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One of the main  components  of brown seaweeds  is mannitol [1], which is used in industry and med i -  
cine [2-5]. One of the numerous  exis t ing methods of de termining  the amount ofmanni to l ,  the one u s e d m o s t  
frequently,  is  co lo r ime t ry  in the p resence  of ch romot rop ic  acid [6-1]]. However ,  it p o s s e s s e s  se r ious  de-  
fects [12-15]. 

We have invest igated the poss ib i l i ty  of using methods that we have developed p r e v i o u s l y f o r  de t e r -  
mining formaldehyde [16-17] for  the analysis  of mannitol  in brown seaweeds.  

The f i r s t  s tage in the de te rmina t ion  of the polyol is its ex t rac t ion  f rom the plant by the mos t  suitable 
solvent.  Various solvents  and mix tu res  of them have been used for  the ex t rac t ion  of mannitol f rom s e a -  
weeds (1, 18-21]. A compara t ive  tes t  of ex t rac t ion  with methanol ,  acetone,  50% aqueous isopropanol ,  10% 
aqueous butanol,  and butanol p e r f o r m e d  on the seaweed S a r g a s s u m  by determining the amount of ex t rac tab le  
subs tances  and finding the i r  composi t ion by th in - layer  ch romatography  showed that the bes t  solvent is aque-  
ous isopropanol .  Three or four ex t rac t ions  of 10-15 min  each  are  suff icient  to ex t r ac t  the mannitol  com-  

pletely.  The other  compounds p r e sen t  together  with mannitol  
TABLE 1 

Weight of 
sample, g 

0,6025 
0,7009 
0,6883 
0,5056 

Mean value 

Maximum deviation 
from the mean 

TABLE 2 

Seaweed 

Lamlnarta cychorl- 
oides 

Sphaerotrlchla sp. 
Dyctiota sp. 

i Mannitol content (o/@ 
obtained by 

] ~ Y ~ - "  the acetyl- 
i h drazine [ acetone 

Y t memon 

Wt. Wt, Wt. ] wt. 

4.8 12,0 
4,8 11,9 
4,3 i 10,7 
4,7[ 11,9 

4,61 11,6 

+0,2t +0,4 
-o,31-0,9 

I 

MannLtol con- 
Itent (~]o on the 
]dry wt.) de- 
[termined 

Ib" Y ~ .  ~. o .= 

20,7 21,0 
4,1 4,9 
7,3 7,8 

4,0 11,5 
4,4 10,9 
4,3 10,7 
4,4 11,1 

4,4 11,1 

+O,g +0,4 
--0,I --0,4 

in brown seaweeds  (alginic acid,  l aminar in ,  lamini tol ,  phyco-  
s t e ro l ,  pe lves te ro l ,  t e rpenes ,  p ro te ins ,  higher and lower  fat ty 
acids ,  and others  [1, 22-25]) do not in te r fe re  with its de t e rmina -  
tion. Thus, the amount of mannitol  can be de te rmined  d i rec t ly  
in the isopropanol  ex t rac t .  

To check the reproducib i l i ty  of the r e su l t s  obtained by 
the phenylhydrazine and acetylacetone methods ,  four samples  
taken f rom one and the s ame  posi t ion of a l a m i n a r i a  f rondwere  
analyzed in para l le l .  The mean  values obtained by the two me th -  
ods agreed  well (11.6% and 11.1%) (Table 1). We have p rev ious ly  
checked the accu racy  of both methods with a s tandard  solution 
of marmitol [16, 17]. 

The two methods also gave r e su l t s  which agreed  well in 
the compara t ive  de te rmina t ion  of mannitol  in var ious  seaweeds  
(Table 2). An advantage of the phenylhydrazine method is that 
the m e a s u r e m e n t s  can be p e r f o r m e d  with s a t i s f ac to ry  accu racy  
on a photoe lec t r ic  c o l o r i m e t e r ,  while for  the acety lacetone  
method a spec t ropho tome te r  is n e c e s s a r y ,  Consequently, the 
seaweeds  were  subsequent ly  analyzed by the phenylhydrazine 
method. 

To de te rmine  the i r  dry  weight,  the seaweeds  were  dr ied 
in a t h e r m o s t a t  at  100~C. 

Then we invest igated how the mannitol  is d is t r ibuted over  
the thallus of a l a rge  s e a w e e d - l a m i n a r i a .  At different  p a r t s  
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TABLE 3 

Samples 

i Mannitol 
, content, ale 

I Incmde I calc. to 
seaweed i dry wt. 

Rhi zoi ds 
Pedicel 
Points of the 

lamina * 
3 rd 
4 th 
5th 

0,6 i 3.8 
l,, i 7,o 

2,6 21,9 
4.7 26,8 
5,3 33.2 

* In zone 6 the mannitol con- 
tent was not determined since,  
as a rule,  this par t  of the 
lamina is highly broken down. 

.~b t 

Fig. 1. Pa r t s  of a sea -  
weed: 1) rhizoids;  2) 
pedicel; 3, 4, 5, 6)points 
of the lamina. 

of the seaweed, the amount ofmanni tolboth on the crude weight* and 
on the dry weight var ies  sharply  (by a factor  of about 10) (Table 3; 
Fig. 1). Consequently, for a comparat ive analysis of different sea -  
weeds samples  must  be taken f rom s t r ic t ly  corresponding par ts  of 
them or  a mean sample f rom a mixture of different par ts  must  be 
used. 

Fourteen different species of seaweed belonging to s i x o r d e r s  
were examined by this method (Table 4}. The figures of Table 4 show 
a well-defined cor re la t ion  between the mannitol content and the s y s -  
tematic  position of the seaweed. It was confirmed once more  that in 
the mos t  industrial ly useful seaweeds - the laminar ia  - the mannitol 
content may be very  high [26, 23l. 

Thus, the methods that we have developed for determining fo r -  
maldehyde canbe appliedto the analysis  of the mannitol content in the 
raw mater ia l ,  to monitoring the production p rocess ,  and to de ter -  
mining the dependence of the composit ion of seaweeds on various con- 
ditions of life, s tages of development, etc. 

E X P E  R I M E  N T A L  

The following commerc ia l  reagents  were used for the exper i -  
ments :  methanol, butanol, isopropanol,  and acetone. The other  r e -  
agents were prepared  by published methods [16, 17]. The work was 
ca r r i ed  out in P o s ' e t  and Kamenka bays (shore of the Sea of Japan} 
in June-August.  All the analyses were pe r fo rmed  on f reshly collected 
seaweeds.$ The conditions of the analysis (determination of the time 
and amount of solvent neces sa ry  for complete extract ion of the man-  
nitol) were worked out with samples of Laminar ia  cychorioides.  The 
optical densities were measured  on anSF-4A spect rophotometer  at 
412 and 520 nm and an FEK-M photoelectr ic  co lor imeter  (with a g r e e n  
filter). In all cases where it is not mentioned specifically,  the rat ios  
of the components in the mixtures  of solvents are given by volume. 

Determination of the Optimum Extract ion Conditions. A weighed sample of seaweed (~250 rag) in 
dense tissue (7 × 7 cm), previously boiled in a solvent until the phenol reac t ion  of polysacchar ides  was neg- 
ative and dried, was placed in a flask and covered with 20 ml of i sop ropano l -wa te r  (1 : 1} and the mixture 
was boiled in the water  bath. After 10, 20, 30, and 60 min, allquots were taken, and the amount of polyol 
in them was determined by the phenylhydrazine method. A standard sample of t issue extracted in parallel  
with the samples  of seaweeds was used as control. 

The aliquots taken were analyzed in graduated tes t  tubes (10 ml), the amounts of all the reagents  being 
reduced by a factor  of 2.5 in compar ison  with the published method [i6]. After extract ion for 60 min, the 
solution was poured off, and the sample was covered with a new portion of extract ion mixture (20 ml) and 
heated. This operat ion was repeated until identical opt ical -densi ty  readings were obtained for the solution 
being analyzed and for the control.  

Influence of Products  P re sen t  in the Extracts  on the Color Reaction. The substances presen t  in the 
ext rac ts  together with the mannitol were isolated by preparat ive  th in- layer  chromatography.  The behavior 
of these substances when they were oxidized with sodium metaperiodate (NaIO4) was evaluated by the fo rma-  
tion of a colored complex with acetylacetone.  

Check of the Accuracy  of the Phenylhydrazine and Acetylacetone Methods. The mannitol contents were 
determined in four accura te ly  weighed samples  f rom the same point of a l aminar ia  frond. The same thing 
was done with other seaweeds (see Table 2). 

Influence of the Methods of Drying on the Results of the Determination of the Mannitol Content. L a m -  
inaria cychorioides was used as the sample. Accurate ly  weighed samples f rom the comminuted thallus 

*Weight of the f reshly  collected seaweed freed f rom superfluous water  with fi l ter  paper.  
~f The seaweeds were identified by members  of V. L. Komarov Botanical Institute (Yu. E. Pe t rov  and L. N. 
Perestenko).  

567 



TABLE 4 

Seaweed 

Class Phaecaporeae 
Order C h o r d a r l a l e s  

Leathesia dtfforniis 
Sphaerotrichla divaricata 
Chordaria magelanica 
Heterochordarla ablenlta 

D e s m a r e a t l a l e s  
Desmarestla vlrldls 

D l c t y o t a l e s  
Dlctyota dlchotoma 

S e y t o s l p h o n a l e s  
Scytoslphon lomentarlus 

Mannitol 
content, a]o 

!c rude I d r--y 
iwt. {wt. 

0,05 3,7 
0,6 4,1 
0,6 3,0 
1,3 9,2 

0,4 5,8 

0,9 7,3 

0,9 8,7 

Seaweed 

L a m i n a r i a l e s  

Lamlnaria Japonica 
Laminatla cychorioides 
Costarla costata 

Class "~yclosporeae 

Fucales  

Fucus evanescens 
Pelvetia wrightii 
Sargassum pallidum 
Cystoseira crassipes 

Mannitol 
content ,  °]o 

i crude dry 
WE, V~° 

5,333,2 
4,2 20,7 
2,6 13,8 

1,7 ;1,5 
1,0 5,5 
1,817,4 
1 ,l  6,3 

Note. The samples were taken f rom all par ts  of the seaweed or ,  in 
the case of Laminar ia  japonica, f rom the middle par t  of the thallus.  

of the laminar ia  were taken, and they were dried to constant weight in a vacuum des icca tor  over  P205 and 
in a drying chest  at 100°C (three samples for each determination). After drying, the samples were ex-  
t racted,  and the mannitol contents in the solutions were determined in parallel  by the two methods. 

Distribution of Mannitol in the Different Pa r t s  of a Seaweed. The distribution of the substances in 
the thallus of Laminar ia  japonicawas determined. Two samples for the determination of mannitol by the 
phenylhydrazine method were taken f rom each zone together with a sample for drying to calculate the man-  
nitol content on the dry  matter .  

Thus, the procedure  for the determination of mannitol in seaweeds is as follows: an accura te ly  
weighed sample of the f reshly  collected seaweed is extracted with 50% aqueous isopropanol (4 x 20 ml). The 
time of each extract ion is 10-15 min. All the extracts  are collected in a 250-ml measur ing  cylinder and 
are made up to the mark  with water;  aliquots are taken and analyzed for their mannitol contentbythe phenyl- 
hydrazine or  the acetylacetone method; in paral lel ,  two weighed samples are  taken f rom the same seaweed, 
and after  their crude weight has been determined they are  dried to constant weight in the drying chest at 
10ft C; the resul ts  of the determinations are  calculated to crude and dry weights. 

S U M M A R Y  

A method has been developed for determining the mannitol content in brown seaweeds. A quantitative 
analysis of the mannitol in the most  important  brown seaweeds of the Sea of Japan has been given. 
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