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ABSTRACT

The feasibility of uses oOcimum sanctum and Withania somnifera as
herbal nutrients to promote the growth and survvathe freshwater prawn,
Macrobrachium rosenbergii post larvae (PL) was evaluated in a sustainable
manner. Feeds were formulated with fishmeal, sbgan meal, groundnut
oilcake, coconut oilcake, and green gram as bagatdients. Tapioca flour and
egg albumin were used as binding agents. Cod ldlewas added as lipid
sources. Vitamin B-complex and a pinch of salt wals® mixed. Diets with
incorporation of O. sanctum and W. somnifera separately were served as
experimental feeds, and diet without herbal incomion was served as control.
These feeds were fed to thd. rosenbergii PL in a triplicate feeding trial
conducted for a period of 45 days (PL15-65) undbotatory condition. The
growth performance in terms of nutritional indi¢egight gain, specific growth
rate, condition factor and survival rate), energjlization (feeding, absorption,

conversion and metabolism) and concentrations otH@mical constituents
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(total protein, amino acid, carbohydrate and lipathd profiles of individual
amino acids) were found to be significantly (P<Q.8Banged in PL fed with
herbal incorporated feeds when compared to thatoafrol. Among the two
herbs used, the PL fed witl. somnifera incorporated feed has showed better
growth performance followed byO. sanctum. Therefore, W. somnifera
incorporated feed proved to be more beneficial #Basanctum for the overall

growth and maintenance bf. rosenbergii PL.

KEY WORDS: Macrobrachium rosenbergii, Ocimum sanctum, Withania

somnifera, Growth, Biochemical constituents
1. INTRODUCTION

In India, aquaculture of freshwater prawns, patédy Macrobrachium
rosenbergii, Macrobrachium malcolmsonii and Macrobrachium gangeticum are
in practice. These prawns have good demand in Hothestic and export
markets, and are fetched for high price (Radheyshya009). However,
M. rosenbergii has become the main candidate species for aquénfadue to
its fast growing capacity, large size, better npaglity and omnivorous feeding
habit. Diet usually plays an important role in slhges of rearing. It affects
survival and growth of prawns. To attain good gtowirst the food should be
perceived, captured, accepted and efficiently itegksA palatable and nutritious
diet would always preferred by prawns. Feed fortmuta to Macrobrachium
with locally available low cost commodities haveebaeported (Bhavaet al.,
2010a, b; Bhavaset al., 2011; Rebecca and Bhavan, 2011). Incorporaifon
herbal products have been reported to promoteouwsiractivities, like anti-
stress, appetite stimulation, tonic, aphrodisiad anti-microbial properties in
shrimp and prawns due to their active principleshsas antioxidants, alkaloids,
flavonoids, pigments, phenolics, terpenoids, stery@nd essential oils (Prasad
and Padhyoy, 1993; Nadkarni, 1995; Citareisal., 2001, 2002; Sivarart al.,

2004). Herbal active principle in the diet induthke secretion of the digestive
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enzymes to stimulate the appetite and increasa$ doasumption efficiencies.
Several herbal principles have been reported feir frowth-promoting activity
in aquatic animals (Jayaprakas and Eupharsia 1@@&rasuet al., 2002).
Medicinal plants are highly promised in the aquacelindustry to increase feed
consumption and improve digestion, which in tuadketo better survival, growth and
production (Venkataramalingaet al., 2007). Herbals are the store houses and
sources of safer and cheaper chemicals. Applicatddthe traditional medicines
in aquaculture to overcome the drawbacks in thgeisd chemical therapeutics
is relatively new venture and the potential of tlerbals with multifunctional
active principles are promising (Jayaprakas andchiasg, 1996; Sambhu and
Jayaprakas, 2001; Citaragual., 2002; Jian and Wu, 2003; Immanegkl., 2003;
Sivaramet al., 2004; Babet al., 2008).

In the view of the above, two herb®cimum sanctum (Tulsi or ‘Holy
Basil’) and Withania somnifera (Ashwagandha or winter cherry) have been
selected and incorporated with formulated fe€lssanctum is a small annual
herb rich in essential oil ‘Eugenol’. In additiahe essential oil from the leaves
of O. sanctum has exhibited anti-bacterial and anti-fungal agtiand it has rich
anti-oxidant content (Grover and Rao, 1977). Resamdies suggest that tulsi
may be a COX-2 inhibitor, like many modern pairdi, due to its high
concentration of eugenol, 1-hydroxy-2-methoxy-4dakknzene (Singh, 1999).
Tulsi has beneficial effect on blood glucose levdise to its antioxidant
properties (Sethiet al., 2004). The fixed oil has demonstrated anti-
hyperlipidemic and cardioprotective effects in rdiesd a high fat diet
(Suanarunsawat, 2010). Some of the main chemmadtituents of tulsi are:
Oleanolic acid, Ursolic acid, Rosmarinic acid, Engle Carvacrol, Linalool,
B-caryophyllene (Kuhn, 2007)3-elemene (c.11.0%)p-caryophyllene (Circa
8%) and germacrene D (c.2%) (Padalia and Verm#l)20

The root of W. somnifera, the ‘Indian ginseng’ is also known as winter

cherry has been an important herb in the ayurveiticlha and unani  medical
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systems for over 3000 years in the treatment abuarphysiological disorders.
The plant was traditionally used to promote youthfgor, endurance, strength,
and health by increasing the production of vitalds, muscle fat, blood, lymph,
semen and cells (Singh and Kumar, 1998). The meiive constituents ilV.
somnifera are alkaloids and steroidal lactones. These imclt@pine and
cuscohygrine. The leaves contain the steroidabied, withanolides, notably
withaferin-A. Withanolides have been found to haggenerative properties on
brain-cell synapses in mice and human cell linethéferin A inhibits notch-1
signaling and down regulates pro survival pathwaysh as Akt/NReB/Bcl-2,
in three colon cancer cell lines, HCT-116, SW-4&@d SW-620 (Koduret al.,
2010). Recent research in mice suggests that withaferimay have anti

metastatic activity (Thaiparamlgt al., 2011).

In order to promote the growth and survival Mf rosenbergii PL in a
sustainable manner, the present study was condweiéd an objective to
identify whetherO. sanctum andW. somnifera are suitable for incorporation in
artificial feed formulation. This was revealed thgh analyses of nutritional
indices, energy utilization, concentrations of Miemical constituents and
profiles of individual amino acids iM. rosenbergii PL fed with these herbs

incorporated feeds.
2. MATERIALS AND METHODS

The Post Larvae d¥l. rosenbergii (PL-5) were purchased from Happy Bay
Aqua Nova Hatchery at Kancheepuram District. Theyensafely brought to the
laboratory in well-oxygenated polythene bags. Thesre stocked in a large
cement tank (1000 L capacity) and acclimatized fdrdays in ground water
(pH, 7; total dissolved solids, 0.9 g"idissolved oxygen, 7.2 mg't. BOD, 30.0
mg L% COD, 125.0 mg [; ammonia, 0.028 mgt (APHA, 2005), during
which they were fed with boiled egg albumin,Artemia nauplii and

commercially available scampi feed alternativelsicd a day, and the medium
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was adequately aerated. On daily basis three fadrthe water was renewed by
siphoning method causing minimum disturbance topttaavns. The unfed feed

if any, the excreta and exuviae were all removed.

2.1 Feed formulation and proximate composition of ilechemical

constituents

In this study, all the ingredients used for feedhfulation were purchased
from local merchants and were of good quality. €abldepicts proportions of
ingredients used to formulate artificial feeds. Toasal ingredients used were
fishmeal, groundnut oilcake, coconut oilcake, sbgan meal, and green gram.
A mixture of these basal ingredients in the memtbproportions for each feed
was steam cooked for 15 minutes. Egg albumen gidce flour were used as
binding agents. 2% (w/v) of Cod liver oil was addedlipid source. Vitamin B-
complex (1%) and a pinch of salt were also addedthis, at room temperature,
O. sanctum (2.5g) andW. somnifera (2.5g) were separately incorporated and
made into thick dough which was immediately squdeaat manually into
pellets using a hand pelletizer of 3 mm pore-di@mdRellets were sun dried for
about three days and were stored in air tight ¢oata to attain maximum shelf-
life. The feed formulated without any herbal incomgtion was served as control.
The proximate composition of biochemical constitgenf the formulated feeds
were also given in table 1. The concentrationadélt proteinwas determined
following the method ofowry et al., (1951).Total amino acidvas estimated by
the method of Moore and Stein (1948he content of totatarbohydrate was
estimated by the method Rfoe (1955) Total lipid content was assayed by the
methodof Folchet al., (1957). Actually, concentrations of total proteimino
acid, carbohydrates and lipid were found to be laimin proportion in both
control and experimental feeds. However, the cdriétotal carbohydrate was

found to be slightly higher i®. sanctum incorporated feed (table 1).
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Table 1 : Proportion of basal ingredients and proxinate composition of

biochemical constituents in formulated feeds

Control Experimental
Parameters Feed-1 Feed-2 Feed-3
(Bl only) | (BI+OS) | (BI+WS)
Fish meal 20.0 20.5 20.5
Ground nut oil cake 25.0 25.7 25.7
Coconut oil cake 10.0 10.3 10.3
Soya bean meal 25.0 25.7 25.7
Green gram 10.0 10.3 10.3
Ingredients Tapioca 3.0 3.0 3.0
(%) Egg albumin 4.0 4.0 4.0
Cod liver oil 2.0 2.0 2.0
*Vitamin mix 1.0 1.0 1.0
Leaf powder of.
- 25 -
sanctum
Root powder of/.
. - - 25
somnifera
Protein 42.0 42.0 42.0
Biochemical " Aing acids 30.0 30.0 30.0
composition
(%) Carbohydrates 20.0 21.0 20.0
Lipids 14.0 14.0 14.0

Bl, Basal ingredients; O®). sanctum; WS, W. somnifera.

2.2 Nutritional indices and concentrations of biockBmical

constituents

Three groups of 30 individuals (PL-15; length:9.#.02 cm; body mass:
0.053+0.006 g) each in triplicate were taken. Egobup was housed in an
aquarium of 25 L capacity. From each aquarium 10(iRL. 30 PL from each
group) were randomly taken and introduced in a rsgpaaquarium. From this

10 PL were taken for measurement of initial morpbtiio data. Therefore,
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30 individuals were separately measured (3x10=806¢ resulted mean values
(each taken from 10 PL) were pooled to calculateamerage mean. After
measurement these PL were re-introduced into thigentive separate aquaria.
These PL (30 PL from each group) were immediataken for analyses of
concentrations of initial basic biochemical consiits, such as total protein
(Lowry et al., 1951), total amino acid (Moore and Stein, 1948)talto
carbohydrate (Roe, 1955) and total lipiolch et al., 1957), and analysis of
profiles of initial amino acids through HPTLC meth@Hess and Sherma, 2004).
For initial basic biochemical analyses, tissueanfrad0 PL were pooled in
triplicate and the remaining 10 PL in triplicaterevaused for analysis of initial

amino acid profile. Thus, each initial parameteswaeasured in triplicate.

The remaining 20 PL in each aquarium (20x3=60 ®kach group) were
subjected to feeding trials for a period of 45 déyp to PL65). One group
served as control and the other two groups werenfidd formulated feeds, one
with O. sanctum (2.5g) incorporated feed and another ithsomnifera (2.5g)
incorporated feed. On #5day, the final morphometry, analyses of final
biochemical constituents and final profiles of amacids were done followed
by above said standard methods. 10 PL from eachragp were measured for
final morphometric data and three such measuremes made for each group
and the resulted mean values were taken for cdilegldhe parameters of
nutritional indices, such as survival rate, peragatweight gain, specific growth
rate and condition factor (Tekinay and Davis, 20@&khong the available 20 PL
in triplicate per group, 15 PL were utilized fortiegtion of final levels of
biochemical constituents, and the remaining 5 Ptewsesed for the analysis of
final amino acid profile. Actually, a separate agua for each group was
maintained exactly under respective experimentalditmn. These PL were
utilized to replace the mortality of PL occurredréspective original aquarium
in order to maintain the required number of indidats in each original

experimental group.
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No. of live prasy
Survival Rate (SR) = X 100
No. of prawngroduced

Weight Gain (WG) = Final weight (g) — Initial weig{g)

Final weight (g) — Initial weight (g)
Biomass Index (BI) = X 100
Initial weight (g)

log of Final weight (g) -og of Initial weight (g)
Specific Growth Rate (SGR) = X 100
No. of day

Final wktdg)
Condition Factor (CF) = X 1
Final leht(cm)

2.3 Profiles of amino acids

Prawns were subjected to feeding trial in an drpemtal setup essentially
similar to that described previously. 45 individugler group (15 individuals per
aquarium) were taken for analyses of amino acidilpso The profile of amino
acids was done following high performance thin tayehromatographic
(HPTLC) method of Hess and Sherma (2004). The psamere dried (8 for
3 hrs), digested with 6 M aqueous hydrochloric aamd dried under vacuum.
The powdered sample was dissolved in distilled watel 5 pl of sample was
loaded on 8 mm thick pre-coated Silica gel 60F25€ Plate (20 cm x 15 cm)
and processed in CAMAG- LINOMAT 5 instrument. Thiatp was developed
in butane-Ammonia-Pyridine-Water (3.9:1:3.4:2.6)hil® phase. The plate was
sprayed with ninhydrin reagent prepared in propa-2and dried. The
developed plate was documented using photo- dodati@m chamber
(CAMAG-REPROSTAR 3) at UV 254 nm and UV366 nm lighFinally, the
plate was scanned at 500 nm using CAMAG-TLC SCANNERhe peak area

of the sample was compared with standard aminosaaidi quantified. Four
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groups of standard amino acids were also run iralighr Group-1: Proline,
Serine, Asparagine, Glutamine and Metheonine; Gitau@spartic acid,
Glutamic acid, Alanine, Valine and Phenyl alani@epup-Ill: Lycine, Glycine,
Threonine, Isoleucine and Tyrosine; Group-1V: Aigey Cystine, Histidine,

Leucine and Tryptophan.
2.4 Energy utilization

Three groups of 15 individuals (PL-15; length: 2 #.02 cm; body mass:
0.053+0.006 g) each in triplicate were taken, hdusean aquarium with 12.5 L
ground water and were subjected to feeding triatty as described previously.
The parameters of energy utilization, such as fepdate, mean absorption,
mean conversion and metabolic rate were calculat€de energy content of
whole prawn, feeds, faeces and exuvia was measigiad Parr 1281 Oxygen
Bomb Calorimeter. The energy budget was calculatddg the equation (C =
(P+E) + R + F +U) derived by Petrusewicz & Macfaaly&970); where, C is the
energy consumed in food; P, is the conversion owtr; R, the material lost as
heat due to metabolism; F, the energy lost thrdagbes; U, the energy lost in
ammonia excretion and; E, the energy lost througlvia. The daily excretion
of ammonia by the prawn was estimated after feedisgper the phenol
hypochloride method of Solorzano (1969). The enelggs occurring by
ammonia excretion was calculated using the ammeali@rific quotient, 1 mg
NH3;: 5.9 cal. (Elliot, 1976). The food energy consdnweas measured as the
difference between the energy content of food etfeand that of the uneaten
food. The quantity of absorbed food energy wasutaled by subtracting F from
C. Conversion or growth is the sum of energy chieaéo somatic growth (P)
and exuvia (E). Following the estimations of C,F,and P, the metabolism
(R=Respiration) was calculated by dividing the eatjve amount of energy by

initial live weight of the prawn per unit time irags.
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Mean Food Consumptiorgkday)

Feeding Rate =
Initial live weight oféhprawn (g)

Mean Absorption = Mean Food Consumption (k.cal/daijlean Food Excreted

as Faeces (k.cal/day)

Mean Absorption (k.cal/day)

Absorption Rate =
Initial live weigbf the prawn (g)

Mean Conversion = Mean weight gain (k.cal/day) +alleexuvial weight
(k.cal/day)

Mean Conversion (k.cal/day)
Conversion rate, P =

Initial live weigof the prawn (g)

Mean NH3 Excretion (k.cal/day)
NH3 Excretion rate, U =

Initial live weight of the prawg)

Metabolic Rate, R = Absorption rate (k.cal./g/da@enversion rate

(k.cal/g/day) + NH3 excretion rate (k.cal/g/day)

The data obtained in this study were subjectedtatistical analysis by
adopting Student 't test (Zar, 1984).

3. RESULTS
3.1 Nutritional indices

The initial average length and weightMf rosenbergii PL are presented in
table 2. Similarly, the final morphometric dataaihed after 45 days of feeding
trial are given in Table 2. The comparison of alitand final morphometric data

showed statistically significant growth differencéB<0.01). Similarly, the
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differences observed between control and experahgnoups were also found
to be statistically significant (P<0.05). Among theo herbs,W. somnifera
incorporated feed was produced higher growth witenpared withO. sanctum
(Table 2). Therefore, the weight gain, biomass xnded specific growth rate
were found to be in the following ordan. somnifera > O. sanctum > control.
The condition factor observed was just the revenserder. It indicates/\V.
somnifera incorporated feed was the supreme o@ersanctum and the feed
without herbal incorporation (Table 1). Moreové survival rate observed was
the bestin W. somnifera incorporated feed followed b®. sanctum and control
(Table 2).

Table 2: Morphometric data, nutritional indices and energy utilization of

M. rosenbergii PL fed with the formulated feeds

Control Experimental

Parameters Feed-1 Feed-2 Feed-3
(Bl only) (BI+0OS) (BI+WS)

Morphometric Initial length (cm) 1.59 £0.02| 1.59 +0.02 1.59 .0

data Final length (cm) 3.13+0.05 3.64+0.08 4.36+0.12

Initial weight (g) 0.053 +0.0060.053 +0.006 0.053 +0.006

Final weight (g) 0.262 +0.01(0.373 +0.015 0.465 +0.016

Weight gain (WG) | 0.216 +0.01®.322 +0.01% 0.412 +0.019

Biomass index (Bl) | 413.7 £19.6 625.3 +31.1 809.7 334.

Specific growth rate| 1.18 +0.03 | 1.43 +£0.02 1.59 +0.02
Nutritional (SGR) %

indices Condition factor 0.853 +0.0080.773 +0.020 0.569+0.017
(CF)
Survival rate (SR % 84 2 89 +3 94 £3
Energy Feeding Rate (FR) | 0.85+0.05 0.95+006 1.15+0/05

utilization Absorption Rate 0.70+0.06 | 0.80+0.05 1.0 +0.05
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(k.cal./g/day) (AR)

Conversion Rate 0.44 +
0.38 +0.05 s 0.48 +0.06
(CR) 0.06"

Ammonia excretion
rate (U)

0.11 +0.003] 0.13 £0.0050.14+ 0.004

Metabolic rate (MR)| 0.46 +0.03 0.57+0.06 0.66.86

Each value is mean + SD of triplicate observations.

Bl, Basal ingredients; O®). sanctum; WS, W. somnifera.

NS not significant; *All other values are significaat P<0.05 when compared with

control.

3.2 Energy utilization

Generally, the parameters of energy utilizatiarghsas the rate of feeding,
absorption, conversion, ammonia excretion and noditab were found to be
higher in experimental groups when compared withtrad group (Table 2).
Among the two experimental groups, the elevatioth#se parameters, except
ammonia excretion were found to be statisticallgngicantly (P<0.05),
particularly in PL fed with\V. somnifera incorporated feed when compared with
control. In the case o®. sanctum incorporated feed fed PL, statistically

significant elevation was recorded in absorptiod aretabolism alone (Table 2).
3.3 Biochemical constituents

The contents of total protein, amino acid, carluvhte and lipid between
initial and final day PL were found to be statiatig significant (P<0.01).
Similarly, concentrations of these biochemical tibmsnts were found to be
significantly higher (P<0.05) in PL fed with expeental feeds when compared
with control feed (Table 3). Among the two herbsedisW. somnifera

incorporated feed fed PL showed significantly higtevels of biochemical
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constituents (P<0.05) than that @. sanctum incorporated feed fed PL

(Table 3).

Table 3: Proximate composition of biochemical conisguents and profiles

of amino acids inM. rosenbergii PL fed with formulated feeds

Final
Initial Control  |Experimental
Parameters Feed-1 Feed-2 Feed-3
(Bl only) |(BI+OS) |(BI+WS)
Total Protein 15.00 22.60 26.60 31.50
+0.50 +2.00 +1.27 +1.50
. . . . 10.60 17.56 21.93 26.40
E(')?;ng:gf‘s' Total Amino acids +079 | +128 | +200 | 156
10.16 20.56 24.50 23.63
(mg/g wet wt.)| Total Carbohydrates +0.65 +1.28 +1.50 +1.26
. 5.43 10.43 15.33 16.40
Total Lipids 051 | +1.00 | 076 | +1.50
Lycine* 18+01420+015 2ZiEf | 21t
y SISl 020 | 0.20%
Arginine* 1.2+0.151.4+0.13/1.6+0.14| 1.7 £0.10
Aspartic acid 1.6 £+0.181.9 £ 0.15| 2.3 +0.23| 2.5+ 0.30
Proline + glutamic acid 23+0.22 02244:‘; 2.7+0.26| 2.7 £0.25
Profiles of ’ 0.7+
+ + +
amino acids Glycine 0.6 + 0.0¢ 0.08' 1.0+0.09| 1.0 £0.10
(% dry wt.) Serine + Alanine + Cystine 2.2+0.2.4+0.24| 2.8 +0.24| 2.7 £0.22
- ——
foparagine + Threonine” + 1094019 124012 1.420.13) i
Glutamine + Valine* 2.7+0.242.9£0.25| 3.3+0.24| 3.4+0.30
i * 1 *
Metheonine® + Isoleucine” + |, g, 54 3.5 +0.25| 3.5 +0.26| 3.5 +0.30
Tyrosine* + Leucine*
Phenyl alanine* + Tryptophan* 1.0+0.122+0.12/ 1.6 +0.13/ 1.6 +0.14

Each value is mean £ SD of triplicate observations.

Bl, Basal ingredients; O®). sanctum; WS, W. somnifera.

Biochemical values are significant between initiad final (P<0.01), and between

control and experimental groups (P<0.05)

*Essential amino acids.

NS not significant;

control and experimental groups are significarR<d.1.

3.4 Profiles of amino acids

Individual amino acid valuestleen initial and final, and between
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On final day, concentrations of individual amincids were found to be
significantly higher in PL fed with control feed et compared with initial
levels of these amino acids (P<0.1). Similarlyels of these amino acids were
found to be significantly higher in experimentabgps when compared with
control (P<0.1). Among the experimental groups,yéieies of arginine; aspartic
acid; glutamine + valine were found to be signifitta higher (P<0.1) inW.
somnifera incorporated feed fed PL when compared v@thsanctum (table 3).
Whereas, the combined value of serine + alanineystire; asparagine +
threonine + histidine were found to be significguitigher (P<0.1) irD. sanctum
incorporated feed fed PL when compared withsomnifera (table 3). However,
the values for lycine; proline + glutamic acid; gjlye; metheonine + isoleucine
+ tyrosine + leucine; phenyl alanine + tryptopheere same in two different

experimental feeds fed PL (Table 3).
4. CONCLUSIONS

In the present studyyl. rosenbergii PL responded well to the formulated
feeds. The overall response was the best in thé ifieeorporated withW.
somnifera. This is followed by the feed incorporated with sanctum and the
feed without any herbgfficiency and suitability of a feed depends on bem
of factors, such as its composition, palatabilitgnversion efficiency and water
stability. Generally, e ingredients present in the formulated feedsifgigntly
influenced the performance of the animal feeds upof well-balanced amino
acid profile is recommendeth the diet for the good growth of the prawn
(Millamena et al., 1997). In the present study, as far as dietaryitional
quantity is concerned all three formulated feedsspesed almost similar
proportion (Table 1). However, the incorporatedblaémutrients have slightly
altered the quality of these feeds, which refleardhe growth and biochemical
constituents oM. rosenbergii PL (tables 2 and 3). Small differences of certain

amino acid levels in the whole body among the djetieatments (table35) may
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be due to the differences in free amino acids attigsue levels (Kaushik and
Luquet, 1980). Howevernithe present studyy. somnifera incorporated feed

was much influential than that @®. sanctum, and produced marked elevation in
concentrations of total protein, amino acid, casshte and lipid, and thereby

produced better growth M. rosenbergii PL (tables 2 and 3).

Growth in terms of biomass is a better measuremwitite nutritional value
of diets (Kubanret al., 1985). In this study, the experimental feedpared with
incorporation of herbals acts as appetizers, therelreased feed intake (increased
intake of proteins and amino acids) was resultatl€t2). This may be due to
increased secretion of digestive enzymes, whiclltited the breakdown of food
materials and availability of nutrients for abs@ampt which in turn ultimately
promotes the growth, particularly in PL fed with somnifera incorporated feed
(table 2). Similar observations has been repotigdaset al., (1987) in mullet,
Liza parasia, Citarasuet al., (2002) in the shrimpP. monodon fed with W.
somnifera and E. tauvina, and by Citarasu (1998) iR. indicus PL fed with
stresstol. The feed responsible for good growtle r@so experiences good
survival rate (Jonest al., 1997a). Higher rates of survival and growth ceab
in the experimental groups over control indicate thct that the quality of PL
was improved through herbal incorporated feedsldsa and 3). It has also
been reported that Ashwagandha enriciigemia has improve the larval quality
of P. monodon (Babuet al., 2008).

In conclusion, botl®. sanctum andW. somnifera incorporation have proved
to induce optimistic changes in terms of conceitnat of biochemical
constituents and growth with verified survival chiity. Therefore, these herbs
can be utilized for sustainable production of goqdality seeds ofM.
rosenbergii. However, performance wis&y. somnifera has produced better
result than that o®. sanctum under the established study concentration of 2.5%
in the laboratory. Further studies are needed wétious concentrations of

these herbs on various parameters to clarify thisointp
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