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Abstract: The present study was conducted to investigate the influence of dietary supplementation of root powder
of Ashwagandha (Withania somnifera), flower powder of Butea monosperma, seed powder of Mucuna pruriens and
dried powder of Jaiphal (Myristica fragrans) on gonadal maturity and milt quality in male brood stock of
commercially important indigenous coldwater fish, snow trout, Schizothorax richardsonii in captive condition.
Experimental fish of 3 years age were reared in FRP tanks (n=6) of 1200 L capacity with stocking density of n=60 in
each tank and fed with control (CD) and experimental (TD) diets in duplicate at the feeding rate of 3-5% of their
body weight twice a day. Gonadosomatic index (GSI) and Hepatosomatic index (HSI) were recorded for annual
breeding cycle coupled with breeding indices and sperm density in breeding season along with regular monitoring
of water quality parameters. In males, the GSI values ranges from 0.49 to 7.92 and 0.85 to 11.83 in control and
treated groups, respectively. Two peaks of GSI values reflects the two breeding season of the species during the
month of March and September. Similarly, HSI values vary from 0.41% to 0.52% and 0.44% to 0.58% in control and
treated groups, respectively. In captive condition, 92% specimen were observed mature for spawning in treated
group, while only 32% males were ready to oozing the milt in control stock. The fertilization rate (September 2019)
was observed as 94.2% in treated group, while it was 86% in control group.The mean value of sperm count per ml.
of milt (September 2019) was 3.64+0.66x108/ml in control group and 4.44+0.64x108/ml in treated group. The
study revealed that 1.0 % supplementation of blend of herbs in the diet is beneficial for gonadal maturity in males
and quality milt production of Schizothorax richardsonii in captivity under coldwater condition.
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Introduction

Schizothorax richardsonii (Gray, 1832), which isa  widely distributed in Asia’s mountain ranges,
member of the family Cyprinidae and subfamily  primarily in the Himalayan and central Asian
Schizothoracinae, is an commercially important,  highlands (above an altitude of 670 masl) (Mirza
indigenous food fish that thrives in Himalayan and  and Saeed, 1988). Schizothorax richardsonii locally

sub-Himalayan streams and rivers. This species is = known as “Asela” in the central Himalayas and is a
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key catch fishery in the Uttarakhand region, India.
It was realized that the population of this species
in its natural habitat had declined significantly
(Das and Josh 1993; Sharma 1989; Sehgal, 1999),
mainly due to over fishing, destructive fishing and
increased human pressure and the species is
categorized under vulnerable

(Vishwanath, 2010). Since, this is
preferable food fish in hill region; this species has
aquaculture prospects and potential to be a
candidate species for culture in the coldwater
bodies of Indian Himalaya. Its dwindling wild
population also requires propagation in the
natural coldwater bodies of Indian Himalaya
(Sehgal, 1998; Petr, 2002; Agarwal et al, 2009).
Presently, snow trout culture and breeding is not
in practice due to its slow growth and constraints
in gonadal maturation under captivity. As a result,
breeding and seed production of this species is a
challenge in the hills, which necessitate the
scientific approach for captive maturation and
spawning. Therefore, considerable emphasis has
been given for the development of reproductive
techniques viz. induced breeding,
fertilization, egg rearing, hatching and milt cryo-
preservation for snow trout species (Vass et al,
1979; Joshi and Sunder, 1995; Agarwal 1996;
Sehgal, 1998; Agarwal et al.,, 2004, 2007). For the
efficient  application  of techniques
information about proper gonadal maturity and
quality of the milt is prerequisite. It is well
accepted in the literature that broodstock
nutrition has significant impact on reproductive
performance (Izquierdo et al., 2001; Babe and
Labbe 2010). Intensive feeding care is required for
development of brooder in captive condition.
Dietary compounds affect the endocrine system

category
a most

artificial

these

and consequently reproductive parameters, such
as fecundity (Tyler and Sumpter 1996), quality of
gametes, and larvae (Izquierdo et al, 2001). In
recent years, plant-based additives in aquaculture
has been one of the methods used to promote
weight gain, feed efficiency in cultured fish (Dada,
2015) and also helps to improve fertility (Salman
and Adesokan, 2007). Therefore, present study

was focused to evaluate the efficacy of herbal feed
additives for gonadal maturity and improved milt
quality in snow trout Schizothorax richardsonii
under captive condition.

Materials and Methods

Experimental Site:

carried out at ICAR-
Directorate of Coldwater Fisheries Research,
Bhimtal, Uttarakhand (Latitude 29° 21'N,
Longitude 799 34’E, 1370 masl) during May 2019
to April 2020. The original research reported

The field study was

herein was conducted under ethical guidelines
approved by the ethical
institution.

committee of the

Collection and Acclimation of Experimental Fish:

Experimental male fish of the age of three years
having average weight (82.6x3.18 g) were
procured from fish ponds of ICAR-Directorate of
Coldwater Fisheries Research, Bhimtal, India,
acclimatized for two days, stocked in each tank
and fed with experimental diets at the rate of 3-
5% of their body weight with feeding frequency of
twice a day. Water quality parameters were
monitored daily (temperature, pH, dissolved
oxygen, free carbon dioxide) and fortnightly (total
alkalinity, Nitrate, Phosphate, Ammonia). Water
quality parameters were analysed by using
standard methods (APHA, 1998).

Formulation of Experimental Diets:

The main focus of the study was to evaluate the
efficacy of herbal feed additives in gonadal
maturity and captive breeding of snow trout
(Schizothorax richardsonii). For the purpose, two
diets were formulated-- (i) control diet or basal
diet (Fish meal, 10%; Rice bran,45%, mustard oil
cake 25% and Soyabean oil cake, 25%) having
30% protein level, and (ii) test diet having basal
diet and 1% supplementation of the blend of
tested herbs such as root powder of Ashwagandha
(Withania somnifera), flower powder of Butea
monosperma, seed powder of Mucuna pruriens and
dried powder of Jaiphal (Myristica fragrans).
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Experimental Set-up:

Experimental fish were reared in FRP tanks (n=6)
of 1200 L capacity. Each tank was stocked with 3
years old fish (n=60) and fed with control (CD) or
test diet (TD) in duplicate at the feeding rate of 3-
5% of their body weight twice a day.

Estimation of reproductive parameters:

Three fish samples were randomly taken from
each treatment tank, and testis and liver were
removed and weighed for the determination of
Gonadosomatic Index (GSI) and Hepatosomatic
Index of male brood stock.

Gonado somatic index:

Gonadosomatic index was calculated by the
following formula (Afonso-Dias et al, 2005) on
monthly basis.

Weight of gonad (g)

GSI = x 100
Total body weight (g)

Hepatosomatic index (HSI):

The hepatosomatic index (HSI) was calculated on
monthly basis to observe the energy status for
growth and gonadal development as liver is an
important store of energy reserve in many fishes
(Wotton et al, 1978; Campbell and Love, 1978).
Male specimens were dissected and liver was
taken out and weighed. HSI was calculated by
using following formula:

Weight of liver (g)

HSI = x 100

Total body weight (g)
Fertilization rate:

Fertilization rate was

following formulae:

calculated using the

Number of fertilized eggs

x 100
Total number of eggs in a batch

Fertilization rate (%) =

Evaluation of Milt quality (sperm count, milt
volume and motility):

At the end of the feeding trial, 3 male fish were
randomly selected from each dietary treatment
and the testes were removed to determine milt

quality indices (milt volume, motility duration,
percentage motility and spermatozoa
concentration). Milt quality is difficult to assess in
a quantitative and conclusive manner (Rurangwa
et al., 2004). The milt quality in fishes is primarily
examined by determining the sperm density and
percentage of motile sperm. Milt volume and
fertilization success are the other factors for
consideration for assessing milt quality.

To determine the milt volume, small incision
was made into the lobes of the testes and the milt
squeezed out into a Petri dish. This was then
measured with plastic syringe in ml. The motility
duration was determined by placing 1 pl of milt
from each male on a Neubauer hemocytometer. A
drop of distilled water was then added and it was
covered with slip. The sperm activity was viewed
under Olympus microscopic at 100 X
magnification to see when all the sperm stop
(Mims, 1991). Percentage motility was estimated
using light microscope at 400x magnification
immediately after addition of 20 pl distilled water
as an activating solution. During spermatozoa
activation, immotile sperm cells (ISC) were
counted. When the activation stopped, whole
sperm cells (WSC) were counted (Canyurt and
Akhan, 2008). The motile sperm cells (MC) was
calculated as:

MC = WSC - ISC
%MC= MC/ WSC x 100

Where, MC = Motile sperm cells, WSC= Whole
sperm cells, ISC= Immotile sperm cells

Concentration of sperm was determined by
counting the number of spermatozoa in sample
dilute with distilled water (100 x) in a Burker

haemocytometer, under 400x magnification
(Rainis et al., 2003).
Sperm count was made by wusing a

haemocytometer. Sperm in undiluted semen are
difficult to count due to high concentration. Thus
semen was diluted with Neutral Buffered Formalin
(NBF) in two steps (Step I - 50 pl of semen in 2 ml
of NBF; Step II - 50 ul of first dilution in 10 ml of
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NBF). Spermatozoa were counted in 10 squares at
random after loading in counting chamber under a
phase-contrast microscope. The mean value for
sperm number is calculated. The number of
spermatozoa per ml of milt was determined for
each sample by using the following formula-

Sperm density (ml) =X x 40 x 200 x 1000

Where, X=mean value of sperm number, 40=First
step dilution, 200=Second step dilution and
1000=Conversion factor from 1mms3to ml or cm3.

Spermatozoa density was finally determined by
taking the mean of sperm count in five aliquots of
diluted semen samples.

Statistical analysis:

One way analysis of variance (ANOVA) with 5%
level was accepted for statistical significance.

Results and Discussion

Males of the Schizothorax richardsonii get partial
gonadal maturity in captive condition and the
volume of the milt remain in lower side rather
than the wild male fish. In present study, 92%
specimen of the herb supplemented diet reared
males were observed with oozing the milt during
breeding season, while it was only 32% in control
group. Gonadosomatic Index (GSI) is considered as
reliable estimate for gonadal maturity and
spawning of any species. The GSI increased with
the maturation of fish and reaches to its maximum
at the peak period of maturity during the breeding
season. GSI and volume of the gonad was
suggested as indicators of gonadal state by
Saksena (1987) for Indian fresh water goby,
Glossogobius giuris. The GSI has also taken to
assess the gonadal maturity in Mystus gulio
(Sarkar et al, 2002), in Labeo dyocheilus (Pandey
and Ali, 2011), in Labeo rohita (Alam and Pathak,
2010) and in Neolissocheilus
(Mahapatra and Kumar, 2011).

hexagonolepis

In the present study, changes in values of GSI
were observed in males for one complete year
(May 19 to April 2020) and depicted in Figure 1. In
treated group, (GSI)

gonadosomatic index

increased significantly (P<0.05). The GSI values of
male snow trout ranged from 0.49 to 7.92 and
0.85 to 11.83 in control and treated groups,
respectively. GSI value attained two peaks in
complete maturation cycle, during the month of
March and September and reached its lowest level
during the month of May and December.

Hepatosomatic index (HSI) has often been
used as indicator of energy status in relation to
gonadal development and growth of fish (Wotton
et al, 1978; Campbell and Love, 1978; Shankar
and Kulkarni, 2007). The correlative changes
between liver weight and gonadal activity have
been shown to be associated with energy
requirement of the ovary for the development of
oocytes (Htun-Han, 1978). Patil and Kulkarni
(1996) had also shown that GSI and HSI have
relationship and this relationship is directly
related to gonadal activity. In present study, HSI
values vary from 0.41% to 0.52% and 0.44% to
0.58% in control and treated group, respectively,
lowest during the month of March and September
and highest during the month of May to June and
December to February, with similar trend in both,
treated and control groups (Fig. 2). A gradual
decrease in HSI was observed from May to
September and January to March in captive reared
males of Schizothorax richardsonii. HSI differed
significantly (p<0.01) between control and treated
fish and also varied significantly (p<0.01) in
relation to months in both the groups. The
difference in HSI of both groups showed
significant (p<0.05) correlation between dietary
herbal supplementation and reproductive status.
It was observed that when the HSI values were at
its minimal, the GSI values were highest and this
condition suggests the point that the liver has a
weight loss during reproduction which may
indicate the mobilization of hepatic reserve for
gonads maturation (Zin et al.,, 2011) and therefore,
the same period might be the pre-spawning period
of this fish.

During the present experimentation, milt of
the captive reared males were used to fertilize the
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Fig. 1: Monthly fluctuation in the Gonadosomatic index of Schizothorax richardsonii males.
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Fig. 2: Monthly fluctuation in the hepatosomatic index of Schizothorax richardsonii males.

eggs, which reflects the fertilization rate as 94.2%
in treated group, while it was 86% in control
group. There is increase in fertilization rate,
increasing milt volume and increase in sperm
motility in treated group as a result of inclusion of
blend of herbs in the diet of fish (Table 1).

Composition of the fish milt and their physical
characteristics have been found varying with the
species and are important in milt quality
perspective (Honeyfield and Krise, 2000; Kruger et
al, 2006). The milt quality even also varies
considerably among the individuals of the same
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Tablel: Comparative milt quality parameters in control and treated group.

Control group Treated group

Date of Stripping/Date of 23" Sept. 25" March 23" Sept. 25™ March

breeding operation 2019 2020 2019 2020
Avg. weight of male fish 89.28+8.02 75.934+6.52 92.16+5.24 87.29+6.30

(2
Milt volume (ml) 0.64+0.04 0.60%0.05 0.80%0.06 0.76+0.06
Per cent of motility (%) 62.0+4.54 60.0+5.16 88.0+6.43 86.5+7.24
Sperm density (x 108/m1) 3.64+0.66 3.44+0.68 4.444+0.64 4.20+0.74
Fertilization rate (%) 86.0+2.8 80.0+2.6 94.243.4 90.0+£3.0

Data expressed as Mean * SE, n=3

species (Piironen, 1985). There are various
external factors such as the feeding regime, the
quality of feed and the rearing
temperature/spawning season of the males, which
influence directly or indirectly the quality of milt
(Bromage and Roberts,1995; Rakitin et al., 1999;
Rurangwa et al, 2004; Aral et al, 2007). The
concentration of sperm or sperm density is
generally used for the assessment of milt quality.
This parameter directly impacts the fertilization
rate and is a characteristic feature of a species
(Agarwal et al, 2004; Agarwal, 2005). In the
present study, the mean value of sperm count/ml
of milt was 3.64+0.66x108/ml in control group
and 4.44+0.64x108/ml in treated group (Table 1).
There is 22.0% better sperm density due to the
inclusion of blend of herbs in the diet of snow
trout. However, these values are comparatively
lower than the previously observed sperm count
of closely related other snow trout species viz.
Schizothorax curvifrons, 6.89+1.09x108/ml and
Schizothoraichthys progastus, 8.67 +0.50x108/ml
(Agarwal, 2005). The sperm density of this species
is also in lower side in comparison to the other
coldwater fish species and fresh water carps and
Agarwal (2005)
recorded sperm density as 1.70 + 0.29 x 109/ml in
Tor putitora and it is 4.90-7.45 x109/ml in Tor
khudree (Basavaraja et al, 1998). In
major carps, sperm density was recorded
from 2 x 107 to 3.5 x 107/ml and highest sperm
density was recorded up to 50-65x109/ml in

other marine fish species.

Indian

Bluefin Tuna (Doi et al, 1982). Agarwal and
Raghuvansi (2009) also reported the direct impact
of age and advancement of breeding season on the
sperm density of Schizothorax richardsonii.

The leaves, roots and seeds of medicinal plants
contain phytochemicals and antioxidants which
have the tendency to increase sperm count,
motility, and enhance sperm morphology (Javeed
et al, 201; Singh et al, 2013). Dada et al. (2019)
reported impact of dietary inclusion of Prunus
amygdalusdulcis on sperm quality in Clarias
gariepinus, such as spermatozoa concentration,
percentage motility, milt volume and motility
duration. Several studies (Daramola et al., 2015;
Suresh et al., 2009) reported that Mucuna pruriens
seed extracts enhance reproductive performance
in animals. Seed of this herb contains oleic acid,
linoleic acid and palmitic acid (Adebowale et al.
2005), allegedly having aphrodisiac activities
(Suresh et al, 2009). Ahmad et al (2008)
documented increased fertility potential of
Mucuna seed meal in men. Also, the ethanolic
extract of Mucuna pruriens seeds has been
reported to significantly increase testosterone, LH,
FSH and prolactin hormone levels, sperm count
and motility in infertile obese mutant rat models
(Kumar et al, 2011). Dada et al. (2011) observed
impact of Mucuna pruriens seed powder on
improved reproductive performance and sperm
motility in Clarias gariepinus. However, Dhas et al.
(2015) observed an increase in GSI, fertilization
and hatching of Etroplus suratansis brood stock
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treated with herbal maturation diet prepared from
Mucuna pruriens: Withania somnifera: Moringa
oleifera (150:300:150 mg kg1). The findings of the
present study are consistent with this study. Babu
(1999) prepared an herbal
containing Withania somnifera, Mucuna pruriens,
Ferula asafoetida and Piper longum which was fed
to Penaeus monodon through bioencapsulated
Artemia. The herbal-enriched Artemia feeding
increased the fecundity (42%), reduced the
intermoult period and increased gonad weight by
38%. Malpani et al. (2011) reported the use of
water extract of Butea monosperma gum as an
antifungal agent as well as a strong exhibitor to
prevent and protect the histological damage
observed in gonads.Tajuddin et al. (2003, 2005)
reported use of Mpyristica fragrans to increase
libido and potency in mice. The current study also
that a dietary supplement
comprising a blend of herbal diet has a beneficial
and significant impact on the gonadal maturity
and spawning of snow trout in captivity.

maturation diet

demonstrates

The water temperature during the captive
rearing of brooders varied from 8.4-24.2 C.
Dissolved oxygen value ranged from 6.6-8.8 mg/],
pH value from 7.2-7.4, free CO from 0.0-1.9 mg/],
total alkalinity from 82-157 mg/l. Ammonia and
nitrate-N level were very much alike and ranged
from 0.01-0.04 mg/l and 0.11 to 0.16 mg/],
respectively. Phosphate level was also in the range
of 0.11 to 0.18 mg/1. Pandey et al. (2010) observed
similar results of water quality parameters during
breeding of Schizothorax richardsonii.

Conclusion

The study revealed a positive and significant

impact of dietary inclusion of herbs on
reproductive performance of male Schizothorax
richardsonii in captivity under coldwater

condition. Better gonadal maturity and quality
milt can be achieved with 1.0 % supplementation
of Dblend of Withania
monosperma, Mucuna pruriens and Myristica
fragrans in the diet of fish.

somnifera, Butea
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