40 £ 1.57 38.59+2091 19.76 +£3.70 0.47+0.09 43.51+2.82 2.25+0.11 1358.24 £ 13.75
49 37.27+2.90 33.08 £ 3.67 20.03 +3.15 0.54+0.07 38.75+4.12 2.38+0.20 641.76 £5.20
50 36.84 + 3.81 33.72+3.26 19.08 +3.87 0.51+0.06 38.81 £4.44 2.40+0.24 804.78 +35.40
51 34.83 +2.57 30.50 + 3.69 16.20 + 3.69 0.48 +£0.07 34.62 +£4.55 2.61+£0.25 1600.11 £ 151.28
SE-H4{H Mean 36.05 44.13 18.13 0.50 37.53 2.49 918.57
FrifEdhi2E SD 2.74 4.91 3.48 0.05 5.71 0.27 456.51
5 KAH Max. 46.40 44.13 27.63 0.72 51.42 3.38 2346.41
#/IMHE Min. 31.39 19.61 9.67 0.39 21.89 1.95 54.27
% 2% Range 15.01 24.52 17.96 0.33 29.53 1.43 2292.14
AR (%) CV 7.60 15.00 19.17 10.19 1523 10.88 49.70
F B AP B 22 s i o [l 15 T )
The data in the table are expressed as mean + standard deviation; The code is the same as in table 1; The same as below
®3 SIBHUBRBRRABEENETHESE
Table 3 The flesh chromatism indexes and anthocyanin contents of 51 hawthorn resources
6, 2%{H Chromatism indexes AN R
G (ug/g)
Code I . b R c CIRG Anthocyanin
contents
1 62.97 +14.06  21.50+3.35 25.14 +2.87 0.86+0.11 33.29+2.26 1.93 +£0.47 60.35+0.23
2 60.37 +3.63 28.74 +4.46 27.38 +£3.09 0.76 £0.12 39.96 +2.61 1.79+£0.05 112.39 +0.70
3 63.69 +5.22 11.84 £4.60 33.73 £3.02 1.24+0.11 35.95+3.80 1.79£0.04 15.61 £0.33
4 71.89 +4.84 8.66 £ 6.15 29.37+2.48 1.29+0.16 31.06 +3.87 1.74 £ 0.04 20.60 £0.70
5 70.46 + 4.44 6.89 +1.82 33.21+3.58 1.37+0.04 33.94+3.75 1.71+£0.07 13.11+£0.14
6 69.95+4.93 12.01 £5.90 2221 +2.50 1.09+0.19 25.73+3.82 1.87+0.04 41.20 +0.46
7 72.55+3.53 15.85+4.35 18.75+2.26 0.88+0.17 24.88 +2.61 1.84 £0.04 4770 £2.32
8 63.10 + 7.45 15.18 +4.38 30.66 +2.70 1.11£0.13 34.48 £2.49 1.84+£0.15 22.04+£0.51
9 58.91 +3.81 17.28 £3.76 34.89 +£1.56 1.11 +£0.09 39.07 £2.32 1.83+0.07 28.71 £ 0.56
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{8,228 Chromatism indexes (A REREETY
P (ng/g)
Code I p b W c CIRG Anthocyanin

contents

10 35.93+3.03 40.20+4.92 22.43 £3.45 0.51+0.04 46.07 +5.69 2.21+0.24 341.71 £ 1.90
11 64.79 £ 5.60 16.19 +3.55 32.20+3.04 1.11 +£0.09 36.18 +£3.41 1.77+0.07 27.96 +0.23
12 50.94 + 4.44 37.79 + 6.33 31.41+2.28 0.70 £0.10 49.33 +5.01 1.79+0.08 104.51 £ 0.42
13 43.51 +£2.02 3428 +4.21 23.50+ 1.68 0.61 +£0.08 41.69 +2.98 2.11+0.06 156.22 £ 1.90
14 66.31 +4.70 7.03+1.74 31.87+2.15 1.35+0.05 32.68+2.19 1.81 £0.09 12.45 +0.05
15 61.14 +4.81 18.86 £ 6.37 33.40 + 10.09 1.05+0.18 39.03+£9.36 1.72 £ 0.09 46.78 £ 0.38
16 64.28 + 6.89 13.66 £ 3.07 37.62 £4.35 1.22£0.06 40.08 + 4.83 1.80+0.15 18.14 +£1.30
17 66.82 +3.52 16.64 +13.26 34.90 +4.89 1.15+0.20 39.80 +10.21 1.69+0.13 26.38 +0.70
18 66.46 +4.32 12.81 +5.80 29.03 £2.21 1.16 +£0.18 32.21+2.44 1.81 £0.06 38.24 +0.65
19 67.38+2.10 10.71 £ 5.03 25.77+1.93 1.18+0.18 2833+ 1.77 1.87+0.04 21.78 £ 0.60
20 47.99 £3.80 26.67 +5.96 27.15+2.05 0.80+0.13 38.39 +£3.57 2.08 +£0.09 144.85 £ 0.33
21 67.41 £6.01 15.48 £5.93 2721+ 1.81 1.07+0.17 31.73+£3.19 1.81+0.08 24.05 +0.09
22 66.80 +5.53 14.60 £ 4.10 26.31 £6.72 1.04 £0.25 30.71 £4.71 1.84+£0.14 28.65+1.30
23 58.71 £ 6.04 29.70 £ 6.01 20.44 +2.69 0.61+0.13 36.33 +4.67 1.89+0.07 89.72 +£2.18
24 66.53 +5.02 8.01+3.72 32.31+£3.15 1.33+£0.09 33.43+3.71 1.79 £ 0.06 12.65+0.14
25 61.85+6.61 18.71 £ 6.24 32.19+4.52 1.05+0.18 37.81 +£3.76 1.80+0.12 48.72 +0.88
26 61.02 +4.85 19.78 £ 7.46 29.65 +3.54 0.99+0.19 36.30+4.16 1.84 £ 0.06 34.50 +1.02
27 69.25 +3.59 16.06 + 3.80 31.94 +4.25 1.11 £0.08 35.86+4.93 1.70 £ 0.06 27.07 £ 0.46
28 66.59 +3.25 16.22 £4.09 34.56+3.93 1.13£0.10 38.36 £4.11 1.71 £0.07 29.57+1.86
29 61.82+5.14 27.75+7.22 31.93+3.99 0.86 +0.14 42.68 +5.81 1.72+0.09 80.29 + 1.49
30 66.06 + 3.84 6.68 +5.45 30.76 £3.22 1.36 £0.19 31.98 +£2.40 1.82+0.05 14.98 £ 0.09
31 67.47+4.14 22.21+497 32.81+2.95 0.98+0.12 39.88 +£3.35 1.67 £0.04 25.69 £ 0.37
32 61.82+5.72 25.10+7.01 20.47 £4.26 0.70 +0.17 32.87+5.80 1.90£0.15 17.84 +£0.33
33 5746 +4.71 26.24+7.29 25.76 £2.95 0.79+0.19 37.34+4.14 1.89 +£0.09 74.15+0.79
34 64.45+2.70 13.02 £2.47 41.17 +4.19 1.27+0.03 43.20 + 4.62 1.66 +0.08 13.50 £ 0.05
35 69.09 +4.05 12.25+4.37 29.16 £2.10 1.18+0.14 31.91+2.03 1.77 £0.06 26.78 £0.14
36 67.77 £4.63 16.76 + 6.48 27.53+2.45 1.03+0.19 32.78+3.18 1.78 £ 0.06 29.44 +0.19
37 66.11 £ 6.67 11.20 £+ 8.02 27.35+2.77 1.20+£0.25 30.46 +£3.71 1.86 £0.10 25.49+0.19
38 57.70 £2.40 31.43+6.53 2228 +4.24 0.63+0.17 39.03 £4.37 1.86 +0.06 69.62 = 0.05
39 66.12 +5.96 20.71 + 8.46 22.62+£2.20 0.86+0.21 31.28 £ 6.00 1.84 +£0.06 39.42+0.28
40 64.69 +5.77 13.11 £4.70 33.62+3.44 1.20+0.13 36.36 +3.61 1.77+0.08 4491 +1.72
41 62.65+6.16 9.87 £2.75 33.95+1.94 1.29+0.08 35.45+2.01 1.83+£0.13 16.10+0.28
42 59.05 + 6.45 30.68 + 7.68 26.24 +2.03 0.72+0.15 40.80 + 5.07 1.80 +0.06 114.89 + 4.23
43 71.72 £5.11 11.19 +£4.02 19.86 +3.77 1.06 +0.19 23.18+3.39 1.89 +0.11 30.39 +£3.58
44 69.12 +4.76 5.84+1.84 30.76 £ 2.78 1.39+0.05 31.34+3.01 1.78 £0.05 13.47+0.74
45 60.05 +4.39 13.08 £ 3.50 33.98+2.90 1.20 +£0.09 36.55+3.15 1.86 £0.10 18.92 +0.74
46 69.96 + 3.89 10.41 +4.45 29.66 +2.18 1.24+0.13 31.66 +3.01 1.76 £ 0.05 23.33+0.46
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F3(48)
{7,228 Chromatism indexes AT RiNty
i (ng/g)
Code I p b W c CIRG Anthocyanin
contents
47 6295+538  17.36+5.79 30.07 +5.56 1.05+020  3531+4.52 1.82+0.08 2444 + 1.67
48 70.16 £ 4.51 12.46 +3.91 23.02+3.13 1.08+£0.15  26.47+285 1.86 +0.09 20.11 +0.84
49 67.44 +7.43 13.57 + 6.87 31.25+11.92 1.164020 34.74+1186  1.77+0.17 17.94 +0.46
50 67.08+3.60  10.26+3.95 31.80 £2.96 126+£0.11  33.60+3.32 1.78 £0.03 22.57+0.70
51 61.00+£7.88  19.67+9.26 3036 +3.14 1.02+024  37.16 £4.46 1.83+0.08 35.42+2.32
A1 Mean 63.52 17.49 29.13 1.05 3527 1.82 46.97
bR 2= SD 6.94 8.27 4.89 0.22 5.15 0.10 54.11
KA Max. 72.55 40.20 41.17 1.39 49.33 221 341.71
e/ IME Min. 35.93 5.84 18.75 0.51 23.18 1.66 12.45
2 2% Range 36.62 34.36 22.42 0.88 26.15 0.55 329.26
BREAK(%CY 1093 47.28 16.79 21.44 14.60 551 115.20

221, el & 81-2, 1 1.66, FAMEFH SRR
BRI, N 115.20% , 5N 12.45~341.71 pg/g, H
FRRAEEFIT TR ERSNESREN, N
341.71 pglg, M4FEZE IR Z , 1 156.22 pglg, ki
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S
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FACEE 2B Ik SR e T o 2 SR e 1L 4

BN, R @75 L°(0.079, -0.135) . a" (0.109,
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AR X 3 DTk K .
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R A AL PR , P2 BCRFIEAE AR A AN 143, FRAE{E
k1 0.148 1Y BI 3 5L 1, BTRk %R 87.8% , FRAEAE A
0.011 P BP F RS 2, TTHRE N 6.4% , Wi BiHHHIE
4 0.159, TTERETE 94.2% , KW F R4 1 F RS
2 0] LR BT IS TR 94.2% , X% T Bt by HA 458
mECRME. 3B A AR SR A = i o 5 SRk 14, 25
BEs, BNGEL(0.109,0.052) .4°(0.251,0.109)
B, 73007 1 35407 2 E A RS IEA G, SR ATE
BB (-0.824,0.458) fE 3 fr 2 1 52 IEAH G 4y
1 B, SRERMCT FERRLL A AR KR4 A
2 ELIAE 2798201 21040 VA 25 SR Tk
SR A A o USSR L2 fkE R PHFa
XTI [ 3B [A] 5 [ 25— G PR AEFE AR f R A L A
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Fig. 1 Correlation heatmap of fruit chromatism indexes and anthocyanin contents of 51 hawthorn resources
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Fig. 2 PCA scatter plot (A) and loading plot (B) of peel chromatism indexes and
anthocyanin contents of 51 hawthorn germplasm resources
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Fig.3 PCA scatter plot (A) and load plot (B) of flesh chromatism indexes and
anthocyanin contents of 51 hawthorn germplasm resources
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Fig.4 Cluster analysis of fruit chromatism indexes and anthocyanin contents of 51 hawthorn germplasm resources
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