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ABSTRACT

KEYWORDS

The genusAlpinia (zingiberaceae) comprises about 230 species. Alpinia, a
traditional herbal plant, has been used as an aromatic stomachic, analgesic,
and antiemetic in Asia. It contains many types of flavonoids, such as
galangin and 3-omethylgalangin. The varieties of galangal vary in their
hotness and flavor. Three varieties of galangal were investigated for their
morphological, anatomical and biochemical characters. Different varieties
of galanga exhibited significant degree of variation for the morphological
traits observed. A significant variation in the constituents was observed
among the plants studied. The quantity of the biochemical constituents
varied with different variety of galanga. The accumulation of starchin the
rhizome was confirmed by staining the cross sectioned rhizomes with io-
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INTRODUCTION

Plantsareanintegra part of nature. For along pe-
riod of time, plants have been ava uable source of natu-
ral productsfor maintaining human health, especidly in
thelast decade’¥. Alpinia Roxb, isthelargest and most
widespread genusin the Zingiberaceae family with
some 230 species occuring from Srilankaand Western
Ghatsof Indiato China, Japan, Fiji, Samoaand Aus-
tralia?. These plantsgrow upto 10 feet high with 3-
foot spread. Many speciesof Alpinia are appreciated
for their medicinal properties, they havealong history
of useintraditiona medicinein Chinaand Indid®4. The
most commonly found varietiesof galangaare- greater
galanga, lesser galanga and kaempferia galanga.
Different gdangd varietiesvary intheir hotnessand fla-

vor. Biological diversity hasbecome one of the most
popular topicsrecently for discussion bothin scientific
and political forumat local, national, regional and glo-
bal level. It has been well documented that geographi-
cal conditionsaffect theactive constituentsof theme-
dicinal plant and hencetheir activity profil€®. Inthe
present study morphol ogical, histo-anatomica and bio-
chemical characteristics of varieties of galanga were
investigated.

EXPERIMENTAL

Collection of samples

Threespeciesof Alpiniaand onegenusof galanga
were collected from the center for medicina plant heri-
tage, kangikode. The collected samplesweregrownin
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the green house of Avinashilingsm University for
Women,Coimbatore.

Mor phological characterization

Four varietiesof galanga collected from kangikode
wereplanted insand. Theplantsof sameageweretaken
and the datawasrecorded for nine morphometrictraits
aintervasof twomonths: plant height, number of leaves/
plant, lesf area, number of roots/rhizome, freshrhizome
weight, rhizomecolor, number of buds, number of nodes
and inter nodes. An average of ten plants was mea-
sured eachtime.

Histoanatomical studiesof rhizome

Thehistoanatomicdl investigationswere performed
on the rhizomes of three species of Alpiniaand one
genus of galanga. The cross sections of the rhizomes
were taken and they were analysed using the stain
Touledineblue. Thepattern of starch accumulaionwas
also checked by staining the sectioned rhizome with
lodine.

Biochemical analysisof samples

The crushed rhizome samplesof Alpiniawereana
lyzed for their total carbohydrate, reducing sugars,
starch, proteins, total amino acid content, flavones, fla-
vonol andtota phenolic content.

Estimation of total car bohydrates

Theextraction procedure of Hedge and Hofreitert®
wasfollowed for the estimation of total carbohydrates
present in fresh rhizome samplesof Alpinia. Tota car-
bohydrate present in 100mg of samples was hydro-
lyzedwith 5 ml of 2.5N HCI and cooled to room tem-
perature. Then neutralized the hydrolysatewith sodium
carbonate until the effervescence ceased and made up
the volumeto 100 ml. Centrifuged at 2500rpm for 2
minutes and the supernatant wastaken for the estima-
tion of carbohydrates by Anthrone method. Thetotal
carbohydrate present in 1 g of the samplewas cal cu-
lated.

Estimation of reducing sugars

The extraction procedure of Krishnaveni et a.[”,
was followed for the estimation of reducing sugars
present intherhizome samplesof Alpinia. Reducing
sugars present in 100mg the crushed fresh samples
were extracted twicewith 5 ml of hot 80% ethanol.
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Plate 1: Varieties of galangal: (1) Alpinia officinarum; (2)
Alpiniagalangal; (3) Kaempferiagalangal; (4) Alpiniacalcar atta

The supernatant was collected and evaporated by
keeping it on awater bath maintained at 80°C. Dis-
solved the sugarswith 10 ml of water and aliquots of
0.1 and 0.2 ml wereused for estimation. Theamount
of reducing sugars present in 1 g of the samplewas
cd culated.

Estimation of starch

The extraction procedure of Thayumanavan and
Sadasivam’® wasfollowed for the estimation of starch
present in 1g of fresh rhizome samples of Alpinia.
Crushed sample (100mg) was extracted with hot 80%
ethanol to remove the sugars. To the dried residues
added 5.0 ml of water and 6.5 ml of 52% perchloric
acid and extracted the starch in ice for 20 minutes.
Centrifuged and saved the supernatant. Repeated the
extraction using fresh 52% perchloricacid. Centrifuged,
pool ed the supernatants and made up volumeto 100
ml. Thesupernatant (0.1ml) was used for estimation.
The starch content in 1g of therhizome sampleswas
caculated.

Estimation of proteins

Theextraction procedure of Lowry®® wasfollowed
for theestimation of proteins. Theproteinspresent in
100 mg of the sampleswas extracted with 15 ml of the
phosphate buffer (pH 6.8) with amortar and pestle.
Centrifuged and used 0.1 ml of the supernatant for es-
timation. The protein content in 1g of the samplewas
calculated.

Estimation of total amino acids

The extraction procedure of Moore and Steinl9
wasfollowed for theestimation of total aminoacids. The
total amino acids present in 0.1 g of samplewas ex-
tracted with 10ml of hot 80% ethanal . Filtered and cen-
trifuged. Repeated the extraction twicewiththeresidue
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and pool ed the supernatants. 0.1 ml of the supernatant
wasused for estimation. Thetotal amino acid present
in 1 g of thesamplewascal cul ated.

Estimation of flavoneand flavonol

About 500mg of fresh rhizomes of Alpinia are
crushed with 5ml of 70% ethanol and extrated 24 h at
room temperature. It wasthen filtered, and the proce-
durewasrepeated twice. The extractswerefiltered,
combined and diluted to 10 ml with 70% ethanaol. 1.0
ml of thesolution was used for estimation. Theflavone
present in 1g of the samplewas calcul ated.

Estimation of flavanoneand dihydr oflavonol con-
tent

About 0.5g of fresh rhizomesof Alpiniaarecrushed
with 5ml of 70% ethanol and extracted for 24 hat room
temperature. It was then filtered, and the procedure
was repeated twice. The extractswerefiltered, com-
bined and diluted to 10 ml with 70% ethanol. 1.0 ml of
the solution was used for estimations. Theflavanone
and dihydroflavonol present in 1g of the samplewas
calculated.

Estimation of total phenolics

About 0.5g of fresh rhizomesof Alpiniaarecrushed
with 5ml of 70% ethanol and extracted for 24 hat room
temperature. It wasthen filtered, and the procedure
wasrepeated once again. The extractswerefiltered,
combined and diluted to 10 ml with 70% ethanaol. 1.0
ml of the solution was used for estimation. Thetotal
phenolicspresent in 1g of the samplewere cal cul ated.

RESULTSAND DISCUSSION

Mor phology of collected samples
Mor phological variability

The mean values of 9 morphological traits for
Alpiniaarepresentedin TABLE 1. Thereexistsalarge
variation in the morphology among the varieties of
galanga

The shape and appearance of |eaveswereassessed,
Alpinia galanga and Kaempferia galanga had short-
broad leaves and Alpinia calcaratta had long-thin
leaves whereas |ong-broad |eaves were observed in
Alpiniaofficinarum (Plate 2). Alpinia cal caratta had

= Reguler Peper

.gal anga
Plate2: C.Sof Rhizomesstained with toluedineblue

- A.calcaratta A.officinarum

Plate3: C.Sof Rhizomes

athinrhizomewhereasadl the othershad athick rhi-
zome. Different varietiesof galangaexhibited signifi-
cant degree of variation for thetraitsobserved. In case
of rhizome color each variety had a unique color
(TABLE1).

Shoot length

On comparing the plant height among different va:
rieties of galanga, Al pinia officinarum hasthe high-
est shoot length (19+0.52) and the lowest shoot length
was observed in Kaempferia galanga (7+0.81cm)
(TABLE1Y).

Number of roots

The number of rootsvaried among the samples.
The highest number of rootswasobservedin Alpinia

e, BIOCHEMISTRY

Au Tudian Yournal



112

Morphalogical, histo-anatomical and biochemical studies in Alpinia spp.

BCAIJ, 5(2) 2011

Regular Peper ===

TABLE 1: Morphology of different vatrietiesof galanga

Alpinia  Alpinia Alpini
officinarumcalcaratta galanga

Kaempferie

Morphological traits galanga

Color of the rhizome Paleyellow Brown Pale brown white

Nature of rhizome Thick Thin thick thick

Nature of the leaves Long-broad Long-thin Short-broad Short-broac

Color of the rhizome after cross sec. Paleyellow Brown Pale brown white

Number of leaves per plant 4+0.67  6+0.67 5+0.82 3+0.47

Shoot height 19+0.52 15.5+0.47 16.5+0.82 7+0.82
Number of roots 12+0.48 18+0.82  6+0.87 5+0.87
Number of nodes per 3cm 10+0.49  5+0.47 4+0.47 4+0.47
Number of internodes per 3cm 8+0.47  4+0.67 3+0.67 3+0.82
Weight of rhizome(g) 28.87 24.54 14.89 8.6

calcaratta (18+0.82) followed by Alpiniaofficinarum
(12+0.48). The lowest number of roots was seen
Kaempferia galanga (5+0.87).

Number of leavesper plant

Among thedifferent speciesthelowest number of
leaveswas observed in Kaempferia galanga and high-
estin Alpinia calcaratta (TABLE 1).

Number of nodesand internodesper 3cm

Thenumber nodesper 3cm of therhizomeranged
from 4+0.47 (Kaempferia galanga) to 10+0.49
(Alpinia officinarum).

Thehighest number of internodeswasobservedin
Alpinia officinarum 13+0.67). The lowest number
observedin samples Al pinia galangaand Kaempferia
galanga (3+0.67).

Crosssection of rhizomes

Thevariability inthemorphological traitswasaso
checked by cross sectioning therhizomesof Alpinia
Cross section of the rhizomes showed three distinct
concentricring structures. Thecrosssectioniscircular
inoutlinewith ayellow to brown coloured exodermis
consisting layers of cells. When viewed under 10X
magnification in a compound microscope vascular
bundles are seen scattered in the cortex, outer layer
appearedthin.

The cambium forms a continuous area, which
generated, towards the inner side, a thick ring of
xylem, inwhichtheraysareether solitary or grouped
inasmall number ontheinternal sideof thering, ina
rich cellulosic parenchyma, within which afew ves-
sels are also dispersed. The middle layer showed

TABLE 2: Biochemical composition of ethanol extractsof
galangal

Alpinia  Alpinia  Alpinia Kaempferie
officinarum calcaratta galanga  galanga

37.2£0.46 122.8+0.33 146.3+0.23 80.8+0.54
11.5+0.26 38.2+0.65 93.1+0.11 60.3+0.12
34+0.08 7.9+0.07 6.9+0.08 9.5+0.24
224+0.26 76.7+0.17 46.4£0.56 11.3+0.34
156.5+0.39 246.2+0.8 380.9+0.56 193.2+0.07
11.740.339 5.7+0.56 12.1+0.40 9.2+0.76
Flavone & Favanol 80.8+0.41 128.8+0.29 148.8+0.32 98.6+0.62
Flavonone & dihydroflavanol  194.9+0.77 207.5+0.22 267.7+0.11 74.5+0.55
4.1+0.07 13.42+0.18 3.2+0.46

Constituents(mg/g)

Total carbohydrates
Starch

Reducing sugars
Non reducing sugars
Proteins

Amino acids

Total phenols 2.5+0.47

somegranules. To differentiate between thevascul ar
bundl es the rhizome sections were stained with the
differential stain Toluiedineblue. Thexylem vessels
appeared blue-green in color whereas the phloem
appeared colourless (Plate 2).

Grigore and Toma(2007) explained that the rhi-
zomes of Lepidium perfoliatumhavethin outer layer,
followed by acontinuouslayer of cambiuminwhichthe
xylem are scaterred either solitary or grouped. Therhi-
zomesof gdangd aso havesimilar structure.

Alpinia officinarum and Alpinia calcaratta
showed a similar arrangement of vascular bundles
whereasin Al pinia galanga and Kaempferiagalanga
thewhol etissue stained blue,, showed someoil bodies
which are green in colour and only two layers were
observed (Plate2). Similar, resultswerereported by
Saensouk et al.[*Y in three species of Cornukaem-
pferia.

Thecrosssectioned rhizomeswered so gained with
iodine, noticeable differences were observed in the
structure. In case of Alpinia cal caratta boththemiddle
portion andinner portion stained black indicating alarge
accumulation of starch grains. In case of Alpinia
galanga and Kaempferia galanga the whole tissue
stained black. Theresults obtained arein accordance
to heresultsof biochemical analysis. Asobservedin
crosssection, in biochemical analysisalso the concen-
tration of starch wasmorein Alpiniacalcaratta.

The presence of bioactive metabolites can be cor-
related with the starch grains. Alpiniagalangawhich
has showed large quantity of flavonoidsexhibited adi-
rect relationship with starch content, whereasin case
Alpiniaofficinaruminverserel ation was observed.
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TABLE 3: Biochemical composition of ethylacetateextracts
of galangal

Constituents (mg/g) oﬁz?(lziprilr;irim ngpéiiga g\alllr;rr\]iqaa Kg:gﬁ;;ia
Total carbohydrates 0.6£0.05 4.6£0.24 6.3+0.24 1.9+0.02
Starch 0.3+0.02  1.1+0.27 4.8+0.10 1.7+0.01
Reducing sugars 0.1£0.02  0.1+0.08 0.1+0.22 0.2+0.17
Non reducing sugars 0.2£0.17  3.4+0.05 1.4+0.33 0.2+0.32
Proteins 1.6+0.24 6.6+0.47 8.2£0.07 2.9+0.46
Amino acids 3.3£0.57 2.8+0.49 3.8+0.52 3.1+0.18
Flavone & Flavanol 29.6+0.03 67.8+0.75 74.3+0.68 30.8+0.73
Flavonone & dihydroflavanol ~ 17.5+0.61 17.9+0.48 18.3+0.19 8.2+0.25

Tota phenols 3.7£0.02 9.3£t0.01 2.8+0.32 0.4+0.03

Biochemical analysisof samples

Khannaet d.[? indi cated that the estimation of bio-
chemicd atributesisinformativefor finding distinctness
among the different morphotypesasthesearethedi-
rect gene products. In the present study, ethanol and
ethyl acetatefractions of rhizome extractswere used
for quantification of proximateprinciplesnamdy starch,
reducing sugars, non reducing sugars, proteinsamino
acids, flavanoidsand total phenolics present in them.
All theestimationsaredonein 10 replicatesand the
resultsarepresented in TABLE 2 and 3.

Biochemica condtituentsof gdangd varied withdif-
ferent speciesof galanga. Among the ethanol extracts
of four species, Alpiniagalanga (146.3+0.23 mg/g)
hasthe highest quantity of total carbohydratesfollowed
by Alpinia calcaratta (122.8+0.33mg/g). The lowest
guantity of carbohydrate was noticed in Alpinia
officinarum(37.2+0.46mg/g).

Thegtarch content in the collected rhizome samples
was quantified. It wasfound that, the starch content
varied ranging from 11. 5+0.26 mg/g to 93.1+0.11mg/
0. Thelowest amount of starch wasrecorded for the
variety Alpinia officinarum whereas the highest
amount of starchwasfound in Alpinia galanga.

Sofar nostudiesarefoundinAlpiniaregarding the
content of sugars. Reducing and non-reducing sugar
content wasanalyzed and it wasfound that, reducing
sugars ranged between 3.4+0.07mg/g (Alpinia
officinarum) and 9.5+0.24 mg/g (Kaempferia
galanga). The non-reducing sugarsranged between
11.3+0.34 mg/g (Kaempferia galanga) and
76.7+0.17mg/g (Alpinia cal caratta).

—— Regdular Peper

Rai et al.l*¥ studied the variation inthe sugarsand
chlorophyll content in different cultivarsof ginger and
they a so found that the carbohydrates moreintherhi-
zomes collected from Gorubathaney.

Amino acidsand protein content of therhizomeex-
tractswere estimated and the results obtai ned indicate
that proteins and amino acids were found in highest
amounts in the variety Alpinia galanga (380.9 +
0.56mg/g, 12.1 + 0.40mg/g). The lowest amount of
protein was observed in Kampferia galanga (193.2+
0.07mg/g) and aminoacid was lower in Alpinia
calcaratta (5.7 + 0.56mg/g).

Flavonoid, themgjor active principleintherhizome
extractswas estimated. It was observed that the con-
centration of flavonoidswasmorein Alpiniagalanga
(148.8+0.32mg/g, 267.7+0.11mg/g) less in Alpinia
officinarum (80.8+0.4mg/g) & Kaempferia galangal
(74.53+0.55mg/g) (Plate 1). Nair et al., (1998) esti-
mated theflavonoid content in common Indian foods
and they reported that more than 100mg of flavonoids
arepresent in 10g of turmeric.

Phenolicswerea so found, thelowest quantity was
found in Kaempferia galanga (2.5+0.47mg/g) and
highest in Alpinia calcaratta (13.4+0.19mg/g)
(TABLE?2).

Theethyl acetatefractionsof galangd varietiesaso
showed similar resultsastheir corresponding ethanol
fractions. Alpinia galanga had highest amount of
carbhohydrates (6.3+0.24mg/g), starch (4.8+0.1mg/
g) followed by Al pinia cal caratta (4.6+0.24mg/g) and
Kaempferia galanga (1.7+0.01mg/g).

Thehighest quantity of protenwasfoundin Alpinia
galanga 8.2+0.07mg/g and lowest in Alpinia
officinarum 1.6+0.24mg/g. Pruthi (1993)1*4 studied
the protein content in the rhizomes of ginger and re-
ported they have about 8.6% of protein.

The major components flavanoids are more in
Alpiniagalangal and the phenolsaremorein Alpinia
calcaratta (TABLE 3). smilar resultswere obtained
by Chanet a.™™!.

ABBREVIATIONS

A.galanga-Alpiniagalanga,
A.officinarum-Al pinia officinarum,
A.calcaratta-Alpinia calcaratta,
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K.galanga-Kaempferia galangal.

CONCLUSION

A wide range of variation was noticed for both
quantitativeand quditativetratsnamey, rhizomecolour,
colour after crosssection, natureof rhizome, leaf, weight
of rhizome, number of node-internodes, number of
leaves and shoot |ength and thisindicated the existence
of morphological diversity in the selected varieties.
Similarsresultsfrom the histoanatomical and biochemi-
cal studiesalso confirmstheexsistanceof variability
among thevarietiesof gaanga.
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