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EFFICACY OF MARIGOLD OLEORESIN PETALS AS NATURAL
CAROTENOIDS SOURCES ON SKIN PIGMENTATION AND
GROWTH PERFORMANCE IN TICTO BARB PUNTIUS TICTO

Anurag Protim Das and Shyama Prasad Biswas

ABSTRACT

The present study investigated the effect of Marigold (Tagetes erecta) Oleo-
resin petals on skin pigmentation, growth performance and survival of ticto barb Puntius
ticto under confined environment. A feeding trial of 7 weeks was done using five
isonitrogenous experimental diets formulated by using the locally available ingredients
and supplementing carotenoids meal at four concentrations viz. 1%, 2%, 3%, 4% and
a control devoid of carotenoids. At the end of the feeding trial the total carotenoid
concentration in fish muscle found significantly higher (p < 0.05) in both male (3.74+0.07
ugg-1) and female (3.0940.05 pgg-1) fishes fed diet incorporated with 3% marigold
oleoresin. However, there was no significant effect observed on body indices and sur-
vival rate of the fishes. Positive correlation, (0.88) in male and (0.92) female is ob-
served between elevated levels of dietary carotenoids and body pigmentation which
revealed that incorporation of dietary carotenoids resulted in a significant increase in
total carotenoid concentration. The results revealed that marigold oleoresin meal as
natural colour enhancer source can be safely supplemented at 3% levels in the diets of
ticto barb to increase their skin pigmentation without any xenobiotic effect on ticto barb

Puntius ticto.

Key Words: Marigold Oleoresin petals, carotenoids, Puntius ticto, skin pigmentation,
xenobiotic affect.

INTRODUCTION

In the 21st century aquarium fish keeping has evolved as an indispensible part
of interior decoration and ornamental fish culture has emerged as a million dollar indus-
try (Das & Biswas, 2016 & Katia, 2001). Vibrant body pigmentation is one of the major
quality attributes for market acceptability of the ornamental fish (Das & Biswas, 2016
& Saxena, 1994). Research established that fish do not possess the ability to synthesize
carotenoids (Goodwin. 1951). The carotenoid pigmentation of fish is attributed to the
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pigment present in the diet (Hata and Hata, 1973). Hence, a direct relationship between
dietary carotenoids and pigmentation exists in them (Halten er. al., 1995). Carotenoids
are a group of naturally occurring lipid soluble organic pigments that are responsible for
the red, orange and yellow colour in the skin, flesh, shell and exoskeleton of aquatic
animal (Pailan er. al., 2012). The omamental fishes, when kept under captivity for long
duration has experienced the problem of faded coloration. The diet for aquarium fish
should be nutritionally balanced. palatable, and resistant to crumbling, water stable, and
buoyant but it should also enhance body pigmentation in the fish in captivity (Das &
Biswas, 2016).

Detail studies on colouration enrichment in indigenous ormamental fish are lacking
(Das & Biswas, 2016). Plant sources have been harnessed for inducing pigmentation in
fish. For example, Arthrospira platensis (Spirulina) have been used as a source of caro-
tenoid pigments for rainbow trout and fancy carp (Choubert, 1979; Boonyaratpalin and
Phromkunthony, 1986; Alagappan et. al,, 2004). Gouveia et al., (2003) worked with
microalgal biomass supplementation have shown that Chlorella vulgaris is as efficient
as synthetic pigments in the pigmentation of Cyprinus carpio and Carassius auratus.
Alagappan et. al, (2004) studied the utilization of algae Spirulina sp. as a source of
carotenoid pigment for Trichogaster trichopterus. Marigold (Tagetes erecta) is a hardly
annual branching herb grown in tropical regions of India as loose flower and landscape
plant but also as a source of natural carotenoid pigment (Usha Bharathi er. al, 2014).
Marigold (Tagetes erecta), a bright orange tropical flower are a significant source of
xanthophylls (Verghese, 1998) and contains lutein as a principal component (Bolanos
et. al., 2005). Marigold petal meal was used for the tiger barb (Puntius tetrazona), red
swordtail (Xiphophorus helleri) and gold fish (Carassius auratus L.) (Boonyarapatin
and Lovell, 1977; Ezhil er. al., 2008; Alma er. al., 2013) to enhance body pigmentation,
The present study was carried out to evaluate the efficacy of supplementation of graded
levels of marigold oleoresin (Tagetes erecta) on the coloration and body indices of the
Ticto barb Puntius ticto, one of the beautiful barb species for tropical aquarium culture.

MATERIALS AND METHODS
Experimental Design

Ticto barb Puntius ticto, of uniform size group were collected from different
water bodies such as wetlands and small ditches of Dibrugarh district for the experi-
ment. Following collection, were transferred to aquaria of 50 litre capacity with con-
tinuous aeration and were acclimatized for 10 days in laboratory conditions before the
onset of the experiment. The experiment was conducted for a period of 7 weeks and was
carried out in 15 aquaria of 50 litre capacity. These 15 aquaria were grouped into 5 sets
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and each set consists of 3 replicates. The fishes were stocked at the rate of 15 per aquarium

in which 10 were males and 5 were females in each trough. The length and weight of
fishes were recorded at weekly intervals. The fishes were fed twice daily viz. moming
and evening at the rate of 3% of body weight per day. The feed was adjusted after every
10 days according 1o the body weight of the fish. Aquaria were cleaned properly by
siphoning off feed particles and metabolic wastes daily from the bottom. Water ex-
change was carried out weekly for the sufficient supply of oxygen to the fish.

Diet Formulation

For the feeding trial dry pelleted feed was formulated following Pearson Square
method and trail & error method of Hardy (1980). The control feed was prepared using
the basic ingredients like fish meal 25%, soya bean meal 22%, groundnut oil cake 15%,
rice bran 20% and wheat flour 12%. The selected ingredients were ground, thoroughly
mixed and dough was prepared by adding required amount of water. This dough was
steamed in water bath for 40 min. at 70°C. After this the dough was cool for a while and
added other ingredients like Soya oil 2%, starch powder 3%, vitamins and minerals
premixes 1% were added and mixed thoroughly. Marigold (Tagetes erecta) Oleoresin
petals were dried in Lypholizer and finely powdered and subsequently added in respec-
tive concentration of 1, 2, 3 and 4g/100g of basal diet by replacing same quantity of rice
bran for the preparation of treatment diets (C1 to C4). This was done to protect these
micro nutrients from heat. The dough was taken into hand pelletizer to make 2.0 mm
pellets. The pelleted feed was air dried and kept in airtight containers until further use.
Assessment of carotenoid concentration, proximate composition of feed, feed con-
version ratio (FCR), protein energy ratio (PER), survival and water quality pa-
rameters

Proximate compositions of the experimental diets were analyzed for moisture,
crude protein, ether extract and total ash following AOAC, 2005. Quantitative estima-
tion of crude fat was done following Das and Biswas (2019), Estimation of carotenoids
in fish feed was carried out following Britton (1995) with improvisations. Total caro-
tenoid concentration (TCC) in the muscle tissue of both male and female fishes was
analyzed at an interval of 15 days and after the completion of experiment following
Olson (1979). All procedures were performed in low light and temperature as caro-
tenoids are very sensitive to light, temperature and oxygen. Feed conversion ratio (FCR)
was calculated by relating the feed consumption to gain in wet weight of fish following
Vasudhevan et. al., (2013), protein energy ratio (PER) was calculated by relating wet
weight gain to protein fed and the survival rate was estimated following Francis (1995).
Water quality parameters viz. water temperature; pH, dissolved oxygen, total hardness,
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and alkalinity from all the aquaria’s were analyzed at fortnightly intervals as per standard methods
of APHA (1998) and light intensity was measured using software Lux Meter of Microsoft
Lumia

RESULTS
Water Quality Parameters

Physico-chemical parameters of water in the experimental tanks was estimated
weekly during the experimental period are presented in Table 1. The water quality pa-
rameters were maintained within the normal range required for tropical fishes viz., tem-
perature 24 to 30°C, dissolved oxygen > 5 mg and pH 7 to 8.5 (Santhosh and Singh,
2007) throughout the experimental period. High adaptability of ornamental fishes to
culture conditions enhances their capability of living in environments having wide ranges
(Chapman, 2000).
Proximate Composition Analysis, Growth and Survival

Analyzing the proximate composition all the experimental diets was almost simi-
lar (Table 2). The similarities in the nutrients composition can be traced to the feed
ingredients inclusions, which were only differentiated by the level of carotenoids. In the
present experiment the protein content of the diets varied from 30.39 to 31.47. In gen-
eral for rearing and maintenance of ornamental fishes high protein feed is not required.
For the growth of guppy (Poecilia reticulate) 30% protein in diet is optimum (Fah and
Leng, 1986). Shirley er. al., (2006) reported 30% protein and 12% lipids level are opti-
mum for growth and of sword tail (Xiphophorus helleri). Loachmann and Phillips (1994)
found 29% protein sufficient for optimum weight gain, feed conversion, protein effi-
ciency ratio of goldfish (Carrasius auratus). and the protein content in the diets was
approximately 30 %. The survival and growth rates of the fishes at end of the experi-
mental period are shown in Table 3. There were no significant effects of marigold oleo-
resin supplementation on growth parameters of Pool barb. However, fishes fed with 3%
marigold oleoresin supplemented diet showed marginally increased values in net weight
gain (0.71=0.01 g) in comparison to the other treatments and control group. Feed con-
version ratio (FCR) in control group was 1.81+0.05 and the corresponding values in
different experimental groups ranged from 1.74+0.06 to 1.79+0.04, highest being in
CF3 and lowest being in CF4. The FCR values in CF1, CF2 and CF4 groups was sig-
nificantly lower (P<0.05) than the other groups (Table 3). Feed conversion ratio and
feed efficiency ratio are considered as indices for feed utilization. In the present study
results clearly showed that increased level of supplementation of carotenoids in diets
reduced FCR in the fish to a considerable extent. Optimum FCR was obtained by
Christiansen and Torrissen, (1996) in Atlantic salmon juveniles fed with astaxanthin
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supplemented diet. Similarly, in Penaeus monodon, better FCR. was observed with prawn
fed on the diet containing spirulina (Arthrospira platensis). Dietary supplementation of
marigold oleoresin did not show significant affect on the survival rate of the Pool barb
with treatment diets and control diet ranged from 90 % to 100 %. The results showed
that different level of supplementation of marigold oleoresin in the treatment diets has
no effect on survival % of fish. Lower survival of Atlantic salmon (Salmo salar) fry
(Christiansen ef al., 1995) and juveniles (Christiansen and Torrissen, 1996) was found
when fed with diets without asthaxanthin supplementation in comparison to the groups
that were fed diets containing asthaxanthin. The results obtained in the present investi-
gation may be attributed to lower densities and /or the hardiness of species, since ticto
barb are very hardy species and survive under extreme conditions.

Effects of the Experimental Diets on Total Carotenoid Concentration (TCC) of
Ticto Barb Skin

At the beginning of the experiment the total carotenoids concentration in the
muscle and skin of Pool barb was 1.28g/g wet weight. Total carotenoids concentration
in the muscle and skin of Pool barb after 45 days of experimental feeding trial clearly
showed that the total carotenoids concentration increased with the supplementation of
marigold petals meal in the diet, highest being in 3% levels (3.74+0.07 g/g wet weights)
in male and (3.09+0.06 g/g wet weights) in case of female, and beyond that no further
significant increase in carotenoids content was found in both the sexes (Table 3). Posi-
tive correlation is observed between increasing dietary carotenoids level to increasing
skin and muscle carotenoids concentration in both male (0.88) and female (0.92) fishes.
Kalinowski er. al., (2005) described the effect on growth and skin colour in Pagrus
pagrus when fed with different carotenoid sources with their dietary levels. Ezhil et al.,
(2008) observed enhancement of pigmentation in Xiphophorus helleri when fed with
formulated feed containing Calendula officinalis concluding that this lutein can be used
as pigmenting source of natural origin.

Table 1 Ecological parameters recorded in experimental tanks

Parameter Mimnm'\-dmcimlm
Temperature (°C) 19=1 2442

pH 7.40.3 7.8£02
Dissolved oxygen (ppm) 5.3+0.9 7.6+0.5
Light intensity (Lux) 320.6+13.5 | 344.0+24
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Table 2 Proximate composition (%) of basal and experimental diets

Diet Moisture |Crude fat |Crude protein |Crude Fibre | NFE Total Ash

Control | 7.56+0.02|8.3+£0,01 |30.67+0.02 |6.28+0.02 |[35.77+0.03 |11.42+0.02
CF1 7.54+0.03 [8.1£0.03 [30.63£0.01 |6.26+0.01 |36.02+0.02 [ 11.45+0.01
CF2  |7.63£0.01|8.3x0.01 |30.60£0.03 |6.24£0.02 |35.80=0.02|11.4340.02
CF3 7.59+0.02(8.1£0.02 [30.59+£0.02 |6.26+0.01 |[35.80+0.01 [ 11.41+0.01
CF4 7.56+0.02(8.3£0.01 (30.67+£0.02 |6.28+0.02 [35.77+0.03 | 11.42+0.02

CF- Carotenoids feed with numbers referring to percentage of carotenoids incorporated per

100gm of basal ingredients, FCR- Feed conversion ratio, PER- Protein energy ratio

Nitrogen free extract = 100 - (% moisture + % crude protein + % crude lipid + % crude

fibre + % ash)

Table 3 Mean survival, weight, length, and FCR of Pool barb after 45 days of trial

Diiet Increasein | Increasein| FCR PER | Survival Carotenoids%
weight(gm) | length{cm) %o (g/gm wet weight)
Male Female

Control | 0.45 £0.01 |0.3320.02 |1.81£0.05]0.34 | 100 2.67+0.08] 2.24:+0.09
CF 1 0.6240.01 |0.40+0.01 |1.74£0.06| 0.37 | 100 3.39+0.04| 2.66+0.06
CF2 0.67+0.01 |0.44+0.02 |1.77+0.03| 0.39] 100 3.56£0.10] 2.74+0.03
CF 3 0.71+0.01 |0.50+0.02 |1.79+0.04| 0.37] 100 3.74+0.07] 3.09+0.06
CF 4 0.69+0.01 |0.47+0.01 |1.762£0.04] 0.38] 100 3.71£0.04 2.99+0.07

The means with different superscript in each row indicate a significant difference (p <0.05).

DISCUSSION

Dietary carotenoids play an important role in the regulation of skin and muscle
colour in fish (Ahilan et. al., 2008). Feeding is a complex behavior that is closely
associated with food intake. The present study enunciates formulated diets incorporated

carotenogenic biomass revealed stabilization and enhancement of body pigmentation
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374007

3.7140.04

3364010

Total Carotenold Concentration (ug/gm.)
(5]

Figure 1 Total Carotenoid Concentration (g/gm) of male and female fishes fed with
diets containing graded levels of marigold oleoresin.

during the maximum study period. The carotenoid source and its effectiveness on depo-
sition of pigments in fish body is species specific (Ha er. al., 1993). Also sexual dichro-
matism is often common in several fish species. In general attire males are more brightly
coloured than their female counterparts (Gogoi et. al., 2013). In the present feeding trial
even female fishes fed with carotenoid diets also exhibit the remarkable pigmentation
due to increased total carotenoid concentration in their body. Fish species may exhibit
varying pathways for carotenoid metabolism (Matsuno, 2001). Alma et. al., (2013) re-
ported that 200 mg of carotenoids from marigold meal is optimum to increase the pig-
mentation in skin of goldfish and over that level they have not found any additional
accumulation of carotenoids. Similarly, in the present study, fish fed with 3% marigold
oleoresin diet showed increased level of carotenoids in their muscle and skin tissue than
other treatment fishes. The elevated levels of marigold oleoresin did not show any in-
crease in the colour of the fishes. The dietary supplementation of marigold oleoresin did
not have any remarkable effects on the body indices of ticto barb. The results obtained
in the present study are comparable with the recent studies conducted by Ramamoorthy
e al (2010) and Alma er. al. (2013) where they reported that incorporation of marigold
meal in fish diet do not promote the growth of ornamental fish. Similar studies on Etroplus
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maculatus fed with diet having marigold oleoresin contained the highest total caro-
tenoid concentration (Jagadeesh et. al., 2014). Due to the adverse effects of synthetic
carotenoids on aquatic environment, many natural plant sources can be harnessed and
incorporated in formulated feeds for colour retention or enhancement of ornamental
fishes in captive environment. It will aid in creation of avenues for promotion of the
ornamental fish industry as well as colour enhancer feed industry and employment gen-
eration (Das & Biswas, 2016).

From the present study it is recommended that marigold oleoresin meal as natu-
ral carotenoid source can be incorporated @ 3% level in the formulated diet of ticto
barb Puntius ticto to obtain desired body pigmentation without any adverse effect on
growth, feed conversion efficiency and survival in aquarium conditions.

ACKNOWLEDGEMENT

Authors are thankful to Aqua Paradise, Centre for Quality Aquarium & Fish
research, Dibrugarh, and Department of Life Sciences, Dibrugarh University for pro-
viding the laboratory facilities and UGC for providing the fellowship to A.P. Das.

REFERENCES
Ahilan, B., Jegan, K., Felix, N. and Ravaneswaran, K. (2008). Influence of botani-
cal additives on the growth and colouration of adult goldfish., Carassius auratus
(Linnaeus). Tamil Nadu Journal of Veterinary and Animal Sciences. 4(4): 129-134

Alagappan, M... Vijula, K and Sinha, A. (2004). Utilization of spirulina algae as a
source of carotenoid pigment for blue gouramis (Trichogaster trichopterus Pallas).
Journal of Fisheries and Aquatic Science. 10: 1-11

Alma, A. del Villar-Martinez.. Juan., Orbe-Rogel., E. C, Vanegas- Espinoza., P,
Quintero- Gutierrez, A. G and Lara-Flores, M. (2013). The effect of marigold
(Tagetes erecta) as natural carotenoid source for the pigmentation of goldfish
(Carassius auratus L.). Research Journal of Fisheries and Hydrobiology. 8(2): 31-37

AOAC, (2005). Official Methods of Analysis of AOAC, 18th edn. (Horwitz, W.
Ed), AOAC, Washington. D.C. 1094

PHA, (1998). Standard Methods for the Examination of Water and Waste Water.
Association of Official Waste Water, 20th ed. American Public Health Association.
Washington, DC, USA

[ EFFICACY OF ........PUNTIUS TICTO | () [Anurag Protim Das and Shyama Prasad Biswas |




tal caro-
svnthetic
ssed and
namental
n of the
ent gen-

| as natu-
t of ticto
effect on

1 & Fish
for pro-
Jas,

f botani-
. auratus
129-134

lgae as a
: Pallas).

noza., P,
marigold
goldfish
1) 31-37

witz, W.

e Water,
sciation,

s Biswas |

Spectrum: Sctence and Technalogy, Vol, 5, 2008, ISSN:2349-2937

Bolanos, N., Rangel-Cruz, J. L., Jimenez-Islas, C. L., Botello-Alvarez. H. E. and
Rico-Martinez. R. (2005). Pre-treatment effects on the extraction efficiency of
xanthopylls from marigold flower (Tagetes erecta) using hexane. Food Research
International. 38: 159-165

Boonyarapatin, M. and. Lovell, R. T. (1977). Diet preparation for aquarium fish.
Aquaculture. 12: 53-62

Boonyaratpalin, M. and Phromkunthong, W. (1986). Effects of carotenoid pigments
from different sources on colour changes of fancy carp, Cyprinus carpio Linn. Jour-
nal of Food Science and Technology. 8: 11-20

Britton, G (1995). UV/Visible Spectroscopy, Carotenoids: Spectroscopy, Vol 1B.
Birkh#user Verlag, Basel

Chapman, F.A. (2000). Ornamental fish culture, freshwater. Page 602-610 in Ency-
clopedia of Aquaculture Stickney, R.R. Ed., John Wiley & Sons, New York

Choubert, G. 1979. Tentative utilization of spirulina algae as a source of carotenoid
pigments for rainbow trout. Aquaculture. 18: 135-143

Christiansen, R., Lie, O. and Torrissen, O.J. (1995). Growth and survival of Atlan-
tic salmon, Salmo salar L., fed different dietary levels of astaxanthin. First-feeding
frv. Aquaculture Nutrition, 1: 189-198

Christiansen, R. and Torrissen, O.J. (1996). Growth and survival of Atlantic salmon,
Salmo salar L. fed different dietary level of astaxanthin. Juveniles. Aquaculture Nu-
trition. 2: 55-62

Das, A. P., and Biswas, S.P. (2016). Carotenoids and Pigmentation in Ornamental
Fish. Journal of Aquaculture & Marine Biology 4(4): 00093. DOI:10.15406/
jamb.2016.04.00093

[ EFFICACY OF ...........PUNTIUS TICTO ]@ | Anurag Protim Das and Shyama Prasad Biswas




Spectrum: Sctence and Technology Vol 5, 2018, ISSN: 2349-2937
Das, A. P., and Biswas, S.P. (2019). Improvised protocol for quantitative determina-
tion of crude fat in fish feeds. Journal of Aquaculture & Marine Biology. 8(4):144146.
DOI: 10.15406/jamb.2019,08.00253

Ezhil, J., Jeyanthi, C. and Narayanan. M. (2008). Marigold as a carotenoid source
on pigmentation and growth of red swordtail, Xiphophorus helleri. Turkish Journal
of Fisheries and Aquatic Sciences. 8: 99-102

Fah, S.K. and Leng, C.Y. (1986). Some studies on protein requirement of the guppy,
Peocilia reticulata (Peters). Journal of Fisheries and Aquatic Science 4:325-335

Francis, O.N. (1995). Hatchery Propagation of Five Hybrid Groups by Artificial
Hybridization of Clarias gariepinus (B.) and Heterobranchus longifillis (Val.)
Clariidae, using Dry Powdered Carp Pituitary Hormone. Journal of Aquaculture in
the Tropics, 10: 1-11

Gogoi, R., Behera, S., Chetia Borah, B. and Bhuyan, S. (2013). Sexual dimorphism
and gonadal development of a rare murrel species Channa bleheri (Bleher) in Assam.
The Bioscan. 8(4): 1265-1269

Goodwin, T.W. (1951). Carotenoids in fish. In: The biochemistry of fish. Biochemi-
cal Society Symposia

Gouveia, L. P, Rema, O., Pereira. and Empis J. (2003). Colouring ornamental fish
(Cyprinus carpio and Carassius auratus) with micro algal. Aquaculture Nutrition.
19: 123-129

Ha, B. S., Kang, D. S., Kim, J. H., Choi, O. S. and Ryu, H. Y. (1993). Metabolism of
dietary carotenoids and effects to improve the body colour of cultured flounder and
red sea bream. Bulletin of the Korean Fisheries Society, 26: 91-101

Halten, B., Aas, GH., Jorgensen, E.H., Storebakken, T. and Goswami, U.C. (1995).
Pigmentation of 1, 2 and 3 years old Arctic charr (Salvelinus alpinus) fed two differ-
ent dietary astaxanthin concentrations. Aquaculture. 138: 303-312

|_EFFICACY OF..........PUNTIUS TICTO _](10) [Anurag Protim Das and Shyama Prasad Biswas |

[ i |



*Irmina-

44146.

spurce
Journal

EUppY.

3335
rtificial

; (Val.)
Iture in

rphism
Assam.

chemi-

tal fish
trition.

lism of

der and

(1995).
 differ-

Spectrum:  Science and Technology, Vol 5, 2018, ISSN:2349.2937
Hardy, R. (1980). Fish feed formulation, In: Fish feed Technology, Agriculture develop-

ment coordination programme, FAO/ADCP/Rep. 80(1-1): 233-239

Hata, M. and Hata, M. (1973). Studies on astaxanthin formation is some freshwater
fishes. Tohoku. Journal of Agricultural Research. 24(4): 192-196

Jagadeesh, T. D., Shivananda Murthy, H., Swain, H., Chetan, N., Manjunatha, A.R.
and Baglodi, V. (2014). Effect of marigold oleoresin on growth, survival and pig-
mentation in orange chromide, Etroplus maculatus (Bloch, 1795). Fishery Technol-
ogy. 51: 25-30

Kalinowski, C.T., Robaina, L.E., Fernadez-Palacios, H., Schuchardt, D. and
[zquierdo, M.S. (2005). Effect of different carotenoid sources and their dietary lev-
els on red porgy (Pagrus pagrus) growth and skin colour. Aquaculture, 244; 223-231

Katia, O. (2001). Ornamental fish trade. INFOFISH International 3:14-17

Lochmann, R.T. and Philips, H. (1994). Dietary protein requirement of gold shines
(Notemegonus crysoleucas) and gold fish (Carassius auratus) in Aquaria & Aquac-
ulture, 128:277-285

Matsuno, T. (2001): Aquatic animal carotenoids. Fisheries Sciences. 67: 771-783.
Olson, LA, (1979). A simple dual assay for Vitamin A and carotenoids in human
liver. Nutrition Reports International. 19: 808-813

Pailan, G. H., Sinha, A. and Kumar, M. (2012). Rose Petals Meal as Natural Caro-
tenoid Source in Pigmentation and Growth of Rosy Barb (Puntius Conchonius).
Indian Journal of Animal Nutrition. 29(3): 291-296

Ramamoorthy, K., Bhuvaneswari, S., Sankar, G and Sakkaravarthi, K. (2010). Proxi-
mate composition and carotenoid content of natural carotenoid sources and its colour
enhancement on marine ornamental fish Amphiprion ocellaris (Cuveir 1880). World
Journal of Fish and Marine Sciences. 2(6): 545-550

Santhosh, B. and Singh, N. P. (2007). Guidelines for water quality management for
fish culture in Tripura, ICAR Research Complex for NEH Region, Tripura Centre,
Publication no. 29

 Biswas |

EFFICACY OF..........PUNTIUS TICTO |@ | Anurag Protim Das and Shyama Prasad Biswas|




Spectrum:  Science and Technology, Vol 5, 2008, [S8N:2349-2937

Saxena, A. (1994). Health; colouration of fish. Page No. 94 in Proc. of Int. Sympo-
sium on Aquatic Animal Health. University of California, School of Veterinary Medi-
cine, Davis, CA, U.5.A. Saxena

Shirley, L., Roshada, H., Sagiv, K. and Chong Shu-Chien, A. (2006). Effect of
varying dietary lipid and protein levels on growth and reproductive performance of
female swordtail, Xiphophorus helleri (Poeciliidae). Aquaculture Research, 37: 1267-
1275

Usha Bharathi, T., Jawaharlal, M., Kannan, M., Manivannan, N. and Raveendran,
M. (2014). Correlation and path analysis in African marigold (Tagetes erecta L.).
The Bioscan. (Supplement on Genetics and Plant Breeding) 9(4): 1673-1676

Vasudhevan. L.. Asokan, K., Rinna Hamlin, S. and Rama Devi, P. (2013): Feed uti-
lization, Growth parameters and Coloration of Different Feeds in Gold Fish (Carassius
auratus). International Journal of Research in Biotechnology and Biochemistry ISSN:
2277-3827

Verghese, J. (1998): Focus on xanthophylls from Tagetes erecta L. the giant natural
complex 1. Indian Spices. 33(4): 8-13

[ EFFICACYOF........PUNTIUSTICTO __|{12) [Anurag Protim Das and Shyama Prasad Biswas




L. Sympo-
ary Medi-

Effect of
rmance of
37:1267-

veendran,
erecta L.).
676

: Feed uti-
( Carassius
stry [SSN:

ant natural

Spectrum:  Science and Technology, Vol 5, 2008, [SSN:2349-2037

A GENETIC STUDY OF THE WAR JAINTIAS OF NONGTALANG
VILLAGE, WEST JAINTIA HILLS DISTRICT, MEGHALAYA

Merry C. Passah and D. K. Limbu

ABSTRACT

In the present study an attempt has been made to study the genetic variation
among the War Jaintia of Nongtalang village with the help of Genetic markers such as
ABO and Rh(D) blood groups, Phenyithiocarbamide (PTC) taste sensitivity and colour
blindness. A total of 207 individuals were tested, which comprised 101 males and 106
females. Blood samples were collected following standard slide methods suggested by
Lawler and Lawler (1951) and Bhatia (1977) for ABO and Rh(D) blood grouping. Serial
dilution method suggested by Harris and Kalmus (1949) was followed to collect data on
PTC taste sensitivity and Ishihara Chart (1259) was used to collect data on Colour
olindness. In the present population, it was found that with respect to ABO blood group,
the percentage frequencies of O, A, B and AB blood groups were 42.03%, 26.57%,
26.57% and 4.83% respectively. It shows that O blood group has the highest frequency,
followed by A, B and least is the AB. Out of 207 subjects tested, only 3 (1.45%) were
reported to have Rh-negative blood group. The frequency of colour blindness in the
oresent population is 2.42% which is quite high compared to the other Khasi sub tribes.
'n respect of PTC taste sensitivity, the allele frequency of taster (T) was found to be
0.3480 and non-taster (t) was 0.6520. The War Jaintias of Nongtalang deviate signifi-
cantly from other neighbouring populations of Meghalaya.

Key Words: ABO and Rh(D) Blood Group, PTC Taste Sensitivity, Colour Blindness,
War Jaintia, Nongtalang

INTRODUCTION

Biological Anthropology deals with the comparative biogenetics of man. Within
the various fields of the Biological Anthropological research, the study of human evolu-
tion as well as the study of genetic variation holds an eminent place. Population Genet-
ics, an important branch of Biological Anthropology deals on the one hand with exact
genetic descriptions of human population and on the other hand it tries to find out the
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reasons for genetic differences among them. Such exact and comprehensive descriptions are

the basic requirements for the understanding of genetic variation in man and thus for the analysis
of the various evolutionary factors, which caused this variation in the course of time. To study
these ongoing genetic differentiation processes in man, reliable population data are necessary.

Anthropological studies have generated huge amounts of biological data among Indian
populations, which in turn can be used to understand the peopling of India. A number of
genetic markers have been usefully employed in investigation of population genetic studies.
ABO blood group system is the most studied trait in human genetics followed by the ability to
taste phenylthiocarbamide (PTC) and colour-blindness traits. These three traits have been
extensively used in describing genetic variations among human populations around the world.
In the present study an attempt has been made to describe the genetic composition of the War
Jaintias of Nongtalang village with the help of Genetic markers such as ABO and Rh(D) blood
groups, Phenylthiocarbamide (PTC) taste sensitivity and colour blindness and also to compare
the findings of the present study with those reported on other populations of Meghalaya and
Assam.

OBJECTIVES

1. To describe the genetic composition of the War Jaintias of Nongtalang village with
the help of some genetic markers such as ABO and Rh (D) blood groups, PTC taste
blindness and colour blindness traits.

2. To compare the findings of the present study with those reported on other popula-
tions of Meghalaya and Assam.

LAND AND PEOPLE

West Jaintia Hills District is one of the eleven districts of the state of Meghalaya.
With the bifurcation of the erstwhile Jaintia Hills District into East and West Jaintia
Hills Districts, West Jaintia Hills District came into existence on 3 1st July 2012 with its
Head Quarter at Jowai. Jowai is the host of all the heads of important governmental
offices and establishments, educational institutions, hospitals, banking institutions, etc.
The total area of the district is 1693 Sq.kms. The district has a total population of 2,
70,352,

The present study was conducted among the War Jaintias of the Nongtalang
village which falls under the West Jaintia Hills District of the state of Meghalaya. The
village is about 45 km from Jowai which is the Headquarters of West Jaintia Hills Dis-
trict. It is approximately 95 km away from the State Capital City, Shillong and just 13
km away from Bangladesh. The War Jaintias apart from being a sub tribe of Khasi Jaintia, they
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2lso have their own distinct dialect (also called War) that neither the Pnar of Jaintia nor the
K hasi can understand except those who come in daily contact with them. The War Jaintias of
the Nongtalang Village are matrilineal form of society. Descent is always through the female
ane: succession is also through the female line. Majority of the people in Nongtalang village
selieve in the indigenous religion known as “NiamTre™. There are also Christian followers but
thev form the lesser number of the population. Rice is the staple food of the people. Nongtalang
== predominantly an agrarian society. The main agricultural products include areca nut (Areca
catechu), commonly called as betel nut and betel leaves (Piper betel). The economic structure
ot the village depends mainly on the trading of these crops.

MATERIALS AND METHODS

The present study has been carried out among the War Jaintias of Nongtalang
«1llage which is located in the West Jaintia Hills District of Meghalayva. Blood samples
om 207 subjects (101 males and 106 females) were collected following the standard
<iide methods suggested by Lawler and Lawler (1951) and Bhatia (1977) for ABO and
#h(D) blood grouping. Data on PTC taste sensitivity were collected, following the se-
nal dilution method suggested by Harris and Kalmus (1949). For collecting data on
colour- blindness, the Ishihara Chart (1959) was used.

For calculating the gene frequencies of the ABO blood groups, PTC taste sensi-
ity and colour-blindness, the method suggested by Bernstein (1930) was followed.
The test for goodness of fit was also applied for testing the genetic equilibrium of the
present population with respect to the allele frequencies of the ABO blood groups, fol-
lowing the method described by Bernstein (1930). Chi square test was used for deter-
muning the differences between sexes or populations with respect to the distribution of
e ABO and Rh (D) blood groups and PTC taste sensitivity and Colour-blindness. The
overall genetic difference between the present population and the neighbouring popula-
sons was calculated, using the above mentioned genetic markers and the secondary
Zata available from the neighbouring populations with a view to understand the genetic
=finity of the present population.

RESULTS
ABO Blood Groups

Tablel shows that the percentage frequencies of A, B, AB and O are 24.75%, 24.77%,
7.92%, 44.55% and 28.30%, 30.19%, 1.89% and 39.62% in males and females respec-
tvely. These differences between sexes in respect of the phenotype distribution of the
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Table 1 Phenotypic and genotypic allele frequencies of ABO blood groups

Sl. No. | Phenotype Males Females Total Phenotype

(N101) (N106) (N207) Frequency
No. | % No. | % No. Yo

1 A 25 24.75 |30 28.30 |55 26.57 0.2657

2 B 23 24.77 |32 30.19 |55 26.57 0.2657

3 AB 8 7.92 |2 1.89 (10 4.83 0.0483

+ O 45 44.55 |42 39.62 |87 42.03 0.4203

Allelic Genotype Frequency

p=0.1724

q=0.1724

r=0.6552

Difference between sexes: X?=5.5146, d.f.=3, p=0.05

Goodness of fit for Hardy-Weinberg equilibrium: X*=131.031, d.f=1, p<0.05

ABO blood groups are statistically insignificant (X?=5.5146, d.f. = 3, p > 0.05). Since
the ABO locus is an autosomal in character. data on both the males and females were
pooled together to find out the allele frequencies of the ABO blood groups. Thus, com-
bining the data of both the sexes, the percentage frequencies of A, B, AB and O are
found to be 26.57%, 26.57%, 4.83% and 42.03% respectively. It is also observed that, in
respect to the ABO blood groups, the frequency of ‘O’ blood group is highest (42.03%)
followed by blood group ‘A’ and ‘B’ being 26.57% each.

Following the methods given by Bernstein (1930) and Balakrishnan (1988), the
calculated gene frequencies of p, q and r are 0.1724, 0.1724 and 0.6552, respectively.
Applying the test of goodness of fit for Hardy-Weinberg equilibrium, it is found that the
difference between these allele frequencies in the present population are statistically
significant (X* =131.031, d.f. =1, P<0.05). Thus, it indicates that the War Jaintia is not
in genetic equilibrium in respect of ABO locus.
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Rh (D) Blood Group

Table 2 Phenotype and allele frequencies of Rh(D) blood group

S1. No.| Phenotype Males Females Total Phenotype
(N101) (N106) (N207) Frequency
No. | % No.| % No. Yo

1 [Rh-Positive | 99 98.02 | 105 |99.06 |204 |98.55 0.9855

2 Rh-Negative| 2 1.98 |1 0.94 |3 1.45 0.0145

Allele Frequency

D=0.8796

d=0.1204

|' X7*=6.1101, d.f=1, p<0.05

Table 2 shows that there are only three Rh-negative subjects in the present popu-
lation. out of which two are male and only one is female. The percentage distribution of
Rh negative phenotypes in the present population is 1.45%. The allele frequency of D
and d are 0.8796 and 0.1204 respectively. The chi-square value for sex difference is
statistically significant (X?=6.1101, d.f. =1, p<0.05) which reveals that there are some
differences exist between sexes.

PTC Taste Sensitivity

Table 3 shows the data on taste sensitivity to PTC for both males and females. It is found
that the mean threshold value is 5.71 + 0.62 and 6.29 £ 0.70 for males and females
respectively. Thus, it indicates that the mean threshold value is higher in females than in
males however, the differences between the two sexes are not statistically significant

=0.6237.d.f =205, p>0.05). Therefore, the present data for both the sexes were pooled
wogether for classifying the population into tasters and non-tasters. Moreover the gene
~=sponsible for not being able to taste PTC compound is believed to be an autosomal
one.

In order to classify the individuals into tasters and non-tasters, we followed the
method suggested by Harris and Kalmus (1949) in which the number of individuals
seing able to taste PTC compound solution was plotted against the serial dilution num-
sers of PTC solution which was presented as shown in the Figure 1.
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Table 3 Distribution of PTC taste sensitivity

Threshold Solution Number| Males (N=101 ]ﬁ-‘cma]es (N=106) | Total (N=207)
1 11 3 14
2 14 12 26
3 5 4 9
4 18 17 35
5 15 25 40
6 7 9 16
7 7 9 16
8 2 6 8
9 1 2 3
10 0 0 0
11 0 1 1
12 0 0 0
13 0 0 0
14 0 0 0

Mean Threshold + S.E 5.71 £ 0.62 6.29+0.70 | 12£0.90

Student’s t test = 0.6237, d.f.=205, p>0.05

a8 ——

o
g“ - S—
a

Figure 1 The distribution of PTC tasters and non-tasters

TOTAL (N=207)
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Figure 1 shows that the distribution of PTC taste sensitivity in the present population
follows a bimodal distribution in which the antimode falls on 3. Thus the cut-off point of 3 was

N=207) considered for classifying the individuals into tasters and non-tasters. Thus, individuals who
T R had the threshold value above 3 or who perceived taste in a more diluted solutions were

considered as tasters while those with the threshold value of 3 and below or who perceived

£0 =ste in a more concentrated solutions were regarded as non-tasters. The frequency of tasters
7 = non-tasters is given in Table 3.
40 Table 4 Frequency of Tasters and Non-tasters for PTC
16 SL No. | Phenotype Males Females Total Phenotype
16 (N=101) (N=106) (N=207) | Frequency
8 No.| % [No.|% [ No.| %
3 I Tasters 50 | 7030 169 |82.08 | 119 | 76.33 0.7633
) 2 Non-tasters | 51 |29.70 |37 | 17.92] 88 | 23.67 0.2367
== Allele Frequency
) T=0.3480
) =0.6520
) 1°=5.1395, d.f=1, p<0.05
0
Table 5 Frequency distribution of Colour Blindness
R SL No. | Phenotype Males Females Total Phenotype
(N=101) (N=106) (N=207) Frequency
No.| % No. |% No. %
1 Normal 97| 96.04|17708 99.0q 202 | 97.58 | 0.9758
2 Red-Green 4 | 396 | 1 094 | 5 |242 0.0242
[Deficiency

Allele Frequency

C=0.8444

c=0.1556

1*=1.9962, d.f=1, p>0.05

—
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Table 4 shows that the frequency of non-tasters is higher among the males than in females.
However, the chi square test indicates that the difference between males and females are
statistically significant (X?=5.1395, d.f. =1, P<0.05). The gene allele frequencies for tasters
(T) and non-tasters (t) were found to be 0.3480 and 0.6520 respectively.

Colour Blindness
It is observed from Table 5, that only 5 subjects that is, 2.42% were colour-blind.

The gene frequencies for colour blindness for red-green deficiency (¢) and normal (C)
found to be 0.1556 and 0.8444 respectively.

Genetic Affinity

Here we shall compare and describe our findings with those published on other
neighbouring populations of Meghalaya and Assam with a view to understanding the
genetic affinity of the present population.

ABO Blood Group

Table 6 Phenotypic frequencies of ABO blood group of war Jaintia of Nongtalang vil-
lage and other populations of Meghalaya and Assam

SI.No| Population | Sample Phenotype Frequency Reference
Size(N) | A B AB 0

| Garo 107 30 36 14 | 27 | Nchang(2006)
2 Bodo 402 113 141 45 103| Daset. al. (1980)
3 Mikir 245 81 65 25 | 74 | Daser. al (1980)
4 Rabha 834 275 249 105 | 205| Das(1987)
5 Bhoi 192 59 44 15 | 74 | Das(1978)
6 Mamgar 160 58 34 21 47 | Chumikam(2002)
7 Khynriam 222 65 4] 7 109| Das(1978)
8 Pnar 197 66 23 4 104| Das(1978)
9 War 230 66 28 8 128| Das(1978)
10 |Lyngam 120 47 34 15 | 24 | Ahmeder al (1997)
11  |WarJaintia |207 55 55 10 | 87 | Presentstudy

of Nongtalang

|
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Table 6 shows that the War Jaintias are characterized by a high frequency of blood

;ﬁ::l; group ‘O’ and low frequency of blood group * AB’ as compared to Garo, Bodo, Mikir, Rabha
S and Marngar and is by and large similar to the other Khasi populations as reported by Das
e (1978).
In order to have a better understanding of the genetic relationship of the War
Jaintia with the compared populations, the Chi-square test was done to test the differ-
R ences between them if any with respect to distribution of the ABO blood groups.
it Table 7 Chi-square value of ABO blood group between War Jaintia of Nongtalang
village and the other populations of Meghalaya and Assam
i on other Sl.no. | Population Compared Chi-square | d.f | Significance Level
nding the (2)Value
1 War Jaintia vs Garo 13.04* 3 Significant
2 War Jaintia vs Bodo 21.10* 3 Significant
13 War Jaintia vs Mikir 10.16* 3 Significant
g vil: 4 War Jaintiavs Rabha | 29.80° 3 | Significant
E War Jaintia vs Bhoi 2.85 3 Insignificant
S 6 War Jaintia vs Mamgar 15.12% 3 Significant
7 War Jaintia vs Khynriam | 5.36 3 Insignificant
006) | B War Jaintia vs Pnar 1797 3 Significant
(1980) | 9 War Jaintia vs War 16.65*% 3 Significant
(1980) 10 War Jaintia vs Lyngam 20.66* 3 Significant
) *Significant at 5% level of probability
)
¥2002)
)
)
)
al (1997)
dy
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It is observed from Table 7. that the difference between the War Jaintia of
Nongtalang village and majority of the compared populations are statistically significant in
respect to the frequencies of the ABO blood groups that is, the present population deviates
significantly from all the populations except with Khynriam and Bhoi in respect of the above
mentioned blood group.

Rh(D) Blood Group
Table 8 Frequency distribution of Rh(D) blood group of War Jaintia of Nongtalang
village and other populations of Meghalaya and Assam

SL. Nol Populations Sample | Rh-negative| Rh- [Reference
Size (n) positive

] Garo 107 - 107 | Nchang (2006)

2 Bodo 402 1 401 | Das er. al (1980)

3 Mikir 134 2 132 | Daset. al. (1980)
4 Lalung 114 I 113 | Das et. al, (1980)

5 Rabha 126 1 125 | Daset. al. (1980)

6 Kachari 131 - 131 | Daset al (1980)

7 Koch 104 - 104 | Sengupta (1991)

8 Chutiya 64 1 63 Das et. al. (1985)

9 Mamgar 160 e 156 | Chumikam (2002)

10 Lyngam 120 2 118 | Ahmed ez. al. (1997)

11 Pnar (Jatinga) 120 - 120 | Khongsdier (2001)

12 War Jaintia 207 3 204 | Present study

(Nongtalang)

Table 8 shows that there are only three subjects who have Rh-negative blood group.
The findings of the present study shows a slight variation in the occurrence of Rh-negative
blood group with other Khasi populations and the neighbouring populations compared, where
the incident of Rh-negative is very low. Among all the populations compared, the present
study shows high frequency of Rh-negative except the Marngar while Khynriam, Pnar, Garo,
Koch and Kachari shows complete absence of Rh-negative.
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Table 9 Chi-square value of Rh(D) blood group between War Jaintia with other popula-

nificant in tions of Meghalaya and Assam.
ion deviates
of the aoove SI No. | Population compared Chi-Square (X*) | d.f | Significance
value level
1 War Jaintia vs Bodo 3.02 1 Insignificant
ngtalang 2 War Jaintia vs Lalung 0.20 1 Insignificant
3 War Jaintia vs Rabha 0.28 1 Insignificant
4 War Jaintia vs Chutiya 0.01 1 Insignificant
5 War Jaintia vs Mamgar 0.53 1 Insignificant
16 War Jaintia vs Lyngam 0.03 1 Insignificant
)
10) Table 9 shows that the differences between the present population and all the
80) :e::ghbc:-uri‘ng papula_tions compared are statistically not significant. The occurrence of
50) #5- negative blood is found in very low frequency or absent in all the above popula-
tons. Thus, the present findings seem to confirm the earlier observations that the fre-
80) guency of Rh-negative blood group is negligible or very rare in many populations of
80) Northeast India (Das, 1974).
1)
183) Phenylthiocarbamide (PTC) taste sensitivity
3) T:I':Iﬂc 10 Frequency of F'_TC taste sensitivity among the War Jaintias of Nongtalang
T wiilage and other populations of Meghalaya and Assam.
e —— sL. No.|Populations Sample Size(n) Taster | NonTaster | Reference
e I Garo 107 88 19 Nchang (2006)
2 Mikir 245 205 40 Das er. al. (1980)
3 Lalung 114 81 33 Das er. al. (1980
3 Bhoi 210 164 46 Das (1978)
blood group. 5 Marmgar 160 113 47 Chumikam (2002)|
‘Rh-negative & Khynriam 222 197 25 Das (1978)
ipared, where 7 Pnar 178 148 30 Das (1978)
i, the present i War 236 207 29 Das (1978)
1. Pnar, Garo, E Lyngam 120 84 36 Ahmed e, al. (1997)
i War Jaintia of 207 119 88 Present study
Nongtalang
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The frequency distribution of tasters and non-tasters of PTC taste sensitivity
among the present population and some neighbouring populations is given in Table 10.
The above Table indicates that the war Jaintia of Nongtalang is characterized by low
frequency of tasters compared to the other Khasi subtribes. An important observation
noted here is that though the chewing habit of areca nut, betel leaf and lime along with
tobacco ingredients is prevalent in the food habits of the War Jaintia of Nongtalang
village, vet this influences did not seem to interfere on the perception of taste to PTC
solution. The chi-square values between the War Jaintia of Nongtalang in comparison to
other neighbouring populations in respect of PTC taste sensitivity are given in the Table
below.

Table 11 Chi-square values of PTC taste sensitivity between War Jaintia of Nongtalang
village and other neighbouring populations of Meghalaya and Assam

Sl No. | Population compared Chi-Square (X?) d.f. | Significance
value level
1 War Jaintia vs Garo 19.24%* 1 Significant
2 War Jaintia vs Mikir 37.90* 1 Significant
3 War Jaintia vs Lalung 5.76* 1 Significant
4 War Jaintia vs Bhoi 20.30* 1 Significant
5 War Jaintia vs Mamgar 6.70* 1 Significant
6 War Jaintia vs Khynriam | 53.93* 1 Significant
7 War Jaintia vs Pnar 29.65% 1 Significant
8 War Jaintia vs War 51.83* 1 Significant
9 War Jaintia vs Lyngam 5.05% 1 Significant

* Significant at 5% level of probability

Table 11 shows that the War Jaintia deviates significantly from all other popula-
tions taken into consideration for comparison in the present study.

Red-Green colour vision
The frequency distribution of colour-blindness among the War Jaintia and other
neighbouring populations of Assam and Meghalaya are shown in Table 12.
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“ongtalang village and other neighbouring populations of Meghalaya and Assam

> No | Populations | Sample |Normal Red-Green Reference
Size (N) Deficiency

1 Garo 52 50 2 Nchang (2006)

2 Mikir 125 125 - Mukherjee (1963)

3 Bhoi 100 100 - Mukherjee (1963)

4 Khynriam 100 G99 1 Lama (1998)

3 Pnar 142 142 - Mukherjee (1963)

6 Bodo-kachari| 201 186 15 Mukherjee & Guha(1990)

7 Hajong 183 176 7 Barua (1985)

i War Jaintia | 207 202 5 Present study

{Nongtalang)

“25le13 Chi-square value of red-green colour deficiency between War Jaintia
““omgialang) and the neighbouring populations

5. No. | Population compared Chi-Square (X?) d.f. | Significance

value level

. War Jaintia vs Garo 0.32 1 Insignificant

2 War Jaintia vs Khynriam 0.70 1 Insignificant

: War Jaintia vs Bodo-Kachari 5.58% 1 Significant

: War Jaintia vs Hajong 0.65 1 Insignificant

s:gnificant at 5% level of probability

3D K Limbu |

 GENETIC STUDY.........MEGHALAYA |(25)

Merry C. Passah and D. K. Limbu |




Spectrum: Science and Technology, Vol 5, 2018, ISSN-2348-2937

Comparative study indicates that the War Jaintia is characterised by high fre-
quency of Red-Green deficiency as compared to the other Khasi sub-groups. This is
present in a very low frequency among the Hajong, Khynriam, Garo and Bodo-Kachari,
and is absence among the Pnar, Bhoi and Mikir.

The prevalence of colour deficiency was found to vary in various degrees among
the War Jaintias. Table 12 shows the distribution of colour-blindness among the Garo,
Khynriam, Hajong and Bodo-Kachari.

Table 13 shows the chi-square values between War Jaintias of Nongtalang and
other neighbouring populations of Assam and Meghalaya in respect of colour vision
deficiency. The War Jaintia does not differ significantly with all the populations com-
pared except the Bodo-Cachari.

CONCLUSION

Present study reveals that the War Jaintias of Nongtalang village is not in ge-
netic equilibrium in respect of ABO blood group. It shows variations with the
neighbouring populations except to the Khynriam and the Bhoi Khasi . Therefore, with
respect to the present study it is difficult to give a proper explanation whether evolution-
ary forces such as mutation and natural selection are playing significant roles in regulat-
ing the gene frequencies in the present population or not. When the studied population
was compared with the neighbouring populations with respect to the ABO blood group,
it deviates significantly from them which indicate that there is likely a low admixture
rate or intermarriage with other populations which might have brought about genetic
difference between them. However, when we compared with the other sub-groups of
Khasi, the War Jaintia seems to deviate significantly from the Pnar but shows similari-
ties with the Khynriam and Bhoi supporting the work of Prof. B. M. Das (1970). Thus,
it may be said that no selection or evolutionary forces are working on at different de-
grees. It shows that there is a genetic equilibrium of the present population with the
other sub-group of Khasi populations resulting in similarity between the ancestral and
descendant populations. This indicates that the present population still acquires the com-
mon Khasi characteristics of the original stock. The findings on Rh(D) blood groups
seems to confirm the general prevailing trend among the mongoloid populations of
Northeast India where the Rh-negative gene is either absent or present in a very low
frequency (Das,1997 and Battacharjee, 1968).

On the other hand, genetic markers like PTC taste sensitivity shows that the War
Jaintias of Nongtalang deviate significantly from the compared populations. However,
in respect of the deficiency of colour vision, the present population is significantly
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different only from the Bodo-Kacharis of Assam. It may, however, be noted that genetic

markers like PTC taste sensitivity and colour blindness are considered to be as weak
genetic markers in comparison to the ABO blood groups system. Nevertheless, on the
nasis of the present findings, it is difficult to interpret the genetic affinity of the War
Jaintias of Nongtalang. However, it shows similarity with the Khasi sub-groups with
respect to the ABO blood groups and Colour blindness, but significant different in re-
spect of the PTC taste sensitivity. Thus, the present finding on genetic markers among
the War Jaintia population of Nongtalang needs to be further studied with the larger
sample size along with the inclusion of the additional genetic markers which could
srovide more insight into the genetic composition of the Khasi population.
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BACTERIAL DEGRADATION OF DELTAMETHRIN PESTICIDE
Jahangir Alom and Sangeeta Borchetia

ABSTRACT

Deltamethrin, a synthetic pyrethroid pesticide is a widely used insecti-
cide and is applied to a wide range of commercial crops like tea, cotton, etc. It
rapidly paralyzes the insect nervous system giving a quick knockdown effect:
however, this insecticide is highly toxic to humans and animals as it acts as
carcinogen as well as a neurotoxin. In order to reduce the environmental as well
as public health risks associated with the use of deltamethrin, there is a need to
develop rapid and effective methods to remove or minimize the concentrations
of insecticides used. Biological-based approaches such as utilising pesticide-
degrading bacteria's seems to be the most promising and effective strategy. For
the bacterial degradation, it is extremely important to determine the potential of
these bacteria for the degradation of deltamethrin under optimal conditions in
liquid media. In present study, it was observed that bacterial strains are ca-
pable of degrading deltamethrin in liquid cultures with varying pesticide concen-
tration.

Key Words: Pyrethrins, Deltamethrin, Bacterial Degradation, Deltamethrin

Introduction

Pyrethroid insecticides are derived from natural compounds known as pyrethrins,
has been isolated from Chrysanthemum. One of the broad-spectrum insecticide belong-
ing to pyrethroids is Deltamethrin [(S)-c-cyano-3 -phenoxybenzyl (1R, 3R)-3-(2, 2-
dibromovinyl)-2, 2-dimethylcyclopropane carboxylate] (Fig. 1), and has been used for
the management of a variety of insect pests (Akre and MacNeil 2006, Cycon 2014),
Pyrethroids act as neurotoxins and target the central nervous system of insects (Burr and
Ray 2004). The insecticidal potency of deltamethrin is due to induction of a toxic effect
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= e cells of the nervous system, by permitting a flux of sodium ions, which alters the activity

- e sodium channels responsible for the signal transmissions of nerve impulses (Burr and

“v 2004, Akre and MacNeil 2006). Deltamethrin can also bind to other target channel

srizins and can disrupt the proper function of the nervous cells leading to paralysis and
svemtually leads to the death of insects (Davies et al. 2007, Hintzen et. al. 2009).

':D
Br
= o \:‘N
Br

¥ 1 Chemical structure of Deltamethrin

Although, deltamethrin is considered to be safe when compared to other insecti-
“ii=s. however, excessive use of these compounds can cause severe contamination and
=ozical concern. Deltamethrin have a strong ability to adsorption to particles and
“emstore. may negatively affect non-target organisms such as fish, aquatic insects, beetles,
we=s. parasitic wasps, and microorganisms (Wendt-Rasch er. al. 2003, Cycon et al. 2014,
~== «¢ al 2016). Deltamethrin is highly toxic to humans as well as animals and long
=== =xposure may lead to some chronic diseases (Pavel er. al. 1999, Munoz-Leoz et al.
22 Cvcon 2014).

in order to reduce the environmental and public health risks associated with
mr=tiroid use, there is a need to develop rapid and effective methods for the removal or
“wctvaton of deltamethrin in the environment. Biological approaches based on the
“=nolic activity of pesticide-degrading bacteria, seems to be the most promising and
““ectve strategy. In liquid media, the biodegradation process of deltamethrin is strongly
“ememcent on factors such as temperature, pH, nutrients, inoculum size, moisture, or-
s matier content, the initial pesticide concentration, and additional carbon sources
= well as the properties of the bacterial strains (Mestres and Mestres 1992, Munoz-
=2z er al. 2009, Therefore, the present study is aimed to assess the capability to de-
oule Seltamethrin by indigenous isolated-bacteria.

WATERIALS AND METHODS

Somdy Area
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For the present study Tocklai Tea Research Institute, Jorhat, was chosen as the studs
site.
Insecticide

Deltamethrin was obtained from Pesticide Store of Tocklai Tea Research Insti-
tute, Jorhat. Deltamethrin-degrading microorganisms were studied with varying con-
centrations of pesticide 100ppm, 200ppm. 300ppm, 400ppm.

Bacterial Culture

Bacterial strains (52, S3 and 56) were isolated from Deltamethrin contaminated
tea garden of Tocklai Tea Research Institute, Jorhat. For the present study, the bacterial
strains were grown in nutrient broth. Pure cultures were grown and maintained using
nutrient agar media plates. The plates were then incubated at 37°C for 24 hours.

Biodegradation of Deltamethrin

For studying biodegradation of Deltamethrin, Mineral Salt Medium (MSM) with
varying concentration of Deltamethrin (100 ppm, 200 ppm, 300 ppm, 400 ppm) was
used. In one set bacterial strain S3 was used singly and the other set contains a consor-
tium of S2, §3 and S6 were inoculated to the MSM with varying deltamethrin. The
cultures were grown in two batches one containing just MSM, and the other supple-
mented with other souces of carbon, and they were then incubated at an ambient tem-
perature of 30°C for 3 days in a shaker incubator. The optical density of the cultures was
measured after every 24 hours at 600 OD, to check the adaptability of the microorgan-
isms, as well as degradation of Deltamethrin.

Extraction and degradation of Deltamethrin

Afier 72 hours of incubation of the S3 and consortia bacterial strains, the cul-
tures were- centrifuged at 1000 rpm for 5 min. The supernatant was taken and an equal
volume of dichloromethane was added and incubated ovemight at room temperature.
The organic phase was extracted -and dried over anhydrous Na,SO,. The dried extract
was dissolved in HPLC grade methanol and then analysed by spectrophotometer. The
degradation activity was expressed as percentage of degradation which was calculated
by using the formula as:

Percentage of degradation =A, - A /A X 100
Where, A, is absorbance of compound at 264 nm before degradation and A_ is absor-
bance at same wavelength after degradation.
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Kinetic analysis

Kinetic analysis using the extract of various bacterial strains were studied by
mcubating the extracts in nutrient broth along with the bacterial stain S-3 and consor-
“=m of bacterial stains (S2, 3, and S6) for about 30 minutes. Non-inoculated sample
“=ot as control. The analyses was carried out using a by spectrophotometer for 15 min,
i the reaction rate was observed at every 5 min intervals.

RESULTS

Deltamethrin acts as a sole carbon source in MSM. The S3 bacterial strain and
“wmsortium of 82, 83 and S6 strains were able to grow in MSM with varying concentra-
~o= of deltamethrin. Degradation of deltamethrin using S-3 strain with 0 ppm
“==amethrin showed a limited growth. On the other hand, the same bacterial the strain
was able to grow in 100 ppm, 200 ppm, 300 ppm, and 400 ppm concentration
“=“amethrin. The bacterial growth was increasingly rapid during 72 hrs of incubation as
wserved in Table 1.

Table 1 Absorbance of bacterial growth with deltamethrin at OD 600nm

Sactenial Strain Concentration of 24 Hours 48 Hours 72 Hours
Deltamethrin

0 ppm 0.048 0.064 0.065

100 ppm 0.080 0.077 0.086

S3 200 ppm 0.066 0.086 0.084
300 ppm 0.100 0.110 0.109

400 ppm 0.133 0.132 0.132

0 ppm 0.183 0.162 0.174

100 ppm 0.184 0.165 0.178

S2 S3and S6 200 ppm 0.160 0.156 0.153
300 ppm 0.202 0.172 0.190

400 ppm 0.213 0.201 0.208
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The biodegradation of deltamethrin performed using consortium of $2,583 and S6 strains
for a period of 72 hours in MSM showed a limited growth at 0 ppm concentration of
deltamethrin, however, at 100 ppm, 200 ppm, 300 ppm, and 400 ppm concentration.
they were able to grow well. The bacterial growth increased rapidly during 24 hrs of
incubation (Table 1).

The degradation of deltamethrin perform by S-3 strain for a period of 72 hours
in Mineral Salt Medium with additional carbon source showed a better growth as com-
pared to samples using deltamethrin as the sole carbon source for culture (Table 2).

Table 2 Absorbance of bacterial growth with deltamethrin and additional nutrient
at OD 600nm

Bacterial Strain Concentration of 24 Hours 48 Hours 72 Hours
Deltamethrin
3 100 ppm 0.386 0.374 0.551
400 ppm 0.312 0422 0.479
100 ppm 0.219 0.599 0.652
§2, S3 and 56
400 ppm 0.213 0.479 0.519

Similarly, biodegradation of deltamethrin by consortium of 82, S3 and S6 strains
for a period of 72 hours in MSM with additional carbon source increased rapidly during
48 hrs of incubation.

The S-3 strain able to degrade the deltamethrin pesticide with 100 ppm and 400
ppm concentration. At 100 ppm, the percentage degradation was found to be 74% and
400 ppm the percentage of degradation was 76% (Table 3). However, when supple-
mented with an additional carbon source, the percentage of degradation at 100 ppm was
0% and it increases to 68 % at 400 ppm deltamethrin concentration.

Likewise, the consortium of S2, 83 and S6 strains were able to degrade the
deltamethrin pesticide with 100 ppm and 400 ppm concentration, and the percentage of
degradation of 42% and 77% respectively. The bacterial degradation was more with
400ppm of initial concentration than 100 ppm of initial concentration of pesticide as
compared to when a single bacterial strain was used.

The consortium of $2, S3 and S6 strains were able to degrade the deltamethrin
pesticide in 400 ppm concentration of deltamethrin and there is no reduction of
deltamethrin in 100 ppm concentration. The percentage degradation at 100 ppm
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deltamethrin was found to be 0 %; however it increases to 51 %. The most probable reason

might be that bacteria utilized only the additional carbon source for growth, however, as the
sdditional carbon source gets depleted. it starts metabolising deltamethrin.

Table 3 Percentage degradation of deltamethrin after 72 hours

Bacterial Starins Percentage Degradation of deltamethrin (%)
MSM MSM + Additional Carbon Source
100ppm | 400ppm 100ppm 400ppm
S3 74 76 0 68
82, 83, S6 42 76 0 51

The biodegradation of deltamethrin was also confirmed by kinetic studies in real time.

"% 53 strain and consortium of S2, S3 and S6 were found to efficiently utilize deltamethrin in
= mins of degradation reaction (Figs. 2 and 3). Moreover, the degradation rate and the
“meentration were in direct proportion to the reaction kinetics observed. The rate of degradation

«== higher in both 83 and consortium of S2, S3 and S6 strains when supplemented with an
siZtional carbon source at at 400 ppm deltamethrin
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Fig. 2 : Degradation of deltamethrin by $3 and S2, S3 and S-6 without additional carbon

source
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Fig. 3: Degradation of deltamethrin by S3 and S2, S3 and S-6 with additional carbon
source

DISCUSSION

Deltamethrin is one of the most commonly and extensively used commercial
insecticide in tea garden, it is, therefore, important to remove any Deltamethrin con-
tamination, as it poses many hazardous effects not only to the environment but also to
humans and animals as well (Cycon et. al. 2014). Biological methods using soil micro-
organism might be the best method to remove and/or degrade such contaminants as they
can convert such hazardous compound non-toxic metabolites, without causing any det-
rimental effects to the human health and environment (Munoz-Leoz et. al. 2009).

Deltamethrin is used to control Buzura suppresseria (Looper caterpillar) in tea
garden, and kills insect on contact and through digestion. Deltamethrin rapidly paralyze
the insect nervous system giving a quick knockdown effect by induces the inhibition of
the sodium channel activation gate (Cycon et. al. 2014). Deltamethrin is highly toxic as
it acts as a neurotoxin as well as a carcinogens, it has deleterious effects to humans,
aguatic organisms and other non-targetted organisms. Due to its extensive and exces-
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sive usage, it is therefore necessary to degrade deltamethrin, as it can contaminate and seep to
water sources. For the efficient bioremediation of deltamethrin, it would be advantageous if
microorganisms could be used to degrade deltamethrin. Nevertheless, it is extremely important
1o determine the potential the different microorganisms to degradation using liquid media.
Thus, in the present study, an attempt has been made to assess the potential of soil bacteria to
degrading deltamethrin in liquid cultures. Two approaches were adopted where a single S3
and a consortium of $2, S3 and S6 strains were isolated from soil and studied. Also varying
concentrations of deltamethrin in MSM and MSM supplemented carbon source was used to
study the percentage of degradation and its effect on the growth of bacteria. From our study,

¢ was observed that the growth of bacterial strain and rate of the biodegradation process were
snhanced when the liquid media supplemented with additional carbon source or nutrients.
When the bacterial strains were grown in MSM media only, they were capable of
metabolising deltamethrin as the sources of carbon and energy. Similar reports were observed
= Serratia marcescens and some bacteria, and these were found to be capable of degrading
: wide spectrum of synthetic pyrethroids (Muir er. al. 1985, Cycon et. al. 2014). The
=formation presented in this study, indicated that the bacterial strains and their consortia were
sroficient in biodegradation of deltamethrin, can be an efficient tool for bioremediation of the
smthetic pyrethroids (deltamethrin). However, further research studies, such as molecular
“maractenization, interactions of environment with the strains, and the toxicological and genetic
woects from the strains and their ability to degrade other pyrethriods and its derivatives,
“ouid be carried out before the application of these strains in the field-scale bioremediation.
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A REVIEW ON NON CONVENTIONAL LEAFY VEGETABLES
OF MEGHALAYA

Devajyoti Bokolial
ABSTRACT

This paper lists 134 species of underutilized, non conventional leafy veg-
==0'es in the state of Meghalaya. These species belongs to 100 genera and 60
= es. Rutaceae contains 8 species of wild edibles followed by Asteraceae,
~=yoonaceae and Rubiaceae, each with 7 species. These plants are mainly
=oiected from wild habitats; some of them are semi domesticated. The wild
=2Zes are rich in essential nutrients necessary to maintain a healthy nutritional
=z of an individual. Due to a change in the food habits of the people and
T@oi=t destruction of the wild edible species, the latter are disappearing from
T 22t People should be made aware of the health benefits from the wild
=oCes and sustainable use of these species should be encouraged.

%=y Words: Leafy Vegetable, Non Conventional, Wild Edible SpeciesTribes,
Meghalaya.

mrwfaction
_":: northeasern state of Meghalaya is one of the biodiversity rich states of In-
S5 %= geogrmphical location is 25°47-26°10¢ N latitude and 89°45'-92°47' E longitude
S cowems & area of 22429 sq km. The state is surrounded by Bangladesh in south and
st and by Assam in north and northeastern side. The state is a part of Indo-
Smms sedversity hot spot (Meyer et. al. 2000). The state has a forest cover of Meghalaya
"= 7 sz = which is 76.76% of the total geographical area of the state. Meghalaya is a
tmibal state, and has a tribal population of 86.1% with three main tribes-
" Jweeis and Garo. The Khasi and Jaintia are believed to have migrated from Cam-

Sefe he o are believed to be of Tibeto-Burman origin. These people are very

-y :
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close to nature and largely dependent on forest for their livelihood (Sawian et. al., 2007),

which is reflected in the food habit and other socio cultural practices of these communi- = “es-comy
ties. A

Wild edible plants grow naturally without much care and attention. These are = sy man
termed as non conventional food plants as all of them lack large scale or organized = *= =588
cultivation. Some of these non conventional food plants are semi domesticated due to | ™=sc. o
their usefulness. They play an important role in lives of people of indigenous communi- = "= meng
ties in different parts of the world. Apart from providing important ecological services, = *& =i
non timber forest products such as fruits, tubers, rhizomes, leaves, shoots, flowers and | *55 7 spex
other parts of wild plants are extracted from the forests and utilized for various purposes | =S =
including their use as food. These non conventional sources of food are rich in essential © == =
nutrients and vitamins and are very important dietery supplements to a tribal individual. | St &
Wild plants also give several other useful products like medicine, fiber, fodder, dyes etc. © = w20
(Kayang 2007). These also provide economic security to the rural people at the time of | — =% (%
need. Rural people earn some amount by selling them in the markets and thus are also?
important in rural economy (Sawian et. al., 2007). Many of these plants are also used in
traditional and religious rituals and thus intimately associated with socio-economic-
cultural-religious lives of the tribal people.

During the last decade, considerable interest has been given to research and -
documentation of wild edible plants. Scientific researches across the world have re- ot
vealed that due to intensive agriculture practices, our commercial crops are slowly los- ¥ 3
ing their original taste, nutritional qualities, etc. Thus interest has been shifted towards £
alternative food plants, which are available naturally and have not been commercially 5 -
exploited yet. Around the world, a number of such plants are still being collected .-
consumed as dietery supplements, especially by indigenous communities. Leafy veg 3 -
etables are one such important wild edible extracted from forests. Leafy vegetables z
comparatively easy to cook, in the sense that these require less processing unlike roo . !
tubers, stems or other edible parts of a plant. Leafy vegetables are also packed wi _
essential minerals, antioxidants and other nutrients and thus an ideal wild edible p .
uct from the forest.

A number of workers have studied the ethnobotany of different tribes of the sta /
(Rao and Neogi, 1980, Rao, 1981, Maikhuri and Gangwar, 1993, Ahmed and Bo
2005, Jaiswal, 2010). Works documenting wild edible plants of the state have also
carried out (Pandey er. al. 1993, Kayang 2007, Sawian et. al. 2007, Jeeva 2009, Chh e

2010, Kar et. al. 2012, Singh et. al. 2012, Lyngdoh and Kharshandi 2014, Khars
et. al. 2015). Present account deals with the description of recorded wild leafy
etables from Meghalaya.
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Figure 1 Dominant families of non conventional leafy vegetables
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Non-conventional leafy vegetables of Meghalaya
A list of recorded non conventional vegetable species of Meghalaya with their
“amily names, local names, habit and usage is given in Table 1. A total of 134 species of
+1ld edibles belonging to 100 genera and 60 families are included in the list. Out of
~iese, gymnosperms are represented by one species and pteridophytes with two species
clonging to two families and two genera. Rutaceae contains the highest number of
«1ld edible species (8 spp.) followed by Asteraceae, Polygonaceae and Rubiaceae, each
“ith 7 species. Araceae, Moraceae and Primulaceae have 6 species of wild edible leafy
~ecies each, followed by Acanthaceae, Begoniaceae, Vitaceae and Verbenaceae with 4
secies each (Figure 1). Zanthoxylum contains the highest number of species (6 spp.)
‘owed by Ficus (5 spp.), Clerodendrum and and Persicaria with four species each
“‘zure-2). Habit distribution shows that 43.28% (58 spp.) of the wild edibles are herbs,
-~ 34% (30 spp.) each are shrubs and trees, and 11.94% (16 spp.) are climbers (Figure
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Figure 2 Dominant genera of non conventional leafy vegetables

Figure 3 Habit distribution of non-conventional leafy vegetables

People of the state consume a number of leafy vegetables collected from a vari-
ety of wild or semi wild habitats. Tender leaves and shoots, twigs, petioles, young fronds
and sometimes entire plant body of herbaceous vegetables are consumed fried or boiled.
Many of the leafy vegetables are available in a particular season (annuals) while others
are available throughout the year. Several species are weeds growing in home gardens,
roadsides, fallow agricultural lands, etc. (e.g. Centella asiatica, Chenopodium album,
Diplazium esculentum, Drymaria cordata, Emilia sonchifolia, Paederia foetida, Plan-
lago asiatica, Rorippa indica, Sonchus arvensis, eic.). Some species though grow natu-
rally, due to their usefulness and economic utilities, are grown in homestead gardens.
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Houttuynia cordata and Centella asiatica are probably the most commonly used herbs,
caten raw, as chutney or vegetable by the ethnic people of the state. Both have medicinal
properties and also used traditionally for curing certain ailments. Amaranthus tricolor,
{. viridis, Alocasia indica, Colocasia affinis, C. esculanta, Chenopodium album,
Diplazium esculentum, Fagopyrum acutatum, Rumex nepalensis, etc. are some of the
common wild leafy vegetables consumed in the state. Leaves of Allium ramosum,
Eryngium foetidum, Murraya koenigii, Zanthoxylum armatum, Z. limonella Z.
aphvilum and Z. rhetsa are used as spice to flavor fish, meat or other curries. A num-
et of these wild leafy vegetables are available in local vegetable markets. Amaranthus
cridis, Asparagus racemosus, Centella asiatica, Chenopodium album, Colocasia
csculenta, Corchorus olitorius, Diplazium esculentum, Eryngium foetidum, Houttuynia
cordata, Oenanthe linearis, Zanthoxylum rhetsa are the leafy vegetables mainly found
= local markets. Not only the rural people, but the city dwellers too prefer these non
cooventional wild vegetables and thus wild leafy vegetables have good demands in both
=ural and urban markets. However some of the wild leafy vegetables are consumed only
= rural areas. Leaves of species like Ardisia neriifolia, Commelina benghalensis,
~wsmodium trifolium, Garcinia cowa, Lasia spinosa, Oroxylum indicum, Piper
wamiris, Sarchochlamys pulcherrima, Xanthium strumarium, etc. are collected and
comsumed mainly by rural people; these wild edibles are either not available or not
se=fzrred by urban population.
Nutritional quality analysis of some of the wild leafy vegetables available in the
“are Bas been carried out. Reports reveal that these wild vegetables are rich in essential
wuments and antioxidants. Some of the wild edibles can be easily compared with culti-
we= omes for their nutritional qualities (Agrahar-Murugkar, 2006; Seal, 2011). Thus
somsamption of these leafy vegetables from the wild plays an important role in main-
mmmg good health of a person.

C mciwsion

“round the world, there are only 30 species of cultivated plants which provide
T S 9005 of the food production and only 12 domesticated species provide around
#57% of e calorie intake of the entire human population (FAO, 1996). Thus our crops
%l B¢ smder immense pressure in near future. In such a situation these non conven-
S = wald edible plants can be a good alternative to ease the pressure on our agri-
Sl svstem. The non conventional wild vegetables have other significances too.
“ % sememtal wild edible species can be picked up for domestication (Kayang, 2007).
WS of Se wald species contain agronomically desirable characters, which can be in-
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corporated in plant breeding programme to improve commercial varieties (Bokolial and
Syiemlieh, 2014). There is a lack of awareness among the general masses about the role
of the wild edibles in maintaining good health. Sustainable use of these wild leafy and
other edible species should be encouraged. At the same time, conservation of these
plants is important, as population of some of the wild edible species is declining due to
overexploitation (mainly for timber and medicinal purposes) and habitat destruction
(Lyngdoh and Kharshandi, 2014; Kharshandi, er. al., 2015). In such a situation, domes-
tication can be considered as a low cost conservation measure for the wild edible spe-
cies (Chhetri, 2006). The need of the hour is to make people aware about the health
benefits of the wild edibles and importance of sustainable utilization and conservation
of these species.

Table 1 List of non conventional leafy vegetables of Meghalaya

SINe | Botanical name Family Local names * Habit | Usage

1. | Abelmoschus manihot vat. Galda (G) Herb | Leaves, shoots used as
pungens (Roxb,) Hochr. Malvaceac vepetable,
(=Hibizcus pungens Roxb.)

2. | Alfium ramosum L. (=A. oo Raseng (G) Herb | Leaves are used as
adorum L.} Lillacees condiments.

3. | Alocasia indica {Roxb.) s Kimchit nokam ((5) Herb | Leaves cooked as vegetable.
Schott.

4, | Alternanthera philoveroides | Amarantha | Ong-put (K) Herb | Tender leaves and shoots used
Griseb, ceae as vegetable,

5. | Amaranthus tricolor L. (=4. | Amarantha | Jada saw (K), Chantili | Herb | Leaves and shoots cooked as
gangeticus L.) ceae (G) vegetable.

f. Amarantha | Jada saw (K}, Herb | Twigs or stems are used as
Amaranthus viridis L.

ceae Chendoli (G) vegetable.

1. | Amblvantins glandulosus Prirnulacea | Jia herew (1) Shrub | Twigs cooked as vegetable,
(Roxb.) A. DC, e [

8, | Antidesma acidum Retz. (= Phyllantha Dieng japew, Tree | Boiled shoots are used as |
Antidesma diamdrum (Roxb.) Khouding (K}, Aburok vegetable.
B.Heyne ex Roth) e (G)

9. | Ardisia neriifolia Wall ex Primulacea | Theilangrong (K), Tree | Leaves used as vegetable,
ADC. (=A. floribunda Wall) | e Bhaujawa (J)

10. Primulacea | Dieng-soh-sying (K} Tree | Leaves and shoots used as
Ardisia polycephalia Wall.

e vogetabie.

11, | Argyreia nervosa (Burm. f.) | Convolvul | Jatap-masi, Soh- mg- | Climb | Young leaves eaten raw,
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Baj. (=4. speciasa Sweet ) aceac kang (K) er
12| Arizaema consanguineum ~ | Saru-bsein {K) Herb | Leaves used as vegetable.
Araceac
Schott
13 ) Praprukur bijak {G) Herb | Tender shoot used as
Artemisia indica Willd. Asteraceas
vegetable,
14, Bat soh-phlang (K}, Herb | Tender shoots are eaten as
Asparagus racemosys Willd, | Liliaceae Phiang chokria (I}, vepetahle,
Sam-riching (G)
15 Dieng-neem (K, J), Tree | Tender shoots with leaves
| Azadiracta indica A, uss. Meliaceae ;
| Aja-neemu () conked as vegetable.
16 | Baliospermum micranthum Euphorbia | Thylli-skei (K) Shrub | Twigs cooked as vepetable,
Muell.-Arg. ceae
7. Dieng long (K), Jiat- Tree | Boiled shoots are consumed as
Bawhinia purpurea L. Fabaceae
iong (I, Megong (G) vepetable.
Dieng-tharlong (K), Tree | Leaves used as vepetable.
Bauhinia variegara L. Fabaceae .
Bol megong (G)
3 Beponiace | Jajew (K} Herb | Leaves cocked as vepetable.
Begonia josephii A, DC. e
ae
- Beponiace | Sla-lajaw (K) Herb | Leaves and shoots consumed
Begonia palmata D, Don.
ae as vegetable,
2 Beponiace | Jajew jvlwang (K), Herb | Leaves used as vegetable.
Begonia roxburehii A, DC. . jew jylwang i Bres
ae Kamgchal (G) Petioles eaten raw,
=  Cozrdamine macrophylla Brasgicace | — Herb | Leaves consumed as
] ae vegetable.
- W ) Soh-kyian (1), Bolong- | Tree | Leaves and twigs cooked as
Casearia graveolens Dalz. Salicaceae
miandok () vegetable.
== Khliang-syiar, Kynbat | Herb | Leaves, petiole and the whole
“emmells gnigrica (L) Urban | Apiaceae | moina (K), Mesena plant used as chutney or as
chil (G) boiled vegetable.
— —_ Chenopodi | Ja- ut- pudar-saw (K), | Herb | Tender shoot, leaves cooked as
— B e Tas s O Pl
aceag Butia sak () vegetable.
= Teerspeoes srundinacewm | Asparagac | Soh kyian (T}, Bol kian | Herb | Twigs cooked as vegetable.
Sam = cac G
- TEurpei T senalenie Bol chamske (G) Herb | Twigs cooked as vegetable.
= 2 Asparagae
T = e
& cac
== — "
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28, | Cissus repens Lam, (= Virix Mei hur jarap (K} Climb | Tender shoots used as
repens (Lam. ) Wight. & Vitaceae er vegetable,
Am.)
29, N —— Dieng tyrur (K), Sam | Shrub | Leaves cooked as vegetable.
sweng (G)
30. | Clerodendrum Verbenace | Sla-jarem (K), Dieng | Shrub | Leaves eaten as vegetable.
colebrokianum Walp, e rigai (1)
31. | Clerodendrum infortunatum v Dieng-jarem synrang | Shrub | Leaves consumed as
L. (=Clerodendrum viscosum = (K}, Sam-maki (G} vegetable, I
Vent.) |
k¥ ek sty v W-(Kl Shrub | Leaves, young shoots eaten as |
Moon - Meng-la-myrsmang (1), vegetable,
Sam-seng (G)
33, | Clerodendrum wallichii Verbenace | Medongd: (G) Shrub | Leaves caten as vegetable. |
Merr. ne
34, Shriew (K), Geneusu | Herb | Leaves, petiole cooked as
Colocasia affinis Schott Araceae
(G) vegetable.
35, | Colocasia esculamia (L.) T Wang, Shriew (K), Herb | Leaves with petioles are
Schon Matchita-Ngong (G) cooked with dry fish or lentil.
16, | Combretum album Pers. Mei long-kha- saw Climb | Leaves used as vegetable,
(=Combretum roxburghii e (K}, Dugrak (G) er
Spreng.)
7. Commelin | Bat- pied (K) Herb | Leaves cooked as vegetable,
Commeling benghalensis L.
aceac
" Conocephalus suaveolens Bl | Moraceag Do (G) :::mh sl e s
39, | Corchorus olitorius L. Tiliaceae | Meka (G) Hetb | Leaves cooked as vegetable.
40, Crotene saarvaia Bk Hatis l‘:,ppamc: Jong sia (G) Tree | Shoots used as vegetable.
41. | Crateva religiosa G. Frost (= | Capparace | Jong sa (G) Tree | Shoots cooked as vegetable.
C. magna (Lour.) DC.) e
42, Cycadacea | Dieng sia-goda (K) Tree | Tender beaves, young shoots
Cyeas pectinata Buch -Ham_ ; —
43, | Cyelocodon parviflors Ja-tymdong (1) Herb | Leaves are cooked as
(Walex A.DC)Hk £& | ! vegeibie.
Thomson (=Codonapsis -
[ AREVIEWON._....OF MEGHALAYA |(36) [ Devajyoti Bokolial ]
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» wsed as panviflora DC.)
44, Desmadiiam trifalium DC. iibacams :::rmg mong arabok | Herb | Leaves cooked as vegetable.
o4 as vegetable. | 45, | Diplazivm esculentum Athymacea | Jhur-tyrkhang (K), Herb | Frond is fried and consumed.
(Retz) Sw. e Agachi (G)
bas vegelable, | 6. | Drymaria cordata (L) Willd, | Caryophyll | Bat-nongrim (K), Ferb | Leaves or whole plant eaten
ex &S aceae Sliaslia (J raw.
wmed as 27 | Dysexylum excelsum BL (= 5la lushai (K) Tree | Leaves cooked as vegetable.
| Dysaxylum gobara (Buch.- | Meliaceae
i Ham.) Marr.)
g shoots eaten as & | Jhur khlow (1) Herb | Leaves eaten raw or cooked as
Elatogtema dissectum Wedd. | Urticaceas
vegetable
& | Elewtherococous trifoliatus Shi -soh-sutkhlaw (K), | Shrub | Young shoots used os
= s vegetable. (L) Hu (=Acanthopanax Anliaceae | Kenbut (G) vegetable.
rrifoliatus Seem.)
ot cocked as X Primulacea | Mei ja jew khlaw (K) | Climb | Leaves eaten as vegetable.
Embelia mutans Wall. . "
b petioles are | Embelia vestita Roxb.(= Primulacea | Mei jajow-khiaw (K) | Climb | Leaves eaten as vegetable.
h dry fish or leatil. Embelia nagushia D.Don) | e er
w 8 —
< 25 vegelable . J-— E— I ::;gew Jalyngshor Herb | Leaves used as vegetable.
= i i e.
T g i Bl f:pumhoc Abigran (G) Tree | Shoot eaten as vegetabl
- - Dhonia-khlaw (K}, Herb | Leaves as spice or as
i on Ermpmm foetedum L Apiaceae | Sam skal (G) vegetable. Also used to
. prepare chutney.
) S vigatig. = Pentaphyla | Dieag shit (K), Tree | Leaves, tender shoots cooked
d s vegetable. - cacene Murmurm (G) as vegetable.
_ W Copeareee ORI Jarain (K), Yarain (J), | Herb | Tender shoots cooked as
ked 25 vejetabe, S ) Manef &2 K. Sambodom Bong (G) vegetable,
_ ¢ eescue | Polyponac
ves, young hoocs L = | eae
 cooked as P - |
T S ckeas Bl o Mag | Moraccac | Shileshiat (J) Shrub | Leaves eaten as vegetable.
— | o= e Morsceae | Prap-agar (G) Tree | Young leaves eaten as
il TemvES N OF MEGHALAYA | (37) | Devajyoti Bokolial
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vegetable.
i Ficus hispida L, f. Morceas Dicag g (T4 e | Laavinsssmetow vappesit
Thamusa (G)
&0, | Ficus subincisa Buch.-Ham. Samch-blang (K) Shrub | Leaves cooked as vegetable.
ex L.E. Sm. Fruits eaten raw.
6l areae | Dieng-soh pokiao (K) , | Troe | Leaf buds along with stipules
Ficus virens AiL Dieng-chiri (1) are eaten as vegetables or
pickle.
62. Soh-khylleng,S0h- Tree | Tender twigs used as
Garcinia cowa Roxb, ex
. Clusiaceae | kwang (K, J), Tekra vegetable,
Choisy
(G)
3. | Gamphogyne cissiformis Cucurbitac | Jhur thliem (K) Climb | Leaves cooked as vegetable.
Griff. eae er
4, Jamyrdoh (K), Myrdoh Herb | Leaves used as vegetable or
Hourniynia cordara Thunb. " (1), Machelongbeng used to prepare chutney.
(G) Whaole plant is eaten raw.
65, | Jlex guianensis (Aubl.) Aquifoliac Dieng tilut (K), Shrub | Leaves cooked as vegetable.
Kuntz. (= I acuminaia i Jiakeng (1)
Willd.)
66, Phan-karo (K), Salah | Herb Shoots used as boiled
Ipomoea batatas (L) Lam. | (1), Thamlang bejak vegetable.
(G)
&7, | fxeris gracilis (DC.) Stebbins | Asteraceac Khmut sim (K) Herb | Leaves used as vegetable.
68 | vora subsessilis Wall g | et [ S, Wl sackalies
Sangrura (G) vegetable.
69, | Justicia adhatoda L. Acanthace | Jalymmuh (K), Shrub | Leaves cooked as vegetable,
{=Adhatoda vasica Nees) ae Devglameh (G)
0. Lasia spinasa (L) Thw. — ':::uluw. Chongay Herb | Leaves are cuten as vegetable.
7. Diengsohjala-tyrkhai | Tree | Leaves caten as vegetable.
Maesa indica Wall Primulscea | (K), Dicng:pyfle(o-
e dakha (1),
Samnakatok (G)
72, | Medinilla rubicunda Qack) | | Tajactier (J), Megong- | Shrub | Leaves cooked as vegetable.
BL. (=M. erythrophylla Wall appal (G)
l ex Lindl) ees
["AREVIEW ON .........OF MEGHALAYA [ Devajyoti Bokolial




R
—— e —

Spectrum: Science and Technolagy, Vol 5, 2018, ISEN:2349-2937

I. 73, | Meliosma pinnata (Roxb.) . Drieng knot (K}, Bol Tree | Leaves used as vepetable,
abiaceas
used as vegetable. Maxim. mechik (G)
74, o o L T Garopoksi gachli (G} | Herb | Young leaves and petioles are
ke as vegetable. mochorie Nemas e e used as vegetable,
) Solms. ceat
 TEW.
slong with stipules | 75. | Maringa oleifera Lam. (= i Dieng jhur sasina (K), | Tree | Leaves cooked as vegetable,
Moriny
s vegetables of Muoringa pterygosperma gaee Sojoma (G)
ae
Gacrtn. )
s used as 76 | Murrava koenigii (L.) s Nolsing, Samkatsi (G) | Shrub | Leaves used as spice or cooked
eae
| Sprengel : a8 vegetable.
7T, Dieng jalong tham Shrub | Tender leaves cooked as
oiced s vegetable. | Mussaenda roxburghi Hk. f. | Rubiaceae | (K), Dieng-pnah {J), vegetable.
| Gardek (G)
e 2s vegetable or TR ¥ - Brassicace | Ayr-soh-um (K} Herb | Leaves are used as vegetable.
ch : Nasturtium officinale B. Br. B
et is eaten raw, =% | Natsiatum herpeticum Buch.- | leacinacea | — Shrub | Leaves, shoots used as
wied as vegetable. | Ham. & vegeable,
e Jatira (K, 1) Herb | Young shoots cooked as
Oenanthe linearis Wall. Apiaceac
vegetable.
ed as boiled i MHar geuminarta Wall. ex Dieng-tyrut (K} Shrub | Leaves consumed as
Olacaceae
: Benth. vepetable,
L Oidenlandia diffusa (Willd.) Chenong, Mangaluk Herh | Leaves eaten as vegetable.
sod as vegetable. Roxh. (=Hedyotis diffusa Rubiaceae | (G)
Soots coaked as Wwilld )
e C Ja-rang-hon (K), Tree | Young shoot boiled and eaten
— Rignoniac . .
soked as vegetable. Craoyium indicum (L.) Vent. Dreng-kawaithlai (1), as vegetable.
eae
Kiring (G)
re caten as vegetable. - Onalidacca | Eynbat khnai (K}, Herb | Leaves and whole plant eaten
Cheiiy cormiculata L.
e Kiakna (G} raw, also cooked as vegetable.
=sten as vegetable. & Cmyporo paniculata (D. Melastoma | Lang-tang (K) Shrub | Leaves used as vegetable,
Do DA faceac
- ) Mei-soh-myrsem (K, | Climb | Leaves, shoots used as
S mderas foerida L. Rubiaceas
1), Gandharadal (G) er vegetable,
ooked as vegetable. ® Co—=socopitmaHk f. | Rublaceae | — Shrub | Leaves eaten as vegetable,
- Scrophular | Sam thapar (K), Sam | Herb | Leaves used as vegetable,
Fmfrudiors caragse Wall.
iaceas dipa (G

xolial P aasvEwoON OF MEGHALAYA | (49) | Devajyoti Bokolial ]
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= s T e : i
Pegia nitida Colebr, i ’ -
ceae n

Q0. | Peperomia pellucida (L.) Bithe (G) Herb | Leaves, shoots used as
Kunth. vegetable. |

91, | Persicaria capitatum (Buch.- Sambodombong (G) Herb | Twigs cooked as vegetable,

Ham. ex D. Don) H. Gross Polygonac
{(=Polygonum capitatum e i
Buch.-Ham. ex D). Don) -
92, | Persicaria chinensis (L) H. Ja- lynnomg (K], Herb | Leaves and shoots arc caten as
Polygonac
Gross (=Polvgonim clinense Syndem (1}, vegetahle, ]
eae
L) Samitchang (G)
93, | Persicaria arientalis (L.) sk Jalynnoh (K}, Slydem | Herb | Leuves cooked as vegetable, s
ac
Spach (=Polygonim YEOUE | riang (1)
eae
arientale L)

94, | Persicaria nepalensis Jakyrphuh (K ), Achiak | Herb | Tender leaves and shoots .
{Meisn. ) Miyabe (= 1G) cooked as vegetable.
Polvgonum afatum Buch.- Polygonac =
Ham, ex D.Don = cag 1
Polygonum nepalense
Meisner) |- T

3 Dieng-soh-ka-jut (K), | Shrub | Young leaves fried and used as )

Phl, i Acanthace
ogacanthuy tyrsiformis j' N Ve . -
(Roxb, ex Hardw.) Mah. ae . :
kaincheit (G)

96. | Phyllosiachys mannii U siej naka (K) Herb | Young shoots ealen as |
Gamble vegetable,

97, Phytolscen | Jada-phareng (K) Herb | Leaves used us vegetable.

Phytolacea acinosae Roxb,
ceae
98, | Piper diffium Blume ex ; Soh-mrit (K} Climb | Shoots used as boiled
Piperaceus
Mig. er vegitable.

9. - Climb | Leaves cooked as vegetable.
Piper malamiris L. Piperacenss o

100] Plantago asiatica subsp. Shkhorblang (K) Herb | Leaves used as vegetable.
erosa (Wall.) ZYuLi Plantagina
{=Plantago erosy Wall. ex ceae
Raxb.)

101] Plectranthus mollis (Aiton) Lamiscene | Chichithoni (G) Herb | Lenves cooked as vegetable,
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T

= as vegetable. Spreng. (=F, incanus Link.)
102 Polvgonum muricatum Polygonac | Jubuit (K} Herb | Leaves are used as vegetable.
oot used as Mesn, cae
103} Jiahusia (K), Sulcha Herb | Leaves are eaten as vegetable.
wezd 28 vegetable, | Portulaca oleracea L. = () Shoots used to prepare
| chutney.
104, Prychotri denticulata Wall. | Rubiaceae | Sonopincyl (G) Shrub | Leaves cooked as vegetable,
125 Prerdivm aquilinum (L.} Preridacea | Tyrkhang shatri (K), | Herb | Tender fronds cooked as
ud shoots are caten as Kohn - Shatri (G) vegetable.
H e, Rhododendron arboreum Tiew-saw (K) Tree | Leaves used as vegetable,
= Ericacens
soked as vegetable. 0T, Eremchotechum ellipticum i Dieng ja mahek (K}, Shrub | Leaves caten as vegetable.
(Wall ex Dietrich) A. de Regong (G)
Candolle il
aves and shoots | 8. Reemchotechum vestitum Gesneriace | Regong chu (G) Shrub | Leaves cooked as vegetable.
5w Wall ex CB. Clarke BC
=, derpp indica (L.) Hiem. : Jhurktieh (K) Herb | Leaves used as vegetable.
= Ngzsartium indicum (L.)
) ag
= Polygonac | Jhur sniang (J) Herb | Young leaves cooked as
=sves fred and used as [ — ean vegetable.
E L Sesbwrw jovanica Bl Adoxaceae | — Tree | Leaves cooked ns vegetable.
LI eeemeckizes pulcherrima Eiiisita Dieng-langshir (K}, Shrub | Tender shoots cooked as
boOlS cRien o8 Aews ) Camd Mechald (G) vegetable.
. = o weiicis (DU ) Dieng- Tree | Tender leaves cooked as
==d as vegetable. (€= ngan (K) vegetable.
- = o Smilacace | Shiah krot (1) Climb | Shoots are consumed as
sed as boiled aE er vegetable.
: TS Jeerw svensu L Asteracese | Ki-lan-jiat (K) Herb | Leaves used as vegetable.
ooked as vegetable. T Seeciws s=per (L) Hill Asteraceae | Jalynniar (J) Herb | Leaves cooked as vegetable.
| T Sy homulronicna G Soh umiuw (K}, Sumet | Shrub | Leaves used as vegetable.
sed a5 vegetable, St | Bosser & Heine (=5. cheng (G)
e T Aadeny) -
T Tewminade sSroess |Ret) Suskeng (G) Tree | Leaves used as vegetable.
Ty & Seoee (=fondis | Rubiacens
coked a8 vegetable. ——
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119 Tapiria hirsuta HK 1, Anncardia | Da cheng brap (G) Shrub | Leaves eaten as vegetable.
ceag
120{ Terrastigma leucostaphylum T— Syrpung (1) Climb | Leaves eaten as vegetable.
{Dennst.) N.P. Balakr, er
121 Terrastigma serrulanm N hacess Mei soh myn-jiriang | Climb | Leaves caten as vegetable,
(Roxb.) Planch, (K), Sla ngnar (1) er
122] Tetrastigma angustifolium (R Dudhi-kansau (G) Climb | Leaves and stem cooked as
oxh.) Planch, (= Fitix Vitacens er vegetable,
angustifolia (Roxb,) Wall.)
123] Thunbergia grandiflora Acanthace | Jyrmi-khnong (K), Climb | Tender leaves cooked as
Roxh. 5e Khakkhu (G) e vegetable.
124] Typhonium trilobatum (L) | Makbol java (G) Herb | Leaves and petiole used as
Schott. bailed vegetable.
125 ¥ Wight, ) ;n:ug-mhﬂns-khlm Shrub | Leaves eaten ns vegetable.
126{ Vaccimium spreagelii (G. i Dieng jing (K) Tree | Leaves used as vegetable.
Don) Sleumer e
177 R — [F— Ja Tong (K) Herb | Tender shoots caten as
vegelable,
128] Xanchium strumarium L. Asteracese | Lokra (G) Herb | Shoots used as vegetable.
129] Zanthoxylum acanthopodium Jaiur khiaw (K) Tree | Tender leaves are eaten as
DC. vegetable.
130] Zanthoxylum armatim DC. Juiur (K) Tree | Leaves used as spice.
(=Zanthoxylum alatum Rutaceas
Roxb.)
131 Zanthoxylum khasianm Juiur khasi (K, 1), Climb | Leaves cooked as vegatable.
Hook. £ ‘ Sumet cheng (G) e
132] Zanthoxylum limonella Hajor (G) Tree | Leaves used as vegetable and
{Dennst.) Alston flavouring agent.
133] Zanthoxylum axyphyllum — Jaiur blai (J), Miching | Shrub | Leaves used as flavouring
Edgw. (G) agent.
134 L n— E'.mg_mh-mm. Tree | Young leaves and shoots used
Bol-micheng (G) as condiments or as vegetable
* (K)- Khasi, (J)- Jaintia, (G)- Garo  * ( ) not recorded.
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==ves zaten as vegetable.

=swes 2aten as vegetable.

=sves eaten as vegetable,

wrves and stem cooked as

potable

emfier leaves cooked as

spreabic

=yves nd petiole used as

mied vegetable,

=sves cxten as vegetable,

=wwes used as vepetable,

e=der shoots eaten as

epetable.

Boots wsed as vegetable.

eder leaves are caten as
eprtablc,

=xwes used as spice.

s=ves cooked as vegetable,

svves used as vegetable and
reounng agent.

=xves used as flavouring

1

“oumg leaves and shoots used

s comdiments or as vegetable,
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REPETITIVE TRANSCRANIAL MAGNETIC STIMULATION
IMPROVED GROSS AND FINE MOTOR FUNCTIONS IN
SPASTIC CEREBRAL PALSY CHILDREN

Sablu L. Rajak, Meena Gupta, Dinesh Bhatia and Arun Mukherjee
ABSTRACT

Hepetitive Transcranial magnetic stimulation (rTMS) being a non-inva-
swe stmulation technology has proved to induce motor functions in patients
suSerng from neuromuscular disorder. Spastic cerebral palsy (sCP) is one such
s=wromuscular disorder that affects movement and posture of a developing
SWC In order to treat these spastic patients, various therapeutic interventions
# currently being used with limited result and newer ones that can yield better
==t are continuously been explored; rTMS is one such intervention. In this
=2y we= employed rTMS as an assistive tool with physical therapy (PT) to
seeowe motor functions of sCP children. Twenty sCP children were selected
@ Swoed into two groups of ten each in reference group (RG) and interventional
#oue 'G). RG was provided with only PT for 30 minutes daily for 20 days and
5 was acministered with rTMS (frequency 5Hz) for 15 minutes followed by PT
¥ wame curation as in RG. To evaluate the gross and fine motor performances
& Tese patents, universally accepted scales namely gross motor function
SWEME 2nd quality of upper extremity skill test (QUEST) were used. Analysis
& ge= wersus post GMFM and QUEST scores revealed an improvement of 0.55%
= gemss motor function and 0.45% in fine motor functions in RG, However, both
Fmsms a0 e motor function was higher in IG with 1.95% and 0.99% respec-
Sy @s compared to RG. The result showed that rTMS followed by PT was
ewe &Sechve in improving motor ability in sCP patients.

S Weorss: Cerebral Palsy (CP), Gross Motor Function Measure (GMFM),
Quality of Upper Extremity Skill Test (QUEST), Physical Therapy
'PT) Transcranial Magnetic Stimulation (TMS)
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INTRODUCTION

With the introduction of repetitive Transcranial Magnetic Stimulation (rTMS)

as brain stimulation technique in 1989, there had been a number of investigational stud-
ies that demonstrated its ability to stimulate corticospinal and intracortical motor cortex
(Valero-Cabre and Pascual-Leone, 2005). This excitability phenomenon of rTMS was
used as therapeutic tool for a variety of neurological and related movement disorders
(Kamble et. al., 2014), rTMS is a non-invasive brain stimulation technique where gen-
erated magnetic field from the coil is delivered through the skull deep into the brain
tissue. The repetitive pulses of the magnetic field stimulate neuronal activity of the
target brain area by changing the pre stimulus dynamics of neuronal firing in the stimu-
lated region (Ridding and Rothwell, 2017). Studies have established that brain stimula-
tion using rTMS can stimulate motor neurons that facilitate motor function in animals
(Adkins-Muir and Jones, 2003; Plautz et. al., 2003) and humans (Kumru, 2013). Kirton
(2013) demonstrated the use of high frequency rTMS on stroke and CP patients’ that
facilitated motor function by stimulating their motor cortex. Cerebral palsy (CP) is a
neurodevelopmental disorder caused due to injury to the developing brain either during
birth or within two vears of life (Rosenbaum et. al., 2007). CP is of different types -
ataxic, spastic and dyskinetic; among which spastic CP is most common. Spastic cere-
bral palsy is a neuromuscular impairments that limits the movement and posture of the
body due to increase in the tonic stretch reflex or exaggerated tendon reflex in the muscles
(Odeen, 1981). These patients are not able to perform activities of daily living (ADL)
that involve movement and coordination of arm, leg and other body parts and thus fail to
achieve developmental activities such as rolling, crawling, sitting, standing and walk-
ing.

In order to reduce muscle tightness for improving their motor performance, vari-
ous interventions such as intrathecal baclofen, dorsal rhizotomy, hyperbaric oxygen
therapy, electric stimulation, etc. (Sénéchal er. al, 2007) constrained induced move-
ment therapy (Taub er. al., 1998), rTMS (Gupta er. al., 2016) are combined with physi-
cal therapy. Physical therapy (PT) teaches day-to-day movement skills such as sitting,
walking, playing and dressing using cast’s orthotics and provides muscle strengthening
exercises (Damiano, 2006). PT decreases muscle tightness, strengthen underlying
muscles, and learn proper or functional motor patterns. Thus, in the present study we

aim to evaluate the effectiveness of rTMS over PT to improve motor function in spastic
CP children.

MATERIALS AND METHOD
Material

In this study, Neuro-MS/D Variant-2 therapeutic (Neurosoft, Russia) with angulated
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=
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ol in the figure of eight (AFEC-02-100-C) and two channels of Neuro-EMG-MS digi-
= system (for determining the motor threshold) were employed. The eight shaped coil
s=nerates a magnetic field of up to 4 Tesla at the center of the coil that easily penetrates
e cranium and enters into the soft tissue of the brain.
Farticipants
Fwents diagnosed as spastic CP (hemiplegic, diplegic or quadriplegic) by consultant
s sician and neurologists that met our inclusion criteria were selected for the study.
mcusion criteria followed were — willingness to participate; age group between 2 to 15
w=ws. muscle tightness mild to moderate and cognitive deficiency nil to moderate. The
=ucw=i0n criteria were — any metallic implant; uncontrolled seizures or unstable physi-

brain stimula- == coadition and any congenital disorders. Twenty sCP patients from the out-patient

ion in animals Smwement of UDAAN-for the different abled, New Delhi, were selected for the study.

2013). Kirton = wr=ed consent was procured from the parents or guardians of the selected children

‘patients’ that &% Smefing them about the effects of rTMS. The patient were divided into two groups

alsy (CP)isa  — == ==nce group (RG) and interventional group (1G). The participant’s characteristics

1either during | #= pe=sented in table 1.

Terent types -

. Spastic cere- Table 1 Characteristics of study group

posture of the

in the muscles Reference Group Interventional group

living (ADL) (RG) (1G)

and thus fail to S 420 vears (SD) 8.41+431 7.93 +4.85

ing and walk- B o Beight: cm(SD) 1079 +26.33 109.4 + 28.04

AFMARCE, Vari- M Wesght kg (SD) 21.4+12.63 224+ 1231

rbaric oxygen Smiier Male : Female T3 13

nduced move- ¢ Scal

ed with physi- Gewss Motor Function Measure (GMFM) and Quality of Upper Extremity Skill

it 4 SIUNG, | e W00 EST) were used as assessment scales in this study. Both these scales are widely

sm:ngthenfng e v mmmed physiotherapists to monitor improvement in sCP patients after adminis-

en underlying B o e stervention. Both the scales are performance based measures for lower and

- Smdy W e fmie. GMEM reflects developmental milestones of a growing child (rolling, crawl-

HONINSPASHIc = o g smdine walking/running) referred to as gross motor abilities of CP pa-
e Sasse ot a0 1989) and QUEST reflects hand functions (grasping, lifting, weight
rmg sSemed 1 2s fine motor abilities (DeMatteo et al., 1993).

,'"'i th angulated O Ses worsl 8% assessment items which are grouped into five domains,
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namely A - lying and rolling (17 items), B - sitting (20 items), C - crawling and kneeling
(14 items). D - standing (13 items), and E - walking, running and jumping (24 items).
QUEST was specially developed to overcome the limitation of measures of hand func-
tion in children with motor disabilities. It comprises of descriptive and impairment based
measures which are designed to evaluate the fine movement patterns in CP patients.
QUEST evaluates 36 items of upper extremity in four domains, namely, A - dissociated
movements, B - grasping, C - protective extension and D - weight bearing.
Method

In this study, the RG comprising of ten patients were provided only PT for 30
minutes daily for 20 days (5 days per week for 4 weeks) and in the IG r'TMS frequency
of 5Hz (1500 pulses) was administered daily for 15 minutes for 20 days followed by PT.
In IG, prior to starting the rTMS therapy, motor threshold (MT) of the subject was deter-
mined. Motor threshold is defined as the minimum intensity of single pulse of TMS
which was required to produce a predefined motor evoked potential in abductor pollicis
brevis (ABP) muscle in at least 50% of the trials (Rossini et al., 1994). Determination of
MT is of great importance in TMS studies because it is a way to calibrate the coil output
energy (magnetic field) for dose and safety limits (Rajapakse and Kirton, 2013).
Statistical Analysis

Paired t-test on pre versus post GMFM and QUEST scores of different groups
was performed using MS-Excel. The alpha value of 0.05 was fixed for all statistical
analysis. Additionally, the mean and median values of assessment scales were used to
evaluate the percentage of improvement in different groups by different therapeutic ap-
proaches.
RESULTS

The statistical analysis 1s summarized in table 2. The p-value obtained from the
analysis of both the assessment scales (GMFM and QUEST) of different groups (RG
and IG) showed statistically significant result (p<0.05). Additionally, the change in me-
dian and mean scores in both the groups (RG and 1G) signifies improvement in gross
and fine motor abilities of spastic CP children.

Table 2 Descriptive statistics of reference and interventional groups
Median Mean + SD
Pre Post Pre Post

GMFM | RG 66.54 o711 52.52+3321 53.07+£33.52 0002
IG 5229 5324 44.23 +27.57 46.18+26.65 0.006

Scales Group p-value

QUEST ‘ RG 5870 60.50 60.14+13.16 60.59+13.04 0.039
IG 6445 66.08 66.68 + 1447  67.67 +14.74  0.049
p-value < (.05 taken as significant.
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sross Motor Function

The improvement in gross motor function in different groups as evaluated from
“sange in mean score (%) and it was found to be 0.55% and 1.95% in RG and IG
=spectively (figure 1). This improvement is further validated by the change in median
wores of GMFEM (table 2). Significant improvement in motor function of patients in IG
+< observed where patients were administered rTMS followed by PT as compared to
= where only PT was administered.

54.00
52.00
5000 |
48.00
46.00
44.00
42.00
40.00
38.00

Figure 1: Mean change between Figure 1: Mean change between
pre and post GMFM score in pre and post GMIFM score
different groups different groups

Fme Mator Function

w merovement in fine motor function among both the groups as evaluated from change
» s score (%) was found to be 0.45 and 0.99 in RG and IG respectively (figure 2).
“ue smerovement is further validated by the change in median scores of QUEST (table
© ‘geeecable improvement in hand function in patients of IG was observed due to the
Emisnny ffect of rTMS.

NCLLUSION

T st demomstrated the effectiveness of rTMS over PT alone. Those patients who

. 0.002 e EmEceTed '""'-IN followed by PT showed appreciable progress both in GMFM
- 0.006 @ 57T scores in limited 20 sessions as compared to those patients that were pro-
St smiw PT The improved gross and fine motor performance in sCP children must be

| ggiz gt W e stmulating effect of the magnetic pulses delivered from the rTMS on
P S mwser sores ar=s of the brain that led to the activation of related muscles which
S p— ——— e salsy children }[ Babis Lal Refsk, Mesna Gupta, Dinesh Bhatia and Arun Mukheqse J
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otherwise might have been dormant.
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