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Ahtrut-Mangrove plant le;rvcs of Avictnnio oJicinalis, Acanthus illicifolius and Bruguimo gymmrhiza, grown under 
tidal water stress, were found to biosynthcsizc higher proportions of hydrocarbons, wax esters, stcrol esters, 
triglycerides, stcrols and low-M, tcrpcnu, compared to the plants grown normally. Hydrocarbons and n-alcohols of 
wax cstcrs, with longer chain lengths were found in higher proportions in the plants grown normally. Higher 
proportions of unsaturatai n-akohols of wax esters were present in the leaves of periodically submerged plants. 
Proportions of unsaturated fatty acids of wax esters, stcrol esters and triglycerides were also higher in the submerged 
plants Sitosterol, stigmasterol and campestcrol of the stcrol esters, were higher in submerged plants, whereas 28- 
isofucostcrol was higher in normal plants. Of the fra stcrols, sitostcrol was higher in submerged plants, whereas 
stigmast-7cn-3/M and campestcrol were higher in normal plants and 28Gsofucostcrol was found only in submerged 
plants. Pentacyclic tritcrpcnoids were found only in normal plants, whereas, the submerged plants contained low-M, 
tcrpcncs in higher proportions. 

INTRODL’CllON 

Mangrove forests are important components of sub- 
tropical and tropical cstuarinc ecosystems. and form a 
natural transition between the land and the sea. Some 
mangrove plants which grow near the banks are com- 
pletely submerged at high tide, twice each day, others 
grow normally on the dcltaic ridges and are not sub- 
merged under tidal water. It was observed by Misra et 01. 
[I] that accumulation of higher proportions of hydro- 
carbons and wax esters in the leaves of the periodically 
submerged species make them tolercnt to periodic flood- 
ing. In the present communication the compositions of 
the lipid components in the leaves of three species of 
mangrove plants grown normally and under tidal water 
stress have been compared. 

RESULTS AlriD DISCUSSION 

The total lipid, hydrocarbon. wax ester, stcryl ester, 
triglyceride, stcrol and terpcnc contents of three species of 
plants (Aaicennio oficinolis L., Acanthus illicijoliw I... 
Bruguieru gymnofhito Lam.) grown normally and in 
periodically submerged condition under tidal water are 
given in Table I. The total lipids were present in higher 
proportions in submerged plant leaves, except in B. 
gymmrhizo. Hydrocarbons and wax esters in the sub 
merged plants were about three times greater than those 
in normal plants. as was observed previously [l J. The 
other constituents, i.e. steryl esters. triglycerides, sterols 
and tcrpencs were also present in higher proportions in 
the submerged plants. 

tTo whom amcqxmdcnce should be addrwcd. 

The hydrocarbon compositions of normal and sub- 
merged plants are shown in Table 2. It was found that the 
shorter chain hydrocarbons were present in higher 
proportions in the submerged plants. Some qualitative 
differences were also obsctvcd. 

The akohol compositions of the normal and 
submerged plants arc shown in Table 3. The n-alcohols 
both saturated and unsaturated. with shorter chain 
lengths were present in higher proportions in the 
submerged plants. Some qualitative differences were also 
observed. The fatty acid compositions of the wax esters 
(Tablc4) indicated that higher proportions of 
unsaturated fatty acids were present in submerged plants. 

The fatty acid compositions of the steryl cslcrs (Table 5) 
indicated that higher proportions of unsaturated fatty 
acids were present in the submerged plants. It is 
interesting to note that thcproportionsofolcicacid (18: 1) 
were higher in the normal plants of the three species. 
Regarding qualitative diITcrenas. longer chain fatty acids, 
i.e. Cl0 and Gas. were only prcrunt in submerged plants. 
The stcrol compositions of the stcryl esters (Table 6) 
indicated that sitostcrol, stigmasterol and campestcrol 
were higher in submerged plants, whmas cholesterol and 
2&isofucostcrol were higher in normal plants. Stigmast- 
7cn-3&ol was present only in submerged plants. 

The fatty acid compositions of triglycerides arc shown 
in Table 7. nK major component fatty acids were 16:O. 
18:l. 18:2and 18:3.Oftheunsaturata.i&ds,only 18:2 
was present in higher proportions in normal plants. The 
proportions of total unsaturated acids were always higher 
in submerged plants. 

The compositions of the free stcrols are shown in 
Table 8. Sitostcrol was present in higher proportions in 
submerged plants, whereas all other stcrols were higher in 
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Tabk 1. Compositions @g/g fr.wt. of lava) of to~d lipids NKI 0th lipid 
components of Ihra spa& ofkrva grown nofmdy d under tidal water 

A. 0JmMlis A. ilhcijoliiw B. gymnorNra 
Lipid --- --.. -_-- --_ 

component So N* S N S N 

ToUlli@dS 30750 14100 l2MS 6ooo 9374 132al 

HydKlCdJoIU 2820 711 1330 4&l 1803 607 

wax csIcfs 2051 646 1848 800 102-a 462 
SIcfyl a1m 13991 4399 3895 1416 1656 1554 

Triglmts 6150 5724 2424 2328 1100 1344 

Srerob 3790 1000 no 320 1200 lam 

Tm 2366 Ido0 6342 6100 3386 3tXXl 

l S, Sutxnergcd under Iidd wrta; N. normal. 

Tabk 2. Hydroarbon compoaitiom ( ‘/. told) Ottha spoh of rmngrovc 

lava grown noraully ud under Iidd w8Icr 

componcn1 

A. opicfdis A. rrlkifolhu B. gyrrmorhiza 
~- 

Se N* S N S N 

16:O 

l7:O 

l8:O 
l9:O 

20:o 

2l:O 

22:0 

23:0 

24-anIeiso 

2ciso 

24:0 

2s:o 

2brnIeiso 

26iso 

26:0 

27-anreiso 

27:0 

28-anIeiso 

2%iso 

28:0 

&nIciso 

29:o 

3cGo 

30:o 

3l-anIcis0 

31 :o 

32:0 

33-mteiso 

33:o 

34:o 
3s:o 

36:o 

37:o 
38:0 

6.7 
- 

121 

3.8 
- 

27 
- 
- 
0.4 

20 

3.3 

4.6 
- 

14.6 
- 
3.4 
- 

0.8 

IS.4 
- 

28 

0.2 

16.6 
- 

I.1 

5.3 

1.6 

2.6 
- 

- 

4.8 
- 

5.0 

0.4 

5.0 

0.3 

22 

0.9 
- 

- 

24 

3.3 

- 

3.2 
0.3 

6.0 

0.1 
- 

22 

22 

6.3 
- 

9.9 

6.0 
16.6 

6.5 

3.6 
10.6 

0.7 
0.8 

0.8 
-. 

- 

II.2 
- 

23.3 
- 

IS.0 

9.0 
.- 

__ 

- 

9.6 

- 

- 

1.2 
- 

- 

- 

- 

2.3 
- 

- 

- 

6.4 
- 

3.9 

11.0 
- 

0.8 

2.3 
- 
- 

__ 

- 

6.9 
- 

13.0 
- 

8.6 

I.1 

4.0 

1.9 

1.0 
- 

3.9 

3.0 
- 

28 

0.8 
27 

0.5 
.- 

25 

0.9 

27 
- 

3.8 
- 

7.6 

8.3 
- 

10.8 

4.2 

5.0 
1.4 

1.9 

0.7 

16.7 4.7 

10.3 - 

16.7 II.9 

1.6 - 

12.3 3.5 
I.1 2.4 

6.S 7.5 
- 7.5 
- . ._ 

4.0 

2.7 

3.0 

0.4 

7.4 
- 

2.7 
- 

- 

9.7 
- 

0.7 
- 

1.4 
- 

0.8 

0.8 
-_ 

0.5 
0.7 
- 

- 

- 

-_ 

- 

8.6 

3.9 
- 

- 

4.5 

25 
14.9 

1.6 
-_ 

7.0 

25 

10.8 
- 

I.0 

0.5 

I.5 

1.2 
- 

. 

0.7 
0.5 

0.8 
- 

- 

normal plants. An unidchfkd component and 28-k- estcritkd 28-isofucosterol was present both in normal and 

fucosterol were present only in submerged plants. A submerged plants,whercas thefnxstaolwasonlyprescnt 
compnrison of the data in ‘Tables 6 and 8 revads that in submerged plants. On the other hand, uncstcri!kd 
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T&k 3. AkObol uxttpoaitiom (% totd) of the vu &us of 
thn?eqKckaflrmgfovck8vuprowndydufb&Yti&J 

mta 

A. OdicinofLr A. ~ll~if~ 8. OW 
- 

poncntr S* NC S N S N 

14:u 
14:o 
16:O 
17-U 
17:o 
18-U 
IS:0 
MU 
20:o 
21-u 
21 :o 
22:u 
22:o 
23-u 
23:o 
24:0 
25:o 
26-u 
26:0 
27:0 
28-U 
28:o 
29:o 
30:o 
31 :o 
32:0 
34:o 
36:0 

4.0 0.6 
5.0 0.6 
21 1.0 
25 1.7 
25 1.8 
- 

3.1 
1.8 
5.0 
1.2 
7.0 
0.6 
5.5 
1.0 
4.5 

39.0 
1.0 
1.0 
6.4 
0.5 
0.5 
4.5 
0.5 
0.8 
- 
- 
- 
- 

- 

22 
1.6 
3.1 
0.8 
4.9 
0.3 
25 
0.3 
22 

48.0 
0.8 
0.5 
8.3 
0.8 
1.0 
6.3 
as 
3.8 
aI 
4.0 
23 
- 

11.8 9.0 
I20 9.8 
I22 5.7 
1.7 0.9 
20 1.0 
- - 

10.0 6.5 
I.0 I.0 

14.8 I25 
- - 

0.8 28 
1.0 I.5 
4.2 6.5 
- - 
- 

7.4 
- 

- 

9.0 
- 

- 

1.0 
24 
- 

3.5 
- 

4.2 
- 

I.5 
5.5 
3.0 

- 

28 
28 
- 

5.0 

5.0 
- 

1.8 
9.0 
7.4 

- 
- 
4.0 
1.5 
3.5 
20 
3.5 
0.5 
40 
- 

3.0 
- 

15.5 
I.5 
5.0 

26.5 
- 
- 

6.5 
1.5 
20 
5.0 
- 

5.0 
- 

7.5 
- 
- 

- 
- 
3.0 
0.8 
3.0 
0.5 
0.9 
- 

3.0 
- 
- 
- 

127 
1.0 
5.0 

31.0 
- 
- 

8.8 
I.5 
20 
6.5 
- 

5.8 
- 

9.0 
3.0 
25 

l2:O 
l4:O 
16:O 
I8:O 
l8:l 
l8:2 
18:3 
20:o 
22:l 

A. 0Jidd.b 
~-- 

S* N* 

A. IIIM~ 

S N 

8. gymorhkt 
-- 

s N 

0.8 20 
I.0 25 

37.5 39.1 
4.8 4.5 

38.3 36.5 
15.8 14.9 

- - 

1.8 0.5 
- - 

3.7 5.3 
4.0 4.2 

40.8 165 
20.5 17.5 
20.1 16.5 

3.7 2s 
1.8 1.0 

5.4 6.5 

1.S 25 
3.0 4.s 

40.0 420 
9.0 10.5 

21.8 19.7 
19.5 17.5 
3.5 I.3 
1.7 20 
- - 

l $ %bma@d unda tidal water, N, nom&. 

Tabk 5. Fatty d cotnpociticm (% tot&) ofthe stcql esters of 
thfeelpa%~mmgrovck4vagrownnow58uyudufb&rt~ 

w8ta 

PO-l, S* N* S N S N 

16:O 14.0 30.8 120 18.2 129 24.8 
18:O 8.0 18.9 4.5 7.8 6.0 8.0 
18:l 160 24.0 14.0 220 13.0 18.0 
18:2 33.0 18.0 3s.5 30.0 36.0 30.0 
l8:3 220 9.s 28.0 220 25.0 19.2 
2o:o 1.0 - 0.5 - 1.0 - 
22:0 1.0 - 0.5 - 0.5 -‘- 
22:l 5.0 - 5.0 - S.6 - 

A. OfilnalLs A. UlkQ-alhu 8. gyms&&a 

Thlc 6. Staol canpositions (% totd) of stay1 esters of the spikes of 
mmgrovck8lavagrownnom&y8dun&rtiddvmta 

A. oficidu A. illkljdhu B. o-0 
-Pod S No S N S N 

Utlitktllakd 26 - 0.7 - 1.0 - 
ChOkuaOl 4.3 8.0 5.4 7.0 4.0 4.6 
Cunpataol 4.7 1.3 16.0 14.0 8.3 6-O 
Stigttustaol 120 29 16.0 11.0 9.4 7.7 
Sitostad 69.6 SO.0 bQ4 54.0 Ml 61.8 
28-Isofucostaol 4.9 37.8 I.0 14.0 3.5 128 
Stigauu-7en-3&01 1.9 - 0.5 - Q8 - 
UnidcntiiiCd - - - _ 1.0 7.0 

‘$ Suha~ unda tidal titer. N. nomul. 

stigmast-7-i%-3/?-d was pmt both in normal and pkntsmerrkd thepmcnce ofamponents with mention 
submerged plants, whereas the csterifkd form was only timca bwer thul those of patWydic tritupcnoidc. As the 
prc5cnt in normd plants. 

The pentqclic tritcrpmoids found in the nod 
H!puatioa ofGLC in primlily heued on M,q the bwcr 
ntultkmtimcaoftbctapcoerindiatctiut,intbc 

plants wcf+ a-amyrin, &amyri~ IupcoL ok8nolic acid 
and ursok acid, in proportions similar to those reportal 

subaqaipl8nythcM~ofthc~wcfcbwffthan 

earlier f2). GLC amlysis of the tcrpcncs of submerged 
thomc of pcnmcydic triterpem No munpt WPI made to 
idtntify these low-M, terpmcs. 
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A. ogicimdis A. illicif..w 8. gyrrolorhi2a 
Com- - ~_.- --- 

poncnt S* N* S N S N 

12:o ‘-. 4.0 
l4:O 3.0 2.7 
l4:l ‘- 3.4 
l6:O 25.5 24.6 
16:l 6.9 7.7 
17:o 2.4 1.2 
18:O 7.6 7.5 
18:l 28.2 23.2 
18:2 7.1 9.7 
18:3 16.9 I I.3 
20:o 0.8 1.0 
22:o 0.2 0.1 
22:1 0.5 0.2 
23:0 0.4 0.7 
24:0 0.6 1.0 
25:o 0.3 0.9 
26:0 0.1 0.8 

- 
8.0 
- 

13.6 
20 
0.9 
5.3 

19.9 
IS.1 
31.4 
0.9 
0.2 
0.1 
OS 
0.7 
0.6 
0.8 

7.3 
3.9 
5.6 

12.6 
3.9 
I.9 
5.3 

16.9 
21.6 
15.7 
1.2 
0.6 
0.2 
0.8 
0.9 
0.8 
0.8 

- 
IO.8 

18.8 
1.6 
0.6 

10.7 
28.6 
11.4 
13.6 
0.6 
0.5 
0.4 
0.8 
0.6 
OS 
0.5 

8.6 
9.8 
2.7 

17.3 
5.3 
4.6 
9.4 

20.0 
12.6 
4.? 
0.9 
0.8 
0.2 
1.0 
0.8 
0.6 
0.7 

‘$ Submerpad under tidal wala. N. normal. 

In our previous study [ 11. ir was observed that planls 
grown in waler St& condition, i.e. submerged pcriod- 
ically under tidal water, accumulated higher proportions 
of hydrocarbons and wax esters in the leaves. Moreover, 
other parameters like leafarea, thickness, fresh weight to 
dry weight quotienl, loss in weight on drying and 
chlorophyll content of leaves, were all higher in 
periodically submerged plants [I]. 

Deposition of higher proportions of hydrocarbons and 
wax esters may be helpful for controlling the entry of 
excess water into the leaves while submerged under water. 
Moreover, from the observations in the present study, 
particularly the leaf surface components, it is observed 
that, submerged plants synthesize proportionaltely more 
shorter carbon chain hydrocarbons and n-akoholg along 
with higher proportions of unsaturated fatty acids in the 
wax esters. This is probably necessary for the leaves to 
maintain proper flexibility under water a1 a relatively 
lower temperature. compared to that of the surrounding 

atmospbcre. Higbcr proportions of unsaturated fatty 
acidswmalsoprtscrrt in thestcrylutmand triglyc&ia 
of submerged plant leaves. Moreover, only low-M, 
terpenes were syntcsized in the leaves of submerged 
plants. 

From the rcsutts of the present study, it is revealed that, 
in general, the carbon-carbon chain elongating activity is 
decnasad, except in the fatty acids of stay1 esters, whereas 
the dcsaturating activity is incrtasal in the submerged 
leaves compared to the leaves grown normally. 

EXPEIIMeNrAL 

SaWIp&X. I_& sunpks were cQlkctod from Frcncia Is&J& 
between latitudcs21.43”snd21.46”Nand lon&dcs88.18”ud 
88.19’E of rhe sundcfbans murgrove forest, West Benpi, India 
lufsampkswcrccolklctalfromrlopawheretidalwaracoukt 
r~onlytothcroottone.OlherLerfruapkrortbenmeyxda 
were colkctal from planes on brinks which were totally 
subaq@ during high rides. Leaves were wuhcd thoroughly 
with d&ilk4 Hz0 before analyris. 

isolalfon of tffpnddr. Leaves wae cut into picca. and lipids 
were exrmctal 8s in ref. (31. A havy white PpI am upon 
dilution of the pooled extracts with 10 vols of H*O. The bwa 
CHCl, layer wss withdrum. The ppt wu wuhad with s u&l 
volume of CHQ,, dissolved in McOHCHCl, (2: I), dried and 
wci&d 121. The CHCI, layer wss drkd and weighed 10 sjve rhc 
lOul lipid. 

FractlaMlion ofmal @id. Rep. TLC WI done to separate 
tiuslipitlduscs,rrdcrribodinref.[4].H~wu 
ester and stcryl ester b8nd.S wCrC pWWy nsOti. Using 
Et#-n-hcxsnt (1:49) they were then further frrtio=Rd by 
prep. Tl..C. The various lipid components were rax~ercd from 
(IX pbtcs and weighed. 

Co&w rearlions oJ sicrols ml rerprvwids. The 
Liebcrmsnn-Burchard [5.6] test produced a grunish colour 
with s&rob snd a blue or viokc colour with ~crpcn+s 
~~en~~tion of stcrob and tcrpcncs by cobur rractions was 
done wcordiig to ref. (71. 

Anolysfs of hydrocmbonr. Hydrocarbons were analyud by 
GLC mrding IO ref. [El. 

Analysis of wax eslcrs and strryl Me?. wax esters were 
mnslysed as in ref. [93. Stcryl esters were analyscd as in ref. [IO]. 

Fatty add compsiiims of rriglycwi&es. Fatty rids of tri- 
glycerides were obtained by alMine hydrolysis and were 
anslyscd by GLC as their methyl ester% as in ref. [El. 

Tabk 8. Slcrol compositions ( l /, toti) of three specks ofmrngrow leaves 
groam nonnrlly snd under t&l water 

COlIlpoMlti 

A. ofiinaiis A. &ci/diw 8. gynwwrhiza 
. . - --.- 

S’ N* S N S N 

Unidentified 2.6 - 0.7 1.9 - 
CholatCf0l 4.2 7.0 0.7 4.9 0.1 1.7 
cunpatcrol 7.2 9.0 5.7 19.8 15.4 22.7 
Stigxtmstcrd 10.7 12.8 22.7 26.0 15.4 17.7 
Stitostcrd 63.1 51.7 41.1 36.1 62.9 53.7 
28-IsoftKxlsterol 6.7 - 28.9 - 20 - 
Stigmast-7-cn-3B_ol 5.5 19.3 0.9 13.2 I.7 4.2 

l $ Submerged under ridal wster; N. normal. 
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Anolyti 0fueroLs ad mpenes. The stcrols and tritapcnoids 
were anal* as in ref. (21. 
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