View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Xiamen University Institutional Repository

A gD 10384 FRS R
25 200426007 UDC

B r3
WO+ ¥ B X

RRESUIL D AR 25 4 o0 BT i SR RN
AR BT A R Y.
Tannin contents of different parts of Kandelia candel, and salinity

effect on tannin production of roots in the Jiulong River Estuary,

Fujian, China

TR Z. N @ B #H®
LA P | /) i
WICIRATHB: 20074 5 A 17 H
WA SR 2007 4E 6 A 14 H
EAETHE: 2007 A H

ERMEARER. ZRE #F
oW A BRE R TRE R

20075 6 A



https://core.ac.uk/display/41421753?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1




B TR &2 A 1 ST SR A 4 75 B
AR, SR AT I B T A BRSO, A

NEWSCEAE TS 2% [ HABAN NSRRI URR, 7E b DLWt 5
HAR ] o A NAMRIE AT R RHH H 8 30 AR R BOR R 4T

PN (44D






B TR AL SCEERUE R =

ANTER T RRET TR KRR AT ARSI AE « IR
ABLER B I 10) B 58 A T R S ML IR AL 18 S AR5 RBURT 7 i,
ABCKE A1 SCH TR R R H ) 2D 8 S Ve SCRE N R
TEREE DY, AACK AR S N BN B FEA TR R . A Bk
ALV SRR AR I G o DR ) A 18 SCHE 5 I 3 A BRLE

PN AT

1. /% C ), £ CEAR R IS AR A AT

2. AMRE C )

GEFELL FAHNAESAET VD

((EEEF H 391 ¥ H H
TINZEA EEE ¥ H H



] B L eteeuessuesssstessass st s bRt ese AR e e e AR Rt ese b e st e tees 1
ABSTRACT cuveeruereresssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssses 3
I I T3 eeevererserersssesessssssessssssssssssssssssssssessssssessssssssssssssssssssessssssesssssssssssssessssssssssnsonansasessnasss 5
11 FEHI B THER coeveeereesesuesssssssssssssessssssssssssssssssssssssssssssssssssssssssasass nsisinsssssssssssnesn 5

1.2 FEHI BT HE I covvrrrressresssssssnssssssssssssssssssssssssssssssssssssssssssssssssssssasssssssassssossssssssssesns 5

1.3 FEI BT HIEBEAE T cooerreeeereessssssssssssssssssessssessssssissssassnsissessssssssssansssensssensen 6

1.4 HEYDE T B BRBTREMIEIZR oooveereeressesssesssesssssssssssssesssassinsssasssssssssssssssssssasssaens 7

1.5 HED BT BB BT correrereesresssssssessssssssssssssissssssisssissssnsssssssssssssssssssssssssssassssens 8

1.6 HEH BT ZHLITVLER covoreresrrersesesssssssssesssinsssssssssssssssssssssssssassssssssssssssssssanssssneen 9

1.7 IRFEYI BT TTHERR covoveerereieresensissssssisssssssssssssssssssssssssssssssssssssssssssssssssssees 9

1.8 A5 SCHFFTI H HITRE X cuvrreerriernsssiossesesissiosnsssssssssassssssassssssasssessssssessssssasssassasssanes 11

2. FEBEE TTEE creeerereresesssessssssssiissssisssisessssssssasssssssssssssassssssssssassssssassssssssssassssssassssssassans 13
2.1 SZIRTTBL coveereereeeierieissess st ssssesssasssssssasssssssssssassssesssesssesssesssesssasssesssasssssssans 13
211 FEBESLIEZIP correrrreserssrsssssessessesssssssssssssssssssssessssssssssssssssssssssssssassassssss 13

2.1.2 SEIGTRT civveerrernsensensenesnsssnsensessessessassssessassessassssassassessasssssssessessassassssasss 13

2.2 SEIGTTVE ovvirerrissrsssnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssaess 14
220 FERIREETLIETE coorverreeeriessesssesssessssssssssssssssssssssssssssssssssssssnsssasssasssassses 14

2.2.1.1 FERITRER ooreeeceercesssssiesssessssssssssssesssssssassssssssssssssssssssesssassssssses 14

2.2.1.2 BEJF orrerrrensresssessssssssssesssesssess st sesss s ssesssassssassssessssesssanes 14

222 K BB FTEFRIIE coovrrerrreressssrsssassssssssssssssssssssssssssssssssssssssssssssssssssssanss 15

2.2.3 LTI TE B coveerserssssssssnsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssass 15

2.2.3.0 B EZEBHITE R cooerreeresressesssesssssessssssssssssessssssasssesssssssssssssessasssens 15

2232 ZEA B THITE R oreeerierresssesssessssssssssssssssssssssssssssssesssssssessses 15

2.2.4 BFHBLEIMIEZ ..o cerceeresseessesssessssssesssesssssssessssssssssssssssssssesssssssssssns 16

2.2.5 ZETTZIHT cevreereernsensersesesessnssnsessessessesssssssassesssssssssssssessassasssssssessessasssssssns 17



By BEIE TR coeoeeeeeeeeeeeseessssnssssssssssssssasasassssssssssssssasassssssesssssasasasassssssssssssssasassssesssssses 18

3.0 KB I T BB e e errare e 18
300 KIS AT KB E BT e 18
312 KA AFTHEE BT EET Wi 19
I8 B 7 SRR S PP PR 22

R IO N T 20 N5 @i 111 e o e i O SP 23
320 REERE TR AR e 23

3.2.1.1 BKAEARI T R — MR ER R 23
3.2.1.2 FKAER—HE T AR AR HBRERL. 23
3.2.2 AEEEE T KA HAREE L e 24
3.2.2.1 FKAFEA R ELE T B — I A BARECE 24
3.2.2.2 FKHHFER —ERE T A E IR AR e, 24
3.2.3 ARIEBETHKAFIREIE T Lo, 24
3.2.3.1 MAEA R T R — R B RRAEYER W e, 25
3.2.3.2 BKAHFER — & T AR BRI A B e, 25
324 RNFEERE T AR EZE L e, 25
3.2.4.1 FKAGFEA R B FE T [F — B AR R 25
3.2.4.2 BuitE Rl —HE T AR IRRAKZ L e 26
3.2.5 T iuiiiieeeeeeeieeeeeeeecrrrrrrrreeee e e e e e e e e e e e nnnararaaaaaeaeaeaaaas 26

33 ARFEEEE FAABRI BT E R oo 26

33IANFIEHE T KA B Z B Wi 26
3.3.1.1 KAREAFERE T E K BB EEZ K 26
3.3.1.2 FKARER —EE T ARNBHMEHERZ K. 30

332ANFAE T ARG ST E B e, 30
3.3.2.1 KAMERNFLE TR - HNEESRETEERM. ... 30
3.3.2.2 KABAER—HE TARN BN SR TEEEK...........34

3.3.3 T ittt ere e e e e eaa e e e ea e e aaaaees 38

II



3.4 75 15%EhE T KR ST BT EFER e 38
3.4.1 TE15%EhE T AKAIR S FA BB S EETZ Wi, 39
3.4.1.1 7E 15%0 B T AKHHARA R 3 A7 72 [F) — Bf B i) By 2 22 4k....39

3.4.1.2 1E 15%0# BN RKAGARA R HEAL7E A [7] e 5 ) 5 B & 2 2R 4h.39

3.4.2 TE15%0 T AKAR & BRALIAE S B T BB e 39

3.4.2.1 HKAGTE 15% 2 PARADFEIAE R — I PIM A& 5T 8 2E
OO PO U U PP S SE SR 39

3.4.2.2 FKHGEE 15%0Eh B TR FE—EALEA RN 4 & 8T E B
U S 40

I B I 17 S R SRR OPRPPUPRRPRRRt 40

3.5 FE 15% L T RKATMRB B T BB M, 41
3.5.1 7E15% b E TR BB ZE R Wi, 41

3.5.2 TE15% b T RKARMIZE S BT A ER Weeeeeeiiiiiiiiiiiiiiiiiniiaas 41

K I I 5 S RPN 42

3.6 ZEAFIEEEE FAKAIRE TAMLET BT ceeeieiniiiniiiiiitiie e 43
3.6.1 ZEAFEZEE TR THMBI A oo 43

3062 T T i eieieriiiee ettt ee et ettt eeerea e e e e e aa e e e e aa e e aeaaans 48

B B B ettt ettt et e e e e ———reaeeeeeeeeeeeaae e e e nnrraaaaaaeaannnraannnnns 49
BEFETUHR e vvvineneeriiiiuneeeeseereeneeeeeeeaeeneeeeeeesssssseeeesesnnssseeeerssesnsseseesennnnns 52
2R eeeeesie et e e e eeertree e e e e erreee e e e taree e e e nbaaeeeeenraraeeeearbaaeeeeenrraeeeaennns 58
B 3R eeeeeeeeeeennnnnnnrnnranrenrerrerararer—aaaaaraareaaeaeeaeeeteeeeeeeeeeeeeeeeeenenaannnnnnnnnns 62
B BB ittt e e et eee e e e e e ee e eeeenea e e e e e ee eeneanans 63

I






CONTENTS

AbStract(In ChineSe).............oooiiiiii e 1
Abstract(In English)...... ..o 3
Lo INtroduction. ... ..o e 5
1.1 Conception of vegetable tannins. ............o.veiiiveiitii i eieies ceeaeieiaans 5
1.2 Characteristics of vegetable tannins...............ooevuvvriiiiiniireiieiieneaieaennannn. 5
1.3 Phsiological function of vegetable tannins.............cccoeviiviriiiiieiiiiiininnannn.. 7
1.4 Factors affecting vegetable tannin synthesis..............c..oooii i, 6

1.5 Quantificational analysis of vegetable tannins... ...........c.cccoiiiiiiiiiiiiinieenn8

1.6 Observation of vegetable tannin cells..............cooiii i 9
1.7 Review of studies on tannins of Mangroves. ............covvviiieiiieiiieieeiieeieennnnns. 9
1.8 Significance of this Study.........ccoer viiiiiiii e 11
2. Materials and methods....... ... ... 13
2.1 MaterialS. ... e 13
2. 1.1 APPATALUS. ..ottt 13
2,12 RGOS ...ttt et 13

2.2 Methods. ..o e 14
2.2.1 Sample collection and culture...............oooiiiiiiiiiiiiiii e, 14
2.2.1.1 Sample ColleCtion..........ovviiieii e 14

2.2.1.2 Sample culture ......ooeoiiii 14

2.2.2 Indexs of growth of K.candel roots..............cooviiiiiiiiiiiiiiiiiies 15
2.2.3 Measurement Of tannins. ..........oouieititiit i 15

2.3.2.1 Measurement of total phenolics. ........cccccoeevvvcceiiviniininininnen 15
2.3.2.2 Measurement of condensed tannins ................cooeoeiiiiiiiiienne.. 15
2.2.4 Observation of tannin cellS........cco.ooeiuiiiiiiiiiii 16
2.2.5 SHAISTICS. . euveereieiietieieesteeieestteiee e et et et ettt e e e eaeeieeteeieenenneneneneeneena ]

3. Results and diSCUSSION..........oooonnniiiiii it e e 18

v



3.1 Changes of tannin contents in differrent parts of K.candel ......................... 18

3.1.1 Changes of total phenolics content in differrent parts of K. canddl.............. 18
3.1.2 Changes of condensed tannins in differrent parts of K. candel................. 19
313 DISCUSSION. .ttt ettt et ettt et et et et et e 22
3.2 Changes of growth indexs of roots of K. candel in different salinity.............. 23
3.2.1 Changes of ratio of roots of K. candel .....................ociiiiiinnl. 23

3.2.1.1 Changes of ratio of roots of K. candel in different salinity at same

3.2.1.2 Changes of ratio of roots of K. candel in same salinity at different
072 016 P 23
3.2.2 Changes of number of roots of K. candel in different salinity................... 24

3.2.2.1 Changes of number of roots of K. candel in different salinity at same

3.2.2.2 Changes of number of roots of K. candel in same salinity at diffe-

TENE PEIIOAS. .ottt e 24

3.2.3 Changes of biomass of roots of K. candel in different salinity.................. 24
3.2.3.1 Changes of biomass of roots of K. candel in different salinity at

S0 00 Lo 015 o oY 25
3.2.3.2 Changes of biomass of roots of K. candel in same salinity at diffe-

10531 LA 053 4 10 6 25

3.2.4 Changes of length of roots of K. candel in different salinity.................... 25

3.2.4.1 Changes of length of roots of K. candel in different salinit y at same

3.2.4.2 Changes of length of roots of K. canddl in same salinity at different
PIIOAS . ..ttt e 26
3.2.5 DISSCUSSION. ..ttt et et et et et e e et 26

3.3 Changes of tannin contents of roots of K. candel in different salinity..............26



3.3.1 Changes of total phenolics content of roots of K. candel in different salinity

3.3.1.1 Changes of total phenolics content of roots of K. candd in different

sa linity at same period...........ooeviiiiiiiiiiii i 26

3.3.1.2 Changes of total phenolics content of roots of K. candel in same sali-

nity at different periods........cccoeoviiiiiiiiiiii 30

3.3.2 Changes of condensed tainnin contents of roots of K. candel in different
STy .ot e 30
3.3.2.1 Changes of condensed tannin contents of roots of K. candel in diffe-

rent salinity at same period............oceiiiiiiiiiiiiiii i 30

3.3.2.2 Changes of condensed tannin contents of roots of K. candel in same
salinity at different periods...........ccoveviiiiiiiiii 34

3.3.3 DISSCUSSION. ...ttt ettt e et e et e e e e et et et 38
3.4 Changes of tannin contents in different parts of roots of K. candel in a salinity
OF 15%0 ..o 38
3.4.1 Changes of total phenolics content in different parts of roots of K. candel in
the salinity of 15%0......ovuvinii 39
3.4.1.1 Changes of total phenolics content in different parts of roots of K.
candel at same period in the salinity of 15%o................cooeuntl. 39

3.4.1.2 Changes of total phenolics content in same part of roots of K. candel

at different periods in the salinity of 15%o........ccccceviiniiniininicnnnnnn. 39

3.4.2 Changes of condensed tainnin contents in parts of roots of K. candel in the
SAINILY OF 159001 vveeieeiieiieeiiecteeeece e st 39
3.4.2.1 Changes of condensed tainnin contents in different parts of roots of K.
candel at same period in the salinity of 15%o...............ccooiuinl. 39

3.4.2.2 Changes of condensed tainnin contents in same part of roots of K.

candel at different periods in the salinity of 15%o........................ 40

VI



3.4.3 DISSCUSSION. ...ttt ettt ettt e et e et et ettt et et aaeaas 40
3.5 Changes of tannin contents of roots of K. candel in the salinity of 15%o......... 41

3.5.1 Changes of total phenolics content of roots of K. candel in the salinity of

3.5.3 DISSCUSSION. ..t e eeeeeeee et ettt et et et e e e e e e e 42

3.6 Distribution of tannin cells in roots of K. candel cultured in different
SALIMIEY . ..o e 43

3.6.1 Distribution of tannin cells in roots of K. candd in different salinity..........43

3.6.2 DISCUSSION. . teeuttttet ettt ettt et et 48
4. ConClUSIONS ... e 49
References ... i 52
aD I eS . 58
. N 1] 0123 £ 1 L 62
Acknowledgements .......... ... e s 63



S LT V2R R RO 75 2 B 5 B J i PSR AR B 7 PR R

] C:3

2005 FFK TR At i LBV L FVZDA AR AR ORAP X Bk (Kandelia. candel), il
SEMCOIBINE L Ry 2L 25, 26 SR, AIIRM . B B AEIL
ANHAHEE . NS R T S8 E R T B a R T E R, NAFRERE
(0%0-40%0) 35 7% N B AE KR B FRFR A Bh o 7 & AT E s HIVEAE D) 0
SRR BT T A AR P R 20 A o R B R 2D R AR A IS Y IR L, WE9T
SRR

OB LA BT B A B AT A A B 1 DA B v DO 2 P A 5 i HAT Y 25 PR A G
PE,  DAAiAl BT R bR RS 2 R 202 DA T R A b M PR sk Wy 5 52 (1) P £

(2) B RAL5y My & 5 A0 102.64+1.42~365.72+50.45 mg-g” 2 [ijykzh, H
2P SR, EM A SRR, BB e T AR B
LA Sy 25 v PT R 1T B2 ORI BE O A2 A, s e Iy 5 ] DS 31 R 7
VER . EAR B 52 2 IR A B M 2e 5. &M T & 1 i T A g,
i o At gE & T A R AR BB, Kb g S T S R Y m T
SERAE T

(3) ANFFREE TSR 60~135d, BRI AE KRN AR SR ALk iy #4056

(4) AFERETRIFR 60~135d, K& AR — AT BEES 7 N H) 15 0
JeWeEh, MEATE R EEaS, b By s S B SRR, B E W R

AT DM e Ry )5 B RV G BT B TR A 5 B T R A AL, Ho
A S R T SRR E S T E SR G T . 18 15%th R IR 75~135 d, FKiili
ARANRIFAL Y . IV VRS & BT S5 A G BT R G G BT AT AR ARAY
LA HARIAT T BRI BT 2R B

(5) 15%0#h B2 T T FR15~135 d, BKOGHR G & BEAERE IR 15~90 dsl iy & & 52 R
BrEa# (198.71+12.60~37.42+1.13 mg-g™), 157890-135 d & LT (56.47+2.76~
75.23+5.65 mg-g Do MGEA LT 5 TG O o S AR AL, S b
FEPTEREESTSENEERT .

(6) XFAN[F B BERE IR N MOMMAS N 0 A U0 1, AE AR TR, 45 RARHIA



S LT V2R R RO 75 2 B 5 B J i PSR AR B 7 PR R

[7) 6 BT PR 0 AR AR P R A A AU A B A X T AR 2R E A
i, EREENTAR R BT 4l B A VE R, BONAR B 41 I AR 2 b o A VE T i A
FE (20%0LA ) TELRERE R

KPR ZLWAEWD; Mo i AR e HhE



S LT V2R R RO 75 2 B 5 B J i PSR AR B 7 PR R

ABSTRACT

Total phenolics(TP), extractable condensed tannins (ECT), bound condensed tannins
(BCT), and total condensed tannins (TCT) contents in the different parts of Kandelia
candel (young leaves, mature leaves, old leaves, bark of stems, timber of stems, bark of
young roots, timber of young roots, bark of old roots, timber of old roots) were
determined in the Jiulong River Estuary, Fujian, China in Autumn, 2005. Seedlings of K.
candel were cultured under various saline conditions (0%o0~40%0) in greenhouse for
determining indexes of growth and tannin contents of roots and for watching distributions
of tannin cells of roots of K. candel by making parafin slice. The results showed as
follows:

1. There was a significant linear correlation between total phenolics for the two
different standards for K. candel. The results showed that about twice as much total
phenolics content when the purified tannins standard was used rather than the tannic acid
standard.

2. TP content of different parts of K. candel ranged from 102.64 £1.42 to 365.72
+50.45 mg-g" with the highest in bark of stems and the lowest in timber of stems. TP
content was higher in bark of young roots than timber of young roots. High TP content in
bark are demanded to provide defense in complex environment. Not significant difference
was found between bark and timber of old roots. TP content was higher in old leaves than
young and mature leaves. ECT and TCT contents followed the similar pattern. ECT
content was significantly higher than BCT content.

3. At different salinity culture, the growth of roots of K. candel was promoted in low
salinity and was restrained in high salinity.

4. During the period of different salinity culture (from 60 tol35 d), TP content
fluctuated with increasing salinity, with the highest TP content occurring in high salinity.
ECT and TCT contents fluctuated under different salinity conditions with a consistent

pattern. ECT contents were significantly higher than BCT contents. At culture salinity of
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