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Abstract

Abstract

In order to screen and exploit vegetable tannins which have important
properties in practical application, convenient and reliable methods are
required to determine vegetable tannins structure. In the present study, we
have studied the following several aspects on the chemical structure and
antioxidant activity of vegetable tannins from several plants in south China:

1. The effect of different reaction conditions on cyanidin from degradation of
proanthocyanidin extracted from Bruguiera gymnorrhiza calyces and side
products were studied by high performance liquid chromatography-diode array
detector (HPLC-DAD) for the first time. The cyanidin and corresponding side
product formed during butanol/HCI hydrolysis were separated and quantified
by HPLC-DAD. The degradation products of proanthocyanidin were effect
greatly by water content of reaction solvents. The yield of cyanidin increased
with the increasing the water content (from 5% to 15%) of reaction solvents,
but the yield of side products declined. The yield of cyanidin and side products
decreased with the increasing the water content when the water content was
above 15%. However, there is no great effect of proanthocyanidin
concentration and reaction time on the yield of cyanidin and side products.
HPLC-DAD is a powerful method for the analysis of the content and structure
unit of proanthocyanidin.

2. Types of structural units, degree of polymerization and the mean
molecular weight of proanthocyanidin extracted from B. gymnorrhiza calyx
were characterized by matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry (MALDI-TOF MS). Crude cyanidin products were prepared
from proanthocyanidin of B. gymnorrhiza by means of butanol/HCI reaction for
the first time. In addition, the effects of crude cyanidin products on free
radical-scavenging and antioxidant activity were determined by using

1,1-diphenyl-2-picryhydrazyl radical (DPPH-) scavenging activity and ferric

v



Abstract

reducing/antioxidant power (FRAP) model systems. Catechin/epicatechin
(procyanidin) was the basic unit occurring in procyanidin of B. gymnorrhiza.
The average degree of polymerization was 7.5, and mean molecular mass was
2081.60. Crude cyanidin products showed a very good DPPH radical
scavenging activity (ICso, the half-inhibition concentration was 43.89 ug/L) and
ferric reducing/antioxidant power (7.72 mmol AAE/g). A new method for
preparing cyanidin and anthocyanidin from easily available proanthocyanidin
by means of butanol/HCI reaction was established.

3. Tannins from Prunus salicina, Syzygium cuminic and Canarium album
were charactered using MALDI-TOF MS combined with NMR and HPLC
analysis for the first time. (1) The content of total phenolics and extractable
condensed tannins in P. salicina fruit were 82.89 + 13.12 mg/g and 14.31 +
9.27 mg/g respectively. Epicatechin was the basic units occurring in P. salicina
fruit condensed tannins, A-type and B-type linkage were most commonly
between the structural units of polymers. The average degree of
polymerization (DP) of condensed tannins was 5.3, and the mean molecular
weight was 1583.7. The effects of tannins from P. salicina fruit on free
radical-scavenging were determined by DPPH radical scavenging activity and
the 1Csp value was 57.98 pg/mL. (2) Hydrolysable tannins in S. cuminic fruit
stone were indentified as ellagitannins that were composed of gallic acid and
ellagic acid, linked to a sugar moiety. Condensed tannins in S. cuminic fruit
skin were identified as B-type oligomers of epiafzelechin (propelargonidin) with
a degree of polymerization up to eleven. The antioxidant activity, measured by
two vitro models: DPPH radical scavenging activity and ferric
reducing/antioxidant power. Tannins extracted from S. cumini fruit showed a
very good DPPH radical scavenging activity and ferric reducing/antioxidant
power. The results indicate promising the fruit of S. cumini for the utilization as
significant source of natural antioxidant. (3) The predominance of signals
representative  of procyanidins and prodelphinidins  with  2,3-cis
stereochemistry of condensed tannins was determined in the stem bark of C.

v



Abstract

album. In addition, epicatechin and epigallocatechin polymers with galloylated
procyanidin or prodelphinidin were also observed. The average DP and the
average molecular weight were 5.3 and 1578.25, respectively. The
MALDI-TOF MS, NMR and HPLC provide the rapid and ideal method for
characterization of polydispersed vegetable tannins. Tannins extracted from
leaves, twigs and stem bark all showed very good DPPH radical scavenging
activity (ICsp of 56.86, 62.31 and 54.80 ug/mL) and ferric reducing power (4.28,
3.74 and 4.49 mmol AAE/g dried tannins).

Keywords: Bruguiera gymnorrhiza; Canarium album; Syzygium cuminic;

MALDI-TOF MS; NMR; HPLC; Condensed tannins; Antioxidant activity

VI



B X
BB T B T B oo |
N T e |
Ly v OO IV
BE BT I B oottt 1
11 BB TR TR e 1
(I I e L R R T e T o 1
1.2 BT A ZE RN ME <o, 4
1.1.3 MY T IR 2P S e, 6
144 R T HIET coeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeneean, 6
1,141 BUPAEBE RN o, 7
1.1.4.2 B AL I oo 7
1.1.4.3 B e H KA PR (o 8
1.1.4.4 SR ARG BT TR (o, 8
1.1.4.5 KR T FRAR PR (oo, 9
1.2 B T oo 10
1.3 Y TR T e 15
1.3.1 FE TR B ARG IIHT oo 16
1.3.2 BBIHRIEE CPC NMR) MY T G50 e, 17
1.3.3 JFUER AR DA BT LR oo 18
1.3.3.1 HHY T ) MALDI-TOF TS AT 57 e 19
1.3.3.2 fHA 57 MALDI-TOF i BB 0 AT o 20
1.3.3.3 fHM T /E MALDI R P 24 720 21
1.4 EYMRETHMELEEREMETE 22
1.4.10 R T IR AT o 22
1.4.2 FrAAITTPE T TE 72 v 24
1 B TR S B E R R T e 25
1.5.1 B T R ST E T R e 25

i



1.5.2 ARV IHTTTVEIIIEFE oo, 26

1.6 FFRMAERAREELE ..o oo 27
181 TETEPIZE coeeeeeee e, 27
1.8.2 FEARBEZE oo 28
$£_& HPLC-DAD il s> #h/mtt B RIEMHI KB4 ... 30
R B 5 OO 30
201 ALBE IR oo 30
2.1.2 OFEFUTEZAE oo 30
2103 BERRTAEIE .ooooie e 31
2 T T I N i == . S EUURRR 31

2.1.3.2 RIRIFEFREESZI oo 31

2.1.3.3 A S TAVSZI oo 31

2.2 BERETTIE oo, 31
2.2.1 BRI HPLC BRI HT oo 31
2.2.2 N KB P HPLC-DAD 23 HT o 33
2.2.3 LC-MS 3 HTE4EE <o 35

2 B N e, 36
FEE AHNEERELERFEELETEREMENMEN 37
O T = TR 37
31 AL BRFUFIRER oo 37
B2 S TTT oo 38
3.1.2.1 MALDI-TOF JBHE T3 HT .o 38

3.1.2. 2 BRAAIEAL IV oot 38

3.1.2.3 HPLC 3 M BRAREEALT M v 38

3.1.2.4 DPPH H HEEBRAE TTMIIE o 38

3.1.2.5 FRAP VI E HUAEALAETT oo 38

3.2 BEREITIE oo, 39
3.2.1 AL F A6 (0 2 ) MALDI-TOF JFRAE 3 HT oo 39
3.2.2 RAAFALT M HPLC BT 0T oo 40

ii



3.2.3 DPPH H HIFEEFRAE ST GE e 42
3.2.4 FRAP HMEE TTIUTE oo 43

BB N e 43
ME JLAENETENRERE N 45
A TEIEEBSY oo, 46
B N v 1S 1 e RO 46
B2 TERTTVE oot 46
41210 B P IREUG AAY oo, 46
4.1.2.2 FEFEBUIEIEE oo, 47
4.1.2.3 BB BIIMITE ©ooovoeeeeeeeeeeeeeee e, 47

4124 WA BT S REIIE oo 47

4.1.2.5 Fir T IR 3C NMR AT o, 47

4.1.2.6 MALDI-TOF T3 20T covevoveeee e, 48

O B A A R 48

4.1.2.8 DPPH-VEMIE F FIFEIEBRAE T oo, 48

4.1.2.9 FRAP IEIENTEALAE T cooeeeeeeeeeeeeeeeeeeeeeeeee, 49
4.1.2.10 BRI BEFIGETE oo, 49

B B G I e, 49
4.2 RN G LBV ARE ] e 49
VN B IS N B e SR e = SR 49

4.2.1.2 i BT TR BC NMBR AT o 49

4.2.1.3 44 5T 1 MALDI-TOF JTHE 0T v 51

4214 GE T I EBRERERER o, 54

4.2.2 WP MR R S B SR RATUERALBE ST o 55
4.2.2.1 FF IR PC NMR ZHT e 55

4.2.2.2 517 [1) MALDI-TOF BT 73BT o 56

4.2.2.3 BFAC T FEIRT 3T oo 61

4.2.2.4 B B HEEEBRAEJJIIE o 62

4.2.2.5 g RHTEEALBE ST ©ooeeeeeeee e 64

il



4.2.3 R B 2 G K R A BE T e 64

4,23 M TR T R oo, 64

4.2.3.2 BT IR BC NMR 23T oo, 65

4.2.3.3 I MALDI-TOF JTEE T oo 66

4.2 3.4 R KB T T 0T e, 71

4.2.35 R T E EFEEBRVER e, 72

4.2.3.6 B T TR BE T oo 73

A N e, 74
R BE T B oo 76
B B S oo, 76

B2 BB 77
o ) T 78
HEA B A FRBISLEFAFRITBIZZIN oo, 11
B T oo 112



CONTENT

CONTENT
ADDIreVviations ..o |
Abstract (iN ChINESE).........ccviiiieieee s I
Abstract (in ENglish) ..o, \Y;
Chapter 1. IntroducCtion ..o 1
1.1 Introduction to vegetable tannins ....................ccccccco 1
1.1.1 Vegetable tannins and their classification...................ccccccunnnes 1
1.1.2 The chemical properties of vegetable tannins ........................... 4
1.1.3 Extraction, separation and purification of vegetable tannins....... 6
1.1.4 Applications of vegetable tannins ................cccciiiii e, 6
1.1.4.1 Application in the medicion...........ccccceiiiiii i 7
1.1.4.2 Application in the food .............ceeeiiiiiii i, 7
1.1.4.3 Application in the daily chemical products.......................... 8
1.1.4.4 Application in the synthetic material ...............ccccccceeeeei 8

1.1.4.5 Study on the application of tannin degradation products...9
1.2 Quantitative analysis method of vegetable tannins..................... 10
1.3 Structure analysis of vegetable tannins ........................................ 15

1.3.1 Assays based on the chromatographic separation technology.16

1.3.2 "*C NMR analysis of vegetable tannins ..............c.ccccccovveuenn... 17
1.3.3 Mass spectrometry analysis of vegetable tannins ................... 18
1.3.3.1 MALDI-TOF MS of vegetable tannins...............cccccoeennnns 19
1.3.3.2 MALDI-TOF mass spectrum of vegetable tannins........... 20
1.3.3.3 Fragmentation of tannins in MALDI ..............cccccciiiinnnns 21

1.4 Antioxidant activity of vegetable tannins and analytical methods

................................................................................................................ 22
1.4.1 Antioxidant activities of vegetable tannins ............cccccccceeeeee. 22
1.4.2 Determination method of antioxidant activity ...............ccccc.ee.. 24

1.5 Studies on structure-activity relationships of vegetable tannins



CONTENT

................................................................................................................ 25
1.5.1 Structure-activity relationships of vegetable tannins................. 25
1.5.2 ChoiCe Of @SSAY .....uuiiiiiiiiiieeece e 26

1.6 Contents and the flow chart of this study .................................... 27
1.6.1 COoNtENES ..o 27
1.6.2The flow Chart.............uuuiiiiiii e 28

Chapter 2. Analysis Of products of degradaon and side reactions of

proanthocyanidin by high performance liquid chromatography- diode array

AEEECHION ... 30
21 Experimental ... 30
2.1.1 Instrument and reagents...........cccciiiiiiiiii 30
2.1.2 HPLC and ESI/MS analysis..........cccciiiiiiiiiiiiiiiicice e 30
2.1.3 Pranthocyanidin preparation .............ccceeveeiiiiiiiiee e 31
2.1.3.1 Effect of water content............cccccoviiiiiiiii 31

2.1.3.2 Effect of proanthocyanidin content .................ccceviiiininnes 31

2.1.3.3 Effect of treatment time ............ccccoiiiii 31

2.2 Results and DiSCUSSION .............oooooiiiiiiiiii, 31
2.2.1 Degradation products analysis ...........cccceevviiviiiiiiii e 31
2.2.2 HPLC-DAD analysis degradation products ...........cceeuuueeeeeeeeeeeeennnnnns 33
2.2.3 LC-MS @nalySiS.......ceuuuuiiieieeeeeeeeie e 35

2.3 CONCIUSIONS ... 36

Chapter 3. Preparation and antioxidant activity of cyanidin from

proanthocyanidin extracted from Bruguiera gymnorrhiza calyx

....................................................................................................................... 37
3.1 Experimental................oooiiiiiiii 37
3.1.1  Instrument, reagents and sample preparation...................... 37

3.1.2 Experimental methods...........ooooiiiiiiii e 38

3.1.2.1 MALDI-TOF MS analysiS.......cccccueeiiiereiiieeeiiee e 38

vi



CONTENT

3.1.2.2 Butanol-HCl @ssay..........ccouvvuiiiiiieeeeeeeecceee e 38

3.1.2.3 HPLC @nalysis........cccuviiiiiiiiiiiiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeeeeeee 38

3.1.2.4 Scavenging of DPPH radical............ccccvceiiiiieiiii, 38

3125 FRAP @SS@Y ...coeiiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 38

3.2 Results and DiSCUSSION ...........ccooooiiiiiiiiiii e 39
3.2.1 MALDI-TOF MS analyses proanthocyanidin..........cccccceeeveeieeen.. 39
3.2.2 HPLC chromatograms of degradation products........................ 40
3.2.3 Scavenging of DPPH radical ..., 42
3.2.4 Ferric reducing antioxidant poOwer ...........ccccccciiiiiniiiiiineeeeennn, 43

3.3 CONCIUSIONS ... 43

Chapter 4. Characterization and antioxidative properties of several

Plant tanNNINS ... 45
41 Experimental ... 46
4.1.1 Instrument, reagents and sample preparation .......................... 46
4.1.2 Experimental methodsS.........cccoooeveeiiiiiiiiie e 46
4.1.2.1 Isolation and purification of tannins ................cccccccceee. 46

4.1.2.2 Sample preparation.........ccccoeevviieeiiiiiiieeeeee e, 47

4.1.2.3 Determination of total phenolics ...........cccooeiiiiiiiiiiinnn.n. 47

4.1.2.4 Determination of extractable condensed tannins............. 47

4.1.2.5 Solution ">C NMR SPectroSCOPY ........ccooveeeeeeeeeeeeerrennn. 47

4.1.2.6 MALDI-TOF MS @nalysSiS.......cceeerveraiieieiiieeeiieeesiiee e 48

4.1.2.7 Hydrolysis of the tannins ..............ccccccciiiiiiiiiiiiiiiiis 48

4.1.2.8 Scavenging of DPPH radical.............cccoooooeiiiiiiiiiieee. 48

4.1.2.9 Ferric reducing/antioxidant power (FRAP) assay ............ 49
4.1.2.10 Statistical analysiS.........ccooeeiiiiiiiiiiiiiiieee 49

4.2 Results and DiscussSion .............cccccceviiiiiiiiiiiii 49

4.2.1.1 Content of total phenolics and extractable condensed

vii



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

