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Resear ch progress on plant polyphenols
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ABSTRACT: Polyphenols with complex structures are a class of plant secondary metabolites and have antioxidative,
antiviral, anti-inflammatory and antibacterial activities. Polyphenols derived from natural source have already
become a research priority in food industry and researches are focused on the preparation, isolation, purification,
structure identification and bioactivity of polyphenols. On the basis of literature analysis of plant polyphenols, this
article summarized the researches of extraction, separation and purification methods, focusing on the content
determination of these compounds, monophenol identification and antimicrobial activities. Moreover, the future
development tendencies of plant polyphenols are proposed, so as to provide reference and ideas on application of
plant polyphenols in food industry.

KEY WORDS: plant polyphenols; separation and purification; component identification; antibacterial activity

=
L
illf3

(1]

HE&WAE: (6154023) (ZBZXKFKT201504)

Fund: Supported by the Natural Science Foundation of Beijing (6154023) and Beijing Research Center for Agricultural Standards and Testing
Open Foundation (ZBZXKFKT201504)

*BIAES: , , , E-mail: fengxiaoyuan2014@]126.com

*Corresponding author: FENG Xiao-Yuan, Professor, Beijing Research Center for Agricultural Standards and Testing, Room 703, Block A, Beijing
Agricultural Building, No.11 Middle Road of Shuguang Garden, Haidian District, Beijing 100097, China. E-mail: fengxiaoyuan2014@126.com



440 7

[18]
[2]’ _ ,
[3.4]
[5.6]
[7,8]’ [9] ,
[10]
[19,20]
s CIS
_ [21,22]
Xi & AB-8 ,
Kim ¥ HP-20 SP-850 XAD-7HP
XAD-2 4 ,
2 ENMEEHHEE HP-20 _ ,
92%
[25]
[11,12] ,
Mustapa (31
CO,(SPE 4 ’ ’ ’
o ) 261 Capriottia 7]
s Deng ’
[14]
; © 4 HEYZImBIRS S
[15] s s >
Maier U9
41 EINDANREE
[17]
260~330 nm
, I (300~400 nm) II
3 EYBBHES B ( )

(240~280 nm)

> s



1 : 441

[15]

42 &% ’ ) ’
42.1 HHORA &% (high performance liquid chromatography,

HPLC)

Wojdylo 3¢ -
1 (LC-PDA-QTOF/MS)
HPLC HPLC , , 41 , 14
Cis , 3- 11 5 10
1 Liu B7
(HPLC-ESI-MS?)

s

(HPLC-Q-TOF-MS?)
[38]

423 HibEigs ik

HPLC

(high-speed  counter-current

, HPLC
chromatography, HSCCC) Itol*”]
20 70
422 RIEEAEAR
HPLC , , ,
, HSCCC
(liquid chromatography-mass spectrometry, LC-MS) >
, HSCCC

s

F1 AEMEZEK S HPLC SEHEM &4
Tablel Conditionsof HPLC for detection of different kinds of polyphenol content

C mL/min
A B
0.1%
Cis 40 0.8 360 [28]
Cis - 1 280 [29]
2%
Cig - 1 287/340 [30]
0.05%
Cis 40 3 254/280/320 [31]
0.25%
Cis ’ : (85:15,V:V) 30 0.4/0.6 280 [32]
5-0O-
0.1%
Cis - 1 291 [33]
0.1%
Cis 30 1 280 [34]

TFA




442
Sutherland ~ 1”
HSCCC
Jiang U
HSCCC 5 s
(V:V:V=3:5:3:5)
(V:V:V=7:3:10)2
[42]
5 s 20 kV
25 C 200 nm ,
14 min
5 EYZEHmeIEER
[11,27,43]
[44]
[45] 3.
: 3
-3- -3- -3-
[46,47]
[48]
Pani ¥ 29
1.5 mmol/L 1.0 mmol/L
70%
B1 [50]

(1

[2]

[3]

(4]

[3]

[6]

(7]

(8]

[9]

[10]

6 B 2
= () ;
;)
E)) ,
S0k

Liu RH. Health benefits of fruit and vegetables are from additive and
synergistic combinations of phytochemicals [J]. Am J Clin Nutr, 2003,
78(3): 517-520.

Lapornik B, Prosek M, Wondra AG. Comparison of extracts prepared from
plant by-products using different solvents and extraction time [J]. J Food
Eng, 2005, 71(2): 214-222.

Rajha HN, Louka N, Darra NE, et al. Multiple response optimization of
high temperature, low time aqueous extraction process of phenolic
compounds from grape byproducts [J]. Food Nutr Sci, 2014, 5(5):
351-360.

Naczk M, Shahidi F. Phenolics in cereals, fruits and vegetables:
occurrence, extraction and analysis [J]. J Pharm Biomed, 2006, 41(5):
1523-1542.

Seiquera I, Ruedab A, Olalla M. Assessing the bioavailability of
polyphenols and antioxidant properties of extra virgin argan oil by
simulated digestion and Caco-2 cell assays. comparative study with extra
virgin olive oil [J]. Food Chem, 2015, 188: 496-503.

Kacem M, KacemImen, Simon G, et al. Phytochemicals and biological
activities of Ruta chalepensis L. growing in Tunisia [J]. Food Bio Sci,
2015, 12: 73-78.

Roopchand DE, Kuhn P, Rojo LE, et al. Lueberry polyphenol-enriched
soybean flour reduces hyperglycemia, body weight gain and serum
cholesterol in mice [J]. Pharmacol Res, 2013, 68: 59-67.

Ramchoun M, Harnafi H, Alem C, et al. Hypolipidemic and antioxidant
effect of polyphenol-rich extracts from Moroccan thyme varieties [J].
e-SPEN J, 2012, 7: 119-124.

Usenik V, Fajt N, Mikulic PM, et al. Sweet cherry pomological and
biochemical characteristics influenced by rootstock [J]. J Agric Food
Chem, 2010, 58: 4928-4933.

Serra AT, Duarte RO, Bronze MR, et al. Identification of bioactive
response in traditional cherries from Portugal [J]. Food Chem, 2011, 125:



443

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[20]

[21]

[22]

[23]

[24]

[25]

318-325.
Wang LJ, Weller CL. Recent advances in extraction of nutraceuticals
from .plants [J]. Trends Food Sci Technol, 2006, 17(6): 300-312.
Meneses MA, Caputo G, Scognamiglio M, et al. Antioxidant phenolic
compounds recovery from Mangiferaindica L. by-products by supercritical
antisolvent extraction [J]. J Food Eng, 2015, 163: 45-53.
Mustapa AN, Martin A, Mato RB, et al. Extraction of phytocompounds
from the medicinal plant Clinacanthus nutans Lindau by
microwave-assisted extraction and supercritical carbon dioxide extraction
[J]. Ind Crop Prod, 2015, 74: 83-94.
Deng Y, Zhao YY, Zakour OP, et al. Polyphenols, antioxidant and
antimicrobial activities of leaf and bark extracts of Solidago canadensis L
[J]. Ind Crop Prod, 2015, 74: 803—809.
XiJ, Shen D, Li 'Y, et al. Comparison of in vitro antioxidant activities and
bioactive components of green tea extracts by different extraction methods
[J]. Int J Pharm, 2011, 408: 97-101.
Maier T, Goeppert A, Kammerer DR, et al. Optimization of a process for
enzyme-assisted pigment extraction from grape(Vitisvinifera L) pomace
[J]. Eur Food Res Technol, 2008, 227(1): 267-275.
[J1. ,2013,21: 288-294.
Dong YT, Yang YF, Ni H, et al. Enzymatic cell wall disruption process
improves antioxidant activity and polyphenol content of camellia pollen
extracts [J]. Trans Chin Society Agric Eng, 2013, 21: 288-294.
[D].
,2014.
Su DX. Preparation and structure identification of Litchi pulp polyphenols
and research on the mechanism of their hypolipidemic effect [D]. Wuhan:
Huazhong Agricultural University, 2014.
Sojka BM, Guyot S, Kolodziejczyk K, et al. Composition and properties

of purified phenolics preparations obtained from an extract of industrial

blackcurrant (Ribesnigrum L.) pomace [J]. J Hort Sci Biotechnol, 2009, 84:

100-106.
Michalkiewicz A, Biesaga M, Pyrzynska K. Solid-phase extraction
procedure for determination of phenolic acids and some flavonols in honey
[J]. J Chromatogr A, 2008, 1187(1-2): 18-24.
Liu Q, Cai W, Shao X. Determination of seven polyphenols in water by
high performance liquid chromatography combined with preconcentration
[J]. Talanta, 2008, 77(2): 679-683.
, , s [J1.
,2013, 11: 1501-1507.
Chen L, Li YM, Chen KX, et al. Research progress in extraction and
isolation of plant polyphenols [J]. Chin Trad Herb Drugs, 2013, 11:
1501-1507.
Xi LS, Mu TH, Sun HN. Preparative purification of polyphenols from
sweet potato (Ipomoea batatas L.) leaves by AB-8 macroporous resins [J].
Food Chem, 2015, 172: 166—174.
Kima J, Yoona M, Yang H, et al. Enrichment and purification of marine
polyphenol phlorotannins using macroporous adsorption resins [J]. Food
Chem, 2014, 162: 135-162.
Miilek M, Hogger P. Highly sensitive analysis of polyphenols and their
metabolites in human blood cells using dispersive SPE extraction and

LC-MS/MS [J]. Anal Bioanal Chem, 2015, 407: 1885-1899.

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

» > . [J].
,2014, 16: 290-292.

He JN, Cao D, Shi SJ. Study on solid phase extraction in the purification
of apple polyphenol [J]. Sci Tech Food Ind, 2014, 16: 290-292.
Capriottia AL, Cavalierea C, Crescenzi C, et al. Comparison of extraction
methods for the identification and quantification of polyphenols in virgin
olive oil by ultra-HPLC-QToF mass spectrometry [J]. Food Chem, 2014,
158: 392-400.
Antoniolli A, Fontana AR, Piccoli P, et al. Characterization of polyphenols
and evaluation of antioxidant capacity in grape pomace of the cv. Malbec
[J]. Food Chem, 2015, 178: 172-178.
Mokhtara M, Soukup J, Donato P, et al. Determination of the polyphenolic
content of a Capsicum annuum L. extract by liquid chromatography
coupled to photodiode array and mass spectrometry detection and
evaluation of its biological activity [J]. J Sep Sci, 2015, 38(2): 171-178.
Khallouki F, Haubner R, Ricarte I, et al. Identification of polyphenolic
compounds in the flesh of Argan (Morocco) fruits [J]. Food Chem, 2015,
179: 191-198.
Karar MGE, Pletzer D, Jaiswal R, et al. Identification, characterization,
isolation and activity against Escherichia Coli of quince (Cydonia oblonga)
fruit polyphenols [J]. Food Res Int, 2014, 65: 121-129.
Sojka M, Kotodziejezyk K, Milala J, et al. Composition and properties of
the polyphenolic extracts obtained from industrial plum pomaces [J]. J
Funct Food, 2015, 12: 168—178.

[J1. ,2013, (9): 2275-2278.
Zhang QF, Zhang HY, Shangguan XC, et al. Quantitative analysis of five
polyphenols in Rhizoma smilacis Glabrae by HPLC [J]. Mod Food Sci
Technol, 2013, (9): 2275-2278.

5 s s , . HPLC

[J]. ,2013, 13: 276-279.
Ouyang L, Wang ZY, Liu R, et al. Study on separation and identification
scotch pine bark polyphenols with HPLC method [J]. Sci Technol Food
Ind, 2013, 13: 276-279.
UHPLC/QTOF-MS [J]. ,2014, 36(11): 2345-2349.
Xia W, Gilijiamali ABS, Pan C, et al. Identification of flavonoids from
Chimonanthus praecox (L.)Link by UHPLC/QTOF-MS [J]. Chin Tradit
Pat Med, 2014, 36(11): 2345-2349.
Wojdyto A, Nowicka P, Laskowski P, et al. Evaluation of sour cherry
(Prunuscerasus L.) fruits for their polyphenol content, antioxidant
properties, and nutritional components [J]. Agric Food Chem, 2014, 62:
12332-12345.
Liu Y, Ma SS, Ibrahim SA, et al. Identification and antioxidant properties
of polyphenols in lotus seed epicarp at different ripening stages [J]. Food
Chem, 2015, 185: 159-164.

, , . HPLC-Q-TOF-MS-MS

[J]. ,2015, 36(2): 101-104.

Li CC, Lu XTJ, Tong HR. Analysis of phenolic compounds in mulberry by
high performance liquid chromatography-time of flight mass spectrometry
[J]. Food Sci, 2015, 36(2): 101-104.
Ito Y, Bowman RL. Countercurrent chromatography liquid partition

chromatography without solid support [J]. Science, 1970, 167(3916):



444

[40]

[41]

[42]

[43]

[44]

[45]

[46]

281-283.
Sutherland IA, Fisher D. Role of counter-current chromatography in the
modernisation of Chinese herbal medicines [J]. J Chromatogr A, 2009,
1216(4): 740-753.
Jiang SJ, Liu Q, Xie YA, et al. Separation of five flavonoids from tartary
buckwheat (Fagopyrumtataricum (L.) Gaertn) grains via off-line two
dimensional high-speed counter-current chromatography [J]. Food Chem,
2015, 186: 153-159.
s s , . 5
[J]. ,2014, 35(8): 129-132.
Ma XN, Shao YT, Li F, et al. Separation and determination of five kinds of
polyphenolic compounds in tea by capillary electrophoresi [J]. Food Sci,
2014, 35(8): 129-132.
Kotodziejezyk K, Sojka M, Abadias M, et al. Polyphenol composition,
antioxidant capacity, and antimicrobial activity of the extracts obtained
from industrial sour cherry pomace [J]. Ind Crops Prod, 2013, 5I:
279-288.
Zhao Y, Chen MS, Zhao ZG, et al. The antibiotic activity and mechanisms
of sugarcane (Saccharumofficinarum L.) bagasse extract against
food-borne pathogens [J]. Food Chem, 2015, 185: 112—118.
s > s [J].
,2012, 17: 405-408.
Ke CL, Wang D, Xie HW, et al. Research progress in antibacterial activity
of polyphenol compounds [J]. Sci Technol Food Ind, 2012, 17: 405-408.
Ning Y, Ling JQ, Wu CD. Synergistic effects of tea catechin
epigallocatechin gallate and antimycotics against oral Candida species [J].

Arch Oral Biol, 2015, 60(10): 1565-1570.

[47] Singh BN, Shankar S, Srivastava RK. Green tea catechin,

epigallocatechin-3-gallate (EGCG): mechanisms, perspectives and clinical

applications [J]. Biochem Pharmacol, 2011, 82(12): 1807-182.

[48] Cote J, Caillet S, Doyon G, et al. Bioactive compounds in cranberries and

their biological properties [J]. Crit Rev Food Sci, 2010, 50(7): 666—679.

[49] Pani G, Scherm B, Azara E, et al. Natural and natural-like phenolic

inhibitors of type B trichothecene in vitro production by the wheat
(Triticum sp.) pathogen Fusarium culmorum [J]. Agric Food Chem, 2014,
62: 4969-4978.

[50] Pizzolitto RP, Dambolena J, Zunino MP, et al. Activity of natural

compounds from peanut skins on Fusarium verticillioides growth and

fumonisin B1 production [J]. Ind Crop Prod, 2013, 47: 286—290.

(=Bt A3

1E& &I

£ ), it, IITRK, £EH
REMARFRBRESZ .

E-mail: jiangnan_fx@163.com

BEETT, L, ARAR, TEMRA
EAARBERESRE.
E-mail: fengxiaoyuan2014@126.com



