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IR LASRIERR 0 £ (8 410.2~13 826.7 pg - g ), A SRR 1Y 80% LA I, S 1y R (1) 03 5t 3 47 10 187.8 ~
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Abstract: The contents of phenolic acids in Malus doumeri fruits from different production areas were investigated, and

at the same time, HPLC method was developed to detect eight phenolic acids, including protocatechuic acid,
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chlorogenic acid, dihydrocaffeic acid, caffeic acid, phloretic acid, p-coumaric acid, ferulic acid and cinnamic
acid. ZORBAX SB-C18 column was adopted. The mobile phase was composed of methanol and 1.5% formic acid aqueous
with a gradient elution. The column temperature was 35 °C, the flow rate was 1.0 mL + min", the detection wavelength
was 280, 320 nm, and the injection volume was 20 L. The results were as follows: (1) Linear relationship between the
mass concentration and the peak area of the chromatogram of eight phenolic acids good, with the correlation coefficient >
0.997, the detection limit 0.08—0.20 pg - mL™", the lower limit of quantitation 0.27-0.67 pg - mL", the coefficient of
variation <5.0%, and the adding standard recovery 99.3%—103.3%. (2) Seven phenolic acids ( protocatechuic acid,
chlorogenic acid, dihydrocaffeic acid, caffeic acid, phloretic acid, ferulic acid and cinnamic acid) were detected over
ten samples in different production areas. Among the seven phenolic acids, dihydrocaffeic acid, phloretic acid and
ferulic acid were detected in M. doumeri fruits for the first time, and chlorogenic acid (8 410.2-13 826.7 pg - g') was
predominant, accounting for more than 80% of the total phenolic acids. The mass fraction of total phenolic acids ranged
from 10 187.8 to 15 583.9 pg - g. The mass fraction of total phenolic acids from fruits picked from Jingxi of Baise and
Gongcheng of Guilin in Guangxi was relatively high, more than 15 000 pg - g"'. The above results indicate that the
HPLC method used in this study is suitable for the determination of phenolic acids contents in M. doumeri fruit, and can

provide methods and scientific basis for screening superior variety, products quality control, and deep exploitation and

41 %

utilization of M. doumeri fruits.
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Table 1  Information of Malus doumeri fruits samples
9 B3 SR M 8]
Code Source Harvest time
DI T PG Al 7T O e £ 2019-10

Tian’ e County, Hechi City, Guangxi

PPN T T X )
b2 Liujiang District, Liuzhou City, Guangxi 2019-10

b4 Tingxi c}o‘ﬁf %Ij%c?y%cuangxi 2019-10
D6 Zhaoping (JZ:uVjtj] Jﬂfhﬁfii, Cummgsi 2019710
D8 Pingle CZ ﬁﬁﬁiiiﬂ Guangxi 2019-10
P Gongchengr;ﬁﬁ%ﬁgfjﬂzci, Guangxi 2019-10
D10 SR A T 2019-10

Xinyi City, Maoming City, Guangdong
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Shimadzu LC-20A 15 &4 ¥ #H & 3% A (B A
Prominence SPD-M20A PDA #: il #8) , H 7% & H 44
Al R R DL, fE [E Eppendorf 23 Al ; 25
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MR- 2 B PR R 5 (L) A BRA A F-
020ST Hodz i 75 I 1 VEAIL , TR YN A v Rk 47 48 1A PR
3 w) LHS B e E R A, il —fE R A
FRZAT] 5 N-1100 JEf 78 ZAL , H AR 5 24k 28 bk
K44k BCD-213D11D XU TUKAR , AR A5 s 28 it
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1.3 Fik
1.3.1 3Bk ey Bl 1.5% H R /K VA Y T o) . B
15.0 mL W2, M2k EZR % 1.0 L, 0.45 pm /K
ARSI 9% BB 75 S min, BUECHL A . ) R PR — X R
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b, IF % B OB R S o N E 2, 48 F)
800.0 g » mL™" (5L —XF HE S A A5 T, BT -20 C
UKAR RO DR A7 2 T FE o W R Y T . B
1.5% IR /KW 95 mL, A 5 mL a3 B iR
A1 BRECEC . TR B R IR TR VA R S5
AL HL 8 Pl — X RS A A R, TEATTR A S AR
B B E 0.05~ 100 pg - mL' A RIIR S
P 12 %o R R L, 3 0.45 wm A3 LI R B8 A S
5, BB . A B < 40 S T R 4 mol - L
NaOH 1% %038 1fiL BR A1 10 mmol - L' EDTA ¥,
W = FH e 120 2 ¢ 3 MY LLBIR NG IR A0 2 BURK .
LEEF TR CBRFARBEE 12 1 IRATRIAT

1.3.2 KR LA R 5 % 8B 69 3% BB 9 A7 4T A
T4k 22

1.3.2.1 BRI ST (Luo et al.,
2013; =555, 2018; £ RIT 45, 2019) , A FE et
g ek 0 R LU A SR S D) /N R T B R, T
PR AT ALV A 4 B, AR BBORS K A i 2.000 g, il A 80%
FHIS/KIA TR 40 mL, # IRIZ 48 24 h,40 C HE 75 $EHL
30 min,ﬁ?)ﬁ,lﬂ 000 1+ min" B> 5 min,?[ﬁfﬁiﬁ
PRI 2 WK, A IF VB WA 2 A $EIOR ., BRI Ky
IR E A B A AR A0 A 3 ) TUE A IS
A 50 mL B UK, 7E A AR I8 B AT = IR
PEFEZ) 24 h, I HCLJ#15 pH 4 2.0, FH 60 mL ZEHL
AR =K, A IF AR 10 000 r + min” B> 5
min, 153 B J2BOK , FRAEHL. 4RS00 F R ilisb Bk
H 5% T TELE 85 °C N A 50 mL HCI(4 mol + L)
KA 30 min, ¥ H1J5 H NaOH #8795 pH & 2.0, H4
[l O i, 798 C B0, A1 A B.C =it
BT B Ay T R 1 BB

1.3.2.2 Sy Mrau Al b AL EE fF 1.3.2.1 /5310 &
13 R P O 50 C HAS T 78 T, o Y v i -
FEA R 25.0 mL, SERERT AR & 5 B TR B 2
MR £ 13 BB A9 MR L 10 000 + - min” B0 5
min, i 0.45 wm AHLIER R H

1.3.3 G RAL & R % iE B MR T Kk
L R\ I 2 X R A 25 VA5 50 L, BT
B 80.0 pg - mL™, 43 HIFE P 190 ~ 400 nm Z [H]
I A BRI B TS R TR
P AAE Ty R 4 o i AT . 16 FH DO RO W] 3R
) 5 AH €5, 1% A ( Symmetry €18, Atlantis T3 . BEH
C18 1 ZORBAX SB-C18), 43 #r 80.0 pg - mL™" [
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WU TGRS WS AR BRI A5 1 - DA B - K
TR B NG 7KV R I Sl A 28 7K T 1) TR b 2%
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1.3.4.3 il m  #H5.0,20.0,60.0
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R SR LA 7 T8 2.000 g, 32 6 1, 43l H% 1.3.2
1) 5 0k HE BT 18 - 14 A7 ot T Ach 3L, AR A,
MO1.3.4.2 ikt BRI IR R RSD {H.,
1.3.4.5 Jnbr BIBCR M E KB FRE 1.3.2.1 J7
Pl F W R R I VR T8 1.000 ¢, LUFEA HAnfe
R 150% .100% .50% fin A 8 />y iR %f BE
VW, 4 R 1.3.2 19 7 v B U R 1 R A7 R i T A
BEOHERERT I, A 3 UK, B A R Y 3 0 1 B
AR T AR, HR R S RIS S A v B A
AN R 1) T [ 0% F0 RSD {H
1.3.4.6 FEa gk AT B HL 1.3.2.2 §il & a9k
e EAT ARSI, LU e B — o B 4 A B RS 1) O 4 A
AERE P28 A1 S % X6 B v H A 443 6 47 0 M AR
I o o4 gl 288 R o AR 6T I R R A T R 1Y)
T, mR 6K,
1.4 #iEAE

K Excel 2019 %% 4 F 47 i 4 b 3, SPSS
23.0 B X5 H s oE AT 22 5 P 2 B (ANOVA)

Adobe Photoshop cc 2019 # /4% UL EAT A #E
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2.1 BIEEUGNHTE
2.1.1 Aok Ky MR — XTI S AN
T2 R R R LA IR | — S0 ME R | AR R R AN
PRIEERRAE 280 nm BRI A7 e W Wi 6 5 4% D 1R
MERR | p-7r T2 A1 ] B R 7E 320 nm B i A 5 KK
Weids PR 4 280,320 nm VE MR IN B
2.1.2 &g AL LE R BT B S Fo b on 6,38 B
S IS S HPLC #6043 BT 14 4% 0 3R 14, H:
PR BE & 14 32 1) 43 B B i (4 Ak 27 20 R R B £k 14 5 1Y
SO (25 R 525 ,2019) o DU SRR €35 4R B 5T 45
JRW] ZORBAX SB-C18 {3843 78 [f] — 43 Br 41
T HAR 30T A X B, L, PR 1S A
FASL K 5 23— B W WF g, W sh A 2 R
HPLC 7 B R HEE W R, B - KB WK &
i — K VSRR T R 2 W 43 o3 i SR AR 2 i sl Al
FE 7V YRR TS TN T 2 B 10 T T 0 35 R o 110 0 15
JE R A B R A5, W R Bl & R H A H FH (E
BEMEE 20165 XB 5 20 % 2017 ; 22455 2018 XB i
4 2018 E RICEE 2019 Ji #5145 2019) . H#K
L 26 IR /K I AN 2 FR 7K IR Tt H b 4H 43
B B R 5 SRR . L 0.1% & R /K I 1M i
BIAHRT , F BN 2 14 43 B RCR PR AR S J TR
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S S AR B, R 21 5 RE ok A IR R N A
MO T2 119 3 5 25505, A 5 1) 4 8 8 4l ok 1.0 N
0.8, FEERS LT 2 , (E B 2 St st 5 A — & e i
B 43 B, RE AR 0 R R 5 A R Y 43 B R LR
KE] 1.2, IH BN S A, 2E— 25 058 K [A) v E
B4 FH R 7K VS R B 443 4 B AR B R T, >
R KRR 1.0% 5, /Tt B 5 8 18 2 1] A1) 9
JERTIRE 1.5, B4V A Bk i iy Bar it
TE R - H RK VB VRVE R i sl A

HER M X AR B4 HEAT 5 P R E BT, AN
Xof B 11 43 B 0 A2 R T R S
HAR o2& 5 T S A 808, KR
R Ty R oy 12 B3 R S T 3 i 4 7 A L Al 4 i
Loy W LB, BT BRI AR 5 R R LA P
BEERBE T R AR 25 5 T A s Ak Rl , i — 2
RS SR AL A IR R AR S, 4 R R R
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1 U SH A K A TR HP ) TR A R I IR AT I ol A
mn F P R 5 i PRME Y 1) B AR, SR B RS
FE R FH 5 FIRE i 14 23 B RIOR DA S 9 (a3 5%
. ZORBAX SB-C18 {&,3%4: (4.6 mm x 250 mm, 5
pm) 5 TN 1.5% H R K EH (A) - BE(B) , B
JEVEMEAFRE (0~ 25 min, 10% ~35% B;25~45 min,
35% ~45% B;45~48 min,45% B) ;111 35 °C ;i
1.0 mL + min”' ,Lﬁéﬁ 20 pL,

R HILL B AL B €0 3% 25 AF 2E A7 AR 0 A, TR

8 3
8 8

280 nm 1A

3 2
8 3

2 g
g 8

18

SIRE
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A B R R A B R R L s SR S Ty R i U A o 1Y
o LT 1, R R B £ B B 1) 43301 Sk DR LS
fi% 9.6 min 4 )RR 14.6 min . — A MMERR 16.0 min |
MAERR 17.9 min MR 7 2 22.7 min, p-7F 2. & 25.0
min B 2R 27.8 min  WAERR 45.1 min, 25 B R 2
[ (4 € 1 U 73 B FE X RT 1.5, BB B AR E LAKE i
i 3 o R R (A 1 I T R T 3 000, B2k T
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LFULASEE s 2. SRR 3. —SMNMERR ; 4. MIMERG ; 5. MRECHR; 6. p-F CIRR; 7. BBAMG; 8. AEERR.
1. Protocatechuic acid; 2. Chlorogenic acid; 3. Dihydrocaffeic acid; 4. Caffeic acid; 5. Phloretic acid; 6. p-coumaric acid; 7. Ferulic acid;

8. Cinnamic acid.

ERECT T

h(A,B) HIEES (C,D) B @R

Fig. 1 HPLC chromatograms of standards (A,B) and samples (C,D)

22 FEEERLER

221 XA ERAZETTR WNE2 A
VA B i B 6 B G E R RV R N B 2 R

HWRYLRTEER MR $0.997 7~0.999 5,45 Hi R

0.08 ~0.20 wg - mL', & & T R 0.27 ~ 0. 67
pg - mL” %%ﬁﬁ%hzﬂ"iﬁﬂ“h* AE18 52 B

FE it r AT B T T 1) o F 4 AT

2.2.2 % B Iﬁl—ﬁ&ﬁs@éiﬁ#%émﬂé
T RER 2 30T, 10 B S A ARG 3 iy R0 2 AR
KEHE A7 3 MR 2% B2 X 09 b /R T 2 %o iR Eﬁ

RSD {83 5 A 5 LS /R 1.07% (58 1.11% , —
FIMHERR 2.59% WMERR 2.14% R EZ 1R 0.85% ,p-
TR 2.60% BUELRE 2.11% AEERR 1.46% ,fc K
B8 S R BN 2.59% , F ARG % 5 R AT, 756 0
BR
2.2.3 AW E RE SR CE B RLEE Y AR
P4y g T FRAR A /N T PR ARE it A, T 45 SR W)
ARMER , AR 7 TR AS [R) VR BE X BE A 9 H N RN H R AR
FE PRI e S5 N R 3 R, A AP R AE H AR 5
REO/INT 4.62%, H 8IS REI/NT 4.99%,
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2 NWBHBEMBRRNEEAR BXRH . LUCE. CHRMEETR (n=6)
Table 2 Linear equations, correlation coefficients, linear range, limit of detection (LOD) and limit of
quantitation (LOQ) of eight phenolic acids standards (n=16)
O et HXR K (LG iR AT
Phenolic acid Linear equation R? mear ranﬁe q 0 q
(g mL™) (pg - mL™) (pg - mL™)
F1 y=32 980x+5 881.8 0.999 4 0.67~100 0.20 0.67
F2 y=45 097x-3 593.6 0.999 5 0.50~100 0.15 0.50
F3 y=16 669x-6 820.3 0.997 7 0.67~100 0.20 0.67
F4 ¥y=97 056x+4 133.9 0.999 1 0.33~100 0.10 0.33
F5 y=8 655.8x+3 827 0.999 3 0.40~100 0.12 0.40
F6 y=101 729x+6 159 0.999 4 0.30~100 0.09 0.30
F7 ¥y=95 633x-5 315.4 0.999 2 0.50~100 0.15 0.50
F8 ¥=160 354x+6 436 0.999 1 0.27~100 0.08 0.27

I F1-F8 il AR FULRTR (xR, — SMEERR WNHERR AR K2R \p—Fr SR PT BRI AR, T A,

Note: F1-F8 represent protocatechuic acid, chlorogenic acid, dihydrocaffeic acid, caffeic acid, phloretic acid, p-coumaric acid, ferulic

acid and cinnamic acid. The same below.

FEHAXERE A H LA H N W RRE M R A A AR
PEER,
2.2.4 T E MR AR R I AE AR ST B
T 1 SR Ak 3 00 45 g e T R 2 B0, R R
FERRVE L AR rp o B A 15 25 /0N | 36 &5 SR ) of
W, AW ITE N E S IR BoR R RS A B
iz i) RSD fH 43 5l k5 L 25 1R 3. 16% | &% JiL I
1.19% 2 MIMERR 3.37% (WML 1.48% AR K2R
3.08% .p-7F LR 1.71% P BLIR 1.96% . P H: IR
2.09% , e KIS 5 RZE0CH 3.37% , % T7 L 11
BRI T AR EOR
2.2.5 mARE R R ey & AR R R A
FE IR [ 45 R AN 3% 4 iR, /Rl i R 1 7
YR a5 2R 7E 99.3% ~ 103.3% 2 ], RSD {6
INTF 3.45% W7 L AERG R4, o] DL T
R LA R STy R it P ARG
23 AEAFHAR LBRIMEBSENLLEIH
10 ANASTR] 77 A S 1 A SR S5 v 0 2 19\ ol 7y
2w 5 RS P R RLAS IR (SRR L
UM | R R | AR R R | BT AR IR R A R TR L el
My IR, L rf A I R AR Rz R | BT R AE KR
A SR S bR R Hh (BRI, 2020) , p-7F B IR B
ETREIAE M (Zhao et al., 2015) , (HAWF5T
() T A FE A v 35 R G 2% BH 2R S oponl BB N A7 AE
TP i B A LR AN R R L,

— 2D LR 2 5 22 43 BT AT AL, AN ) 7 2R S 1Y 1
M S0 i DL & B IR 22 (8] Y i B AEAE W) 2
S -EAEER S S AR 10 187.8~15583.9 pg - g
ZIA) SRR Y R de B B R S A4 (8 410.2 ~
13 826.7 pg - g'), 5 BEER 80% LA I, ) P EH 4
5 DG IV AR AS 07 1 SR 5, JHL S T IR R ¢ R
AR, 4 K T 15 000,13 500 pg - gt
ARSI TR T A AR T SR R R, 43 1 Sk i v 7R
471.6 ~ 850.5 pg - ¢ JiJLASHR 184.3 ~ 487.8
pg g AMIMERR 102.6~391.5 pg - g PEERR
81.2~520.1 pg - g FIZRER 57.8~423.4 pg - g,
MK HR 24.2~230.8 wg - g, MR B TR Ry & 12 A G888
DB R Ny AR AT B . A B R R K
RIAER L B RN F M E ', X H
A J ok R LA AL S A O & R R A T T ) R
WA

3wt h A

ARSCHENT T HPLC 60 R 5 LA 5 50 rp Ji
ILZEIR TR W ME R | P RE R | p-T TLTR | B &R
PR IR PR AR K2 R 1 T v, i 7 R AN AT LA
S [ s S 0 3\ A i 2, L5 DA = A i R
BRI 79240 L ( Wen et al., 2016) , By li2 22 18] 53
BT RS T 2 A5 84 800 5, LT
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*3 MESRMHEHARMBIE RSDE (n=6)
Table 3 RSD of inter-day and intra-day of standards (n=6)

H P AL 2E Inter-day treatment H A 4b 3] Intra-day treatment
Wit (pg - mL") (pg - mL")
Phenolic acid

5.0 20.0 60.0 5.0 20.0 60.0
F1 3.42 2.84 3.14 4.52 4.85 4.53
F2 4.27 3.15 2.88 4.34 4.78 4.82
F3 3.84 3.24 3.18 3.58 4.76 4.57
F4 4.62 3.21 2.56 3.98 4.32 4.79
F5 4.53 3.55 2.56 4.11 3.83 4.99
F6 3.63 2.36 2.76 4.27 3.74 3.84
F7 3.72 2.98 3.24 3.24 4.89 3.97
F8 4.27 2.95 3.21 4.32 3.98 4.66

x4 N\MEBEEAMIREKE (n=3)
Table 4 Recovery of eight phenolic acids (n=3)

- | A Wik e TAY I R
Phenolic acid riginal qu_:;muty Added qua?lnllly Measured qﬁanllty Recovery Average recovery (%)
(mg-g") (mg-g™) (mg-g™) (%) (%)

F1 0.272 0.408 0.685 101.2 99.3 1.76
0.272 0.541 98.9
0.136 0.405 97.8

F2 8.415 12.623 21.005 99.7 99.9 1.70
8.415 16.690 98.3
4.208 12.695 101.7

F3 0.285 0.428 0.721 102.0 99.7 2.23
0.285 0.569 99.6
0.143 0.424 97.5

F4 0.526 0.789 1.302 98.4 101.1 2.53
0.526 1.060 101.5
0.263 0.798 103.4

F5 0.232 0.348 0.587 102.0 101.7 2.77
0.232 0.461 98.7
0.116 0.353 104.3

F6 0.000 0.200 0.195 97.5 101.5 3.45
0.100 0.103 103.0
0.050 0.052 104.0

F7 0.279 0.419 0.692 98.7 100.4 2.46
0.279 0.556 99.3
0.140 0.423 103.2

F8 0.082 0.123 0.208 102.4 103.3 1.36
0.082 0.166 102.4
0.041 0.125 104.9

HOMERRE | RO RS % e R R E B, BB EER N AR 35 °C L% 1.0 mL - min™ |
U AF AR 3 AT ) SR BRI PR A E SO E AT 280,320 nm, #FFE R 20 pL,

Wi, (aRE41 ZORBAX SB-C18 {454 (4.6 mm x TR LA B S v T R A RN R R R
150 mm,5 pm) , DA BE/1.5% WKW (v/v) ol IEJLASIR (SRR S MHERR  IINMERR AR B2 R |
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x5 10N FEAFMARLUEREPBBRNARRESE (n=6) (FHFli.pg-g’)
Table 5 Compositions and contents of phenolic acids in Malus doumeri
fruits from ten different production areas (n=6) (Unit:pg - g")
i S
Code F1 F2 F3 F4 F5 F6 F7 F8 Total
D1 271.9+ 8 410.2+ 285.6% 527.2% 230.8+ nd 279.3+ 81.2+ 10 187.8+
2.5° 48.1¢ 3.7° 3.8" 3.8 7.4¢ 1.3" 46.1"
D2 487.8+ 9 568.5+ 391.5+ 621.1% 123.2+ nd 57.8+ 184.5+ 11 434.6+
5.4° 84.1" 5.9° 6.9' 2.3¢ 1.2° 8.1¢ 84.6°
D3 280.2+ 12 498 .4+ 185.8+ 471.6+ 83.8+ nd 185.0+ 212.4% 13 917.3%
5.4 62.0" 2.5¢ 8.4 0.9 2.2 3.6 66.11
D4 276.7+ 13 826.7+ 195.0+ 579.6% 93.2+ nd 188.5+ 4241+ 15 583.9+
1.6 98.4" 1.8 6.3* 1.0° 2.4° 3.6° 95.3"
D5 366.9+ 93433+ 157.6+ 628.7+ 35.6% nd 322.9+ 3242+ 11 179.3+
4.0 16.0° 0.9' 3.6 0.7" 1.7° 2.1° 25.4
D6 485.4+ 11 400.5+ 102.6+ 825.2+ 242+ nd 423 .4+ 520.1% 13 781.4=
3.1° 111.4° 0.7 1.4" 0.9' 1.2° 2.0 112.2°
D7 237.4% 125 28.9+ 214.0% 755.3% 45.5+ nd 154.5+ 424.0+ 14 359.6+
2.1" 43.2" 3.2° 6.8 1.2¢ 4.0¢ 1.6" 42.6°
D8 184.3+ 9 347.4% 324.2x 850.5+ 143.8+ nd 211.3= 456.0+ 11 517.6
1.3% 28.2° 1.0° 2.9" 1.4" 2.2¢ 1.8" 25.7°
D9 287.2+ 13 655.1+ 179.9+ 621.8% 126.4% nd 87.6% 215.0% 15 173.0=
1.9 106.8* 2.1" 3.6 0.7° 1.8" 3.8' 106.1"
D10 185.5+ 8 753.8= 218.9+ 722.6% 125.0+ nd 182.7+ 215.9+ 10 404.4+
1.9¢ 346.1" 2.5¢ 6.7 1.0 1.76" 1.3 346.5¢
e [FIFIAS [ AR e /R A R] P2 I 1L A& S S HP i PR B ER 7E 0.05 AKEAFE B 225 nd FoRFER AR H .

Note ;

at the level of 0.05; nd indicates that it is not detected in the sample.

BT 258 1 1 A T L A M PR, I R R AR B TR
BT I A A SRS L A SR S e i R 5 R S By
iR K B T 22 160) 11 5 o 2 5 B A0 s Tl A 1)
TP BUIE 10 187.8~15 583.9 wg - g 2], LI &3 5
MR (8 410.2~13 826.7 pg - g'), AR
80% LA I, 1 VG 1 0 3 P RN AR AR 2% 3nk A SR S
P I 2 i R 0T it 4 034 AR X A, A i R T
15 000,13 500 pg - ¢, LRIFHR & 0 0 [F] J& AL 4 3
1Y 3~ 180 1% ( Feliciano et al., 2010; 258&,2015;
PR S ,2018) , TEJE R0 A R B 0B 5 $E A
ﬂﬂI%IJFHﬁE{Eﬁ%%EO
1y R 2R AL A 0 2 e A5 A ) v 5 A7 R T —

UAERI =, B2 A B BT 2R 0 v 8] 7= 4 (R
ANAE 2018 B 4, 2018) , 5 52 Hh 19 1 52 2 W AN

TR T 5 AR A OGN 5 R SR A B Y
B BE RN 8 4% 14 55 %% U AH OC ( Seraglio et al.,
2018; [EXICA,2019) , ¥ — 2 0 55 A [R] B 39
RS B AR Ak R S A R T o R DT AL A (W] b
DS LA SR S i 1 PR S A B RN 5 1, ARAIF R 4G

Different letters in the same column indicate that the phenolic acid in the hawthorn fruit of different origins has significant differences

RAEDY LA L i 88 )5 22 4 5 52 A4S I J7 3k F0AUT 5E
Jili
SEH
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