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ABSTRACT

An attempt has been made to investigate the proximate composition, amino acid and fatty acid content of the four
different species of Azolla. Fresh Azolla samples were tested for proximate composition using the AOAC (2000)
methodology. Amino acid and fatty acid compositions were determined using High Pressure Liquid
Chromatography (ion exchange principle) and Gas chromatography. The proximate composition analysis in four
species of Azolla, namely A. microphylla, A. filiculoides, Wrong finger, and a TNAU hybrid are as follows: Moisture
(91.77 - 92.25%), crude fat (0.6 - 1.8%), crude protein (3.9 - 5.2%), ash (2%), and carbohydrates (0.2 - 1%). The
results of amino acid analysis indicated the presence of all amino acids except for cysteine which was either
undetectable or present in small quantities. The range of essential amino acid percentages was 40.53 - 48.75% and
that of non-essential was 51.25 - 57.92% in the four species. Total PUFA (%) was high among the total fatty acids
detected with 64.12, 62.12, 52.13, and 35.66% in A. microphylla, A. filiculoides, the TNAU hybrid and Wrong
finger, respectively while the MUFA (%) was 18.92, 17.50, 20.75, 24.86% and the saturated fatty acid content was
15.32, 18.60, 16.15 and 37.56% for the same species. The w3: w6 ratio was 1.46 - 2.34. Based on the results of this
investigation, Azolla could be considered as a nutritive aquatic fern.
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INTRODUCTION

There is always an ever ending search for the ahifity of nutritionally rich and cheap food resoas in the
developing countries. Aquatic plants are gainingciminterest in food and biomedical research, owings broad
range of uses such as human food, animal feediarf@ittlizers [1]. In the modern world, due to thkanges in the
life style, nature of work and food habits, theidtents of serious diseases like Coronary heartadies Obesity,
Diabetes are more frequent in the younger generafidnis situation apparently demands for the sedoch
medicinally active as well as nutritionally richmoonventional food sourcefzolla is one genus of interest which
grows in a symbiotic association with the blue-gredga,Anabaena azollae. It may be considered favorably for
human consumption [2], because of its nutritiveugaind ease of cultivation [3-4]. It is traditidyalsed as bio-
fertilizer [5-6], live-stock feed [7] and nutritiah supplement [8]. Globally, the food research nyagmphasis on
the production of high quality foods and feeds lahporigin, as the green plants are recognizezkasllent sources
of proteins, fats and pharmacologically active selemy metabolites. Recent study reveals that thatagplants are
good sources of primary and secondary metaboltitsough much of the research investigationsArolla were
done to explore its bio-fertilizing activities; wefewer studies were carried out to investigate nitgritional
profiling.
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Hence this study aimed to evaluate the proximaténa acid, and fatty acid composition of fre&tolla species
namely Azolla microphylla (AM), Azolla filiculoides (AF), Wrong finger (WF; hybrid ofA. microphylla + A.
filiculoides), and a TNAU hybrid (TH; hybrid oA. microphylla + A. pinnata) grown under homogenous conditions.

MATERIALS AND METHODS

Chemicals

Concentrated sulphuric acid, copper sulphate, patassulphate, Tashiro’s indicator, tri sodium afiér, boric acid,
distilled ethanol,o-phthalaldehyde, sodium carbonate, 2-mercaptoeth&mig35(polyoxy ethylene lauryl ether),
sodium hypochlorite, petroleum ether, chlorofornxd@ar grade), methanol (AR grade), anhydrous sodiu
sulphate, fatty acid methyl ester standards, sodmydroxide, boron trifluoride, amino acid standardsre all
purchased from Sigma-Aldrich (St. Louis, MO, USA).

Sample collection

The four varieties of fresAzolla namelyAzolla microphylla (AM), Azolla filiculoides (AF), Wrong finger (WF)
and a TNAU hybrid (TH) were collected from the Agiitural Microbiology Department of Tamil Nadu
Agricultural University (TNAU) and further propagat in four separate tanks under homogenous conslitio
(natural day light, with humid temperature, andaddlitional nutrients added other than soil and watailable on
campus) at the Central Institute of Fisheries Tetdgy, Cochin. Before beginning the analysis, samphere
washed thoroughly with tap water and rinsed wistilied water.

Determination of Proximate composition

Pre-weighed frestAzolla whole plants were taken in a Petridish and kemrnroven maintained at approximately
105°C for 24H. The difference in weight was usedalrulate the moisture content. The crude prateintent was
determined by estimating the total nitrogen conteihg Kjeldahl method and multiplied by a factéréa25. For
the determination of crude fat, the sample wasqulan a cotton-plugged thimble and placed in a Sdxpparatus
and extracted with petroleum ether for 16 hrs. €tleer was removed by evaporation and the flask faittwas
dried at 80 - 100 °C, cooled in a desiccator anighesl. The ash content was determined by incirerati a muffle
furnace at 600°C for 8 hours. The carbohydrateetdntias determined by 100 - (total moisture + crpidgein +
crude fat + ash). All these analyses were condumtedrding to the AOAC methodology [9].

Analysis of Amino acids

Fresh samples &zolla species were finely minced in mortar and pesttd @N HCI and transferred the contents to
a test tube which was sealed latter. It was thgn kean oven at 120°C for 24 hrs. These contemte iltered,
flash evaporated and made up to volume with 0.0%N. Aihis solution was filtered through a 0.45 pnrepsize
filter (Whatman, UK) and injected into an HPLC (8laidzu-LC 10 AS). The amino acids were separated in
sodium ion exchange column (Shimadzu-CTO-6A) fitteith an oven maintained at 60°C. The post column-
derivatized amino acids were detected using a StimaFLD-6A-type fluorescence detector [10]. Tryghan was
determined separately by a spectrophotometric eftid], because it is labile to the hydrolysis dtinds
followed above for HPLC.

Analysis of fatty acids

The lipid content of the freshzolla plantswere estimated using chloroform/methanol as a sblvethe ratio of 2:1
[12]. Fatty acid methyl esters (FAME) were analyzesing the standard methods [13]. FAMEs from aniarad
plant origin were formed by heating fatty acid wBRs-methanol and methanolic sodium hydroxide. The pieth
esters formed were separated and detected by & TBas Chromatography Ultra (GC-Varian CP 3800 USA).
Nitrogen was used as the carrier gas at a flow o&t@.8ml/min, with an FID (Flame lonisation Detet The
temperature profiles were as follows: Initial temgiare = 40°C; heating rate = 2.7°C/min; final tergiure =
110°C; injector temperature = 260°C; detector tarpee = 275°C. Fatty acids separated were idedtifiy
comparing RT (retention time) with those obtaingd e mixture of standard fatty acids and quantifiesing
Thermochrom card software (Thermo corporation)ividdal fatty acids were expressed as percentagetalf fatty
acids detected.
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Statistical analysis

Experimental values were mean + SD from three sepaxperiments except for total carbohydrates wivatues
were calculated as mentioned in the methodologiysecrhe mean and SD values were calculated Udiogosoft
Excel-2007 software.

RESULTS AND DISCUSSION

Proximate composition of Azolla

The proximate composition @Zolla in the four different species is shown in (TableA high percentage of water
content ranging from 91.4 in WF to 92.25 in AM waisserved. There observed a considerable amourgriation

in the crude protein content @Zolla species: 3.9% in WF, 4.15% in TH and AM, 4.65%AlR. The nitrogen
content ofAzolla varied from 0.63% in WF to 0.74% in AF (wet weighEhis high protein content could be due to
the high nitrogen content fixed by the endosymbiattrogen-fixing bacteriuminabaena azollae. The variation in
the heterocyst frequency of the endosymbiont asd tie maturity of leaf affects the nitrogen-fixiagility of
Azolla [3]. This may explain the variation in nitrogen temt among the four species. The crude proteinecnt
determined was considerably high when compared witlde protein content of water hyacintGidchornia
crassipes) andAzolla Mexicana [14-15] The percentage of crude fat ranged fron9 0.5.8%. The hybrids (WF and
TH) have a relatively higher amount of crude faarththe non-hybrid AM and AF, possibly as a residlt o
hybridization. The total ash content was similamlhspecies and the total carbohydrates ranged &9 - 1%.
Generally, floating macrophytes have lower fiberels. The lower carbohydrate content indicates Mzatla has
lower fiber content.

Table 1. Proximate composition (g/100g of wekzolla)

Plants | Moisture Protein Ash Crude fat | Carbohydrate | Total nitrogen
AF 91.81+0.30] 4.65+02 2+0J1 0.72+0.p2 0.82 0.74 +£0.03
TH 91.77+1.04] 4.15+0.3 2+0.13 149+0[14 590. 0.66 + 0.06
AM 92.25+1.56| 4.15+0.19 2+0.16 0.59+0.p9 0QL. 0.66 + 0.03
WF 91.4+0.87| 39+031 2+0.05 1.8+0.0p 0.90 0.63 + 0.05

AF: Azolla filiculoides, TH: TNAU Hybrid, AM: Azolla microphylla, AF: Azolla filiculoides

Table 2. Amino acids composition (g/100g protein)fdAzolla

Amino acids AM WF TH AF
Threonint 7.61+0.1 8+0.2( 7.69+0.2 6.56 + 0.2
Valine 7.67 £0.30 8.67 +0.25 7.37 £ 0.53 6.93 + 0.34
Leucine 10.6 + 0.32 10.26 + 0.52 10.56 +0.19 9.24+0.§
Isoleucine 5.75+0.19 6.65 + 0.33 5.53+0.11] &@R09
Phenyl alanine 5.1+0.12 5.54 + 0.05 5.12+0.18 .6640.29
Lysine 2.34 £ 0.0 2.06 £0.0: 3+0.04 12.82 +0.3
Methionine 0.46 £ 0.1, 0.43+0.1. 0.51+0.1 0.52+0.1.
Tyrosine 0.92 £ 0.03 1.22 £0.04 0.93 £ 0.02 0.34£0.01
Aspartic acid 11.58 +0.53 10.77 £ 0.27 10.97 £50.3 10.46 £0.19
Glutamic acid 14.2+0.25 11.7 £0.39 11.68+0.45 11.28 +0.19
Serine 9.36 £ 0.26 9.54 +0.36 9.58 +0.18 7.83+0.31
Proline 1.62 +0.03 1.6 £0.01 1.53+0.03 1.43 £ 0.06
Glycine 8.59 + 0.39 8.87 +0.27 9.05+0.15 7.57 £ 0.24
Alanine 7.86 £ 0.39 7.63+0.25 8.91 +0.33 6.81+0.11
Cysteine ND ND ND ND
Histidine 3.3+0.09 3.68 + 0.05 3.17£0.10 3.21+0.11
Arginine 2.04 £ 0.05 2.01 £0.09 2.4 +0.15 2.32+£0.02
Tryptophan 1+0.02 1.37 £0.07 2.3+0.09 2+0.06
Essential amino acids % 4053 +1.14 4298 +1.47 42.08 + 1.36 48.75+2.2
Non essential amino acids % 59.47 £ 2.0p 57.072 1 57.92+1.76 51.25+1.26
AM: Azolla microphylla, WF: Wrong finger, TH: TNAU Hybrid, AF: Azolla filiculoides, %: percentage, ND: Not Detected

Amino acid composition of Azolla

The protein quality is a function of amino acidesent. Individual amino acid content among the &pecies of
Azolla is shown in (Table 2). All the essential aminodacivere present ranging from 40.53% in AM to 48.716%
AF. Among the essential amino acids, WF contairfesl haximum percent of threonine (8%), valine (8.57%
isoleucine (6.65%) and phenylalanine (5.54%). Lysaimd methionine were present maximum in AF witt82%
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and 0.52%, respectively. AM contained high proportof leucine (10.6%) and TH had high tryptophantent
(2.3%). The essential amino acids that can onlgrbgided in the diet must be adequate for normeatgin turnover
in the body. The amino acid content of the analyakeaits compared favorable and well exceeded vaighwHO
“ideal pattern of adults” (% of amino acids) excéptphenylalanine and tryptophan [16]. The ess¢iatinino acids
content was also higher than the essential amiids aontent present iAzolla mexicana except for methionine
[15]. This could be due to the differences in t®graphical conditions and water environment. Tigptophan
content in all the four species was higher thanttiygtophan content ofpirulina which had only 0.93g/100g of
protein, USDA standard reference [17]. A highermgandion of non-essential amino acids were alsaiilted by the
four species in the range of 51.25 - 59.47% ouheftotal amino acids obtained. The aspartate andrgate were
the predominant non-essential amino acids deteotéte range of 10.4 - 11.6% and 11.28 - 14.2%. Vdlaes of
aspartate and glutamate are slightly higher tharvétues reported by Carranetoal in AM and Leterme Rt al in
AF [15, 18]. In all the species, cysteine was eitinedetectable or present in very minute quantitidsich is in
concordance with earlier studies [8]. The leveles$ential and non-essential amino acids in the dpacies of
Azolla are shown in (Figure 1).

Figure 1. Levels of essential and non essential amiacids content in four species o&zolla
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Fatty acid composition of Azolla

In general, the nutrient content of the aquatic noltytes could vary depending on the season, dmepthe water
and the morphology of the plants [19]. The perogateomposition of PUFAs among the four speciehiasve in
(Table3). The followingAzolla species namely AF, AM and TH had the highest priigo of PUFAs (62 - 64%)
and AM, TH, WF contained maximum content of MUFAsgittaccounted for (17 - 24%), out of the totalyfaitids
detected. Essential fatty acidee fatty acids that cannot be synthesized withimrganism from other components
by any known chemical pathways, and therefore rhastbtained from the diet. The alterations in lipigmbrane
[20], salinity levels [21] and geomagnetic fiel®]Zan significantly affect the fatty acid compasits of a plant.
Among thew-3 andw-6 family of fatty acids, linolenic acid was theegominant fatty acid present in the range of
19.8 - 37.95%ollowed by linoleic acid (5.11 - 15.38%). The llenic acid, linoleic acid and arachidonic acid are
few important members of the-3 andw-6 series of PUFAs which were present in good priigo in Azolla. The
values of linolenic acid were higher than the cobtpresent in some of the edible oils [23]. Thi#oraf »-3 to ®-6
was 1.4 - 2.3 which is shown in (Table 4). In gast 100 years, changes in the food habits havgedahen3/w6
fatty acids ratio to fall below 0.1 [24]. Theredsmeed of balance in our consumptiorwed8 andw-6 fatty acids in
order to stay healthy. In the other hand, expeggssts a 1:1 ratio and never more than 2:1 aslthip@éadex [25].
This ratio in all the species @&zolla compared well within or slightly higher than theits prescribed in various
reports. Arachidonic acid helps to protect the rbfadbm oxidative stress and maintain hippocampHlrmembrane
fluidity [26]. Eicosapentanoic acid (EPA) contenasvdetected at minimum levels in all the speciese@x TH
which contained maximum of 4.9%. A lesser quarntitfatty acids likey - linolenic acid, docosohexaenoic acid,
cis-13,16-Docosadienoic acid, cis-11,14,17-Eicasapic acid, cis-8,11,14- Eicosatrienoic acid wealso present.
Among omega-3 fatty acids, EPA is thought to pasde=aling mental disorders, such as schizophr&iie28].
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EPA value meets with the EPA content in some of fiblees like herring, catfish which contained 6 dtfd
respectively [29].

Table 3. Polyunsaturated fatty acids percentage (iterms of total fatty acid) in Azolla

Carbon length Fatty acids WF AF AM TH
C18:2(n6 Linoleic acic 10.32+0.2 | 1526 +0.1 | 15.38+0.3 | 5.11+0.1
C18:3(n6) y - Linolenic acid 0.37 £ 0.01 0.11 +0.01 0.128D.| 1.03+0.02

C18:3(n3) | Linolenic acid 19.80 £ 0[7537.52 +0.5p 37.95+0.30 30.64 +0.38
C20:2(n6) cis- 11, 14- Eicosadienoic acid 0.090/ 0.15+0.05 0.05 +0.01 0.42 £ 0.09
C20:3(n6) cis-8, 11, 14- Eicosatrienoic acid 0.59.64 0.90 + 0.04 0.88 + 0.05 2.56 + 0.p9
C20:4(n6) Arachidonic acid 2.85+0.02 541+03 .845+0.33| 6.41+0.21
C20:3(n3) cis-11, 14, 17-Eicosatrienoic acid 0.21@2 0.19 +0.07 0.26 + 0.01 0.57+0.04
C20:5(n3) cis-5, 8, 11, 14, 17-Eicosapentanoic acid | 0.89 + 0.05 2.36 £ 0.05 3.00+ 0.0 4.90+ 0.5
C22:2(n6) cis-13, 16-Docosadienoic acid 0.29 £ 0J020.11 + 0.01 0.10 £ NA 0.10 £ NA
C22:6(n3) cis-4, 7, 10, 13, 16, 19-Docosahexaemdit | 0.23 + NA 0.12 + NA 0.54 £ NA 0.43 £ NA
Total percent 35.66+1.1fy 62.13+1.22 64.13081. 52.13 +1.15
WF: Wrong finger, AF: Azolla filiculoides, AM: Azolla microphylla, TH: TNAU Hybrid, NA: Not applicable

Table 4. Ratio of omega 3/omega 6 fatty acid idzolla

Fatty acids WF AF AM TH
% of 03 21.17 | 40.1¢ | 41.7¢ | 36.5¢
% of w6 14.50| 21.94 22.37 156
Ratio ofw3/ w6 | 1.46 1.83 1.87 2.34

The percentage composition of MUFAs Azolla is shown in (Table 5). The major MUFAs observedeneleic
acid (OA) and palmitoleic acid (PA), which was mesmaximum in TH and WF. Oleic acid content waarlye
two times higher in TH (11.83%) than in WF, AF aAlll, respectively. On the other hand, WF had thehbgy
palmitoleic acid (15.38%) while TH had the lowdsthas been reported that the new occurrence dimascular
abnormalities could be prevented by the dietargkiatof 13 % OA in the total caloric value, but aorease to 20 %
of the same fatty acid could limit this beneficfaitential by increasing the LDL levels in the blo@d]. New
research suggests that methyl and ethyl esteralgfitpleic acid are shown to possess strong antohial activity
against some of the oral pathogens Bkesptococcus mutans, Candida albicans and few others [30]. Other MUFAS
like erucic and nervonic acid were present in tr@aT®unts.

Table 5. Monounsaturated fatty acids percentage (iterms of total fatty acid) in Azolla

Carbon length Fatty acids WF AF AM TH
Cl4:1 Myristoleic acid 0.01 +0.01 0.55+0.04 0£0.01 1.47 £0.05
C15:1 cis-10-Penta decenoic agid  0.23+0.01 0.093 | 0.14+0.01 0.32 + 0.0%
Cl6:1 Palmitoleic acid 15.38+0.9 8.95+ 0.5 11125 | 0.44 £0.02
C17:1 cis-10 Heptadecenoic a« | 0.64 +0.0 0.12+0.0 0.12+0.0. | 0.35+0.0:

C18:1(n9 Oleic acic 6.99 £0.12 6.50 + 0. 6.09 £ 0. 11.83 £ 0.
C20:1 cis-11-Eicosenoic acid 0.85 +0.06 0.88 £0/0 0.91 +0.01 5.80 £ 0.16
C22:1(n9) Erucic acid 0.32 +0.01 0.1 £NA 0.18AN| 0.04 +0.02
C24:1(n9) Nervonic acid 0.36 + 0.01 0.21+0.01 40:10.02 0.51+0.01
Total percent 2486+1.18 17.50+1.01 18.9287Q. 20.76 +1.09
WF: Wrong finger, AF: Azolla filiculoides, AM: Azolla microphylla, TH: TNAU Hybrid, NA: Not applicable

The percentage of saturated fatty acids is shov(fiable 6) There observed the presence of saturated fattg acid
the range of (15 - 37%) and also a small amoustbirated fatty acids with odd number of carbonrchalmitate
content was illustrated high (12.3%) in WF. TH tiae highest myristate content (4.24%) while WF tresdlowest,
lignoceric acid in WF was nearly double the amowtiorded in AM, while TH registered the least. Amgdhe
saturated fatty acids a good proportion of palmam@d was observed, which is higher than the grleemes
palmitate content reported by Vidrahal [31]. Myristic acid is a very important fatty acighich the body utilizes
to stabilize many different proteins, including f@ias used in the immune system and to fight tunitnss, the loss
of myristic acid from the diet can have unfortuned@sequences, including cancer and immune sysysfarcttion.
Lignin is present in all vascular plants and thatyrbe considered as a reason for its high amoQtitger saturated
fatty acids were also present in minor quantitidse saturated fatty acids with odd number of cardtums like
undecanoic acid, tridecylic acid, pentadecylic arid margaric acid were observed in negligible amtsourhe odd
chain fatty acids are found predominantly in mangtbrial species [32]. The presence of endosyichnitrogen
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fixing bacteriumAnabaena azollae, may have contributed to the detection of theetrmamounts of saturated fatty
acids with odd carbon number Azolla. The levels of total fatty acids detected in therfepecies are shown in
(Figure 2).

Table 6. Saturated fatty acids percentage (in termsf total fatty acid) in Azolla

Carbon length Fatty acids WF AF AM TH
C10 Capryic acid 0.15+0.01 0.52 + 0.08 0.1840.0 0.42 +£0.01
C12 Lauric acid 0.93+0.04 1.96 £ 0.08 0.78+0.01 2.21+0.1
C14 Myristic acid 2.59 + 0.04 3.02+0.19 3.121D 4.24 +0.25
C16 Palmitic acid 12.63 + 1.05 0.12 +0.01 0.38@30 0.11 + NA
C1¢ Stearic aci 2.96+ 0.0F 2.76+0.01 2.69+0.1€ 5.76+ 0.0¢
Cc2C Arachidonic aci 0.38+0.01 0.33£NA 0.29+ NA 0.88+ 0.0¢
C22 Behenic acid 0.86 + 0.0 0.69 + 0.08 0.60 + NA 2.28 + 0.06
C24 Lignoceric acid 17.06 + 0.64 9.21+0.21 7.2933 0.25 +0.05
Total percent 37.56 + 1.27 18.60 + 0.2 15.32660] 16.15+0.61
WF: Wrong finger, AF: Azolla filiculoides, AM: Azolla microphylla, TH: TNAU Hybrid, NA: Not applicable

Figure 2. Levels of PUFA, MUFA, SFA and saturateddtty acid with odd carbon chain (OSFA) in four spetes ofAzolla
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CONCLUSION

Based on the results of the study it is concludhed, Azolla could be used as an unconventional food sourcenpavi
a potential to include in diets. The results recerd the growing awareness that aquatic plantscoatribute
essential nutrients like amino acids and fatty sicAdthough this study has revealed much abouathmo acid and
fatty acid compositions, additional knowledge remsafo be secured regarding the metabolism of fadtgs in
individual and hybrid varieties dfzolla. However further studies have to emphasis onddirtials to prove itsn
vivo bioavailability and nutritive value efficiently.
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