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Analyses of the Differences in the Content of the Total Phenols, Flavonoid,

and Anthocyanin of 149 Hawthorn Gremplasm Resources
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Abstract: [ Objective] Hawthorn, a plant belonging to the Rosaceae family and the apple tribe of the subfamily Maloideae, is
renowned for its dual utility as both food and medicinal herb. Its historical use in medicine and food processing underscores its
significance in both areas. The bioactive components present in hawthorn, particularly total phenols, total flavonoids, and anthocyanins,
are known to contribute significantly to its health benefits, exhibiting a range of effects including anti-inflammatory, anti-diabetic, and
anti-cancer properties. However, the diversity among hawthorn species is vast, leading to substantial variations in the contents of these
active components. A systematic evaluation method is needed for the diversity of bioactive components content in hawthorn fruit. This
study will help cultivate new varieties of hawthorn, and improve the utilization of these resources in the development of functional
foods and other areas. [ Methods] 149 hawthorn germplasm resources from the National Hawthorn Germplasm Repository in
Shenyang were used in this research. The fruits of these resources were meticulously processed to ensure the integrity of the total
phenols, total flavonoids, and anthocyanins. The process began with cutting the hawthorn fruits into pieces, which were then subjected
to liquid nitrogen treatment to preserve their freshness and potency. The treated fruits were subsequently stored at -80°C to maintain
their quality for later analysis. The fruits were ground using a grinder to obtain a fine powder, from which 0.5 grams of freeze-dried
hawthorn powder was weighed for each variety. A small amount of pre-cooled 1% HCI methanol solution was added to the powder,
and the mixture was diluted to 10 mL. The mixture was homogenized and extracted in the dark at 4°C for 20 minutes, with occasional
shaking to ensure thorough mixing. After the extraction process, the samples were centrifuged at 12,000 r/min for 10 minutes at 4°C to
separate the supernatant from the solid residue. The absorbance values at wavelengths of 280 nm, 325 nm, 600 nm, and 530 nm were

measured for each variety using a 1% HCl-methanol solution as the blank reference. All data were processed using Excel 2016 for
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calculations of mean values, standard deviations, coefficients of variation, and membership functions. Descriptive statistics and
frequency analysis were performed using SPSS v26.0 software, and cluster analysis was conducted using TBtools-II software to
classify the resources based on the content of total phenols, total flavonoids, and anthocyanins. [Results] The results of this study
revealed significant variations in the content of total phenols, total flavonoids, and anthocyanins among the 149 hawthorn germplasm
resources. ‘Yepu No.8” was identified as the highest total phenol content (1.531 mg/g), while ‘Huairen Xiangyang’ had the lowest
(0.110 mg/g). Similarly, ‘Yepu No.8’ also exhibited the highest total flavonoid content (56.434 mg/g), ‘Zizhenzhu No.1’ was the lowest
(19.763 mg/g). In terms of anthocyanin content, ‘Yesheng Shanlihong No.3” had the highest (720.218 ng/g), and ‘Huangguo’ had the
lowest (19.187 pg/g). A preliminary grading standard for these compounds was established using percentile analysis. The total phenol
content below 0.260 mg/g was regarded as ‘low’, 0.260 mg/g ~ 0.587 mg/g considered as ‘medium’, and above 0.587 mg/g was ‘high’.
The total flavonoid content below 22.242 mg/g was regarded as ‘low’, 22.242 mg/g ~ 28.103 mg/g considered as ‘medium’, and above
28.103 mg/g was ‘high’. The anthocyanin content below 99.875 ng/g was regarded as ‘low’, 99.875 pg/g ~ 249.819 pg/g considered as
‘medium’, and above 249.819 pg/g was ‘high’. Cluster analysis revealed five distinct groups, with the first group including ‘Yepu
No.8’, “Wuming Hawthorn-4’, and ‘Yesheng Shanlihong-3’, having the highest average content of total phenols (1.531 ~ 0.557 mg/g),
total flavonoids (56.434 ~ 28.848 mg/g), and anthocyanins (720.218 ~ 293.449 ng/g), with coefficients of variation of 35.1%, 23.4%,
and 30.1%, respectively. The second group included ‘Yu8002’, ‘Baiquan7807°, and ‘Muhuli-1’, with total phenol content (0.980 ~
0.327 mg/g), total flavonoid content (41.841 ~ 22.796 mg/g), and anthocyanin content (353.637 ~ 19.318 pg/g), with coefficients of
variation of 24.7%, 11.5%, and 34.0%, respectively. The third group included ‘Zizhenzhu-1’, ‘Chaojinxing-1°, and 795507°, with total
phenol content (0.526 ~ 0.180 mg/g), total flavonoid content (26.533 ~ 19.763 mg/g), and anthocyanin content (193.442 ~ 19.187
ng/g), with coefficients of variation of 23.0%, 7.14%, and 45.4%, respectively. The fourth group included ‘Xifenghong’, ‘Wangbaodi
Dajinxing-2', and ‘Lulong Dashanzha’, with total phenol content (0.596 ~ 0.365 mg/g), total flavonoid content (26.861 ~ 21.795 mg/g),
and anthocyanin content (256.720 ~ 110.848 pg/g), with coefficients of variation of 12.6%, 5.1%, and 19.7%, respectively. The fifth
group included ‘Feixian Zirou-1’, ‘Xifen No.5’, and ‘Songshancun Shisheng’, with total phenol content (0.332 ~ 0.110 mg/g), total
flavonoid content (27.198 ~ 21.870 mg/g), and anthocyanin content (299.691 ~ 105.526 pg/g), with coefficients of variation of 25.8%,
6.20%, and 26.1%, respectively. [Conclusion] Based on the membership function values and cluster analysis, 15 excellent hawthorn
germplasm resources were selected. These results provided the basis for the selection of suitable varieties for fresh consumption,
processing, and the future hawthorn breeding. The grading standards established through percentile analysis provide a systematic
evaluation of the total phenol, total flavonoid, and anthocyanin content in mature fruits of hawthorn germplasm resources. This study
not only contributes to the understanding of the diversity of bioactive compounds in hawthorn, but also serves as a valuable resource
for the development of functional foods and the advancement of hawthorn cultivation and utilization.
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Table 1 Information of germplasm resources of hawthorn
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Table 2 Analysis of total phenols, flavonoids, and anthocyanin contents in 149 hawthorn germplasm resources
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vl
0.495 mg/g 0.224 mg/g 45.2% 1.531 mg/g 0.110 mg/g 0.260 mg/g 0.453 mg/g 0.587 mg/g
Total phenols
MR
26.536 mg/g 4.623 mg/g 17.4% 56.434 mg/g 19.763 mg/g 22.242 mg/g 25.441 mg/g 28.103 mg/g
Flavonoids
FARE
205.450 pg/g 107.930 pg/g 52.5% 720.218 pg/g 19.187 pg/g 99.875 nglg 191.603 pg/g  249.819 ug/g

Anthocyanin
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Fig.1 Frequency distribution of total phenols, flavonoids, and anthocyanin contents in 149 hawthorn germplasm resources
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Table 3 The membership function values p and comprehensive evaluation values D of 149 hawthorn germplasm resources
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146 0.93 0.54 0.39 0.81 29 0.29 0.42 0.34 0.32 115 0.17 0.48 0.40 0.25
73 1.00 0.08 1.00 0.79 81 0.29 0.49 0.08 0.32 2 0.18 0.40 0.56 0.25
149 0.58 1.00 0.45 0.67 143 0.34 0.29 0.07 0.32 36 0.21 0.31 0.49 0.25
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142 0.42 0.49 0.50 0.44 72 0.27 0.41 0.43 0.31 68 0.10 0.54 0.76 0.23
117 0.41 0.56 0.32 0.44 63 0.28 0.35 0.51 0.31 110 0.17 0.41 0.25 0.23
39 0.54 0.00 0.79 0.43 126 0.19 0.58 0.69 0.30 141 0.16 0.36 0.58 0.23
86 0.42 0.43 0.46 0.43 128 0.18 0.64 0.42 0.30 107 0.12 0.45 0.86 0.23
41 0.48 0.09 0.78 0.41 49 0.29 0.31 0.37 0.30 23 0.16 0.41 0.44 0.23
145 0.35 0.47 0.63 0.39 101 0.32 0.25 0.27 0.30 30 0.13 0.48 0.54 0.23
43 0.41 0.29 0.51 0.39 116 0.25 0.43 0.43 0.30 48 0.15 0.43 0.38 0.23
60 0.31 0.56 0.73 0.39 123 0.21 0.54 0.42 0.30 8 0.12 0.52 0.43 0.23
61 0.35 0.54 0.23 0.39 31 0.26 0.48 0.02 0.30 133 0.16 0.43 0.25 0.23
119 0.40 0.33 0.54 0.39 62 0.25 0.37 0.59 0.29 28 0.14 0.45 0.30 0.22
127 0.36 0.46 0.42 0.39 50 0.23 0.45 0.44 0.29 98 0.15 0.37 0.53 0.22
59 0.34 0.54 0.42 0.39 11 0.20 0.50 0.62 0.29 1 0.12 0.41 0.70 0.22
34 0.33 0.48 0.70 0.38 144 0.23 0.45 0.44 0.29 56 0.15 0.37 0.43 0.22
84 0.35 0.48 0.37 0.38 109 0.26 0.33 0.48 0.29 111 0.13 0.45 0.41 0.22
125 0.36 0.43 0.39 0.38 79 0.17 0.54 0.69 0.29 22 0.13 0.41 0.51 0.22
75 0.31 0.54 0.48 0.37 91 0.35 0.04 0.42 0.28 99 0.15 0.37 0.40 0.22
129 0.27 0.66 0.44 0.37 124 0.16 0.60 0.64 0.28 19 0.16 0.32 0.41 0.21
132 0.29 0.56 0.62 0.37 69 0.22 0.44 0.47 0.28 42 0.13 0.42 0.39 0.21
25 0.29 0.64 0.31 0.37 78 0.21 0.49 0.36 0.28 104 0.15 0.41 0.12 0.21
33 0.35 0.42 0.41 0.37 51 0.25 0.40 0.21 0.28 102 0.09 0.44 0.70 0.20
83 0.31 0.49 0.50 0.36 6 0.23 0.40 0.44 0.28 20 0.11 0.38 0.69 0.20
140 0.29 0.53 0.62 0.36 65 0.21 0.42 0.53 0.28 96 0.12 0.39 0.45 0.20
138 0.33 0.42 0.39 0.36 44 0.17 0.57 0.49 0.28 47 0.15 0.30 0.48 0.20
14 0.32 0.44 0.42 0.35 134 0.21 0.44 0.38 0.27 130 0.12 0.39 0.47 0.20
139 0.34 0.48 0.05 0.35 5 0.19 0.43 0.75 0.27 15 0.17 0.27 0.26 0.20
82 0.29 0.49 0.46 0.35 135 0.17 0.49 0.68 0.27 55 0.13 0.36 0.36 0.20
37 0.29 0.46 0.53 0.34 52 0.20 0.44 0.49 0.27 100 0.11 0.42 0.44 0.20
120 0.29 0.43 0.67 0.34 27 0.18 0.40 0.78 0.27 21 0.11 0.42 0.36 0.19
106 0.26 0.61 0.34 0.34 67 0.19 0.45 0.45 0.26 54 0.18 0.19 0.43 0.19
80 0.31 0.44 0.36 0.34 13 0.16 0.55 0.39 0.26 95 0.10 0.41 0.53 0.19
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Fig.2 Cluster analysis of 149 hawthorn germplasm resources based on total phenols, flavonoid, and anthocyanin contents



SIRAHE ‘T8 80027 « HIE 78077« HUINAL-1T EE 52 4 LAEFN I EEUR, SEy SR (0.980 ~0.327
mg/g) , MG E (41.841 ~22.796 mg/g) , fEHHEE (353.637~19.318 ng/g) , LHF RECH 24.7%.
11.5%. 34.0%. SFINZREHE KBE-17 . @E&E-17 . 7955077 55 28 {hii R WE IR, Sf& & (0.526
~0.180 mg/g) , MRS R (26.533 ~19.763 mg/g) , {EHTF S (193.442~19.187 ug/g) » LRAHN
23.0%- 7.14%- 45.4%. SEIVEFE PiFa’ . CHEHREE-2T . R 5 37 iR
PR, MBS R (0.596 ~0.365 mg/g) , S IEHH S & (26.861 ~21.795 mg/g) , 167 H & & (256.720 ~ 110.848
ng/g) » R AREN 12.6%. 5.1%- 19.7%; FHVIEFE FELR-17 « PE S5 . Falsseag %
19 43 LA Fb 5 8 Y5 9 2 & (0.332 ~ 0.110 mg/g) , S FE R & 5 (27.198 ~ 21.870 mg/g) , {675 H & & (299.691
~105.526 pg/g) , R RECN 25.8%. 6.20% 26.1%.
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Table 4 Cluster analysis of total phenols, flavonoids, and anthocyanin in 149 hawthorn germplasm resources
Sy SR wHEH
Total phenols Flavonoids Anthocyanin
e
o S3AE o S3AE o S3AE
Clade ¥ + brifiZ BRRE WE + bRz BRA WME + bREE AR5 RAL
Distribution Distribution Distribution
Mean + SD (mg/g) CV (%) Mean + SD (mg/g) CV (%)  Mean + SD (ug/g) CV (%)
(mg/g) (mg/g) (ng/g)

FBIK 0905 £ 0318  0.557~1.531 35100 34.626 = 8.112 28.848 ~56.434 23400 439.981 + 132.514 293.449 ~720.218 30.100
FBIEZE 0603 £ 0.149  0.327~0.980 24.700 28.576 + 3300 22.796~41.841 11.500 224.628 + 76.343 19.318 ~353.637  34.000

FBIEZE 0349 £+ 0.080 0.180~0.526 23.000 22.957 1.640 19.763 ~26.533  7.140  101.115 £ 45.945 19.187 ~193.442  45.400

H+

-+

FIVE 0441 £ 0.056  0.365~0.596 12.600 24.547 1.258 21.795~26.861  5.100  178.789 =+ 35.146 110.848 ~256.720 19.700

VI 0241 £ 0062 0.110~0.332 25800 24.504 + 1.523 21.870~27.198  6.200 198.170 *+ 51.810 105.526 ~299.691 26.100
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Rl 0 e D05 (AR B BRI . SRATREPISE L 8 M M) & & Bl R DL B & B R
2K, s A SR o BB RS . SR FR ISR N LU By RS S B 5 B AT SRR TR 142 4 AR
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UL T SIS BBV R BEAT IR, A5 10 Al B30Iy 4 28, "R RA R T REE

O SR, IR AL IR 15 I 25, 255 SRS X 51 43 (LA BT R 22 (B A SRS AE T
HERATIREDMN, SEREFEHINT 438, HPOfEs [ REFESERESNE I KT H S E

Bmre AWTFURIE S S EE LS H S BT RIS, K 149 fr R R B 9 5 2R, Hrp e
KWES | REFESENEE S, RE5FHEER. QP R IREVE R e H 5 & B RIRE R,
FARGE 2R I 2RE Y, Bl & EREBSIX S QB RS E, Bl & ERSE R, JF Ui
B AR 1 . BB AEE & B ER . fiE RS a4 o HRE85 . B
ANEL-3T o CRINELL 2 50 L 4, REETRIEAA . BEEAEE E A R mRIMLR, NEgkl
R ORI TSI A A S i T 5 2R

EMBRLEAE N — R gt TR, RV 28 o el 2 R B0, skFRFrBUSE AR SR 25, 50
A 75 Y E 73 B0 A5 BRI K B BB A R AL T bR, R B AL SRR R O e R AR S
KPS SIS & BN BAMERON DI, 78 CIEYIRD RIS E PP BRIV 1) 22
HHORE B S B KT 4% 0 LR R B BRI RO I R AP BRI W B 2 BONES 25, 50, 75 FEBY, fEEK
ot /2 25 73 B D0 RE BT IR B X 0 N AR SRS, BT 149 R s B IRR SC B By, S0 T
TS BRI WA, W R 2 800 7 T REN B A AR R 0 AN RE OB LSRR DL, AT M
RMEANEE 25 [ BUNHENCONG, =& ZBIZE RN, FTBLESS & 1B M B0~ RHR & B AR R )
IRHES 10 08w EERINRAZE 75 Ao 4.

SR B2 T A E Y fE AR 0 AR, IR IR R IO HER PE AT AT SR I . R AL N
PSR & pR AR K G 14 MRS EEAT ZR G VR R G ab R B PEREAT 7 ide, 07 H o i R A K St i 9 Ao 9%
FHEEE N G2 FY SRR e SO A Y 4 4> 55 R R R (K R o SR TR P SR e Ot i s B EE
ATV, R D AE KR/ E R AT 15 4 BEUR, AT 15 43 BRI D BT 0.40, b ALdE
‘A4 L B85 . EPAEINEL-3T L CRPMILEA 25 EEE, SRBERMUU.

nl@

1. BFFCCL 149 rilid Al SRR SO %, R, B, EE R SEAEEZEER, Hha
By FIAET 1 & BRSE 2R AT . Al S ERa BN BFH 8 57 (1.531 mg/g) , RIKMN “4H
{ZIFBH” (0.110 mg/g) 5 ALEE R & & 1 50N CBFIHl 8 57 (56.434 mg/g) , AR “EKBER (19.763
mg/g) ; WHEHSERENEEN FALET-4 (720218 ng/g) , BAKKIEE ‘FE (19187 ug/g).
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