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Abstract: A triple-quadrupole liquid chromatography-tandem mass spectrometry (TQ LC-MS/MS) method was
established to determine the contents of 14 phenolic compounds in Chaenomeles fructus grown in different regions. Its
antioxidant activity was subsequently assessed by measuring the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging
capacity, 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS") radical scavenging capacity, and ferric reducing
antioxidant power (FRAP). The content-effect relationships between the contents of various phenolic compounds and
antioxidant activity were analyzed by grey relational analysis to explore the substance basis of the antioxidant activity of
Chaenomeles fructus. The results indicated that the chlorogenic acid content was the highest in all 18 types of samples of
Chaenomeles fructus grown in different regions, ranging from 1 479.68 to 4 902.39 pg/g. A total phenolic content (TPC) of
up to 37.13 mg GAE/g was detected in the plant extracts. The DPPH radical scavenging capacities, ABTS' radical scavenging
capacities, and FRAPs of the samples were in the ranges of 10.13%~74.66%, 26.37%~79.44%, and 43.56~132.53 mg TE/g,
respectively. The correlation coefficient between TPC and antioxidant activity was>0.91. An analysis of the content-
effect relationships revealed that eight phenolic compounds, including chlorogenic acid, protocatechuic acid, catechin, and
neochlorogenic acid, contributed most to antioxidant activity. The TQ LC-MS/MS method developed in this study enabled
accurate determination of the contents of 14 phenolic compounds in Chaenomeles fructus grown in different regions. Through
correlation analysis, the primary active components contributing to antioxidant activity were determined, and the substance
basis of the antioxidant activity of Chaenomeles fructus was elucidated. The results of this study can serve as a scientific
reference for quality control and resource development of Chaenomeles fructus.
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Table 1 Information of 18 batches of Chaenomeles fructus
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Fig.1 The extract ion chromatograms of mixed reference (a)

E:1

RE;S:
wEBR; 9 *TAEBR; 10: BT 11

and testing sample (b)
CRETFER; 2 BILRER; 3. #ERRER; 4. )L

st # AR T

B, 6: SRR, 7:
FME S 12 REBEHE

W 130 MR 140 AR

R 2 14AMBRUEMRIES

FELERER

%

8: o

Table 2 Mass parameters of 14 phenolic compounds
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7 vk BR 179.1  135.1 38 16
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Table 3 Method validation of the proposed method

CALEN

28 M3 L 7 T 34 fukf RSD/%

}?‘;— oo laslet i ;?J:/ﬁli] #ZZE R% /(I%g?n?L) /(I;?H?L) gjz;iz MR E EAM BAK mKE
1 ARTE  Y=282640.8X+3431.9 0.1~10 09998  0.47 1.55 95.22 0.83 3.43 3.96 2.90
2 BRILRER  Y=217673.5X-710988 0.5~50 0.9989  0.72 2.38 97.40 1.95 1.77 3.00 438
3 #HLERER Y=198 684.5X+13405.6 0.2~20 0.9990  0.77 2.54 100.88 4.89 1.86 1.67 4.20
4 X% Y=98 508.6X-62314.4  1.5~150 0.9997  2.39 7.89 100.39 0.61 1.80 3.14 3.51
5 4RRER Y=272888.7X+189479.7 1.5~150 0.9996  0.78 2.57 98.91 2.63 2.81 3.39 3.42
6 [REZJRER Y=154049.3X-39497.7 0.5~50 0.9994  0.95 3.14 95.80 1.16 2.86 1.94 2.72
7 ordEER Y=587 560.3X-9 828.2  0.05~5 0.9986  0.31 1.02 97.56 3.23 3.46 5.07 4.90
8 AFEZER  Y=347 543.1X+4 040 0.05~5 09995 041 1.35 93.68 0.84 3.08 2.73 3.77
9 FT Y=193 662.3X-26 617.4  0.5~50 0.9998  0.85 2.81 92.62 3.29 3.72 4.57 3.03
10 FH#EHF  Y=193069.6X-12987.9  0.5~50 0.9998  0.67 221 90.47 2.96 3.49 2.88 5.28
11 KEHEF  ¥Y=218758.7X-455.8 0.02~2  0.9998  0.74 2.44 91.57 0.81 2.82 2.12 4.59
12 M Y=263252.6X-1496.2  0.02~2 0.9988  0.56 1.85 93.02 0.55 4.75 4.44 242
13 ﬁ—iéii Y=84 927.7X-958.6 0.05~5 09998  2.15 7.17 97.10 2.89 3.99 4.27 7.97
14 ARAH Y=165 709.6X-378.2 0.01~1  0.998 8 1.35 4.46 93.58 2.28 4.06 4.11 5.35

R4 1BHARMERPI4FE LU SWHEE (ng/g)
Table 4 The contents of 14 phenolic compounds in 18 batches of Chaenomeles fructus (ng/g)

Bh RATH RS AR AR RAR  BARAR bR EIR ST LS ARRE e TEER e
S1 8.71 290.86  154.63 1209.21 3 500.81 138.72 4.77 2.89 1246.52  124.43 30.52 36.53 6.37 5.35
S2 16.74 352.21 125.62 704.26 2 853.07 978.09 7.89 8.41 37.67 21.89 6.95 2.83 7.94 2.57
S3 30.66 369.97  158.25 561.03 1855.89 203.12 22.64 6.73 78.09 110.42 10.91 20.02 17.85 28.38
S4 17.87 299.33 16.38  3287.25 1826.03 82.34 9.39 10.32 356.72  935.14 15.38 3.16 114.26 3.02
S5 23.72 177.86  140.11 155.89 3435.65 670.43 62.21 40.07 61.56 36.39 6.44 2.94 101.09 2.36
S6 8.08 17490 19293 1100.84 1479.68 40.09 7.98 4.15 125.86 36.73 24.57 16.26 14.24 2.17
S7 22.83 495.25  157.17 570.90 2906.22  1226.21 10.09 6.93 45.73 32.89 5.34 1.73 5.23 0.74
S8 25.76 368.98  104.78 616.21 3010.81 919.42 9.88 6.36 128.36 36.82 7.55 31.68 7.74 1.63
S9 23.33 514.14  161.34 1597.17 490239 1206.55 7.73 7.99 64.51 2431 6.37 1.86 4.97 0.64
S10 12.54 265.86 15557  681.83 273845  1384.35 9.96 5.23 40.79 15.14 6.35 1.90 6.39 0.66
S11 178.60  721.63 15.83 762.70 4 487.07 54.78 18.58 19.47 885.10  752.95 3.87 1.95 11.72 19.98
S12 8.73 167.09 75.71 349.73 2 686.44 601.07 6.57 3.05 41.12 16.86 2.44 1.93 3.38 2.26
S13 43.56 529.67  178.82 362.38 3473.21 113086 1243 5.28 49.76 59.97 8.72 6.15 18.24 1.14
S14 9.50 187.24 1529 276929 198233 46.12 8.22 7.19 172.13 84.73 9.55 1.90 18.64 6.75
S15 30.49 276.47 33.21 372482  4718.17 44.25 10.19 5.13 136.85  215.77 13.84 15.64 23.36 5.37
S16 15042  562.93 9355 116571 460074 1106.19 12.15 9.65 73.36 30.35 7.53 2.63 6.59 1.39
S17 26.67 348.17  436.16 1260.65 3780.25 71.62 7.74 3.09 1008.42 115.58 33.49 38.46 6.87 3.14
S18 23.42 247.78 36.78 617.06 2526.40 47.91 12.83 7.53 564.55 138.19 15.47 20.64 41.26 2.53
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Table 5 The total phenolic content and antioxidant activity in

26.37%~79.44%, FRAP {H 7E 43.56~132.53 mg TE/g
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% PUACIE TERE T B IR 72 S9 it B B
U iR TERE DL ZE 2 S3 it
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i MRARE (R) 5393179 0.95, 091, 0.94, %
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[ B 5 B A S 56 P ) 14 Ry R4k S R—R AR KRS
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Table 6 Correlation between TPC and antioxidant activity of

18 batches of Chaenomeles fructus (n=3) Chaenomeles fructus
sz SETPC/ DPPH At ABTS At FRAP/ %% DPPHH ABTS
P (mgGAElg) AEMEN, AABREN%  (mg TE/g) ELTos S L Ak FRAP
TPC [h HRE
S1 33.73%0.78 71.80%331 6442+2.92 94.53+1.93 (TPC) f% et
EBAE 1.00 0.95 0.91 0.94
S2 21.72+0.63 2331+1.21 38.15%0.05 75.75+1.47
DPPH A ®1 i iFmk% — 1.00 0.92 0.91
S3  10.37+0.47 10.13+0.39 26.37+1.07 43.56=0.50
ABTS  gwikiFnEx — — 1.00 0.92
S4 29.71+0.68 61.22+1.96 4639+0.31 9629 1.17
FRAP — — — 1.00
S5 17.05+1.06 35.83+0.68 39.22*1.15 79.52+2.34
S6 19.68+1.24 20.98+0.81 38.01+031 76.53+0.70 2.5 LGt
S7 18.52+1.30 30.22+0.51 39.43+1.02 63.43%0.91 "
251 REN
S8 28.25+0.99 62.82+221 52.96+147 91.57*1.66 i N P
S9 37.13+0.51 74.66+2.71 79.44+2.94 132.53+3.28 L8 AL 14 IRV G RAZE
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Table 7 Correlation results

DPPH &1 ABTS A& FRAP F3x HE

KM Twkmr  pAmE @ KE 4
SRR 0.89 0.91 093 091 1
JRIURBR 0.86 0.88 088 087 2
WA E 0.85 0.85 086 085 3
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