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Nutrient Content in Fresh Water Red Algae (I.emaneaceae, Rhodophyta)
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Abstract: Lemanea is a filamentous fresh water red algae belonging to family Rhodydophyta. Traditionally it
15 consumed and extensively harvested by the local people of Mampur (Latitude 23.80° N to 25.68° N and
Longitude 93.03° E to 94.78° E) a state in the north-east corner of India bordering Myanmar. People used it in
the form of dried, fried, roasted and as local delicacy because of the fishy smell, taste and flavor 1t possesses,
since times immemorial. The alga is found to grow during cold winter months (December to February) in some
of the rivers of Mampur with disjunct distribution in cold, aerated, runming water on rocks, boulders, cobbles,
bricks, sandstones etc. The proximate composition, ash, protein, lipid, carbohydrate, total free amino acid, crude
fibre, carotenoid and mineral profile of five species of Lemanea from four rivers of Manipur northeast India were
studied. The species studied were Lemanea australis, Lemanea torulosa, Lemanea fluviatilis, Lemanea
mamillosa and Lemanea catenata. Tt was found that the ash content lies within the range (7.90-30.45% DW),
Crude fibre (0.79-3.03%DW), Total protein content was found lighest in L. fluviatilis (31.07% DW) and lowest
inlL. mamillosa (17.48% DW) on dry weight (DW) basis. Maximum carbohydrate content was found to exhibit
the highest value in L. australis from site-TT (38.20% DW) and lowest in L. mamillosa from site-TV (9.60% DW).
Free amino acid was lughest n L. fluviatilis of site-IV (17.20% DW) and lowest in .. mamillosa (9.60% DW)
of site-V. Carotenoid content was reported to be maximum by L. qustralis from site-T (0.65 mg/g'FW) and
mimimum by L. catenata from site-VI (0.56 mg/g FW) on fresh weight (FW) basis. Statistical analysis revealed
the mean concentration of nutrients differed significantly within species from the six studied sites. Reports of
edible seaweed from some regions of the world had been well documented but no reports are available on the
nutritive value of freshwater Lemanea so far. In conclusion, the present paper was an attempt to work out the
nutritive value of Lemanea species found in rivers of Manipur, Northeast India and to compare the same
reported m other algae.
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INTRODUCTION

The foed demand in the coming years may not be
covered by conventional agriculture. Therefore, intensive
efforts are being made to find alternate new and
protemn Macroalgae are

ecologically and biologically important which provide

unconventional sources.
medicmal constituents, nutrition, reproduction and an
accommodating environment for other living organisms
[1]. A study of the chemistry and biochemistry of algae
yields mformation on orgamc materials and nutritive
elements present in them. This information is also helpful
mn the evaluation of nutritional value of these minute
plants. Macroalgal polysaccharides are used in the food,
cosmetics, paints, crop, textile, paper, rubber and building

industries. In addition, they are used in medicine and in
pharmacology for their antimicrobial, antiviral, antitumor
and anticoagulant properties [2]. Utilisation of algae mn
food supplementation was also studied by Ahmed and
Hamza [3]. The principal compounds of the edible algae
are carbohydrates (sugar or vegetable gums), small
quantities of protein and fat, ash, which is largely
compound of sodium and potassium [4] and 80-90% of
water. The main emphasis of this part of study was to
determine the level of different macronutrients and
inorganic elements present in the Lemanea species found
in fresh-water environment in rivers of Manipur. A fresh-
water alga, as a potential source of food for ammals and
human consumption, is receiving increasing attention
during the last decades [5-9]. Widespread research on
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utilization of algae as food or fodder is mainly a matter of
concern because of the ever increasing gap of world food
supplies and population. Besides, the significance of
dietary protens during infancy for resistance towards
infection and for physical growth and mental development
has now widely been recogmzed [10]. The extensive
mvestigations indicate the concern of national and
international bodies over the scarcity of high quality
proteins in certain areas and its availability of protem in
future [7]. Despite the fact that chemical composition of
algae varies in relation to climatic and geographical
conditions and evaluation of its nutritional and manurial
value 1s of great practical applicability, the work was
mitiated; to explore mnto the evaluation of its nutritional
and manurial value. No phycochemical studies have been
reported on the aspects of biochemical composition
of freshwater red algae Lemanea found in rivers of
Mampur so far. Hence an attempt has been made to
mvestigate the nutrient composition of five Lemanea
species (Lemanea australis, Lemanea torulosa, Lemanea
fluviatilis, Lemanea mamillosa and Lemanea catenata)
distributed disjunctively in four rivers of Manipur, India.
This mformation 1s essential in the search for additional
healthy food sources from the rivers for use in human
nutrition.

MATERIAL AND METHODS

Manipur (Latitude 23.80° N to 25.68° N and Longitude
93.03° E to 94.78° E) located in the North-east corner of
India bordering one of the Indo-Myanmar hotspot
regions. Five species of Lemanea species collected during
their growing period (December 2008-February 2009) from
the four rivers of Manipur, India were: Lemanea australis
from site-l: Sanjenthong (Latitude 24.80090°N and
Longitude 93.94706°F) in Imphal river and site-IT: Serou
Lai Maning (Latitude 24.274749°N and Longitude
93.876995°E) from Mampur river; Lemanea forulosa from
site-1T[: Ningthem Hidane (Latitude 24.263555°N and
Longitude 93.868032°E ) from Manipur niver; Lemanea
fluviatilis from site-IV: Thoubal Bridge (Latitude
24.642535°N and Longitude 94.000692°E) from Thoubal
niver; Lemanea mamillosa from site-V: Sawombung Bridge
(Latitude 24.86843°N and Longitude 94.02124°E) from Tril
river and Lemanea catenata from site-VI: Chingaren
(Latitude 24.85651 8"N and Longitude 94.001747°E) from
Irl river. Fresh Lemanea species were thoroughly washed
with distilled water and their holdfasts and epiphytes
removed and then placed in a freezer (-20°C) immediately
after collection. Dried ground samples were used for most
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of the analyses except for carotenoid content fresh
samples were used. The ground samples were stored in
air-tight plastic containers covered with aluminium foil
and stored at (-20°C) for further analyses. Analyses were
carried out in triplicate. Significance of difference at
p<0.05, was analyzed by one-way analyses of variance
(ANOVA) followed by Duncan multiple range tests using
SPSS system version 12.0 for windows.

The moisture content was determined by oven
method at 105°C; AOAC 934.04; ash at 550°C overnight;
AOAC 930.05. The total protein content was determined
with Folin reagent with bovine albumin serving as
standard [11]. The total carbohydrate content was
assayed by the phenol-sulphuric acid method [12] after
extraction with 2.5 N HCI. The results were calculated from
glucose standard curve. Total lipid was determined by
Soxhlet method as described by Folch et al. [13]. Free
amino acid by Yemm and Cocking [14] using glycine as a
standard. Crude fibre (successive hydrolysis at 100°C,
0.05N H,30, and 0.05N NaOH for 30 minute each) were
determined as per AOAC [15] and carotenoid content as
mentioned by Arnon [16]. Major elements (Na, K, Ca and
Mg) and trace elements (Fe, Mn, Zn, Cu and Co) were
determined using a Perkin Elmer Instrument (Shelton,
USA) model AAnalyst 200 flame atomic absorption
spectrometer equipped with deuterium arc background
correction. Absorbance measurements were performed by
using a Lumina copper hollow cathode lamp against
mineral element standards (Merck, Germany). An air-
acetylene burner was also used against mineral element
standards (Merck, Germany). Nitrogen was determined
using microKjeldahl method [17] with some modification
incorporated by Lang [18] and calculated by comparing
with standard of (NH,),.SO, after measurement in a
spectrophotometer at 440 nm and Phosphorus by
calorimetric estimation method whereby concentration of
P was calculated with the help of standard curve prepared
from an analytical grade of KH,PO, after measuring in a
spectrophotometer at 420 nm. All results were expressed
as mean + SD (n=3).

RESULTS AND DISCUSSION

Measurable differences in nutritional composition
were apparent among the five species of Lemanea studied.
The values of moisture, ash, organic matter, crude fibre,
protein, lipid, carbohydrate and total free amino acid of
five species of Lemanea belonging to the family
rhodophyta and the significant individual differences in
the metabolic content of the algae are shown in table 1
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Table 1: Nutrient composition of Lemarea species from the six study sites

Tmphal river Manipur river Thoubal river Tril river
1 il m v v VI

Nutrients L australis L. australis L. torulosa L fluvictilis L memillosa L. cateneta
Moisture (% DW) 76,2402 88 79904012 72.33440.34 81.8240 26 81.9940 37 78,4740 34
Ash (% DW) 26.22+0.76 7.90+0.01 87540 20 3107075 26.3540.25 16,5740 16
Crude fiber (% DW) 0 79+0 4(¢ 1.09+0.04° 2.79+0.47 303040 2582045 2.63+0.84
Protein (% DW) 26224076 25.800.01¢ 23 8040, 78" 370 75 17,4840 94 24.4440.02
Lipid (% DW) 1.83+002 1.10+0.02 1.4740.02 163+001 0.81+0.02 0.93+1.34
Total Cerbohydrate (% DW) 26.00+1. 36 3820+1.37 27.2041.32% 20,511 40 29.40L1 45 48.60:0.01
Total Free Amino acid (%) 15.80+0. 03 12.80+0.03 15.60+0.02 17.20+0 0F 9.60+0.04 13.60+0.04
Carotenoid (mg /g FW) Q65:00% 0.58+0.01° 0.610.03 061001 0.58+0.02° Q56002
Nitrogen (mg/100g DW) 202.21+0.48 1114810 44 1137910 46 226284037 2441740 345 1343940 46
Phosphorus (mg/100g DW) 92,370 41 150704025 142 88+0.41° 135.17+H0.33 72.4240 33 72.924H) 35°
Potassium (mg/100g DW) 363.05H2.55 8369240 40 804 310,42 1003.2442.39 815.6440.22 §62. 2042 36
Sodium (mg100g DW) 474.78+0.28 141904036 146.80+0. 31 423.3240.25 276.10+0.36 23809+0 27
Calciton (mg/100g DW) 11226049 1114410 4F 1122310267 113.76H2.50 1115940427 1119040 38%
AMagnesium (mg/100g DW) 11130053 70.87H0.41° 998540, 33° 135,510 3k 13565017 120204042
Iron (mg/100g DW) 25.2540 40¢ 16.95+0) 34 190740, 44° 26.18+2 35 25.64H) 35% 18.174H) 38
Memganese (mg/100g DW) 5.80+£0. 44 5.0640.48 6.51440 38 14342022 803022 9224043
Zinc (mg/100g DW) 5254041 393041 5.25+0.37 377026 1.86+022 12240 44
Copper (mg/100g DWV) 8231043 12,9840, 45¢ 130840 2¢¢ 8 910 4(¢ 12,1340 43 13.0940 41
Cobdlt (img/100g DW) 87940 36° 10400, 44 107440, 18 7.98+037 896+0.51° 9.02+0.3%
N'K rettio 131050 0. 1740 %F 0.1840 7% 0 42+0.6F 0 .34+1.6F 0.27:0.75
Total cations 1400 29+L1. 7F 1472.63+0. 78 1474.50+0. 82 2098 42+1.65 1682 19+0. 9% 159040125

Vaiues are expressed as mean=+ standard deviation, n=3

Vaives in the same row with different superscripts letters (a-e) are significantly different (p<0.03) (Duncan’s Multiple Range Test).

based on dry weight (DW) except for carotenoid content
expressed in fresh weight (FW). In the present study
maximum moisture average content was exhibited by L.
mamillosa from site-V (81.9£0.37%) and minimum by L.
torulosa from site-III (72.33+0.34%). Qur results were
found to be very high when compared to the work by
Matanjun and Mohamed [19] in tropical edible seaweed
like Fucheuma cottonii (10.55+1.60%); 10.76+0.80% in
Catlerpa lentillifera (Chlorophyta) and 9.95+£0.55% in
Sargassum polycystum (Phacophyta).

The ash content in algae is probably connected with
the concentration of inorganic compounds and salts in
water environment where the algae grow. In the selected
red and brown algae form north-eastern Mediterranean
Sea, the ash contents varied from 17 to 27% on a dry
weight basis [20]. In the present study, ash content
showed remarkable variaton with a highest value of
30.4520.93% in L. australis from site-I followed by
L. catenata from site-V1 (30.37+0.39%), L. mamillosa
from site-V (26.35+0.25%), L. fluviatilis from site-IV
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(16.574+0.16%), L. torulosa from site-III (8.75+0.20%)
while the lowest value of 7.9+0.017% was recorded in
L. australis from site-II (7.90+0.01%). Ash content of
L. australis (site-), L. fluviatilis (site-IV) L. mamillosa
(site-V) and L. catenata (site-VI) were found to be lugher
when compared with the Laminaria spp. (Brown algae)
found in Japan, China, Korea, U.8.A., UK., France
contaimng 21.1% and Porphyra tenera (Red algae) found
in China, Korea and Japan containing 10.3%, Ulva latuca
{(Green alga) found m China, S.E. Asia, West Indies, Chile
containing 15.6% [21]. Probably one of the reasons is
different environmental conditions of the growmng
habitats. According to a report on species liability of trace
elements content within Rhodophyta, Chlorophyta and
Phaeophyta the metal accumulation by one and the same
species depends not only on genotype characteristics but
also on ecological factors [22].

Like vegetables, such as cabbage, wheat bran and
sugar beet pulp [23], average, macroalgae may provide up
to 12.5% of a person’s daily fibre needs m an 8 g serving
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intake [24]. The consumption of dietary fibers and plant
cell walls containing such fibre components protects
human organisms against a number of chronic diseases
e.g., colon cancer [25]. During the present study maximum
crude fibre content was exhibited by .. fluviatilis of site-
IV (3.03+0.41%) and mimnimum by L. ausiralis of site-1
(0.7940.40%). Our results were found to be low when
compared with the crude fibre content given by
Misurcova [26] in brown algae 1.e. (12.55+0.27%) and
Laminaria japonica (5.45£0.46%). Our results are found
to lie within the range given by Misurcova [26] m blue
green algae i.e. Spirulina pacifica (0.1810.30%), Spirulina
platensis  (0.10£0.11%),  Chiorella
(1.97+0.38%) a green algae and m red algae Palmaria
palmata (1.49£0.23%) and Porphyra tenera (3.244£0.17%).

Protemn 1s typically the major biochemical component
of algae [27, 28] although as already mentioned; growth
medium and growth stage will affect biochemical
composition [29]. In the present study protein content
showed remarkable variation with a highest value of
31.0740.75% by L. fluviatilis from site-1V followed by L.
australis from site-I (26.2240.76%), L. australis (site-1T)
25.80+0.01%, L. catenata (24.44+0.84%), L. torulosa from
site-ITT  (23.804+0.78%) while the lowest wvalue of
17.48+0.94% was recorded by .. mamillosa from site-V of
Iril river. Protein contents were comparatively similar when

pyrenoidosa

compared with the values reported by Manivannan et al.
[30] from seaweeds of Vedalai coastal waters in Geldiella
accrosa (31.07£0.33%), 28.941068% in Halimeda
macroloba, 23.124086% m H. funa. Lower than our
values were reported by the same workers 1n
Enteromorpha compressa (12.2740.88%), 13.4740.60% in
Ulva reticulata and 13.6340.43% in Padina pavonica and
6.0£0.42% in Enteromorpha compressa [31]. Similar to
ours findings were obtained by Nirmal Kumar ef al. [32] in
Soliera robusta (Rhodophyta) as 35.3%, 32.10% in
Acanthopora delilei Lamour and Porphyra spp. (28.40%)
belonging to Rhodophyta. Dere et al. [33] observed the
maximum protein content in some of the Rhodophyta and
some green seaweeds belonging to the genus Ulva.
Lipids are rich in-C=0-bonds, producing much more
energy in oxidation processes than other biological
compounds. They constitute a convenient storage
material for the living organism. In macro algae, the lipids
are widely distributed, especially in several resistance
stages [34]. Lewin [35] stated that the lipids of algae
comprise photosynthetic pigments chlorophylls and
carotenes and other compounds while carotenoids are
powerful antioxidants. Of the Lemanea species studied
from the four rivers, L. aqustralis from site-I of Imphal river
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exhibited the highest lipid content (1.8340.02%) while [..
mamillosa from site-V of Tril river had the lowest lipid
content (0.84+0.02%). The lipid content was observed in
the sequence of species as L. australis (site-I)=L.
fuviatilis (site-IV)=L. torulosa (site-1I1) =L. australis
(site-1T)=L. catenata (site-1V)=L. mamillosa (site-V). Lipid
content lies within the range given by Chu et af. [36] in
Rhodophyta (0.45-0.85%), Banerjee et al. 2009 in seaweed
(Catenella repens) where the values lie between 0.17% to
0.24%, Matanjun and Mohamed [19] from tropical edible
seaweeds i Fucheuma cottonii (Rhodophyta) 1.e.
1.104+0.05%; 1.114+0.05% m Caulerpa (Chlorophyta) and
0.2440.01% in Sargassum (Phaeophyta).

Carbohydrate is one of the important components for
metabolism and it supplies the energy needed for
respiration and other most unportant processes [38]. Out
of the five species studied, L. fluviatilis from site-IV
observed the lowest carbohydrate content (20.51+1.40%)
while L. cafenata from site-VI recorded the highest
carbohydrate content (48.60+1.34%) followed by L.
australis (38.2041.37%) from site-I1, L. mamillosa
(29.4041.46%) from site-V, L. torulosa of site-TII
(27 2+1.32%), and L. australis from site-I (26.00+1.36%).
Carbohydrate contents were also found to be very high
when compared with the edible seaweeds from Vedalai
Coastal waters (Gulf of Mannar) in the work reported by
Manmivannan et al. [39] m Turbinaria ornata
(17.49+1.18%); 17.2040.71% 1in Halimeda macroloba)
17.12£0.44% in Halimeda tuna, 17.07£0.75%, in
Gracilaria crassa, 17.0£0.65% in  Enteromorpha
compressa (Chlorophyta). Abdallah [31] reported
16.6240.75% m red seaweed Gracilaria acerosa,
14.7320.07% in Padina pavonica, 14.83x0.61% in
Cladophora glomerata and 8.16+0.27% n Entemorpha
compressa of carbohydrates.

The free amino acid content 1s of great value from
nmutritional and biochemical points of view. The amino
acids of algae have a wide application in human and
amimal feed, as such m nutrition mdustries [40]. In the
present study average maximum total free amino acid was
contributed by the species L. fluviatilis from site-IV
(17.2040.04%) and mimimum by L. manrillosa from site-V
(9.60+0.04%). According to report by Nirmal Kumar ef al.
[32] lugh amount of amino acid was found in Rhodophyta
in the range of (13-20%) in the species Porphyra
necnamessis, Porphyra spp., Scinaia farcellata and
Soliera robusta as compared to species belonging to
Phaeophyta (11-19%) and Chlorophyta (9-18%). Amino
acid values were low compared to previous reports made
by Norziah and Ching [34], where the amino acid
concentration i Gracilaria changgi was reported to be
comparable to that of hen’s egg.
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Carotenoids are the pigments involved in the initial
absorption of water, which ruled as an environmental
factor of growth and development. Lemanea australis
from site-l exhibited its lughest carotenoid content
(0.65£0.03 mg/g FW) followed by L. torulosa from site-111
(0.61+0.03 mg/g FW), L. fluviatilis from site-IV (0.61+0.01
mg/g FW), L. catenata from site-VI (0.56+0.02 mg/g FW),
L. mamillosa from site-V (0.584£0.02 mg/g FW) and lowest
by L. australis from site-I1 (0.58+0.01 mg/g FW).

Freshwater algae could be an interesting source of
nitrogen compounds [41]. In the present study, nitrogen
content showed remarkable variation with a highest value
of 226.2840.37 mg/100g in L. fluviatilis from site-I'V,
followed by L. australis (site-1I) contaimng 202.214+0.48
mg/100g, L. mamillosa (site-V) containing 134.79+0.46
mg/100g and L. torulosa (site-111) contaming 113.79+0.46
mg/100g while the lowest value of 111.48+0.44 mg /100g
was recorded in L. qustralis {rom site-IL

The phosphorus level within algal cells may fluctuate
widely depending on whether the algae are growing under
phosphorus limited conditions or not. Even at very low
levels in the environment the algae can accumulate and
store phosphorus [42]. Phosphorus showed remarkable
variation with highest value obtained by L. australis from
site-TTT (150.71£0.25 mg/1 00g) followed by L. torulosa from
site-III (142.88+0.41 mg/100g), L. australis from site-l
(92.3740.42 mg/100g), L. catenata from site-VI1(72.92+0.35
mg/100g) while the lowest value was recorded by L.
mamillosa from site-V (72.4240.33 mg/100g).

Of the Lemanea sp. studied from the 4 rivers L.
Sluviatilis from site-IV extubited the lnghest amount of K
content (1003.20+0.39 mg/100g) while L. australis from
site-I obtained the lowest K content (363.05+0.50
mg/100g). Amounts of potassium obtained were found
to be low when compared with the values by workers like
Matanjun et al. [19] in Fucheuma cottorii (Rhodophyta)
containing 1315.1941.14 mg/100g Caulerpa lentillifera
(Chlorophyta) contaming 1142.68+0.00 mg/100g and
Sargassum  polycystum  (Phaeophyta)  containing
6213.0040.00 mg/100g and m Entemorpha compressa
(785.4£5.8 t0 211548.3 mg/100g) by Abdallah [31]. Lower
than our values were reported by Mamvamman et af. [30]
i Phaeophyta Padina gymnospora (26.00+0.05 mg/100g)
and in Rhodophyta Gracilaria folifera (0.0810.05 mg
/100g) from Mandapam coastal regions, Southeast coast
of India.

In the present study sodium content showed
remarkable variation with a highest value of 479.78+0.28
mg/100g in L. australis from site-T followed by L.
fhwviatilis from site-11 (423 .31+0.25mg/100g). L. mamillosa
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(276.10£0.36 mg/l100g) from site-V, L. catenata
(238.0940.27 mg/100g) from site-IV and L. forulosa
(146.8040.31 mg/100g) from site-TI1, while the lowest value
of 141.90+0.36 mg/100g was recorded in L. ausiralis from
site-TI. Sodium content in our study was found to be low
when compared with the values obtained by work of
Matanjun et al. [19] in Eucheuma cotionii (1771 .84+0.01
mg/100g) a Rhodophyta, Caulerpa lentillifera
{Chlorophyta) contaimng 8917.46+0.00, Sargassum
polycystum (621320.00%) a Phaeophyta. Sodium content
was found to be high when compared with Enteromorpha
compressa (74.240.55 mg /100g to 74.6240.91 mg/100g) by
Abdallah [31]. Lower than our values were reported in
work of Mamvannan ef al. [30], Hyprae valentiae
(Rhodophyta) recorded a value of 29.33 mg /100g and
Padina gymnospora (Phaeophyta) observed a value of
65.66 mg/100g.

Calcium contents showed a remarkable variation with
highest values obtained by L. fluviatilis from site-IV
(13.762£0.50 mg/100g) followed by L. australis from site-T
(12.264+0.42mg/100g); L. torulosa from site-111 (12.23+0.26
mg/100g); L. catenata from site-V (11.902£0.38 mg/100g)
and L. mamillosa from site-V (11.59+0.42 mg/100g) while
the lowest value was recorded in L. australis from site-IT
(11.4440.44 mg/100g). Higher calcium content than our
results were reported by Manivannan et al. [30] from a
Phaeophyta Padina gymnospora (414.00£13.10 mg/100g)
a marine macroalgae collected from Mandapam coastal
region, Southeast coast of India.

Magnesium content showed a remarkable variation
with a highest value of 135.65+0.17 mg/100g m L.
marillosa from site-V followed by L. fluviatilis from site-
IV (135514031 mg/l00g), L. catenata from site-VI
(120.204£0.42 mg/100g), L. australis (site-I) containing
111.30+0.53 mg/ 100g and L. forwlosa from site-I11
(99.85£0.33 mg/100g) while the lowest value of 70.87+0.41
mg/100g was obtained by L. awustralis from site-IT.
Amount of Magnesium content were found to be low
when compared with the values obtained by some of the
workers like Matanjun et af. [19] n Eucheuma cottonii
(Rhodophyta) containing 271.331£0.20 mg/100g, Caulerpa
lentillifera  (Chlorophyta) contaming 1028.62+0.58
mg/100g, Sargassum polycystum (Phaeophyta) contaming
487.8440.24 mg /100g and Enteromorpha compressa
(38042.0 to 320+1.9mg/100g) by Adallah [31]. Lower than
our results were reported by Manivannan et al. [30] in
Chlorophyta Ulva lactuca (17.45+13.15 mg/100g) and from
red algae Hyprae valentiae (3.98£4.56 mg/100g) from
marine algae collected from Mandapam coastal regions,
Southeast coast of India.
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In the present investigation, iron content showed
remarkable variation with a highest value of 26.18+0.35
mg/100g in L. fluviatilis from site-IV, followed by L.
mamillosa from site-V (25.644+0.38 mg/100g), L. australis
from site-T (25.2520.40 mg/100g), L. torulosa from site-111
(19.0740.41 mg/100g) and L. catenata from site-Vl
(18.174+0.38 mg/100g) while the lowest value of 16.95+0.34
mg/100g was recorded in L. australis from site-T1. Values
of Fe contents were found to be very high when
compared with the results obtained in work of Matanjun
et al. [19] in Eucheuma cottonii (Rhodophyta) contaiming
2.6120.00 mg/100g, Caulerpa lentillifera (Chlorophyta)
containing  21.37£0.00 mg/100g and Sargassum
polycystum (Phaeophyta) contaimng 8.21+0.03 mg/100g
and from brown alga Padina gymnospora (3.8+3.67
mg/100g). Hypnae valentiae contain (1.08+1.68 mg/100g)
collected from Mandapam coastal regions, Southeast
coast of India Mamvannan ef al. [30]. Higher than our
values were reported by Abdallah [31] m Enteromorpha
compressa (101.243.7 to 177.83+4.0 mg/1 00g).

Meanganese content registered a maxmmum of
20.3440.22 mg/100g by L. fluviatilis from site-IV and a
mimmum of 5.26+0.48 mg/100g by L. australis from site-I1.
Mn content was found to be high when compared with
the worl reported by Abdahllah [31] in seaweeds of
Enteromorpha compressa contaimng 11.43+6.9 mg/100g
to 15.51+4.4 mg/100g. However lower than our values
were reported by Mamvannan et «f [30] from
Rhodophyta Hyprae valentiae (1.1240.50 mg/100g) and
from Phaeophyta Turbinaria ornata (0.037+0.04 mg
/100g).

Zine belongs to a group of trace metals, which are
essential for the growth of humans, animals and plants
but at the same time potentially dangerous for the
biosphere when present in  high
Calcareous rocks normally have the higher levels of Zing,
while zine is readily absorbed by clay minerals, carbonates

concentrations.

and the main sources of Zinc pollution are mdustries and
the use of liquid mamure composted materials and
agrochemicals such as fertilizers and pesticides. Out of
the five species of Lemanea studied, L. australis from
site-] obtained the highest Zine content (5.25+0.41
mg/100g) while L. catenata from site-VI exhibited the
lowest zinc content (1.2240.44 mg/100g). Amount of 7n
contents were found to be high when compared with the
results obtained by workers like Matanjun et al. [19] in
Eucheuma cottonii (Rhodophyta) contaming 4.30+0.02
mg/100g, Caulerpa lentillifera (Chlorophyta) containing
3.51+0.00 mg/100g and Sargassum  polycystun
(Phaeophyta) contaiming (2.154+0.00 mg/100g). Similar
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findings were reported by Abdahlla [31] in Entemorpha
compressa (3.94+0.58 mg/100g to 4.05+0.77 mg/100g).
Lower than our values were reported by Manivannan et
al. [30] m Rhodophyta member Hyprae valentiae
(0.1820.06 mg/ 100g) and in Gracilaria folifera (0.08£0.05
mg/100g) a marine macro algae collected from Mandapam
coastal regions, Southeast coast of India.

In the present investigation, Cu content showed
marked variation with a lhighest value of 13.09+0.41
mg/100g in L. catenata (site-V1), followed by L. torulosa
from site-I11 (13.08+0.29 mg/100g), L. australis from site-I1
(12.98+10.45 mg/100g) and L. fluviatilis from site-IV
(8.91£0.40 mg/100g) while the lowest value of 8.23:0.43
mg/100g was recorded m L. australis from site-I. Cu
content were found to be high when compared with the
values reported by Abdahllah [31] in Enteromorpha
compressa (1.5820.76 mg/100g).

Cobalt itself 13 not a particularly rare metal (ranked 33
of all metals for abundance) and can be found distributed
widely not only on land, but also underwater in the Earth's
crust, vegetables and meat dishes. Cobalt 1s an important
component in the vitamin B,,, which is required for the
normal functioning of the brain and nervous system.
Cobalt content showed a remarkable variation with a
highest value of 10.7420.19 mg/100g by L. torulosa from
site-IlI, followed by L. australis (site-Il) containing
10.40£0.44 mg/100g, L. catenata (site-VI) containing
9.0240.33 mg/100g and L. mamillosa (site-V) containing
8.962£0.51 mg/100g while the lowest value of 7.98+0.37
mg/100g was recorded i L. fluviatilis from site-IV. Lower
than our results were reported by Mamvannan et al. [30]
in Chlerophyta Ulva lactuca (0.0054+0.0001 mg/100g) and
Phaeophyta Gracilaria folifera (0.0028+0.005 mg/100g) a
marine macroalgae collected from Mandapam coastal
regions, southeast coast of India.

The Na/K ratios were found to be exhibited highest
by L. australis from site-I (1.3120.50) followed by L.
Jluviatilis from site-IV (0.42+0.64), then by L. mamillosa
from site-V (0.34x1.64), by L. catenata from site-VI
(0.27+0.75), L. australis from site-11 (0.17+0.90) and lowest
by L. torulosa (0.1810.73). Similar with our findings were
reported by Matanjun et al. [19] from the tropical edible
seaweeds studied where the Na/K ratios of E. cotfonii
and S. polycystum lie within the range of (0.14-0.16).
Ruperez [43] also reported low Na/K ratios, below 1.5 for
red and brown seaweeds studied Intakes of high Na/K
ratios have been related to the higher incidence of
hypertension. Lemanea can therefore help balance Na/K
ratios diets. In contrast, olives and sausages have Na/K
ratios of 45.63 and 4.89, respectively [44].
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In conclusion, the results of our study suggest that
these algae which are scarcely available during their short
growing period in this ecosystem also have considerable
potential of carbohydrate, protein, free amino acids,
carotenoid, iron and measurable quantities of minerals for
their use as food and pharmaceutical industry as a source
1 preparation of nutrient supplements, medicine and fine
chemical synthesis. The algae has been used as a
potential food source by the poor since times immemorial
in the state of Manipur, northeast India and preferred for
its fishy smell The study provides an evidence for the
above food practice of people and recommends its
consumption; however cautions for over harvesting of it.
Conservation measures should be undertaken because of
1ts short growing period, stable environment with disjunct
distribution 1 few localities in these rivers of Mamipur.
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