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Abstract: Plum is a drupe belonging to the subgenus Prunus (family Rosaceae), and one of the most im-
portant stone fruits in the world. Around the world there are about 30 species of plums, and in China
there are 8 species, including Prunus salicina, P. domestica, P. simonii, P. ussuriensis, P. cerasifera, P.
americana, P. nigra and P. spinosa. P. salicina plums are mainly for fresh consumption, while P. domes-
tica plums are used for the production of prunes. Each species displays great diversity in shape, size,
taste and appearance. Plum fruits are, from a nutritive and dietary point of view, a valuable component
of the human diet due to their content in minerals, carotenoids, vitamins, fibre and phenolic compounds.
Phenolic compounds are the most important group of secondary metabolites widely distributed in
plants, playing important roles in diverse physiological processes such as coloring, flavor formation and
stress resistance. In generally, phenolic compounds in plum fruits are determined and characterized by
HPLC, using diode array detector (DAD), photoelectric secondary array (PDA), ultraviolet detector
(UV), fluorescence detector (FLD), etc, and then combined with mass spectrometry (HPLC - MS) for
primary structure identification. The commonly used is electrosprayionization mass spectrometry (ESI/
MS). The phenolic compounds can be grouped into 4 classes, phenolic acids, flavonols, flavanols and
anthocyanins. The phenolic acids detected include neochlorogenic acid, cis-3-caffeoylquinic acid 3-O-p-
coumaroylquinic acid, 3-O-p-feruloylquinic acid, cryptochlorogenic acid, 4-O-p-coumaroylquinic acid,

n-chlorogenic acid, caffeoyl-glucoses methyl 3-caffeoylquinate, methyl 4-caffeoylquinate, methyl 5-caf-
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feoylquinate, 5-O-p-coumaroylquinic acid, 5-O-p-feruloylquinic acid, caffeic acid, caffeoylshikimic ac-
id, p-coumaric acid, 3-p-coumaroylquinic acid, cis-3-p-coumaroylquinic acid, 4-p-coumaroylquinic ac-
id, cis-4-p-coumaroylquinic acid, p-coumaroyl-glucoses, methyl 3-p-coumaroylquinate, feruloylquinic
acid, feruloyl-glucoses, 3-p-methoxycinnamoylquinic acid, vanillic acid-glucoses 3,4-dihydroxybenzo-
yl- glucoses, and esculin. The flavonols are isoquercitrin, rutin, hyperoside, quercetin 3-rhamnoside,
quercetin- pentoside, quercetin, quercetin- pentoside- rhamnoside, isorhamnetin- rutinoside, myricetin,
and avicularin. The flavanols include catechin, epicatechin, procyanidin B1, procyanidin B2, procyani-
din B4, procyanidin B7. The anthocyanins were cyanidin 3-glucoside, cyanidin 3-rutinoside, peonidin 3-
glucoside, and peonidin 3-rutinoside. The content of phenolic compounds in plum fruit is usually quanti-
fied by mg- kg (fresh weight basis), and has been shown to vary significantly among different varieties,
environmental conditions and test methods. The results of previous studies showed that the content of
the same substances varied significantly between different varieties and different periods. For example,
a study showed that neochlorogenic acid varied in a range of 0-985.6 mg- kg''; chorogenic acid 0-57.2
mg- kg'; coumaroylquinic acid 0-151.6 mg- kg''; catechin 0-224.7 mg- kg''; epicatechin 0-97.1 mg- kg™,
rutin 0-119.4 mg- kg''; procyanidin B1 22.5-328.6 mg- kg''; procyanidin B2 7.6-101.8 mg- kg'; cyanidin
3-glucoside 0-730 mg - kg'', and cyanidin 3-rutinoside 0-2 610 mg- kg''. The content of anthocyanins
gradually increases in the peel and flesh as the fruit matures, and procyanidins reach a highest value in
both skin and flesh during the stone hardening phase. In addition, phenolics have several pharmacologi-
cal activities including antioxidant, anticancer, antimutagenic, antidiabetic, anti-inflammatory, and anti-
HIV activities. The increased interest in plum research has been attributed to its high phenolic content,
mostly the anthocyanins, which are known to be natural antioxidants. The effect of immature plum ex-
tract on in vitro cancer cells, eg. human hepatocellular carcinoma HepG2 cells, Kato III gastric cancer
cells, HeLa human cervical carcinoma cells and U937 leukaemia cells, has been studied and the results
show that the extract is effective in inhibiting growth of the cancer cells. Based on these results, the im-
mature plum with its active compound, epicatechin, is expected to be a natural resource for developing
novel therapeutic agents for cancer prevention and treatment. After taking the Queen Garnet (a high an-
thocyanin and high antioxidant plum) plum juice, there was a threefold increase in hippuric acid excre-
tion (a potential biomarker for total polyphenols intake and metabolite), an increase in urinary antioxi-
dant capacity and a reduction in malondialdehyde, which is a biomarker of oxidative stress. Chlorogen-
ic acid from plum can decrease in anxiety-related behaviors (anxiolytic-like effect) and protect the gran-
ulocytes from oxidative stress in mice. Dringking plum juice can also decrease the levels of angiotensin
IT in plasma and its receptor Agtrl in heart tissues, suggesting a role of plum polyphenols as peroxisome
proliferator- activated receptor-y agonists, and cardioprotective effects can be achieved by replacing
drinks high in sugar content with fruit juice rich in polyphenols in a diet. Meanwhile, polyphenols in
dried plums are beneficial to bone health. In this review, we summarize recent research progress on phe-
nolic compounds and their bioactivities in plum fruit in order to provide useful information for the de-
velopment and utilization of plum fruits and breeding of high-phenolic varieties.
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Table 1 Composition of phenolic compounds in plum fruit
el TR 445 Z2E R
Class Phenolic compound names Reference
[T 3-O-WHEmEZE JE g CHr 4t R IR i =X-3-WnHEfE 22 JE 2 3-O-p- 7 VI 22 JE 1R\ 3-O-p- P BRIk 2 JE iR  4-O-MinfE [26-28,30,32-34]

Phenolic acid

152 Je R (KR 2 IR ) < 4-O-p-7 TLIE 28 JE IR+ 5-O- W METE 2 J& R (4t SR ) Wi P - 360 267 4 . PR % 3l 2
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3-0-Caffeoylquinic acid (Neochlorogenic acid), cis-3-Caffeoylquinic acid, 3-O-p-Coumaroylquinic acid, 3-O-p-
Feruloylquinic acid, 4- O-Caffeoylquinic acid (Cryptochlorogenic acid), 4- O-p-Coumaroylquinic acid, 5-O-Caf-
feoylquinic acid (n-Chlorogenic acid), Caffeoyl-glucoses, methyl 3-Caffeoylquinate, methyl 4-Caffeoylquinate,
methyl 5-Caffeoylquinate, 5- O-p-Coumaroylquinic acid, 5- O-p-Feruloylquinic acid, Caffeic acid, Caffeoylshi-
kimic acid, p-Coumaric acid, 3-p-Coumaroylquinic acid, cis-3-p-Coumaroylquinic acid, 4-p-Coumaroylquinic ac-
id, cis-4-p-Coumaroylquinic acid, p-Coumaroyl-glucoses, methyl 3-p-Coumaroylquinate, Feruloylquinic acid,
Feruloyl-glucoses, 3-p-Methoxycinnamoylquinic acid, Vanillic acid-glucoses, 3, 4-Dihydroxybenzoyl-glucoses,
Esculin

[26-28,30,33-34]

[27-28,30-31]

[26-27,33]
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Flavonols T R - A 3R e R R T e MR R B MR A A
Quercetin 3-glucoside (Isoquercitrin), Quercetin 3-rutinoside (Rutin), Quercetin 3-galactoside (Hyperoside),
Quercetin 3-rhamnoside , Quercetin-pentoside , Quercetin, Quercetin-pentoside-rhamnoside, Isorhamnetin-rutino-
side, Myricetin, Avicularin

et RIEFIR -G KRR R 3- 2B AT R 3- MBI T AR 3-E T

Anthocyanins Cyanidin 3-glucoside, Cyanidin 3-rutinoside, Peonidin 3-glucoside, Peonidin 3-rutinoside
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Flavanols Catechin, Epicatechin, Procyanidin B1, Procyanidin B2, Procyanidin B4, Procyanidin B7
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Table 2 The methods for determination of phenolic compounds in plum fruit
WARFA PRI WA LioRlllk7/ESzisl Z2E R
Method Solvent/(V/V) Mobile phase/(V/V) Analytes Reference
HPLC-DAD FREE/7K(80:20) A. FEE/K(5:95); B. FEE//K(12:88); C. FEL//K Ty I , B e , B e 2, A0 T [27]
HPLC-MS Methanol/H.O(80:20) (80:20); D. F[E Phenolic acid, Flavonols,
A. Methanol/water (5:95); B. Methanol/water Flavanols, Anthocyanins
(12:88); C. Methanol/water (80:20); D. Methanol
LC/MS/MS /7K (80:20) A. K(5% HER): B. HIEE T , TR I , B8 e , 6 (Bt [38]
HPLC-DAD Methanol/H,O (80:20) A. Water (5% Formic acid); B. Methanol Phenolic acid, Flavonols,
Flavanols, Anthocyanins
HPLC-PDA FHEE/7K (802 20) A. 50 mmol- L A% B. /50 mmol- L' BEER  EylR, sEHAmE, {6 (0 H [39]
Methanol/H,O (80:20)  Z#%(80:20); C. 200 mmol- L™ i Phenolic acid, Flavonols,
A. 50 mmol- L' Ammonium phosphate monobasic; Anthocyanins
B. Acetonitrile/50 mmol - L' Ammonium phosphate
monobasic(80:20); C. 200 mmol- L Phosphoric acid
HPLC-DAD FE (1% BRER AT 1% 2,6 A. 7K(0.01 mol- L' #2); B. F ¥ WY R , BRI, FEE [40]
TURUT E-4-FIEZEEY) AL Water (0.01 mol- L Phosphoric acid); B. Methanol ~ Phenolic acid, Flavonols,
Methanol (1% HCI and Anthocyanins
1% 2.6-di-tert-butyl-4-
methylphenol)
HPLC FEEC0.5% = 4R A 7K(0.05% =T LR s B. ZJE(0.05% =M L) YRR , BT L, 16 (1 [30]
LC/MS-QTOF  Methanol (0.5%TFA) A. Water (0.05% TFA); B. Acetonitrile (0.05% TFA) Phenolic acid, Flavonols,
Anthocyanins
HPLC-DAD F/7K (50:50) A, E 27K (2 mol - L' B2 1A 15 pH J92.3):B. ZJiff Ty I, $ AR, 35 e I, FE [21]
Methanol/H,O(50:50)  A. Nanopure water adjustedto pH 2.3 with 2 Phenolic acid, Flavonols,
mol-L" HCI; B. Acetonitrile Flavanols, Anthocyanins
HPLC-DAD HIEE/ 2 (955) A. 5% W B. VIR, TR T, S el , 76 (0T [28]
TLC-UV Methanol /formic acid A. 5% Formic acid; B. Methanol Phenolic acid, Flavonols,
(95:5) Flavanols, Anthocyanins
HPLC-DAD A.7K(2 mol- L") B. ZJi§(2 mol- L' I iR) TR, o AT, 0 BEl 46 (ot [41]
A. Water(2 mol- L'formic acid); B. Acetonitrile Phenolic acid, Flavonols,
(2 mol- L formic acid) Flavanols, Anthocyanins
HPLC-DAD FRE (1% 2,6- U T AL K(1% HR) B, LJiE WS , B HR Y , FE A TF [42]
-4- HEREY AN 3% A, Water (1% Formic acid); B. Acetonitrile Phenolic acid, Flavonols,
) Anthocyanins
Methanol(1% 2,6-di-tert-
butyl-4-methylphenol
and 3% formic acid)
HPLC-DAD PR/ £.1(99.5:0.5) A IKQ2% HR);B. LI AT , B, S e [43]
Methanol/acetic acid A. Water (2% Formic acid); B. Acetonitrile Phenolic acid, Flavonols,
(99.5:0.5) Flavanols
HPLC-DAD FHEE/7K (70:30) A, K/FER (1000:0.05); B. FEE IR , TR T , S he s, 16 (T [34]
HPLC-MS Methanol/water(70:30)  A. Water/formic acid (1 000:0.05); B. Methanol Phenolic acid, Flavonols,
Flavanols, Anthocyanins
HPLC-DAD HE A. 0.05% =5 LR B. LI PR » o A L S el , 16 [44]
-FLD Methanol A. 0.05% TFA; B. Acetonitrile Phenolic acid, Flavonols,
HPLC-DAD Flavanols, Anthocyanins
-MS/ESI
HPLC-DAD B A. 0.05% =3 ZF2 :B. ZJNf Py , SR , BObEI  TE T [36]
-FLD Methanol A. 0.05% TFA; B. Acetonitrile Phenolic acid, Flavonols,
Flavanols, Anthocyanins
GC-MS/MS HEE / 7K 80:20) IR » o AR L el , 16 (o [45]
Methanol/H,O(80:20) Phenolic acid, Flavonols,
Flavanols, Anthocyanins
HPLC-DAD A B ZFRK(10:2:88) B, HIEE/ LFR/K(90:2:8) R, s AEE , 5 e [46]
A. Methanol/acetic acid/water (10:2:88); B. Methanol/ Phenolic acid, Flavonols,
acetic acid/water (90:2:8) Flavanols
HPLC-UV i A KQ% L) ;B. LK (701300 ToriR , BRI , B e e [47]
Methanol A. Water (2% acetic acid); B. Acetonitrile/water (70:30) Phenolic acid, Flavonols, Flavanols
UPLC-DAD PIBi/ZK (70:30) A. K/H(99.95:0.05): B. HIfE TR » o M, B e [48]
UPLC-MS/MS  Acetone/H,O (70:30) A. Water/formic acid (99.95:0.05); B. Methanol Phenolic acid, Flavonols, Flavanols
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Table 3 Concentrations of main phenolic compounds in

plum fruit
ESil E’ﬁ%‘é%[ﬁ%% wing: ke')
Class Phenolic compound names
TR B4R Neochlorogenic acid ~ 0~985.6
Phenolic acid £ R Chorogenic acid 0~57.2
a4 R ER Coumaroylquinic acid ~ 0~151.6
W Flavonols 7T Rutin 0~119.4
161 Anthocyanins  RZE44 3 3 & 1T 0~730
Cyanidin 3-glucoside
REBGR3-EHNY 0~2 610
Cyanidin 3-rutinoside
5 JER% Flavanols JL#% % Catechin 0~224.7
% )LZK & Epicatechin 0~97.1
Ji#£7 % Bl Procyanidin BI ~ 22.5~328.6
JR4£35 % B2 Procyanidin B2 7.6~101.8

Jin; “Black Beaut” I R 28\ AE 75 1 28 | B - 3- I Al
T B A 0T A SR RORT SR A R i o R S )
BENET; Venter ZECIXT 10 AN2= 5 A (RO BFFL R I, 2K
R R-I-HE AR ERR-3-EFHWET & EhE
H RS T, T A S R R
(‘PRO4-35"BR41), RILHER LR R JRAET & Bl
FFEAETE 2 B2 & & E KB b (R Hh Bl A sk
BT B AR . Gonzalez S5 5T T 4 A2 i Fh 4 A
ASTRVISE BA M R4 o 75 = R I, AE T T R & = b
LS A S R AN IR A R AR S I, SRR R
W5 B B A R RN SR A Hh B E R AR S S v

2 RS SRR AR

2.1 ImELFmAE
1y 49 i e — e A7 7R T AE A 1 S AR )
AR, BA EhUE AL RE 1R BRI BREE T, AT
DA 471 57 335 14 A= A A S B PR AN b e Ak
PERVE PS4 A RSP AR 1 S B
T E A &Y, Fu s ) 62 FhK FEmy & &
PUEALRE J13EAT T B, 2R R s b i iy & AR 2R
84, PUAMBE THEAE B 6 00 7EXT A Bl oA 2= L s g
B[R B EiE10 g kg (T E) , #ILEER
AR ILAEREETIRER 77 5 34.7%H1 28.6%]
(AR Z T AT T 98 R B, SR B R A R4 il e
A A A0 A2 K O 28 21 i Hep G2 < 1 Je 4011 i Kato 111
B HUE AT HeLa AIMYE 40 B U937 , 3 I R
SR A AR P B, SR A ORI R L
A5 F A PN N & IR 9T R T RE 1R T R 25 P

JE, Noratto %55 21 A 2% ‘ Black Splendor” 4 5k
RV PR AL 2 T T Bk 206 9T R F BB 4 84T T
S8 I [ 1853 R 20 i 3R 35 B B AR AR
FH 3 B AN R AL T 3R 2 0 L B AN A8 1 8
VIR EAH % Lea S W FUABIESE 71X — 4554, [
B R I e Iy 6 P P [ 2850 BB 108 Y 2 )36 I 4
tLfE 1. MRH ‘Queen Garnet’” ({67 2 & & BT
AABE D Z R D R ER Ca By S EURIAR I R 7E
A bR D HEME R I N 3 6%, IR P AL RE 13
T TR I AR A R 38 s A A s 750D itk B PR
W 78 % B 4= SR Sy S5 i T LA 5] i Caco-2 25 W o
S A Hh B Bl R N M 0 3 00, T AE NCM460
HT29 F1 SW1116 £ Ji7 9 240 v 3% A5 38 n , {H =2 , 78
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