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ABSTRACT

The objective of the present study was to determine proximate and mineral composition of two macrolichens namely
Ramalina conduplicans Vain. (Ramalinaceae) and Parmotrema tinctorum (Nyl.) Hale (Parmeliaceae). The
powdered lichen materials were subjected for proximate analysis to estimate moisture, ash, total protein, total
carbohydrate, crude fibre and crude fat content. The content of mineral elements was estimated by |CP-OES after
microwave digestion. The content of moisture, ash, crude fibre and protein was higher in P. tinctorum whereas
crude fat and carbohydrate content was higher in R. conduplicans. The content of all elements except calcium and
copper was higher in P. tinctorum. The content of calcium and potassium was highest in R. conduplicans and P.
tinctorum respectively among major elements. In case of minor elements, iron and nickel were found to be highest
and least respectively in both the lichens. In conclusion, the results of proximate and mineral content of lichens of
this study indicate that the utilization of these lichensin food can be nutritionally advantageous.
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INTRODUCTION

Lichens represent a symbiotic interaction betwedungal partner (a mycobiont) and a photosynthpéicdner (a
phytobiont represented by algae or cyanobactévlaje than 20000 species of lichens are known. Tdieihs are
known to inhabit diverse ecosystems ranging fropti@tundra to desert climates. They are ubiquitand are
found on barks, stems, leaves, in soil and watéroften grow in conditions less favorable for otleeganisms.
Throughout history, these lichens have been usedaas folk medicine, dyes, in the production ofaiol and
perfume industry. Lichens are used for a numbereafr's as natural bioindicators for various heavyataeand as
sources of information for environmental monitoringchens produce a number of characteristic semgnd
metabolites called lichen substances exceeding G-ib@umber. These substances are produced mastiynigal
partner and are unique to lichens and not foundther organisms. The extracts and metabolitescbklis are
known to display a range of biological activitiagch as antimicrobial, antioxidant, anti-inflammatoanalgesic,
antiherbivore, antitumor, allelopathic, enzyme bitary, antipyretic et¢1-4].

The utilization of lichens as principal food by hams is limited. Often, their use is restricted tmditions like
famine in which survival becomes a critical sitoati Redzicet al. [5] reported the utilization of 7 lichen species
including Evernia prunastri andUsnea sp. by people in Bosnia during war conditions. lfalty, several species of
lichens are used as food or to flavor foods. Lishesuch asParmelia, Heterodermia, Ramalina, Rimelia,
Parmotrema, Usnea, Everniastrum and others are used to prepare several Indiaegsich as biryani, curries etc.
[6-9]. In Yunnan province of southwestern ChiRamalina conduplicans is used to prepare a traditional cold dish
served at marriage banquets and in a stir-friett digh[10]. The Rai and Limbu communities of East Nepal Rse
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conduplicans traditionally for preparation of foofll1]. In many places of India, the lichen is used asieedp].
Ethnic minorities in Naban River Watershed Natiohsture Reserve, Yunnan, China consume a species of
Ramalina as wild food planf{12]. Lichens belonging to 5 genera are used as edidtk plants by Tibetans in
Shangri-la region, Yunnan, Chija3]. Besides use in human nutrition, lichens are alsferred by animals. In
winter, lichens such as species@fdonia, Cetraria etc., form the major source of winter pasturesdiazing
animals such as caribou and rain dgit15]. Keeping in mind the potential uses of lichendasd and in the
preparation of food, the present study was focusedetermining proximate and mineral element coritjpasof

two macrolichensviz.,, Ramalina conduplicans Vain. (Ramalinaceae) anBarmotrema tinctorum (Nyl.) Hale
(Parmeliaceae).

EXPERIMENTAL SECTION

Collection and identification of lichens

The lichensR. conduplicans andP. tinctorum were collected during December 2013 from Hosalkl Maragalale of
Shivamogga district respectively. The lichens watentified on the basis of morphological, anatoriaad
chemical tests. Color reactions were performedhencortex and medulla by using 10% potassium hydeo¢),
Steiner's stable paraphenylenediamine solution #RQ calcium hypochlorite solution (C). Thin layer
chromatography (TLC) was performed to identify ctaeristic secondary metabolites using solventesysf
(Benzene:1,4-Dioxane:Acetic acid in the ratio 90425The spots were marked, Rf values were caledland the
compounds were identifigd6-18].

Proximate composition of lichens

M oisture content

A known quantity (10g) of powdered lichen materias taken in a pre-weighed flat-bottom dish (W1l &ept
overnight in hot air oven at 100°C, cooled and Wweij(W2). The moisture content of lichens was dated using
the formula:

Moisture content = ([W2-W1] / weight of material3Q[19].

Total ash

10g of lichen material was placed in a pre-weigbiéida crucible (W1). The crucible was heated oxdow flame
(till the lichen material was completely charred)ldwed by heating at 600°C in a muffle furnace &yout 3-5
hours. The crucible was cooled in a desiccatorw@idghed (W2). In order to ensure complete ashimg,crucible
was heated again in the furnace for half an hawlexl and weighed. This was repeated consequdhthetweight
of ash become constant (ash became white or grayigh). Total ash content was calculated usingdheula:

Total ash content = (weight of ash [W2-W1] / weighmaterial)x10(19].

Crudefibre

Crude fibre estimation is based on treating thestnoé and fat-free sample with dilute acid (1.25%) then with
dilute alkali (1.25%) which is similar to the gastand intestinal action in the process of digestio this method,
2g of moisture and fat-free lichen material waseatltb 200 ml of 1.25% $$0, and boiled for 30 minutes. The
content was filtered through linen cloth and thsidee was washed with boiling water till no acidide residue
was further treated with 200ml of 1.25% NaOH andeabfor 30 minutes. The content was filtered thylodinen
cloth, washed with boiling water and then with 1%®% and again with hot water. The residue obtained takean
in a pre-weighed silica crucible (W1), heated ad°@0until complete ashing and the crucible was agaighed
(W2). Crude fibre content was calculated usingfthmula:

Crude fibre content = (weight of residue [W2 -W1§dight of material)x10019].

Crudefat

2g of moisture free lichen material was extractsthg petroleum ether (boiling point 40%0) in a Soxhlet
extractor for 24 hours (or until a drop taken froine drippings left no greasy stain on the filtep@g. Later,
petroleum ether was drained into another pre-weidiél) container. The container was kept in hobagn until it
was free of petroleum ether, cooled in desiccatorweighed (W2). The difference in the weight walseh as fat
content. The crude fat (%) in the lichen mateneds calculated using the formula:

Crude fat (%) = (Weight of fat [W2-W1] / Weight sample taken)x1(Q9].
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Protein content

The micro Kjeldahl method was performed to estintatecrude protein content of lichen materidl8,20]. Here,
2g of oven-dried lichen material in a Kjeldahl #awas added with 30ml of concentrategSH)y, 10g potassium
sulphate and 1g copper sulphate. The mixture wateteently first and then strongly once the froghihad ceased.
Further, the colourless or clear solution was heéte another hour, cooled and diluted with distlllwater to the
mark in a 100ml volumetric flask. 10ml of aliqudttbe digest was measured into the decompositiambler of the
distillation apparatus and 15ml of 40% NaOH wasealddnd the ammonia released was trapped into 20thPe
boric acid solution containing mixed indicator. Alaur change from pink to green was observed astheonia
being trapped. Distillation was continued for 5 oigs and the boric acid-ammonia solution so obthinas titrated
against 0.1N HCI. The % of nitrogen was calculdtgdising the formula:

% Nitrogen = (T-B) x N x 0.014 x D x 100 / Weighttbe sample x V, where T is sample titration regdiB is
blank titration reading, N is normality of HCI, B dilution of sample after digestion, V is volunfesample taken
for distillation and 0.014 is milliequivalent weigbf nitrogen.

% crude protein was calculated using the formula:
% crude protein = 6.25* x % nitrogen, where * isreation factor.

Total carbohydrate content
Percentage carbohydrate was calculated by usiniptimeila:

Carbohydrate (%) = 100 — (percentage of ash + ptage of moisture + percentage of fat + percentdgeotein)
[19].

Nutritive value
Nutritive value of lichens was determined by udiing formula:

Nutritive value = (4 x percentage of protein) +x(Percentage of fat) + (4 x percentage of carbadigdf19].

Mineral composition of lichens

1g of powdered lichen material was digested usibigllof ultrapure metal free nitric acid in a micrawve digester
(CEM). After digestion, the content was filteredahgh Whatman filter paper No. 1 and diluted tor@bwith
distilled water. The digested lichen sample wasrasgu into ICP-OES (Agilent Technologies 700 s&rigS) to
estimate major elementiz., Calcium (Ca), Potassium (K), Sodium (Na), Phospé (P) and Magnesium (Mg) and
minor elementsiz., Manganese (Mn), Iron (Fe), Zinc (Zn), Nickel YNChromium (Cr) and Copper (Cu). The
standards were prepared by diluting stock multireletal standard solution in nitric aci@l]. Instrument
configuration and experimental conditions are pnesztin Table 1.

Table 1. ICP-OES operation conditions

Power (kW) 1.2

Plasma flow (L/min) 15.0

Auxiliary flow (L/min) 1.50

Nebulizer flow (L/min) 0.75

Sample flow rate (L/min) 15

Replicate read time (s) 3.00

Instrument stabilization delay (g 15.0

Sample uptake delay (s) 10.0

Pump rate (rpm) 15.0

Rinse time (s) 10.0

Spray chamber Cyclonic type
Ca (422.673), Cu (327.395), Na (589.59?)

Elements, wavelengths (nm) Cr (267.716), Fe (238.204), K (766.491),

' Mg(279.553), Mn (257.610), Ni (231.604),

Zn (213.857), P (213.618)

RESULTSAND DISCUSSION

Characteristics of lichens used in this study
The morphological, anatomical and chemical chareties of selected lichens are presented in Table
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Table 2. Description of R. conduplicansand P. tinctorum

Characteristics R. conduplicans P. tinctorum
Form Fruticose Foliose
Habitat Corticolous (bark of areca tree) Corticolous (bafrkashew tree)
Thallus 3-5cm long, pendulous, flattened, greewisdy, branched] Large loosely adnate, membranous, broad, Igbes
Thallus upper side smooth, scar_cely pseudocyphellate; Ic_mdnr rugose, irregular, rotund,; mar_gi_n_s crenate, eciliate; upper
description with raised, rourjd,_promlnent pseudocyphellag; daqrangl |_S|d|a su_rface grey, smooth, |S|d|at'e;' lower sqrface nahyu
absent, chondroid tissue present and uneven ikntss, distinctly| wrinkled, rough, black, erhizinate; rhizines sparse
cracked into hyphal bundles; medulla solid, whiig filled coarse at the centre
Color tests Cortex K-; Medulla K-, C-, KC -, Pd+ yellow Corté yellow; Medulla K-, C +red, KC +red, Pd -
TLC Usnic acid, Salazinic acid, Sekikaic acid Lecanadi, Atranorin

Proximate composition of lichens
The proximate composition of powdered lichen materis shown in Table 3. Moisture, ash, crude fdomd protein
content ofP. tinctorum were higher than that d&®. conduplicans. The content of crude fat and carbohydrate was
higher inR. conduplicans when compared tB. tinctorum. The nutritive value was high R conduplicans.

Table 3. Proximate composition of R. conduplicans and P. tinctorum

Parameter R. conduplicans | P. tinctorum
Moisture (%) 8.86 9.12
Ash (%) 4.01 6.15
Crude fibre (%) 5.86 16.36
Crude fat (%) 2.1 13
Protein (%) 5.95 11.3
Carbohydrates (%) 79.08 72.13
Nutritive value (Cal/100g 359.02 345.42

Mineral content of lichens
Table 4 shows the content of major and minor minelaments of lichens selected. Calcium and coppee
detected in high quantity iR. conduplicans whereas other elements were found in high quaimtiB; tinctorum. In
case ofR. conduplicans, calcium and iron were detected in high quantitpoag major and minor elements
respectively. However, in case Bf tinctorum, potassium and iron were in high quantity amongomand minor
elements respectively.

Table4. Mineral content (in ppm) of R. conduplicansand P. tinctorum

Minerals R. conduplicans | P.tinctorum
Calcium 7040.20 2334.13
Potassium 2548.92 2931.82
Sodium 154.31 370.58
Phosphorus| 737.22 852.08
Magnesium 561.98 884.34
Iron 1009.64 8250.52
Copper 30.33 30.15
Zinc 46.11 55.81
Manganese 32.23 233.75
Nickel 1.92 9.85
Chromium 6.14 21.60

Moisture content is an important parameter whiclmiportant as far as the shelf-life of any foodcancerned.
Foods with more moisture content undergo spoilagyy easily than foods with low moisture contentlasy are
more prone to microbial spoilag@?]. In this study, the moisture content of both tisdns is more or less similar
(8.86% and 9.12% foR. conduplicans and P. tinctorum respectively). The moisture content of both lichevas
shown to be lesser when compared to moisture cbmteR. conduplicans (16.4%), R. hossei (16%) andP.
pseudotinctorum (15.2%) of earlier studief23-25]. Comparatively the ash content was higherPintinctorum
(6.15%) tharR. conduplicans (4.01%). The ash content represents the mineraposition of sampleg22]. The ash
content of both lichens was found lesser thandhash content oR. conduplicans (10%),R. hossei (12.1%) and®.
pseudotinctorum (8.9%) of earlier studieg3-25]. The ash content of these lichens was found hitiear certain

legumed26].

The content of proteins was higher in cas@dfinctorum (11.3%) than that oR. conduplicans (5.95%). Proteins
are macromolecules composed of amino acids joinegdptide bonds. Proteins play a number of rolethen
individuals as structural components, energy sqQuez&ymes, hormones, antibodies, carrier molecekes
Deficiency of proteins results in several condiiauch as kwashiorkor, marasmus|[@#. The protein content of
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R. conduplicans of this study was lesser than that of protein enhofR. conduplicans (9.1%) andR. hossei (8.8%)
of earlier studieg23,24]. In another study of Vinayaket al. [25], the protein content of. pseudotinctorum
(16.2%) was found to be higher than that of lichehthis study. Lichens are known to be poor sasifoe proteins
when compared to plants. The protein content ofithens of this study is shown to be sufficieridgser than the
protein content of pulsg26,28-30] and oil seedf31,32].

In the present study, the crude fibre conter®.ainctorum (16.36%) was found higher (more than twice) thaat t
of R. conduplicans (5.86%). Crude fibre is the residue remaining adtefatting followed by digestion with dilute
acid and alkali. Though the fibre content havdelifood value it is important for proper peristaltiction in the
intestinal tract. It contains cellulose, hemicalké, lignin etc. The fibre imparts a variety of lhtedenefits such as
reduced risk of chronic diseases such as diabetessity, cardiovascular disease etc. Fibre alscelswhe
concentration of low density lipoprotein cholesterothe blood. Moreover, the fibre eliminates veaftom the
gastrointestinal tract due to its ability to bindater and thus soften the stof@?2]. The fibre content oR.
conduplicans of this study was lesser than that of fibre contérrR. conduplicans (10.1%) andR. hossei (10.8%) of
earlier studie$23,24]. However, the content of fibre I tinctorum of this study was found to be higher than that of
fibre content of. pseudotinctorum (12%)[25].

The carbohydrate content was found to be higheR.irconduplicans (79.08%) thanP. tinctorum (72.13%).
Carbohydrates form an integral part of diet and iamgortant in several ways. They are important tagctural
components as well as energy source. Carbohydugieliss energy to cells such as brain and musdls. dé
contributes to fat metabolism and spare proteinsnasnergy sourd®2]. The carbohydrate content of both lichens
was higher than that of carbohydrate conteriR.afonduplicans (61%), R. hossel (59.9%) andP. pseudotinctorum
(53.2%) of earlier studief3-25]. It is known that lichens are rich in carbohydsat€he carbohydrate content of
both the lichens is found to be higher than thatasbohydrate content of green gram and certain [2830].

The fat includes triacylglycerols, phosphatidyléheland cholesterol. Together with proteins anddalaydrates,
fats act as major energy source for the body. $&xtee as energy reservoir and yield more energynwbepared to
other biomolecules. Fats are also important forogdi®n of certain vitamins such as Vitamin A, D, afd E.
Besides, the fatty acids are also significant ay ire structural components of cell membranespaacursors for
bioactive molecules and have regulatory functi@}. In this study, the crude fat content was foundedigher in
R. conduplicans (2.1%) thanP. tinctorum (1.3%). The crude fat content Bf conduplicans was lesser than that of
fat content oR. conduplicans (3.3%) andR. hossel (3.2%) of earlier studig®3,24]. Similarly, the crude fat content
of P. pseudotinctorum (6.5%) was higher than that of fat content of kbl lichens of this stud5]. The crude fat
content of the lichens of this study was foundéddsser than that of oil sed@®4,32].

The nutritive value (cal/100g) was shown to be higim R. conduplicans (359.02) when compared B tinctorum
(345.42). The nutritive value dR. conduplicans of this study was higher than that of nutritiveluea of R.
conduplicans (356.0) andR. hossei (348.2) of earlier studid®3,24]. Similarly, the nutritive value oP. tinctorum
was shown to be higher when compared to nutritaleesofP. pseudotinctorum (336.1) of earlier studj25].

Minerals are inorganic substances found in body#s and fluids. These represent comparativelylsnpdrtion of
the diet when compared to major nutrievits, carbohydrates, proteins and fats. Although timeiseral elements do
not yield energy they are needed for several méitapmcesses that are crucial for life. These mahelements are
classified broadly into major or minor elements dzh®n their daily requirement. The importance ohenal
elements is well studied in human, animal and pfauttition as their deficiencies in the diet offead to a variety
of diseases/disordel8,33,34]. Mineral composition of macrolichensz, Everniastrum cirrhatum [3], Usnea
pictoides [21], R. hossei [24] and P. pseudotinctorum [25] from Western Ghats has been studied. In the presen
study, we estimated the content of 5 major and iorreélements in microwave digested lichen materialdGR-
OES technique. ICP-OES technique has an advantageother analytic techniques being used to estinaneral
elements as the technique can estimate a numbements at a time. Hence, ICP-OES technique ig widgly
used for elemental determination and several stulée been performed to validate this techniquenfetal
analysis of a large variety of specimen types idiclg licheng21,34,35,36].

In the present study, the content of calcium anthgsum was highest iR. conduplicans and P. tinctorum
respectively among major elements estimated. THaisocontent was least in both the licheRsconduplicans
was shown to contain high calcium when compareB. tinctorum. The calcium content of both the lichens was
lesser than calcium content bf pictoides [21]. The calcium content dR. conduplicans and P. tinctorum was
higher and lesser respectively than that of calatemtent ofE. cirrhatum[3]. The potassium content was highPin
tinctorum when compared t®. conduplicans. The content of potassium of both lichens was drighan that of
potassium content oR. hossei [24], U. pictoides [21], E. cirrhatum [3] and P. pseudotinctorum [25]. The
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phosphorus content was highBntinctorum when compared t& conduplicans. The phosphorus content of both
the lichens was high when comparedRohossei [24] and E. cirrhatum [3] while lesser when compared R
pseudotinctorum [25]. P. tinctorum was found to contain high magnesium thRrconduplicans. The magnesium
content of both the lichens was higher than thatmafgnesium content of). pictoides [21]. However, the
magnesium content of both the lichens was lowernvbempared tcE. cirrhatum [3]. When compared t&.
conduplicans, P. tinctorum was shown to contain high sodium. The sodium adnté R. conduplicans and P.
tinctorum was lesser and higher respectively when compareddium content dfl. pictoides [21].

In case of minor elements, the content of iron micel was highest and least respectively in bb#hlichens. The
iron content was found higher P tinctorum when compared t®. conduplicans. The iron content of both the
lichens was lesser than that of iron contenRohossel [24] and P. pseudotinctorum [25]. The iron content was
higher than that oE. cirrhatum [3]. The iron content oR. conduplicans and P. tinctorum was lesser and higher
respectively when compared th pictoides [21]. The copper content of both the lichens was lefsan that of
copper content dR. hossei [24] andP. pseudotinctorum [25] whereas the copper content of lichens of this stualy
higher than that ofJ. pictoides [21] and E. cirrhatum [3]. P. tinctorum was found to contain high zinc when
compared tdR. conduplicans. The zinc content of both the lichens was showbhedigher than that of zinc content
of R. hossei [24] while lesser when compared Bo cirrhatum [3], U. pictoides [21] and P. pseudotinctorum [25].
The content of manganese Bf tinctorum was shown to be far higher when comparedRtoconduplicans.
Manganese content 8 conduplicans andP. tinctorum was found lesser and higher respectively when eoetpto
R. hossai [24], E. cirrhatum [3], U. pictoides [21] andP. pseudotinctorum [25]. Among minor elements estimated,
nickel was detected in least concentration. Thetezdnof nickel was high irP. tinctorum than that ofR.
conduplicans. The nickel content oP. tinctorum and R. conduplicans was found higher and lesser respectively
when compared to nickel content Of pictoides [21]. Likewise, the chromium content was also higherPin
tinctorum. When compared tt. pictoides, the chromium content d® conduplicans andP. tinctorum was lower
and higher respective[21].

CONCLUSION

The proximate and mineral analysis of both thedichindicates that the selected lichens are rortaliy significant
and can be used as food or used in the prepamattithe foods. Though poor in protein, the licheaséhappreciable
carbohydrate conten®. tinctorum is rich in crude fibre as well as minerals. Thghhash content d®. tinctorum is
reflected by the appreciable quantity of minerdgnce, the utilization of these lichens in food n@apvide
nutritive benefit.
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