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Abstract
A feeding experiment was conducted to evaluate the eﬀects of bulk zinc (B-Zn) and zinc
nanoparticles (Zn-NPs) on survival, growth, compositions of amino acid and fatty acid, and nonspeciﬁc
immune responses of the freshwater prawn, Macrobrachium rosenbergii post larvae. The B-Zn (size 10 μm)
and Zn-NPs (size 50 nm) were supplemented separately with the basal feeds of M. rosenbergii at 60 mg/kg and
feed without supplementation of any Zn source was served as a control. M. rosenbergii were fed these feeds
for 90 days and the results showed that signiﬁcant (P<0.05) improvements in survival, growth, feed intake,
speciﬁc growth rate, essential amino acids, unsaturated fatty acids, nonspeciﬁc immune responses (total
haemocytes and diﬀerential haemocytes count) of M. rosenbergii fed with B-Zn and Zn-NPs supplemented
feeds when compared to control. Among these Zn sources, Zn-NPs supplemented feeds fed prawns showed
signiﬁcantly (P<0.05) better performance than that of B-Zn and control. Hence, present study suggests that
the 60 mg/kg Zn-NPs can be supplemented with basal feeds of M. rosenbergii for regulating better survival
and growth.
Keyword: survival; feed; amino acid; fatty acid; haemocytes; zinc nanoparticles

1 INTRODUCTION
The giant river prawn, Macrobrachium rosenbergii
is an economically important crustacean species due
to its ability to tolerant wide variety of environments,
higher market value, delicious taste and presence of
signiﬁcant nutrients like protein, essential amino
acids (EAA), saturated fatty acids, minerals and
vitamins which plays an essential role in human
health.
The nutritional status of feeds plays an important
role for regulating the productivity of farmed animals.
Zinc (Zn) is an essential trace mineral nutrient
required for a wide array of metabolic functions and
it is essential for stabilizing cellular membranes,
tissue component, and organ ﬂuids of an organism
(Nockels, 1994; Kidd et al., 1996; Yamaguchi, 1998).
It regulates growth, cell division, synthesis of

proteins, energy, metabolism of nutrients (vitamin A,
carbohydrates, and lipid), fertility and immune
system of all organisms. Zn acts as a cofactor in many
enzyme systems and component of a large number of
metalloenzymes (alkaline phosphatase, creatine
kinase, carbonic anhydrase, carboxypeptidase,
alcohol dehydrogenase, glutamic dehydrogenase,
calcium-ATPase, thymidine kinase and D-superoxide
dismutase etc.) (Hays and Swenson, 1985; Salgueiro
et al., 2000; Arinola, 2008). Zn related biological and
physiological functions are greatly inﬂuenced by its
transport and storage. The hepatic metallothionein
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Table 1 Ingredients and proximate composition of basal
feed (dry basis)
Ingredient

Inclusion (g/kg)

Fish meal

400

Soybean meal

200

Wheat bran

180

Tapioca ﬂour

150

Egg albumin

30

Cod liver oil

20

Vitamin mix1

10

Zn free mineral mix

2

10

Proximate composition (%)
Protein

41.57

Nitrogen free extract

29.54

Fiber

5.19

Lipid

6.20

Ash

10.50

Moisture

7.00

Energy (kJ/g)

14.56

1
Becosules capsules (manufactured by Pﬁzer), each capsule contains
thiamine mononitrate10 mg; riboﬂavin 10 mg; pyridoxine hydrochloride
3 mg; Vitamin B12 15 μg; niacinamide 1P 100 mg; calcium pantothenate
1P 50 mg; folic acid 1P 1.5 mg; biotin USP 100 μg; ascorbic acid 1P
150 mg. 2Zinc free mineral mix contains CuSO4∙5H2O, 6 mg; CaCO3,
164 mg; NaH2PO4∙2H2O, 148 mg; KH2PO4∙2H2O, 337.6 mg; CaCl2,
66.64 mg; MgSO4∙7H2O 80 mg; KCl, 22.40 mg; AlCl3∙6H2O, 0.96 mg;
MnSO4∙H2O, 11.45 mg; FeSO4∙7H2O, 90 mg; CoCl2∙6H2O, 1.41 mg; KI
1.81, mg; cellulose, 69.74 mg/g.

proteins are regulates the storage and metabolism of
Zn (Tan and Mai, 2001; Gammanpila et al., 2007;
Herland et al., 2011). Zn is essential for several
enzymes, proteins and transcription factors which
regulate the vital cellular functions like DNA
replication, DNA repair, response to oxidative stress,
apoptosis and cell cycle progression (Kumaresan et
al., 2017). Zn also essential for optimal innate
immune functions, the nutritional deﬁciency of Zn
leads to increase the susceptibility to pathogenic
infections and it can suppress the physiological
functions, signaling of molecules, and DNA
replication and repair of an organism (WitkiewiczKucharczyk and Bal, 2006; Yan et al., 2008; Djoko et
al., 2015). The optimum level of dietary Zn regulates
the survival, growth performance, muscle
composition, nutrient utilization, reproductive
performance and nonspeciﬁc immune response of
ﬁshes and crustaceans have been reported by previous
studies (Herland et al., 2011; Hasnat et al., 2012;
Muralisankar et al., 2015a).
Recent years, aquaculture industries have showed
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potential interest on using nanotechnology to
revolutionize their activities, such as uptake of
hormones, vaccines, drugs, nutrients etc. (Rather et
al., 2011). The inﬂuence of nanoparticles (NPs), such
as Zn-NPs, Se-NPs, FeO-NPs, Cu-NPs, MgO-NPs,
MnO-NPs etc., in aquatic organisms have been
reported (Zhou et al., 2009; Muralisankar et al., 2014,
2016; Asaikkutti et al., 2016; Srinivasan et al., 2016,
2017). Hence, present study was performed to
evaluate the eﬀects of two diﬀerent forms of dietary
Zn sources, such as bulk zinc [B-Zn (size 10 μm)] and
zinc nanoparticles [Zn-NPs (size 50 nm)] on the
survival, growth, amino acids composition, fatty
acids composition, and total and diﬀerential
haemocytes count (THC and DHC) of M. rosenbergii
post larvae.

2 MATERIAL AND METHOD
2.1 Collection of experimental prawns
Post larvae (PL) of M. rosenbergii (age PL ﬁve;
0.07±0.01 g) were obtained from M/s. Aqua Hatchery,
Mugaiyur Village in Kanchipuram District of Tamil
Nadu, India. Prawn PL were safely transported to the
laboratory conditions using polythene bags half ﬁlled
with oxygenated mother water and acclimatized to
ambient laboratory conditions for three weeks in a
cement tank (capacity 1 000 L) with ground water
with optimal level of physico-chemical characteristics
(temperature, 27±1.14°C; dissolved oxygen,
7.29±0.21 mg/L; pH, 7.53±0.20; total dissolved
solids, 0.59±0.05 g/L; biological oxygen demand,
19.60±1.25 mg/L; chemical oxygen demand,
66.0±2.40 mg/L; ammonia, 0.015±0.002 mg/L;
suspended Zn, 25.00±3.61 μg/L). During acclimatization period, adequate aeration was provided to the
prawn larvae and they were fed with boiled egg
albumin, Artemia nauplii (Artemia salina) and control
feed (prepared with basal feed ingredients) thrice (at
06:00 h, 12:00 h, and 18:00 h respectively) per day,
and 80% of rearing tap water was renewed daily.
2.2 Experimental feed formulation
Experimental feeds were prepared using locally
available feed ingredients (Table 1). Feed ingredients
were purchased from local shops. For preparation of
these experimental feeds, ﬁshmeal and soybean meal,
wheat ﬂour and tapioca ﬂour, and cod liver oil were
used as protein, carbohydrate and lipid sources
respectively. Also, tapioca ﬂour and egg albumin
were used as binding agents, and vitamins (B complex
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with vitamin C) and Zn free mineral mix were also
added. The optimum concentrations (60 mg/kg) of
dietary B-Zn and Zn-NPs were selected for M.
rosenbergii PL according to previous reports of
Muralisankar et al. (2014, 2015a). In the present
study, 99.99% pure B-Zn (size 10 μm) and Zn-NPs
(size 50 nm) were purchased from Sigma-Aldrich
Chemicals Pvt. Limited, Bangalore, India. These two
diﬀerent sources of Zn were supplemented in the
basal feeds at the concentration of 60 mg/kg
separately. Feed without supplementation of Zn
source was served as control. According to the method
of Muralisankar et al. (2014), about 3.0±0.84 mm dia
feeds were prepared and stored in plastic containers
until used for feeding experiments.
2.3 Proximate chemical composition of feeds
The proximate compositions of formulated feeds
were analyzed according to standard methods (Table
1). Brieﬂy, the amounts of crude protein, lipid, ﬁber,
moisture and ash contents were analyzed according to
standard procedures of AOAC (1995). The content of
nitrogen-free extracts (NFE) and gross energy were
calculated according to Natarajan (2006). Brieﬂy,
NFE (%)=100–(% moisture+% crude protein+%
crude lipid+% total ash+% crude ﬁber). Gross energy
was calculated using the energy values contributed by
the protein, NFE and lipid fractions of feed with
multiplying of generalised physiological energy values
of proteins (19 kJ), NFE (15 kJ) and lipids (36 kJ)
respectively, the detailed calculation as follows:
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(length)×10" (height) and the water level was
maintained 8" height] with stocking density of one
larva /L. During the experimental period, the 3/4th of
aquarium water was renewed every day by siphoning
method with minimum disturbance to the prawns and
suﬃcient aeration was also provided. Prawns were
fed these experimental feeds at 10% of body weight
(body weight was measured every 30 days interval for
adjusting the feeding) twice per day (at 06:00 and
18:00). During the experimental period, prawn larvae
were maintained on a 12 h light:12 h dark photoperiod.
The unfed feed, feces and moults were removed by
siphoning ﬁltration during the feeding trial while
renewing aquarium water.
2.5 Analysis of Zn content in feeds and prawns
The concentration of Zn in experimental feeds and
prawns were determined using the atomic absorption
spectrophotometer (Perkin-Elmer; Model 2380) in air
acetylene ﬂame by adopting the triple acid digestion
method. To attain this, feed/sacriﬁced prawns were
digested in 9:3:1 ratio of concentrated nitric acid,
sulphuric acid, and nitric acid using Kjeldhal digestion
chamber at 400°C for 2 h. The digested samples were
allowed to cool at room temperature and diluted with
deionized water (AOAC, 1995).
2.6 Survival, growth and food index analysis

energy contributed by crude protein (kJ/g)=protein
content of feed (%)×19=x,

The survival percent, growth performance [length
gain (LG), weight gain (WG) and speciﬁc growth rate
(SGR)] and food index parameters, such as feed
intake (FI) and feed conversion ratio (FCR) were
calculated by the following equations:

energy contributed by NFE (kJ/g)=NFE content of
feed (%)×15=z,

survival (%)=No. of live prawns/ No. of prawns
introduced×100,

energy contributed by crude lipid (kJ/g)=lipid
content of feed (%)×36=y,

LG (cm)=ﬁnal length (cm)–initial length (cm),

gross energy (GE kJ/g)=(x+y+z)/100.
2.4 Experimental procedure
In the study, three groups of M. rosenbergii PL
ranged from 1.44±0.37 cm length and 0.19±0.02 g
weight were assigned for this experiment in triplicate
(three independent groups per feed) for a period of 90
days. One group was served as a control and fed the
control feed (without supplementation of any Zn
source). The remaining two groups were fed feeds
supplemented with 60 mg/kg B-Zn and Zn-NPs,
respectively. The prawn groups were separately
maintained in a 40-L aquarium [size 27" (width)×11"

WG (g)=ﬁnal weight (g)–initial weight (g),
SGR (% /day)=log ﬁnal weight (g)–log initial
weight (g)/total number of days×100,
FI (g/day)=feed eaten (g)/total number of days,
FCR=feed intake (g)/weight gain (g).
2.7 Amino acids analysis
The amino acids proﬁle of experimental prawns
were analyzed using high-performance thin-layer
chromatography (HPTLC) method described by Hess
and Sherma (2004). Sample preparation, standard
amino acids and working procedures were adopted
according to previous studies (Radhakrishnan et al.,
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Table 2 Analyzed Zn levels in formulated feeds and M.
rosenbergii fed with control and experimental feeds
Dietary Zn source (60 mg/ kg)

Analyzed Zn

Control1

Feed (mg/kg)

32.45±2.34

94.63±2.53

93.83±3.06a

M. rosenbergii (μg/g)

20.18±2.01c

89.52±2.14b

104.29±2.23a

B-Zn
b

Zn-NPs
a

B-Zn: bulk zinc; Zn-NPs: zinc nanoparticles; 1B-Zn and Zn-NPs free feed;
n=3 (3 samples from each treatment), mean±SD; mean values within
the same row sharing the same superscript are not signiﬁcantly diﬀerent
(P>0.05).

2015). Accurately, 1 μL (41.6 μg of sample or standard
amino acids) of solution was loaded and processed in
the instrument. The peak area of the sample was
matched with standard amino acids and quantiﬁed.
The results of amino acid concentrations were
expressed as percent in dry weight of prawn sample.
2.8 Fatty acids analysis
The fatty acids proﬁle of the experimental prawns
were analyzed using the gas chromatography (GC)
method (Nichols et al., 1993). Fatty acids from
sacriﬁced prawns were obtained from lipids by
saponiﬁcation using NaOH dissolved in the methanolwater mixture (hydrolysis with alkali). They were
converted into fatty acid-methyl ester using HCl and
methanol mixture which can be easily detectable by
GC. Nitrogen was used as the carrier gas and the
chromatogram was used for the calculation. Standard
fatty acids were also analyzed simultaneously. Each
fatty acid was indentiﬁed based on the retention time
and peak area. The amount of fatty acids expressed as
percent per 2 μL of methylated fatty acid sample of
prawn.
2.9 Enumeration of total and diﬀerential haemocytes
The total and diﬀerential heamocytes counts were
performed at the end of 90 days experiment. Brieﬂy,
0.1 mL of haemolymph was collected from the ventral
sinus in the ﬁrst abdominal segment of prawns using
a 26-gauge hypodermic needle on a 1-mL syringe.
The syringe was pre-ﬁlled with 0.2 mL of anticoagulant
(10 mmol/L Tris-HCl, 250 mmol/L sucrose, 100 mmol/L
sodium citrate, pH 7.6). The anticoagulated
haemolymph was made up to 1 mL with more
anticoagulant, followed by ﬁxed with 10% formalin
(1:1) for 30 min for determination of THC and DHC.
THC was determined by diluting of haemolymph
with ice-cold phosphate buﬀer saline (PBS,
20 mmol/L, pH 7.2) at 1:2 ratio (v/v). The diluted
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haemolymph was stained with 0.2 mL of Rose Bengal
(1.2%), followed by incubated at room temperature
for 15 to 20 min. The hemocytometer (Neubauer
improved, Germany) was used to determine the THC
under the light microscope (Labomed, CXR2) and
calculated as THC (×106 cells/mL)=counted
cells×depth of chamber×dilution factor/ number of
1 mm square. DHC was determined by staining of
ﬁxed haemolymph with Rose Bengal (10%) for
10 min at room temperature and smeared on a clean
slide. The three diﬀerent haemocytes were
characterised (Tsing et al., 1989) and 350–400 cells
from each smear were counted under a Trinocular
Inverted Microscope (INVERSO 3000).
2.10 Statistical analysis
The results were presented as means±SD of three
replicates. Data from each treatment were subject to
one-way analysis of variance (ANOVA), followed by
Duncan’s multiple range test (DMRT) using SPSS
(version 20) to compare the diﬀerences among
treatments where signiﬁcant diﬀerences (P<0.05)
were observed. The data of survival, amino acid and
fatty acid were arcsine transformed prior to one-way
analysis.

3 RESULT
3.1 Zn content in experimental feeds and prawns
In the present study, the analysed Zn content was
signiﬁcantly (P<0.05) elevated in both B-Zn and ZnNPs supplemented feeds when compared to control
feed, whereas, insigniﬁcant diﬀerence (P>0.05) was
noted between B-Zn and Zn-NPs supplemented feeds
(Table 2). In context, in the case of experimental
prawns, the analysed Zn content was signiﬁcantly
increased (P<0.05) in prawns fed Zn-NPs
supplemented feeds, followed by B-Zn when
compared with the control.
3.2 Survival, growth and nutritional index
Survival rate was signiﬁcantly (P<0.05) higher in
B-Zn and Zn-NPs supplemented feeds fed prawns
group when compared to control feed fed prawns
group, however, the insigniﬁcant (P>0.05) diﬀerence
was observed between B-Zn and Zn-NPs supplemented
feeds fed prawns (Table 3). Present study, LG, WG,
SGR and FI were signiﬁcantly (P<0.05) higher in ZnNPs supplemented feed fed prawns group, followed by
B-Zn fed prawns when compared to control feed fed
prawns, whereas, the FCR was signiﬁcantly (P<0.05)
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Table 3 Survival, growth and nutritional index of M.
rosenbergii fed with control, B-Zn and Zn-NPs
supplemented feeds
Dietary Zn source (60 mg/kg)

Parameter

Control1

Survival (%)

73.33±1.44

84.16±3.81

86.66±2.88

Growth
Length (cm)*
performance
Weight (g) *

3.78±0.17c

6.10±0.70b

Nutritional
index

B-Zn
b

Zn-NPs
a

Vol. 37

Table 4 Amino acids (% in dry weight) composition of M.
rosenbergii fed with control, B-Zn and Zn-NPs
supplemented feeds
Amino acids

B-Zn

Zn-NPs

Lysine

3.50±0.17

7.16 ±0.54a

Histidine

2.37±0.21a

2.28±0.14a

2.23±0.11a

a

EAA

Dietary Zn source (60 mg/kg)

Control1
a

a

3.53±0.14

3.67±0.20a

0.60±0.13c

1.80±0.62b

2.68±0.74a

Arginine

10.30±1.49

10.26±1.39

11.25±1.51a

LG (cm)

2.34±0.17c

4.66±0.70b

5.72±0.54a

Methionine

3.50±0.18b

3.82±0.21b

4.25±0.55a

WG (g)

0.41±0.13c

1.61±0.62b

2.49±0.74a

Isoleucine

2.69±0.15b

2.93±0.16b

3.26±0.18a

a

b

b

SGR (%/d)

0.55±0.02c

1.07±0.07b

1.27±0.08a

Tryptophan

5.31±0.83

6.20±0.51

6.41±0.42a

FI (g/d)

0.40±0.014c

0.62±0.012b

0.65±0.028a

Leucine

3.22±0.14b

3.75±0.19a

3.87±0.11a

0.59±0.10c

Phenylalanine

2.71±0.11

a

3.17±0.23

3.29±0.15a

Cystine

1.90±0.13b

1.92±0.15b

2.29±0.14a

Proline

7.45±0.88a

7.52±0.91a

7.21±0.43a

Glysine

7.25±0.94

a

6.94±0.71

6.77±0.53a

Glutamine

2.33±0.16a

2.30±0.11a

2.52±0.12a

Alanine

3.84±0.11

a

3.79±0.14

4.18±0.29a

Glutamic acid

6.46±0.45a

6.17±0.91a

5.94±0.17a

1.29

1.41

1.52

FCR

2.22±0.23a

0.86±0.11b

B-Zn: bulk zinc; Zn-NPs: zinc nanoparticles; 1B-Zn and Zn-NPs free feed;
n=3 (3 samples from each treatment), mean±SD; *n=15 (ﬁfteen samples
from each treatment); mean values within the same row sharing the same
superscript are not signiﬁcantly diﬀerent (P>0.05); LG: length gain;
WG: weight gain; FI: feed intake; SGR: speciﬁc growth rate; FCR: feed
conversion ratio.

decreased in Zn-NPs supplemented feed fed prawns
group when compared to the control.
3.3 Amino acids
Current study, nine indispensable amino acids and
ﬁve dispensable amino acids were noted in prawns
fed control, B-Zn and Zn-NPs supplemented feeds
(Table 4). Among the EAA, arginine, methionine,
isoleucine and cystine were found to be signiﬁcantly
higher (P<0.05) in prawns fed on Zn-NPs
supplemented feeds when compared to B-Zn and
control feed fed prawns. In context, tryptophan,
leucine and phenylalanine were signiﬁcantly
increased in both B-Zn and Zn-NPs supplemented
feed fed prawns compared to control. Whereas, the
insigniﬁcant elevations were observed in lysine and
histidine contents of prawns fed with control, B-Zn
and Zn-NPs supplemented feeds. Also, the
insigniﬁcant (P>0.05) diﬀerence was observed in all
nonessential amino acids (NAA) between control and
both Zn sources supplemented feeds fed prawn
groups. The ratio of EAA /NEAA was found to be
higher in prawns fed to Zn-NPs supplemented feed,
followed by B-Zn and control.
3.4 Fatty acids proﬁle
The saturated fatty acids (SFA), such as lauric acid,
palmitic acid and stearic acids were signiﬁcantly
elevated (P<0.05) in prawns fed with control feed
when compared to B-Zn and Zn-NPs supplemented

NEAA

EAA/NEAA

b

b

a

a

B-Zn: bulk zinc; Zn-NPs: zinc nanoparticles; 1B-Zn and Zn-NPs free
feed; EAA: essential amino acids; NEAA: non essential amino acids;
n=3 (3 samples from each treatment), mean±SD; mean values within
the same row sharing the same superscript are not signiﬁcantly diﬀerent
(P>0.05).

feeds fed prawn groups (Table 5). Whereas, undeceylic
acid and myristic acid were found to be signiﬁcantly
(P<0.05) higher in prawns fed on Zn-NPs
supplemented feed. While, tridecylic acid, arachidic
acid, behenic acid and pentacosylic acid were detected
in prawns fed Zn-NPs alone. The monounsaturated
fatty acids (MUFA), palmiotoleic acid and oleic acid
were found to be signiﬁcantly (P<0.05) higher in Zn
(B-Zn and Zn-NPs) supplemented feeds fed prawns
and control feed fed prawns group respectively. In
context, the polyunsaturated fatty acids (PUFA) like
linoleic acid, linolenic acid, eicosapentaenoic acid
(EPA), and docosahexaenoic acid (DHA) were
signiﬁcantly (P<0.05) elevated in prawns fed with
Zn-NPs supplemented feed, followed by B-Zn when
compared with the control. Further, the sum of
unsaturated fatty acids (UFA), PUFA, n-3, n-6 fatty
acids and EPA+DHA were found to be higher in ZnNPs supplemented feed fed prawns. Whereas, the
sum of SFA and MUFA were higher in control feed
fed prawns. In context, the ratio of n-6/n-3 and PUFA/
SFA were elevated in control feed fed prawns. While,
the USFA/SFA ratio was found to be higher in B-Zn
supplemented feed fed prawns.
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Table 5 Fatty acids (%/2 μL methylated fatty acid sample) composition of M. rosenbergii fed with control, B-Zn and Zn-NPs
supplemented feeds
Fatty acid
Saturated

Unsaturated

Dietary Zn source (60 mg/kg)

Control1

B-Zn

Zn-NPs

Undecylic acid (C11:0)

ND

0.21±0.014b

0.65±0.01a

Lauric acid (C12:0)

9.31±1.21a

4.94±0.25b

ND

Tridecylic acid (C13:0)

ND

ND

0.30±0.01

Myristic acid (C14:0)

ND

4.72±0.12b

5.49±0.46a

Palmitic acid (C16:0)

8.63±1.25a

3.90±0.19b

2.42±0.21c

Stearic acid (C18:0)

3.97±0.17

3.34±0.11

2.43±0.16c

Arachidic acid (C20:0)

ND

ND

6.97±0.36

Behenic acid (C22:0)

ND

ND

0.42±0.025
0.89±0.014

a

b

Pentacosylic acid (C25:0)

ND

ND

Palmiotoleic acid (C16:1)

3.82±0.28c

4.63±0.25b

8.49±1.12a

Oleic acid (C18:1)

44.01±2.36

28.19±1.63

21.74±1.02b

Linoleic acid (C18:2)

ND

16.32±1.23b

19.57±0.4a

Linolenic acid (C18:3)

0.58±0.032

0.66±0.013

2.10±1.90a

EPA (C20:5)

6.10±0.37c

14.27±1.01b

16.38±1.32a

DHA (C20:6)

3.12±0.12

8.40±1.03

12.05±1.01a

a

c

c

b

b

b

∑ SFA

21.91

17.11

19.57

∑ MUFA

47.83

32.82

30.23

∑ PUFA

9.80

39.65

50.10

∑ USFA

57.63

72.47

80.33

∑ n-3

9.22

22.67

28.43

∑ n-6

0.58

16.98

21.67

n-3/n6

15.89

1.33

1.31

n-6/n3

0.06

0.74

0.76

PUFA/SFA

0.44

2.31

2.56

USFA/SFA

2.63

4.23

4.10

EPA+DHA

9.22

22.67

28.43

B-Zn: bulk zinc; Zn-NPs: zinc nanoparticles; 1B-Zn and Zn-NPs free feed; EPA: eicosapentaenoic acid; DHA: docosahexaenoic acid; SFA: saturated fatty
acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids; USFA: unsaturated fatty acids; ND: not detected; n=3 (3 samples from each
treatment), mean±SD; mean values within the same row sharing the same superscript are not signiﬁcantly diﬀerent (P>0.05).

3.5 Total and diﬀerential haemocytes count
Present study, THC was signiﬁcantly higher in ZnNPs supplemented feed fed prawns, followed by
B-Zn and control feed fed prawns (Table 6). The
DHC, such as hyalinocytes, semigranulocytes, and
granulocytes were signiﬁcantly (P<0.05) elevated in
B-Zn and Zn-NPs supplemented feed fed prawns
compared to control feed fed prawns, however, the
insigniﬁcant(P>0.05) diﬀerence were noted in
semigranulocytes, and granulocytes between B-Zn
and Zn-NPs supplemented feed fed prawns.

4 DISCUSSION
Zn is crucial for normal growth and the reproduction

Table 6 THC and DHC (×106 cells/mL) of M. rosenbergii fed
with control, B-Zn and Zn-NPs supplemented
feeds
Parameter
THC
DHC

Dietary Zn source (60 mg/ kg)

Control1

B-Zn

Zn-NPs

4.10±0.18

b

6.70±0.65

7.80±1.15a

Hyalinocytes

2.1±0.15c

3.50 ±0.18b

4.30 ±0.26a

Semigranulocytes

1.33 ±0.15b

1.83±0.05a

2.0 ±0.13a

Granulocytes

0.84 ±0.12

1.14±0.04

1.35 ±0.14a

c

b

a

B-Zn: bulk zinc; Zn-NPs: zinc nanoparticles; 1B-Zn and Zn-NPs free feed;
n=3 (3 samples from each treatment), mean±SD; mean values within
the same row sharing the same superscript are not signiﬁcantly diﬀerent
(P>0.05); THC: total haemocytes count; DHC: diﬀerential haemocytes
count.
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of all organisms. It plays a key role on physiology,
growth and fulﬁlls an immune function (Frassinetti et
al., 2006). Zn in cells bound to proteins, peptides, and
amino acids and it is required for diﬀerent biological
functions including enzymatic reactions, metabolism,
neurotransmission, cell signaling, DNA synthesis and
gene expression (Beyersmann, 2002; Murakami and
Hirano, 2008). The dietary requirements of Zn have
been studied for variety of aquatic species including
crustaceans through feeding experiments with semipuriﬁed feeds (NRC, 2011). In the present study, the
signiﬁcant elevation of Zn in B-Zn and Zn-NPs
supplemented feeds indicates that the bioavailability
of Zn was increased due to supplementation. Further,
the signiﬁcant elevation of Zn content in prawns fed
on B-Zn and Zn-NPs supplemented feeds indicates
that the supplementation of both Zn sources can
increase the Zn concentration in experimental prawns.
While, between these two diﬀerent Zn sources, ZnNPs produced signiﬁcantly higher level of Zn contents
in experimental prawns, it might be due their more
penetration to cells at nano-scale level, followed by
more storage in tissues. Dietary supplementations of
minerals like Zn, Zn-NPs, Cu and Cu-NPs showed
signiﬁcant elevations in the muscle Zn and Cu
contents in M. rosenbergii post larvae have been
reported earlier (Muralisankar et al., 2014, 2015a, b,
2016).
The quantitative and qualitative productions of
aquaculture can be determined by assessing the
survival and growth performance of cultivable
species. In the current study, the signiﬁcant elevations
in survival, growth (LG, WG and SGR) and FI in both
B-Zn and Zn-NPs supplemented feeds fed prawns
suggests that the supplementation of these two
diﬀerent Zn sources have ability to promote survival,
growth, feed intake of M. rosenbergii. Further, the
signiﬁcant decreases of FCR in Zn-NPs and B-Zn
supplemented feeds indicates the better quality of
experimental feeds than control which shows that
given feeds were eﬃciently utilized by prawns
towards growth. Similar ﬁndings have been reported
in giant river prawn (M. rosenbergii), giant tiger
prawn (Penaeus monodon) and Chinese mitten crab
(Eriocheir sinensis) fed with Zn included feed (Davis
et al., 1993; Shiau and Jiang, 2006; Li et al., 2010;
Muralisankar et al., 2015a). In this present study,
among the two diﬀerent Zn sources, Zn-NPs produced
signiﬁcantly better performance in growth (LG, WG
and SGR) and FI, it suggests that the nano-scale level
of Zn has more inﬂuence than that of bulk form due to
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their higher surface area. Previously, Muralisankar et
al. (2014) reported that provide of Zn-NPs had shown
signiﬁcant positive impacts on survival, growth and
FI of M. rosenbergii. Also, dietary administration of
magnesium oxide nanoparticles (MgO-NPs), iron
oxide nanoparticles (FeO-NPs) and manganese oxide
nanoparticles (MnO-NPs) nanoparticles produced
better survival, growth, SGR and PER in M.
rosenbergii have also been reported (Asaikkutti et al.,
2016; Srinivasan et al., 2016, 2017).
Amino acids are the simplest units of proteins and
they form the building blocks of protein structure.
Each amino acid has its own biological function and
metabolism in living organisms (Wu, 2009). In the
present study, the elevations in EAA, such as lysine,
cystine, arginine, methionine, isoleucine, tryptophan,
leucine and phenylalanine in prawns fed on B-Zn and
Zn-NPs supplemented feeds indicates that two
diﬀerent forms of this trace element have potent to
regulate the production of essential amino acids by
M. rosenbergii, it led to produced better muscle meat
quality. Also, the elevated level of EAA/NEAA ratio
in B-Zn and Zn-NPs supplemented feeds fed prawn
indicates that the amino acids were well balanced by
prawns. The inﬂuence of B-Zn and Zn-NPs on
synthesis of total amino acids has been reported
earlier in M. rosenbergii (Muralisankar et al., 2014,
2015a). The eﬀects of Zn forms on proline uptake by
American lobster, Homarus americanus has also been
reported earlier (Monteilh-Zoller et al., 1999). Present
study, among these two mineral forms, Zn-NPs
supplemented feed produced signiﬁcantly more
elevation on these essential amino acids, it indicates
that nano forms of Zn (Zn-NPs) has more inﬂuence
on these amino acids production. The similar results
have been in M. rosenbergii PL fed with FeO-NPs and
MgO-NPs (Srinivasan et al., 2016, 2017). The
insigniﬁcant alterations of nonessential amino acids
(NEAA) like proline, glysine, glutamine, alanine, and
glutamic acid between control and experimental (BZn and Zn-NPs) feeds fed prawns suggests that these
metal forms did not produce any adverse eﬀects on
these amino acids production in M. rosenbergii. The
insigniﬁcant diﬀerence of nonessential amino acids
between control and nanoparticles (FeO-NPs and
MgO-NPs) supplemented feed prawns have also been
reported earlier (Srinivasan et al., 2016, 2017).
Fatty acids are important constituents of lipid in
crustaceans and it is well known that the fatty acid
composition of dietary lipids is metabolic signiﬁcance
(Del Rosario Gonzalez-Baro and Pollero, 1998). The
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role of essential trace elements on lipid metabolism in
the living organisms have been reported by some
nutritional investigations (Petering et al., 1977; Engle
et al., 2000a, b, c). In the current study, the signiﬁcant
elevations of SFA (myristic acid and undecylic acid)
and USFA (palmiotoleic acid, linoleic acid, linolenic
acid, EPA and DHA) in prawns fed on B-Zn and ZnNPs supplemented feeds indicates that the
supplementation of these two diﬀerent forms of Zn
had inﬂuence on synthesis of fatty acids in M.
rosenbergii. Synthesis of these essential fatty acids
(EFA) might have regulation on survival and growth
in experimental prawns. The role of EFA on survival
and growth of crustacean (Litopenaeus vannamei, P.
monodon and E. sinensis) post larvae have been
reported previously (Rees et al., 1994; Lim et al.,
1997; Wen et al., 2006). In context, the SFA, such as
arachidic acid, pentacosylic acid, tridecylic acid, and
behenic acid were noted in prawns fed Zn-NPs
supplemented feed alone, it indicates that fact Zn-NPs
have potent to synthesis of these particular fatty acids
in M. rosenbergii. While, undetectable level of lauric
acid and signiﬁcant decrease in oleic acid in prawns
fed Zn-NPs supplemented feed suggests that Zn-NPs
might be suppressed synthesis of this particular fatty
acid in M. rosenbergii. Among these two diﬀerent Zn
sources, Zn-NPs produced signiﬁcantly better
performance on overall fatty acids synthesis, this
might be due to its higher surface area which led to
more activities on fatty acids synthesis. The poor
performance of fatty acids synthesis in prawns fed
control feed indicates the deﬁciency of Zn in feeds.
Dietary Zn mediated fatty acid synthesis has been
reported in E. sinensis (Li et al., 2010). Inﬂuence of
trace elements like B-Zn, Zn-NPs, Cu and Cu-NPs on
muscle total lipid contents have also been reported in
M. rosenbergii (Muralisankar et al., 2014, 2015a, b,
2016). Further, the inﬂuences of dietary FeO-NPs and
MgO-NPs on fatty acid synthesis in M. rosenbergii
have been reported earlier by Srinivasan et al. (2016,
2017). In the present study, the elevation in sum (Ʃ) of
USFA, PUFA, n-3 and n-6 fatty acids, EPA+DHA in
prawns fed with Zn-NPs supplemented feeds indicates
that Zn-NPs had remarkable inﬂuence on these fatty
acids synthesis. Also, the increased PUFA/SFA and
n-6/n-3 ratios in Zn-NPs and B-Zn supplemented feed
fed prawn groups shows their better fatty acids
balance.
The hematological assays like total and diﬀerential
blood cell counts are the primary parameters to
determine the health status of aquatic animals.
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Minerals play an essential role on immune system of
aquatic organisms (Ward et al., 1993; Lee and Shiau,
2002; Shiau and Su, 2003; Cheng et al., 2005; Liu et
al., 2010). Haemocytes are the primary mediators of
immunity in invertebrates which carrying out the
signiﬁcant immune function like phagocytic and
pathogens trapping that protect the animals against
infection without speciﬁc antibodies. In this study, the
signiﬁcant elevation of THC and DHC in prawns fed
with B-Zn and Zn-NPs supplemented feeds indicates
that both Zn source had inﬂuenced the production of
haemocytes in experimental prawns. Similarly, the
signiﬁcant elevations in haemocytes production of M.
rosenbergii and E. sinensis when fed to diﬀerent level
of dietary Cu, Cu-NPs, and MgO-NPs have been
reported (Sun et al., 2013; Muralisankar et al., 2016;
Srinivasan et al., 2017).

6 CONCLUSION
Results of present study indicates that the dietary
supplementation of 60 mg/kg B-Zn and Zn-NPs could
enhance the survival, growth, composition of essential
amino acids, unsaturated fatty acids, and haemocytes
population of the freshwater prawn, M. rosenbergii.
However, among these two forms of Zn sources (BZn and Zn-NPs), the nano forms of zinc (Zn-NPs)
produced signiﬁcantly better performance in prawns
due to its higher surface area which led to increased
more biological functions. Hence, 60 mg/kg Zn-NPs
can be used as dietary Zn source instead of B-Zn for
better culture of freshwater prawns.

7 DATA AVAILABILITY STATEMENT
All data are provided in full in the results and table
sections of this paper.
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