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Abstract

Aim: The objective of the study was to assess the effect of supplementation with dietary shatavari, Asparagous racemosus root extract on growth, feed
conversion and nutrient utilization in Labeo rajasthanicus.

Methodology: Two-hundred-seventy fingerlings of equal size (8.19+0.03g) were stocked in 18 fibre reinforced plastic tanks following complete
randomized design. Six iso-nitrogenous (30% crude protein) and iso-caloric (390 kcal digestible energy per 100 g) diets were prepared with graded level
of ethanolic shatavari root extract, i.e., 0.00, 0.15, 0.30, 0.45, 0.60, 0.75 g kg” and designated as control, T1, T2, T3, T4 and T5 were fed to L.
rajasthanicus twice a day for 45 days. The growth performance, feed conversion and nutrient utilisation were considered as response parameters.
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Interpretation: Based on these findings, it can be concluded that ethanolic extract of shatavari root can be used as a growth promoter and can be
included at the supplementation level of 0.15 g kg™ diet for Labeo rajasthanicus.
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Introduction

Different synthetic chemicals are being used as growth
promoters and immuno-stimulants for fish and animal feed but
cannot be recommended because of their residual accumulation
in the body of farm animals (Magi and Sahk, 2003; Misra et al.,
2006, Dawood et al., 2018). Nowadays, different parts (leaf, stem,
seed and root) of medicinal plants and their extracts are being
used as fish and animal feeds as an alternative to synthetic
chemicals to support food production and nutritional security. Use
of synthetic chemicals is harmful for aquaculture and these
chemicals residuals accumulate in fish body but in case of plant
based immunostimulants there will not be anyresiduals
accumulation and this will ultimately secure the nutrition of
mankind. Medicinal herbs or plants contain different bio-active
compounds such as alkaloids, flavonoids, pigments, phenolics,
terpenoids, steroids and essential oils, and can be used to
enhance growth and immune response in farm animals. Different
plants have shown improved growth and immune responses in
different finfish and shellfish species such as Penaeusmonodon
fed with Cyanodon dactylon, Picrorhiza kurooa, Aegle marmelos,
Eclipta alba and Tinospor acordifoli (Citarasu et al., 2006), Tilapia
niloticus fed with Foeniculum vulgare (Abd El-Hakim et al., 2010),
Fenneropenaeus indicus fed with extracts of Adhatodavasika,
Psoralea corylifolia, Ocimum basilicum, Quercus infectoria and
Murraya koenigii (Velmurugan and Citarasu, 2010). Similarly,
recent studies have shown improved growth in Channa
punctatus, fed with Asparagus racemosus and Withania
somnifera (Borkar et al., 2014), Macrobrachium rosenbergi fed
with Alteranthera sessilis, Eclipta alba and Cissus quadrangularis
(Radhakrishnan et al., 2014), Cyprinus carpio fed with Ocimum
basilicum (Amirkhani and Firouzbakhsh, 2015), Macrobrachium
malcomsoni fed with Alteranthera sessilis, Eclipta alba and
Cissus quadrangularis (Radhakrishnan et al., 2015), Labeo rohita
fed with extract of Mucuna pruriens (Ojha et al., 2014) and
Houttuynia cordata (Garg et al., 2019), as well as to improve
immunity and to cure various diseases (Citarasu et al., 2006;
Sivarametal., 2004).

Shatavari, Asparagus racemosus belongs to family
Asparagaceae and is a climbing plant, which grows in low forest
areas throughout tropical and subtropical counties (Sharma and
Sharma, 2013). Various bio-active compounds are found in
shatavari leaf and root such as polyphenols, polysaccharides,
steroidal saponins, flavonoids and oligosaccharides (Chawla et
al., 2011; Fuentes-Alventosa et al., 2013), which promote the
growth of the animals through cellular metabolic activities. It has
been reported that the shatavari plant has medicinal values and
improves immune status in mammals (Thakur et al., 2009; Kumar
etal., 2010; Alok et al., 2013) and has been identified as a growth
promoter in snakehead fish (Borkar et al., 2014), however,
information on the role of Asparagous racemosus root extract
added as a feed supplementin carp feed is meagre.

Labeo rajasthanicus, commonly known as Sarsi is an
indigenous minor carp of India found in the water bodies of

Rajasthan, India. The natural habitat of L. rajasthanicus includes
water bodies with rocky substrates for shelter with a depth up to
20 m along with low water current, Sarsi is a candidate species for
carp polyculture (Lal et al., 2015). L. rajasthanicus has good
market value as an important food and the captive brood stock
already has been raised and produced seeds that can be used for
aquaculture and enhancement (Anon, 2014). With this background,
the aim of the present study was to assess the effect of dietary
shatavari root extract on the growth performance, feed conversion
and nutrients utilization in the fingerlings of L. rajasthanicus.

Materials and Methods

Preparation of herbal extract: The roots of shatavari was
procured from Udaipur, Rajasthan and authentication was done
at the Botany Department of College of Science, Mohanlal
Sukhadia University, Udaipur, India. The collected roots were
washed with tap water and further in distilled water for complete
removal of dust particles and dried under shade, followed by
grinding to fine powder. The fine root powder was transferred to a
250 ml glass beaker containing 100 ml 80% ethanol (v/v) and
shaken in an orbital shaker (Orbitek®—Scigenics Biotech,
Chennai, India) at 160 rpm for 24 hr, followed by filtering the
solution using a muslin cloth. Filtrates were centrifuged at 10,000
rpm at 4°C for 5 min and the supernatant was collected. A rotatory
evaporator (IKA® RV10 Basic-Shanghai, China; temperature of
40-60°C, rotor speed of 40 rpm) was used to concentrate the
supernatant. The concentrate was transferred to screw-cap bottle
and stored at4°C for 24 hr and freeze-dried (-95°C+4°C), followed
by storage in a deep freezer (-20°C) until further use. The yield
percentage of crude extract was around 15.45% by weight of
shatavari root powder.

Preparation of diet: According to the feed formulation (Table 1),
all the ingredients were weighed and thoroughly mixed in a
container to form a homogenous blend, and dough was formed.
The dough was autoclaved for 20min to ensure proper
gelatinization of starch and allowed to cool. Fish oil and sunflower
oil, vitamin-mineral mixture, butylated hydroxytoluene and
Vitamin C were added along with the shatavari root extract, and
mixed properly. The dough was pressed through a pelletizer (S.B.
Panchal and Company, Mumbai, India) with 2 mm diameter die to
form uniform-size pellets. The pellets were dried in oven at 45°C
for 12 hr and packed into an air airtight container, followed by
storage in dry and cool place for further use.

Proximate composition of diets: The proximate composition of
the diets was analysed by using standard protocols (AOAC,
2005). The formulation and proximate composition of the diets
are given in Table 1. Moisture content was determined by drying
the samples at 105°C in a hot air oven till achieving constant
weight. The crude protein content of the diets was determined
using the micro-Kjeldahl apparatus (Kelplus, PELICAN,
Maharashtra, India), and the crude lipid content was estimated by
using a Soxhlet ether extractor (SOCS plus, SAS-AS 08
PELICAN, Maharashtra, India). Crude fibre content was
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estimated by using fibre tech (Tuline quipments, Chennai, India)
and total ash content was measured using a muffle furnace at 550
°C for 5 hr. The nitrogen-free extract was calculated by the
subtraction method.

Experimental setup and fish maintenance: An experiment was
conducted for a period of 45 days at the Aquaculture Research
Unit, Maharana Pratap University of Agriculture and Technology,
Udaipur, Rajasthan, India. The fingerlings of L. rajasthanicus
were obtained from the Aquaculture Research Unit, Maharana
Pratap University of Agriculture and Technology, Udaipur,
Rajasthan, India. Six iso-nitrogenous (30% crude protein) and
iso-caloric(390 kcal DE/ 100 g) diets were prepared with the
inclusion of graded levels of crude ethanolic shatavari root
extract, viz. 0.00(C), 0.15(T1), 0.30(T2), 0.45(T3), 0.60 (T4) and
0.75(T5)gkg".

The experiment was conducted in eighteen fibre
reinforced plastic tanks (1x1x0.75m). Before assigning to the
experimental unit, fish were acclimatised for a period of 15 days
and fed with the control diet (30% crude protein and 6% ether

extract). Two-hundred and seventy fingerlings (average weight
8.194£0.03g) were randomly distributed into six different
experimental groups in triplicate following a completely randomized
design. Continuous aeration was provided to each tank during the
entire experimental trial. Experimental fish were fed twice a day
(10:00 and 17:00 hr) up to satiation. Uneaten feed and faecal
matter were siphoned from the tanks daily, and an equal amount
of water was added to maintain a constant water level (500 ).

Water quality analysis: The water quality parameters viz.
temperature, dissolved oxygen (DO), pH, alkalinity, ammonia-N,
nitrate—N and nitrite-N were determined by using standard
methods of APHA(2017).

Growth performance, feed conversion, nutrient utilisation
and survival: The growth performance (weight gain percentage,
specific growth rate, net yield mean daily weight gain percentage
and survival), feed conversion and nutrient utilization indices
(protein efficiency ratio and lipid efficiency ratio) were determined
by using standard methods (Halver and Hardy, 2002).

Table 1: Ingredient proportion and proximate composition of experimental diets supplemented with graded level of shatavari root extract (SRE) during

experimental period

Inclusion level of ingredients (g kg”)

Ingredients c ™ T2 T3 T4 T5
Fish meal’ 100.00 100.00 100.00 100.00 100.00 100.00
soybean meal’ 200.00 200.00 200.00 200.00 200.00 200.00
GNOC' 200.00 200.00 200.00 200.00 200.00 200.00
DORB' 320.00 320.00 320.00 320.00 320.00 320.00
Wheat flour' 118.70 118.55 118.40 118.25 118.10 117.95
Cod liver oil’ 20.00 20.00 20.00 20.00 20.00 20.00
Sunflower oil’ 20.00 20.00 20.00 20.00 20.00 20.00
Vitamin-mineral mix’ 20.00 20.00 20.00 20.00 20.00 20.00
BHT4 0.20 0.20 0.20 0.20 0.20 0.20
Choline chloride* 1.00 1.00 1.00 1.00 1.00 1.00
Vitamin C* 0.10 0.10 0.10 0.10 0.10 0.10
SRE 0.00 0.15 0.30 0.45 0.60 0.75
TOTAL 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00

Proximate composition (% dry weight basis)

Dry matter 89.05+0.02 89.06+0.05
Crude protein (CP) 30.7540.15 30.07+0.11
Ether extract (EE) 5.88+0.07 5.92+0.04
Crude fibre (CF) 5.14+0.04 5.09+0.05
Nitrogen-free extract (NFE)° 53.11+0.27 53.31£0.10
Total ash (TA) 5.12+0.05 5.13+0.02
De® (kcal 100 g7) 388.00+£0.42 388.74+0.36

89.17+0.09 89.17+0.12 89.10+0.06 89.07+0.05
30.79+0.13 30.82+0.20 30.50+0.08 30.41+0.11
5.91£0.05 6.01£0.03 5.94+0.04 5.90£0.05
5.10+0.07 5.09+0.05 5.12+0.05 5.12+0.05
53.060.23 53.01+0.19 53.29+0.11 53.50+0.09
5.14+0.04 5.07+0.03 5.15+0.06 5.07+0.03
388.62+0.42 389.43+0.12 388.63£0.57  388.72+0.57

"Procured from local market, Andheri, Mumbai, India. *Universal Medicare Pvt Ltd, Maharashtra, India. *Virbac Animal Health India Pvt. Ltd., Mumbai
[Agrimin- Nutritional value per kg.-Vit. A-7,00,0001.U., Vit.D3-70,0001.U., Vit.E-250 mg, Nicotinamide-1000 mg, Cobalt- 150 mg, Copper-1200 mg,
lodine- 325 mg, Iron -1500 mg, Magnesium-6000 mg, Maganese-1500 mg, Potassium-100 mg, Selenium-10 mg, Sodium-5.9 mg, Sulphur-0.72%, Zinc-
9600 mg, Calcium-25.5% and Phosphorus-12.75%. ‘Himedia Laboratories, Mumbai, India. "NFE =100 - (% CP + % EE + % CF + % TA)]. “Calculated
digestible energy (DE) (kcal kg ") =4.00 x CP (kcal 100g™) +9.00 x EE (kcal 100g™) +4.00 x NFE (kcal 100g™) Halver (1976).
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Statistical analyses: The data were analysed by One-way
analysis of variance (ANOVA) at 5% level of significance (p<0.05)
between the treatments, and Duncan’s Multiple Range Test (DMRT)
was applied for post-hoc comparisons using SPSS (Version 16.0,
SPSS, USA). The data were expressed asmean + S.E.

Results and Discussion

The perusal of data revealed no significant (P>0.05)
differences in temperature, dissolved oxygen, pH, alkalinity,
ammonia-N, nitrate-N and nitrite—-N between the experimental
groups. Throughout the experiment, all the parameters were
found congenial for fish growth, this resultconfirms earlier
findingson desirable water quality parametrs for fish growth
(Kumar et al., 2010; Mohapatra et al., 2012;Garg et al., 2019)
possibly due to the periodic exchange of water. Valuable animal
protein and essential nutrients can be obtained from cultured
species of aquaculture, the aquaculture sector increased during
the last three decades to meet the required nutrition for world
population and human needs. Aquaculture products and by
products provide at least twenty percent of protein intake in
developing countries and more than fifty percent in the poor
countries of Africa and South Asia (Awad and Awaad, 2017). The
presence of phytochemical compounds such as steroids,
phenolics and alkaloids allure to use of medicinal plants as
appetite stimulators and growth promoters in cultured species in
aquaculture sector (Awad and Awaad, 2017). In the present
study, the growth rates of L. rajasthanicus fingerlings in terms of
weight gain %, specific growth rate, mean daily weight gain %
and net yield throughout 45 days were significantly affected

(P<0.05) by different concentrations of dietary shatavari root
extract (Table 2).

Significantly (P<0.05) higher weight gain % was observed
in L. rajasthanicus fed with 0.15 g kg™ (T1) shatavari root extract
followed by 0.30 g kg" (T2) and 0.45 g kg™ (T3) and lowest in
control, 0.75 g kg™ (T5) and 0.60 g kg" (T4) dietery groups of
shatavari root extract. The weight gain% in fingerlings of T4 group
did not show significant difference (P>0.05) with T3, T5 and
control groups. The specific growth rate in fingerlings was
significantly (P<0.05) higher in T1 group, followed by T2 and T3
and lowest in control, T5 and T4 dietery groups of shatavari root
extract, while T4 group did not show significant difference with T3,
T5 and control groups. Similar trend was also noticed in mean
daily weight gain % and net yield.The results of the present study
have shown that dietary shatavari root extract at lower dose
promoted the growth of L. rajasthanicus. The improvement in
growth performance might be due to the capability of its bioactive
compounds in shatavari root extract which stimulate the secretion
of digestive enzymes and enhance absorption of nutrients by
improving gut microbiota, this assumption is corroborates the
study of Adel et al. (2020), who reported dietary Polygonum minus
extractimproves growth performance of fish. Similarly, Serra et al.
(2018) reported that the presence of bioactive compounds in feed
stimulate the secretion of digestive enzyme’s, which enhances
the absorption of nutrients.

Reduction in growth of fingerlings with the increase of
shatavari root extract could be due to increased level of anti
nutritional factors (ANFs). The presence of anti nutritional factors

Table 2: Growth performance of groups of Labeo rajasthanicus fingerlings supplemented with graded level of ethanolic shatavari root extract

Parameters C ™ T2 T3 T4 T5 P value
Initial weight(g) 8.22+0.12 8.15+0.03 8.17+0.11 8.20+0.03 8.16+0.09 8.26+0.08 0.934
Final weight (g) 11.96+0.16" 13.55+0.16° 12.760.12° 12.36+0.08" 11.99+0.14° 11.94+0.18° 0.001
Weight gain (%) 45.52+1.46° 66.23+1.93° 56.25+1.58° 50.81+1.45° 46.94+1.19% 44.58+0.80° 0.001
SGR' (% per day) 0.36+0.12° 0.49+0.01° 0.43+0.01° 0.40£0.01° 0.37+0.01° 0.36+0.01° 0.001
MDWG’ (%) 8.3110.24° 12.00+0.34° 10.2140.22° 9.2540.23° 8.51£0.21° 8.19+0.22° 0.001
Net yield (g) 56.08+1.62° 81.00+2.33° 68.90+1.47° 62.45+1.56° 57.45+1.44% 55.25+1.49° 0.001
Survival (%) 100 100 100 100 100 100 -
Values are expressed as mean + SEM (n=3). Mean values in the same row not sharing same superscript are significantly different (P<0.05).

Note. 'SGR: Specific growth rate; "MDWG: Mean daily weight gain

Table 3: Feed utilisation parameters for Labeo rajasthanicus fingerlings fed with graded levels of ethanolic shatavari root extract

Parameters c ™ T2 T3 T4 T5 P value
FCR' 3..65+0.10° 2.72+0.06° 3.08+0.07° 3.34+0.08° 3.560.07” 3.700.05° 0.001
PER’ 0.89£0.02° 1.2120.02° 1.050.02° 0.97+0.02° 0.92+0.02° 0.89+0.01° 0.001
LER’ 4.67+0.08° 6.22+0.10° 5.50+0.08" 4.99+0.09° 4.74+0.09" 4.58+0.10° 0.001

Values are expressed as mean £ SEM (n=3). Mean values in the same row not sharing same superscript are significantly different (P<0.05).

'FCR: Feed conversion ratio; ‘PER: Protein efficiency ratio; *LER: Lipid efficiency ratio
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(ANFs) in diet of fish beyond the tolerance limit could decrease
the growth rates in fish (Francis et al, 2001; Garg et al,
2019).This is the first report on shatavari root extract fed to L.
rajasthanicus as a growth promoter. Improved growth
performance has been reported in Labeo rohita fed with herbal
extract of Houttuynia cordata leaf (Garg et al., 2019), Nile tilapia
fed with Panax ginseng root, Ginsana G115 (Goda, 2008) and
Cyprinus carpio fed with Epilobium hirsutum (Pakravan et al.,
2012). Similarly, various parts of herbal plant or its by-products
have been used for years as functional foods, due to their
advantageous effects of existing active ingredients on fish, such
as growth promotion and immune-stimulation (Immanuel et al.,
2009; Abd EI - Hakim et al., 2010; Velmurugan and Citarasu,
2010; Borkar et al., 2014; Ojha et al., 2014). Furthermore, recent
studies have been shown that herbal preparation in fish feed
improves growth and feed utilisation (Musthafa et al., 2018; Garg
et al., 2019; Kaleo et al., 2019; Li et al 2019; Yousefi et al.,
2019).At the end of experimental frial, dietary shatavari root
extract at graded levels did not exhibit any significant (P>0.05)
difference on survival of L. rajasthanicus fingerlings (Table 2).

Feed conversion ratio (FCR) is a comparison quantity of
feed used per unit weight gain of fish, offering a measure of
aquaculture production efficiency. It also indicates aquatic
environmental performance, since it indicates undesirable
outputs and nutrients lost to the aquatic environment (Waite et al.,
2014). Protein efficiency is a ratio between unit weight gain and
unit protein consumed at a specific time. Feed conversion (FCR)
and nutrient utilization (protein efficiency ratio and lipid efficiency
ration) indices are shown in Table 3; they varied significantly
among different dietary treatment groups (P<0.05). Best feed
conversion and nutrient utilization were observed in T1 fed group
followed by T2 and T3 groups, while these indices did not vary
among control and T4 and T5 fed groups (P>0.05). Higher feed
conversion ratio and lower nutients utilisation (PER and LER) in
fingerlings of L. rajasthanicus fed with higher dose of shatavari
root extract could be due to reduction in nutrient absorption by
existing anti nutrional factors (ANTs) in root extract.

The present study is in accordance with Francis et al.
(2001) where they stated that nutrient absorption decreases with
increase in anti nutritional factors (ANTs). The results indicate that
feed was well utilized in T1 than all other experimental groups,
and the nutrients utilization was also improved with addition of
dietary shatavari root extract in T1 group than other groups.
Improved feed conversion and nutrient utilization indices (protein
efficiency ratio and lipid efficiency ration) in dietary shatavari root
extract fed groups might be attributed to the presence of bio-active
compounds in shatavari root extract, which improves digestion and
absorption of nutrients by increasing the activity of digestive
enzymes and gut microbial performance (Radhakrishnan et al.,
2015; Dawood et al., 2018; Diana et al., 2018; Garg etal., 2019).

The results of this study corroborates with the reports of
previous studies on Labeo rohita fed with herbal extract of
Houttuynia cordata leaf (Garg et al., 2019), Cyprinus carpio fed

with Ocimum basilicum (Amirkhani and Firouzbakhsh, 2015),
Labeo rohita fed with Mucuna pruriens herbal extract (Ojha et al.,
2014) and Cyprinus carpio fed with Trifolium pratense (Turan et
al., 2007), respectively. From the present study, it can be
concluded that ethanolic shatavari root extract improves the
growth performance, feed conversion and nutrients utilisation of
L. rajasthanicus fingerlings. Moreover, best growth rates, feed
conversion and nutrients utilisation indices can be obtained in L.
rajasthanicus fingerlings with 0.15 g kg" shatavari root extract
without any adverse effect on fish health. Further, ethanolic
extracts of shatavari root extract at lower doses can be used as a
growth promoter for L. rajasthanicus fingerlings.
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