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Keywords Abstract
g"har:‘r%g"’e This study aimed to examine the effectiveness of
Growth, mangrove (Avicennia marina) leaf powder (MLP) in the
Ei,ttg'tg'sds‘ diet of Pacific white shrimp (Litopenaeus vannamei). The
shrimp were fed with diets containing different amounts of
MLP including 0 (control), 25 (MLP25), 50 (MLP50), and
100 (MLP100) g/kg MLP for 13 weeks. The results
showed a significant improvement in the growth
Article info performance and survival rate of the shrimp fed different
_ levels of MLP compared to the control group (p<0.05).
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distributed under the terms and of the control group (p<0.05). After 48 hours of exposure

ibuton (e By leage  toboth low (4) and high (10) pH stress, the shrimp fed with

(https://creativecommons.org/license different levels of MLP showed higher survival than that
s/by/4.0/). :
of the control group. The results of this study demonstrated
the positive effect of dietary MLP on shrimp growth
performance and resistance to pH stress.
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Introduction

Median projections suggest global human
population will grow to over 9.7 billion by
2050 (United Nations, 2015). Global
demands for food from aquatic
environments are expected to increase in
future decades because these foods will
help to meet the needs and preferences of a
growing human population. Aquatic white
meat has a very high nutritional value.
Aquaculture represents the fastest overall
growth in the food industry, and it is an
important  global  seafood  source
(Nadaranjah and Flaaten, 2017). The
aquaculture industry, by conducting new
research  activities including  proper
nutrition, seeks to improve and enhance
(Gephart et al., 2020).

Shrimp culture is a major activity in
aquaculture due to its special flavor, high
nutritive value, and continuous demand in
the global market (Pushparajan and
Soundarapandian, 2010). The Pacific white
shrimp, Litopenaeus vannamei, is the most
common shrimp cultured species in the
global economy (Duan et al., 2017a). Due
to its advantages of fast growth,
euryhalinity, high-density culture, etc., L.
vannamei is now the most important
economic crustacean species, accounting
for 53% of the total crustacean production
worldwide (FAO, 2018). To decrease the
high cost of shrimp production and to
deliver inexpensive feeds for farmers,
substituting organic-based plants has been
a prioritized field of study during the last
few decades (Yousif et al., 1996; Amisah et
al., 2009; Abarike et al., 2012; Yao et al.,
2020). The use of plant-derived food
ingredients has led to an increase in the
volume of production in aquatic animals.

For instance, soybean, rapeseed, sunflower
powder and oil, legumes and many other
plant-derived proteins have been widely
and  successfully incorporated into
aquaculture. Various studies have been
conducted on the use of plant-derived
compounds in shrimp feeding (Citarasu et
al., 1999).

Mangrove forests are distributed in
tropical and subtropical areas (Safdari and
Shadman, 2015). They are known as the
primary nursery habitat for many species of
fish, crustaceans, birds, and marine
mammals (Shepard et al., 2011). Many
mangrove species contain  bioactive
metabolites and compounds that can
control microbial growth. Given the
antiviral, antibacterial, antifungal and
insecticide properties of mangroves and
their effective inhibitory activity against
pathogens, they are considered an
alternative  medicine in  aquaculture
(Vadlapudi and Naidu, 2015). Avicennia
marina is an important mangrove species
because it can grow and reproduce across a
wide range of climatic, edaphic, and tidal
conditions. The antiviral, antibacterial, and
antifungal activities of A. marina extracts
have already been reported (Khafagi et al.,
2003).

Limited studies have investigated the
effects of dietary mangrove leaves on
shrimp performance (Hai and
Yakupitiyage, 2005; Avenido and Serruno,
2012a, b,c; Hajian et al., 2017). The
positive effect of dietary mangrove leaf
powder (MLP) on some immune
parameters of L. vannamei was reported
(Eshagh Nimvari et al., 2019). The extracts
of mangrove leaf, Sonneratia alba and
Acanthus ilicifolius could improve the
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resistance of tiger shrimp Penaeus
monodon against White Spot Syndrome
Virus (WSSV) and Vibrio harveyi bacterial
disease, respectively (Saptiani et al., 2021;
Susianingsih, 2021). The use of mangrove
extract could also increase the level of
digestive enzymes and consequently cause
growth increase in shrimp post-larvae
(Avenido and Serrano, 2012c).
Antibacterial and antifungal compounds in
mangroves could also reduce the harmful
microbial population of the gastrointestinal
tract, and promote health, safety, and
growth performance in shrimp (Platel et al.,
2002). The use of MLP and its effect on
cultured shrimp performance have not been
studied. Therefore, the present study aimed
to investigate the effect of dietary MLP (A.
marina) on growth performance, survival,
body biochemical and fatty acid
composition, and tolerance of pH stress in
L. vannamei.

Materials and methods

Fresh mangrove leaves of A. marina were
collected from an artificially developed
mangrove forest (Lat. 27°8'N and Long.
56°44'E) located in Tiab, Hormozgan
province Iran. The collected leaves of A.
marina were washed with tap water and
distilled water to remove the necrosis,
adhering salts and other associated animals
(Balakrishnan et al., 2016). Then, drought
in the shade at room temperature and the
leaves were powdered by an electric mill
(Kumar et al., 2011). Other ingredients of
the diet were prepared from the Hormoz
Dam factory, Eisin, Hormozgan, Iran. The
dry materials were powdered by an electric
mill, and each material was passed through
a sieve with pores of 50 pum. The

ingredients of the diets were mixed and the
pellet was made by an extruder (2 mm
diameter), then the diets were dried and
preserved as  previously  described
(Pakravan et al., 2017). The proximate
composition and fatty acid contents of
mangrove leaf powder (MLP) are presented
in Table 1.

Table 1: Proximate composition and fatty acid
contents of leaf powder (Avicennia marina) (%
total fatty  acid).

Item Value
Proximate composition (dry

basis; g/kg)

Protein 184.2
Lipid 31.3
Ash 187.7
Fiber 148.7
Moisture 79.6
Fatty acid profile (%)

C14:0 2.18+0.09
C16:0 32.65+1.77
Cl6:1 1.92 +0.28
C18:0 9.84+0.39
C18:1 (n-9) 22.20+0.47
C18:1 (n-6) 2.04+£0.76
C18:3 (n-3) 8.14 £0.23

Four diets were prepared with the
incorporation of 0 (control), 25 (MLP25),
50 (MLP50) and 100 (MLP100) g/kg MLP.
The ingredients and chemical composition
of the experimental diets are presented in
Table 2.

Experimental shrimp and feeding

L. vannamei specimens were purchased
from a shrimp farm in Kolahi, Hormozgan
province, Iran, and transferred to the Kolahi
Shrimp Development and Training Center
located in Hormozgan province, Iran. After
1 week of acclimation to laboratory
conditions and feeding with a commercial
diet, healthy shrimp with a mean weight of
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5.26+0.21 g, and a total length of 7.59+0.75
cm were distributed into four groups with
three replicates. For each replicate, 40
shrimp were randomly placed in circular
fiber glass tanks (300 L volumes with about
200 L water). Daily water replacements
were about 50%. Shrimp were manually fed
by experimental diets at a rate of 5% body
weight per day at 8:00, 14:00, and 20:00 h
during a period of 13 weeks. Every 2

weeks, the amount of daily feed was
readjusted according to the total weight of
shrimp in each tank. During the
experimental period, temperature, salinity,
pH and dissolved oxygen (DO) were about
23.78+0.16°C, 42.86+0.03 g/L, 7.46+0.02
mg/ L and 5.24+0.01mg/ L, respectively.

Table 2: The ingredient and chemical composition of the experimental diets with 0 (control), 25, 50, and

100 g/kg mangrove leaf powder (MLP).

Composition Diets

Control MLP25 MLP50 MLP100
Ingredients (g/kg)
Fish meal 300.0 300.0 300.0 300.0
Soybean meal 180.0 175.0 170.0 160.0
Wheat flour 154.0 158.0 161.0 168.0
Shrimp meal 64.0 64.0 64.0 64.0
Rice flour 106.0 86.0 66.0 26.0
Wheat Glotin 96.0 96.0 96.0 96.0
Bentonit 10.0 10.0 10.0 10.0
Biender 10.0 10.0 10.0 10.0
Vitamin mixture? 10.0 10.0 10.0 10.0
Mineral mixture® 10.0 10.0 10.0 10.0
Fish oil 40.0 37.3 35.3 30.7
Soybean meal 20.0 18.7 17.7 15.3
Mangrove meal 00.0 25.0 50.0 100.0
Chemical composition (g/kg)
Crud protein 336.5 333.8 344.8 340.1
Crud lipid 48.5 51.0 59.0 60.5
Ash 119.0 112.0 120.5 122.0
Dry matter 905.5 902.5 904.5 895.5
Moisture 94.5 97.5 95.5 104.5

@ Supplied (1U or mg/kg diet): vitamin A, 1800 1U; vitamin D3, 1200 IU; vitamin E, 120 mg; vitamin B12, 24mg;
riboflavin, 15 mg; niacin, 90 mg; D-pantothenic acid, 27 mg; menadione, 3 mg; folic acid, 4.8 mg; pyridoxine,
9 mg; thiamine, 9 mg; D-biotin, 0.48 mg; choline chloride 360 mg; cobalamin 24 mg; ascorbic acid 156 mg;

nicotinic acid 90 mg; inositol 72; antioxidant 15 mg.

b Supplied (mg kg—! diet): Zn, 18 mg; I, 0.6 mg; Mg, 7.8 mg; Co, 0.15 mg; Se, 0.15 mg; CU, 1.8 mg; Fe, 12 mg.

After 13 weeks of the feeding trial, shrimp
from each tank were sampled and weighed.
Afterward, eight individuals from each tank
were used for analyses of body proximate
composition and fatty acid profile.

Growth parameters

Growth parameters of shrimp were
measured as follows (Immanuel et al.,
2001):

WG (g) =Ws-Wi

SR% =100x(S-D)/S
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SGR=100 x (Ln Ws- Ln W) / t

FCR = Feed intake (g) / Weight gain (g)
ADG = 100x (Wr— W) / Wixt

TLI (cm) = Lf— L

Where, WG is weight gain, W; is initial
body weight, Ws is final body weight. SR%
is Survival rate % = 100 x (initial shrimp
number—dead shrimp number) / (initial
shrimp number), SGR is specific growth
rates, t is number of culture days. FCR is
feed conversion ratios. ADG is Average
daily growth. TL1I is total length increase, Lt
is final length and L is initial length.
%Survival rate= 100 x (initial shrimp
number—dead shrimp number) / (initial
shrimp number)

Body proximate and fatty acid composition
Three samples from each tank were
evaluated for the whole body proximate
composition of shrimp using the AOAC
method (1995) as previously described.
(Pakravan et al., 2017). Also, three samples
from each tank and the experimental diets
were evaluated for the fatty acid profile
using a modified method of Lepage and
Roy (1984) as previously described
(Pakravan et al., 2017).

pH stress

At the end of the feeding period, shrimp
were challenged to pH stress. The water pH
was adjusted by adding HCI to reach a pH
of 4 and adding NaOH to reach a pH of 10
(Li and Chen, 2008). Twenty shrimp (10
shrimp in each tank) were taken for each
treatment and placed into the 300-L tanks.
Shrimp were gradually exposed to low and
high pH stress. The survival of the exposed

shrimp was recorded up to 48 h and
measured as the following:

Statistical analysis

Data obtained from this experiment was
analyzed using one-way ANOVA and
multiple comparisons were performed by
Turkey’s post hoc based on significant
effects at (p<0.05). All the statistical
analyses were conducted by the SPSS
program (version16). Values are expressed
as meanzstandard deviation (SD).

Results

Growth parameters

The growth parameters of L. vannamei fed
diets containing different levels of MLP are
presented in Table 3. Almost all the shrimp
accepted the diet. The results after 13 weeks
showed that there were significant
differences in Wf, WG, FCR, ADG, and
TLI between the control group and the
treatments fed diets containing different
levels of MLP (p<0.05). There were no
significant differences among treatments
fed diets containing 25, 50, and 100 g/kg
MLP. The survival rate of the shrimp fed
diets containing MLP was significantly
higher than that of the control group
(p<0.05).

Body proximate composition

The body proximate compositions (wet
weight basis) of L. vannamei fed diets with
different amounts of MLP are shown in
Table 4. The highest amount of protein was
observed in the control group and showed a
significant difference compared to other
treatments  (p<0.05). There was no
significant difference in fat content
between treatments (p>0.05). The hrimp
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fed diets containing 50 g/ Kg MLP and 100
g/Kg MLP showed significantly higher ash

the treatment of MLP50 was significantly
higher than the control group (p<0.05).

content compared to the control group and
MLP25 (p<0.05). The dry matter content in

Table 3: Growth parameters of Litopenaeus vannamei fed with 0 (control), 25, 50, and 100 g/kg mangrove

leaf powder (MLP).
Growth Treatments
parameters Control MLP25 MLP50 MLP100
Wi (9) 5.14 + 0.34 5.50 + 0.17 5.36 + 0.33 5.03+0.18
Wi (9) 11.7 +0.20P 13.62 + 0.83? 13.64 + 0.412 13.55 + 0.24°
WG (g) 6.56 = 0.38° 8.12 + 0.64? 8.27 £ 0.44? 8.52 +0.072
Li (cm) 8.59 +0.12 8.63 +0.03 8.61 +0.08 8.53 +0.04
L¢(cm) 10.77 + 0.05P 11.30 + 0.08? 11.48 +0.122 11.43 + 0.06?
TLI (cm) 2.17 £ 0.15b 2.67 £0.122 2.86 + 0.20° 2.90 + 0.702
FCR 3.02+0.13% 2.71 +0.04° 2.54 +0.05° 2.69 +0.03°
ADG 0.07 +0.00° 0.09 + 0.05% 0.09 +0.10? 0.09 + 0.00?
SGR (g/day) 0.91 +0.07 1.00 +0.07 1.03 +0.04 1.10 + 0.02
SR (%) 70.00 + 11.02° 87.50 + 5.20% 87.50 + 0.00% 95.83 + 1.16°

Wiz initial weights W= final weight, WG= weight gain, L= initial length, L¢= final length, TLI1= total length increase, FCR=
feed conversion ratio, ADG= avarage daily growt , SGR= specific growth rate and SR= survival rate %.

Data (mean + SD) with different letters are significantly different among treatments according to ANOVA test
(p<0.05).

Table 4: Body proximate composition (wet weight basis) of L. vannamei fed with 0 (control), 25, 50, and 100
9/Kg mangrove leaf powder (MLP).

Items (g/kg) Treatments

g/kg Control MLP25 MLP50 MLP100
Protein 247.4 +9.002 225.2 +2.20° 216.6 + 3.40 203.7 + 3.40¢
Lipid 12.3+0.70 16.8+ 0.40 17.6+1.30 18.7+0.70
Ash 135 + 0.60° 13.4 + 0.00° 14.9 + 0,002 14.8 = 0.20°
Moisture 753.3 + 8.80° 740.0 + 5.70% 730.0 + 0.00° 736.6 + 3.30
Dry matter (%) 246.4 + 8.80° 260.0 + 5.70% 270.0 + 0.00° 263.4 + 3.30

Data (mean + SD) with different letters are significantly different among treatments according to ANOVA test

(p<0.05)

Fatty acid profile

The fatty acid composition of experimental
diets and body of L. vannamei fed diets
containing different amounts of MLP are
presented in Tables 5 and 6, respectively.
Diets containing MLP revealed
significantly lower amounts of
polyunsaturated fatty acids (PUFAS)
compared to control diet (p<0.05, Table 5).
Moreover, significantly higher amounts of
linoleic acid (LA), alpha linolenic acid
(ALA), and arachidonic acid (ARA) were
observed in a diet containing up to 50 g/kg
MLP compared to those of the control diet

(p<0.05). A diet containing 100 g/kg MLP
showed a significantly higher amount of
docosahexaenoic acid (DHA) compared to
that of the control (p<0.05). The body of
shrimp fed diets containing different
amounts of MLP showed significantly
higher levels of PUFAs, particularly DHA
and ARA compared to those of the control
group (p<0.05, Table 6). However, the
shrimp fed control diet revealed higher
amounts of monounsaturated fatty acids
(MUFASs) compared to the shrimp fed diets
containing different amounts of MLP.
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Table 5: Fatty acid profile of experimental diets incorporated with 0 (control), 25, 50, and 100 g/kg
mangrove leaf powder (MLP) (% total fatty acid)

Items Treatments

Control MLP25 MLP50 MLP100
C12:0 0.03+0.00 0.02+£0.00 0.03+0.00 0.03+0.01
C14:0 3.45+0.02 3.48+£0.02 3.45+0.01 3.36+0.08
C15:0 0.71 +0.00° 0.74 +0.00? 0.73 +0.00% 0.69+0.01°
C16:0 21.59 +0.162 21.64 +0.36? 20.68 + 0.07° 21.44+£0.17?
C17:0 1.00 £ 0.012 1.03 +0.00? 0.96 +0.00° 0.98 +0.00°
C18:0 4.81+0.77%® 6.58 + 0.05? 6.45+0.01% 6.09 + 0.07°
C20:0 0.42+0.01 0.41+0.00 0.40+£0.00 0.40+0.03
C22:0 0.32+0.00 0.37£0.02 0.36 £0.01 0.35+0.02
C24:0 0.62 +0.00° 0.51+0.02¢ 0.52 £0.01° 0.70+0.01?
SFA 32.96 + 0.64° 34.81+0.19° 33.59 +0.03" 34.06 +0.12%
C16:1 4.48 £0.012 4.43 +£0.05° 4.50 +0.00? 4.23 £ 0.00°
Ci7:1 0.58 +0.00? 0.57 +0.00? 0.53 +0.00° 0.59 +0.00?
C18:1(n-9) C 22.84 +0.34° 23.81+0.18? 23.37+0.01% 23.83+0.142
C18:1(n-9) t 0.11+0.00 ND ND ND
C20:1 0.86 +0.00 0.82+0.00 0.87 £0.00 0.84+0.10
Cc22:1 0.20 + 0.00° 0.20 + 0.00° 0.22 +0.00? 0.22 +0.00%®
MUFA 29.29+0.19° 29.85+0.13? 29.52 + 0.01® 29.80 +0.15?
C18:2(n-6) LA 16.46 + 0.06¢ 16.86 = 0.02° 17.39 £ 0.00? 14.70 + 0.00¢
C18:3(n-6) 0.15+0.01 0.13+0.04 0.10+0.01 0.18+0.01
C18:3(n-3) ALA 2.44 £0.01° 2.54 +0.00 2.82 +0.00? 2.13+0.02¢
C20:2 0.25 + 0.00% 0.26 +0.01° 0.24 +0.00° 0.31+0.01°
C20:3 (n-6) 0.95+0.372 0.25+0.05° 0.21 +0.00° 0.29 +0.03?
C20:3 (n-3) 0.10+0.03? 0.09 +0.01% 0.07 +0.00° 0.10 +0.00?
C20:4(n-6) ARA 1.26 +0.01° 1.20 +0.00° 1.38 +£0.002 1.15 +0.00¢
C20:5(n-3) EPA 4.09 +£0.00% 3.74+£0.02° 4.07 +0.00? 4.09 +0.012
C22:4 (n-6) 0.22 +0.00° 0.18 + 0.00% 0.17 +0.00¢ 0.20 +0.02°
C22:5 (n-6) 0.40 +0.00P 0.37 +0.03° 0.34 +0.02° 0.50 +0.03?
C22:5 (n-3) 0.73 +0.00° 0.69 +0.00¢ 0.79 +0.00? 0.74 £0.01°
C22:6(n-3) DHA 10.66 + 0.01° 9.01 +0.06° 9.30 +0.01° 12.29 +0.21°
PUFA 37.75 £ 0.452 35.34 +0.06° 36.88 + 0.022 36.81 + 0.362
Total n-3 18.02 + 0.00° 16.08 + 0.09¢ 17.04 + 0.00° 19.37 +0.27°
Total n-6 19.47 + 0.45? 19.00 + 0.142 19.59 + 0.02? 17.13 £0.08°
n-3/n-6 0.92 +0.02° 0.85+0.01° 0.87 £ 0.00° 1.13+0.01°

LA linoleic acid, ALA alpha linolenic acid, ARA arachidonic acid, EPA eicosapentaenoeic acid, DHA
docosahexaenoic acid, SFA saturated fatty acid, MUFA mono unsaturated fatty acid, PUFA polyunsaturated fatty

acid. ND, not detected.

Data (mean) with different letters are significantly different among treatments according to ANOVA test (p<0.05).

pH stress

Shrimp fed diets with different levels of

rate observed in the control group (P<0.05,

MLP exhibited higher survival rates than
the control group when exposed to both low
(pH 4) and high (pH 10) pH stress.
Specifically, incorporating 100 g/kg MLP
into the diet resulted in 100% survival in
shrimp exposed to low pH stress, which
was significantly higher than the survival

Table 7).
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Table 6: Fatty acid profile of whole body of Litopenaeus vannamei fed with 0 (control), 25, 50, and 100 g/kg

mangrove leaf powder (MLP) (% total fatty acid).

ltems Treatments
Control MLP25 MLP50 MLP100

C12:0 0.39 +0.08° 0.56 +0.00? 0.45 +0.01% 0.37 + 0.04°
C14:0 0.37 +0.01° 0.38 +0.00% 0.41 +0.00? 0.30 +0.00°
C15:0 0.93 +0.05° 1.01 +0.01° 1.15+0.002 0.99 + 0.04°
C16:0 18.81 + 0.15% 18.90 + 0.05%® 18.89 +0.03* 18.34 +0.23°
C17:0 1.36 +0.01° 1.29 + 0.00° 1.34 +0.02%® 1.36 +0.018
C18:0 11.57 £ 0.01° 11.10 + 0.00¢ 11.78 + 0.02° 12.09 + 0.012
C20:0 0.48 £0.01? 0.33 +0.00° 0.36 +0.00P 0.47 £ 0.012
C22:0 0.49 £ 0.022 0.39 +0.00°¢ 0.40 + 0.00% 0.44 +0.00°
C24:.0 0.42 £0.022 0.34 + 0.00" 0.29 + 0.00°¢ 0.35+0.02°
SFA 34.84 +0.21% 34.32+0.08° 35.09 +£0.012 34.69 + 0.23%
Cle6:1 1.63+0.00 1.64 +£0.02 1.52+0.08 1.54+£0.01
Ci7:1 0.27 £ 0.002 0.21 +0.00¢ 0.21 +0.00°¢ 0.22 +0.00P
C18:1(n-9) 16.69 £ 0.112 15.27 +0.18° 15.31 +0.28° 15.24 + 0.06°
C18:1(n-9) 3.14+£0.22 3.52 +0.05 3.46 £ 0.02 3.40+0.02
C20:1 0.27£0.12 0.37+0.01 0.38 +0.01 0.43+0.04
Cc22:1 0.08 +0.00P ND ND 0.14 +0.022
MUFA 22.34 £0.22° 21.02 +0.16° 20.88 + 0.38° 21.03+0.07°
C18:2(n-6) LA 9.69+0.13 10.01+0.14 9.93+0.14 9.77 +0.09
C18:3(n-6) 0.08 £0.02 ND 0.06 +0.00 0.07 +£0.00
C18:3(n-3) ALA 0.45 + 0.00P 0.46 + 0.00P 0.52 +0.012 0.46 + 0.01°
C20:3 (n-6) 1.14+0.04 1.26+0.11 1.21+0.02 1.32+0.09
C20:3 (n-3) 0.06 +0.00 0.06 +0.00 ND 0.007 +0.01
C20:4(n-6) ARA 4.63 +0.01° 4.80 +0.032 4.81+0.08% 4.83 £0.042
C20:5(n-3) EPA 11.74 + 0.03% 11.91+0.122 11.75+0.19%® 11.43 +0.05°
C22:4 (n-6) 0.17 £0.03 0.11+0.00 0.12+0.01 0.15+0.01
C22:5 (n-6) 0.27 £0.052 0.13 + 0.02% 0.07 +0.01°¢ 0.19 + 0.02%
C22:5 (n-3) 0.43 +0.02° 0.41 +0.00P 0.45 +0.01° 0.55 +0.022
C22:6(n-3) DHA 14.42 +0.12° 15.50 + 0.142 15.10 £ 0.292 15.40 + 0.142
PUFA 43.05+0.19° 44,65 + 0.242 44,04 +0.392 44,27 +0.312
Total n-3 27.11+0.18° 28.35 +0.262 27.82 + 0.48% 27.93+0.23%
Total n-6 15.98 + 0.03° 16.30 + 0.022 16.21 +0.082 16.34 + 0.08?
n-3/n-6 1.69 + 0.00 1.74+0.01 1.71+0.03 1.71+0.00

LA linoleic acid, ALA alpha linolenic acid, ARA arashidonic acid, EPA eicosapentaenoeic acid, DHA
docosahexaenoic acid, SFA saturated fatty acid, MUFA mono unsaturated fatty acid, PUFA polyunsaturated fatty
acid. ND, not detected.

Data (mean) with different letters are significantly different among treatments according to ANOVA test (p<0.05).

Table 7: Survival rate (%) of Litopenaeus vannamei fed with 0 (control), 25, 50, and 100 g/kg mangrove leaf
powder (MLP) at the end of 48 h after pH=10 and pH=4

Items Treatments

Control MLP25 MLP50 MLP100
pH=10 60 +11.54 80 +11.54 70 +5.77 70+17.32
pH=4 60 + 11.54P 80 + 0.00% 80 + 0.00% 100 + 0.008

Data (mean + SD) with different letters are significantly different among treatments according to ANOVA test
(p<0.05).

Discussion

These compounds also make mangrove
plants a valuable supplement in aquaculture
feed (Gao and Lee, 2022; Wu et al., 2023).

Notably, the leaves of A. marina are
particularly high in flavonoids and phenolic
compounds (Wu et al., 2023). This study
aimed to evaluate the effects of dietary A.
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marina leaf powder on the performance of
L. vannamei shrimp, particularly focusing
on growth, survival, fatty acid composition,
and resistance to pH stress. Over a 13-week
period, various doses of MLP were
incorporated into the shrimp diet. The
results demonstrated that MLP
supplementation improved shrimp growth
performance,  survival, fatty  acid
composition, and resilience to pH stress.
The results of this study showed that the
addition of different levels of MLP to the
diet of cultured shrimp had positive effects
on growth indices and survival of shrimp.
The higher growth rate in the MLP fed
treatments might be related to the presence
of novel metabolites and bioactive
compounds, i.e., terpenoids, alkaloids,
phenolics, saponins, flavonoids, and
steroids in the mangrove leaf (Patra and
Thatoi, 2011; Wu et al., 2023). It is known
that mangrove leaf, particularly A. marina
is a rich source of novel natural products
that have promising biological activities
such as gastroprotective, cytotoxic,
antioxidant,  antibacterial,  antifungal,
antiviral, enzyme activation and inhibition,
immunosuppressive,  anti-inflammatory,
and antifeedant effects (Jassim and Naji,
2003; Dhayanithi et al., 2013; Sur et al.,
2015; Parthiban et al. 2022; Wu et al.,
2023). Therefore, these positive effects
might cause the improved growth indices of
shrimp. The positive effects of decomposed
mangrove leaf and extract on shrimp
growth performance and survival have
already been reported by different authors.
However, our study reported the positive
effects of mangrove leaf powder for the
first time on shrimp. Hajian et al. (2017)
reported positive effects of alcoholic

extract of A. marina leaves on the growth
and survival of shrimp, L. vannamei.
Moreover, the positive effects of dietary
decomposed  mangrove leaf litter
(Rhizophora apiculate, A. marina, A.
officinalis, Heritiera fomes, Sonneratia
apetala and S. caseolaris) on growth
performance have been demonstrated in
giant tiger shrimp, P. monodon (Hai and
Yakupitiyage, 2005; Rejeki et al., 2019;
Alam etal., 2022). In another study, the leaf
extract of mangrove species, Acanthus
ilicifolius improved the survival and non-
specific immune response of P. monodon
(Saptiani et al., 2021).

Nutrition is the most important factor
affecting the fat content and fatty acid
composition of aquatic animals and,
indeed, body fat and fatty acid composition
completely depend on the animal’s diet
(Buchtova et al., 2007; Tocher and
Glencross, 2015). The results of this study
showed that dietary MLP could
significantly increase the body fat, and n-3
and n-6 PUFAs, i.e., LA, ALA, EPA, DHA
and ARA in carcasses of shrimp. The
carcass PUFA contents in shrimp fed with
different levels of MLP were significantly
higher than the control group. Fatty acid
composition of dietary lipids plays an
essential role in the maintenance of proper
metabolic and many physiological
processes which lead to better survival and
growth (Colvin, 1976; Zeng et al., 2023).
Particularly, PUFAs, i.e., EPA and DHA
have been identified as important nutrients
for animal growth and reproduction (Caers
et al., 2000; Navarro and Villanueva, 2000;
Izquierdo et al., 2000; Jeffs et al., 2002;
Nelson et al., 2002). They play important
roles in the normal development of the
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body, the reproductive system, the function
of the cardiovascular and immune systems,
and the prevention of certain human
diseases such as depression (Schmidt et al.,
2005). Similar to our results, the inclusion
of some medicinal plants in the diet of
shrimp enhanced the PUFA contents of the
carcass. Alteranthera sessilis, Cissus
quadrangularis, Eclipta alba, Ocimum
sanctum, Phyllanthus amarus and Solanum
trilobatum were supplemented to the diet of
freshwater shrimp, M. rosenbergii and M.
malcolmsonii and could increase the PUFA
contents in shrimp carcasses
(Radhakrishnan et al., 2014; Muralisankar
et al., 2017). The fatty acid contents of the
experimental diets in the present study
showed significantly higher levels of LA
and ALA in the diets inoculated with 25 and
50 g/kg MLP and the DHA and ARA
contents in tissues of shrimp were
significantly higher in shrimp fed with
MLP inoculated diets. It is well known that
Long chain PUFAs (LC-PUFAS) in aquatic
species is endogenously biosynthesized
from ALA and LA precursors through fatty
acid desaturation and carbon chain
elongation (Morais et al., 2015; Monroig et
al., 2016; Feng et al., 2021; Zhu et al.,
2023). It has been demonstrated that L.
vannamei has the potential ability to
convert ALA to DHA, EPA and ARA
(Chenetal., 2014; Lietal., 2015; Pakravan
et al., 2017; Feng et al., 2021). Therefore,
itis likely that higher levels of LA and ALA
in diets containing MLP could increase the
LC-PUFA contents in the carcass of shrimp
and improve the conversion of LA and
ALA to LC-PUFAs in L. vannamei.

The improved growth performance and
the higher survival of shrimp fed dietary

MLP compared to the control group could
be associated with the positive effect of
MLP on fatty acid composition. In the
current study, the increased levels of LC-
PUFAs contents in MLP-fed shrimp were
consistent with the higher growth indices
and survival of shrimp fed with MLP-
supplemented diets. It is well known that
dietary PUFAs play crucial roles in growth
performance, development, non-specific
immunity and reproduction of L. vannamei
(Feng et al., 2021; Zhu et al., 2023).
Supplementation of DHA and ARA in the
diet is found to be effective in promoting
the growth and survival of L. vannamei
(Gonzalez-Félix et al, 2003). The
appropriate diet of LA and ARA could also
positively improve the growth, antioxidant
ability and non-specific immunity of L.
vannamei ; Zhu et al., 2023).

In the present study, the survival of
shrimp was improved in response to low
and high pH stress when fed with dietary
MLP. It is known that low pH stress can
make the exoskeletons and carapace of
shrimp remarkably softer than the shrimp
exposed to normal pH (Geoff and Greg,
1992). When exposed to acute low and high
pH stress, oxidative damage occurs in
shrimp, with apoptosis and changes in cell
viability (Wang et al., 2009). The
mangrove plants possess several biological
activities, i.e., antioxidants that might help
shrimp tolerate pH stress when it is
inoculated into the diet of shrimp. It is well
known that mangrove leaves contain a
strong antioxidant activity as they grow
under environmental stress conditions
(Patra et al., 2009). The extract of
mangrove leaves showed promising
antioxidant properties when tested for
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various antioxidant assays (Konishi et al.,
1998, 2000; Masuda et al., 1999; Chen et
al., 2000; Patra et al., 2009). These strong
antioxidant properties are believed to be
due to the phenolic and lignan type
compounds, and a benzofuran derivative in
mangrove leaves (Jong and Chau, 1998). In
addition to the antioxidant capacity of
MLP, our results showed higher amounts of
carcass lipid and PUFAs in MLP-fed
shrimp compared to the control group,
which might help shrimp to survive better
in a pH stress environment. Shrimp might
use body lipids and fatty acid storage in
muscle to break them down to glucose
(Pascual et al., 2006) and provide more
energy to deal with the adverse effects of
stress. In general, various studies have
shown that dietary fatty acid composition is
an important environmental variable that
can have a significant effect on adaptive
responses to  physiological  stresses
(McKenzie et al.,, 1997; Huang et al.,
2019). Previous studies on shrimp have
shown that supplementation with plant
extracts can enhance their ability to tolerate
environmental stress. For example, a
dietary ethanolic extract of Prosopis
juliflora  improved cold water stress
resistance in L. vannamei (Zabolinia et al.,
2024). Additionally, L. vannamei fed a diet
containing Moringa oleifera leaf extract
exhibited a significantly improved survival
rate under high salinity stress (Baniesmaeili
etal., 2023).

Conclusions

The results of this study indicated the
positive effects of MLP on growth
performance, survival, body biochemical
and fatty acid composition, and pH stress

resistance L. vannamei. Significant
improvements in growth performance and
survival were observed in shrimp fed
different levels of MLP compared to the
control group. Moreover, the body of
shrimp fed diets containing different
amounts of MLP showed significantly
higher contents of LC-PUFAs i.e., DHA
and ARA compared to the control diet. The
shrimp fed different levels of MLP also
showed a higher survival rate than the
control group. These results demonstrate
the positive effects of dietary MLP on
growth performance and resistance to pH
stress in L. vannamei.

Acknowledgments
The authors thank the personnel of Kolahi
Shrimp Development and Training Center,
for their help and providing facilities to
carry out this work.

Conflicts of interest
The authors declare that they have no
conflict of interest.

References

Abarike, E.D., Attipoe, F.Y.K. and
Alhassan, E.H., 2012. Effects of
feeding fry of Oreochromis niloticus on
different agro-industrial by-products.
International Journal of Fisheries and
Aquaculture, 4(8), 178-185. DOI:
10.5897/1JFA11.028

Alam, M.1., Yeasmin, S., Khatun, M.M.,
Rahman, M.M., Ahmed, M.U.,
Debrot, A.O., Ahsan, M.N. and
Verdegem, M.C.J., 2022. Effect of
mangrove leaf litter on shrimp (Penaeus
monodon, Fabricius, 1798) growth and


https://doi.org/10.5897/IJFA11.028
https://doi.org/10.5897/IJFA11.028
https://jifro.ir/article-1-5713-en.html

[ Downloaded from jifro.ir on 2026-02-04 ]

466 Babanejad-Abkenar et al., Effects of dietary mangrove leaf powder on growth performance, survival, ...

color. Aquaculture Reports, 25, 101185.
DOI: 10.1016/j.aqrep.2022.101185

Amisah, S., Oteng, M.A. and Ofori, J.K.,

2009. Growth performance of the
African catfish, Clarias gariepinus, fed
varying inclusion levels of Leucaena
leucocephala leaf meal. Journal of
applied Sciences and environmental
Management, 13(1), 21-26. DOI:
10.4314/jasem.v13i1.55257

AOAC., 1995. Official methods of analysis

16th Ed. Association of official
analytical chemists. Washington DC,
USA.

Avenido, P. and Serrano Jr, A.E., 2012a.

Effects of the apple mangrove
(Sonneratia caseolaris) on
antimicrobial, immunostimulatory and
histological responses in black tiger
shrimp postlarvae fed at varying feeding
frequency. Aquaculture, Aquarium,
Conservation & Legislation, 5(3), 112-
123.

Avenido, P. and Serrano, A.E.J., 2012b.

Effects of the apple mangrove
(Sonneratia caseolaris) on growth,
nutrient utilization and digestive enzyme
activities of the black tiger shrimp
Penaeus monodon postlarvae. European
Journal of Experimental Biology, 2(5),
1603-1608.

Avenido, P. and Serrano Jr, A.E., 2012c.

Twig extract of the apple mangrove
affects the activities of trypsin,
chymotrypsin and lipase in post larval
black tiger shrimp Penaeus monodon at
varying feeding frequencies. Extreme
Life, Biospeology and Astrobiology,
4(2), 56-61.

Balakrishnan, S., Srinivasan, M. and

Mohanraj, J., 2016. Biosynthesis of

silver nanoparticles from mangrove
plant (Avicennia marina) extract and
their potential mosquito larvicidal
property. Journal of Parasitic Diseases,
40(3), 991-996. DOI: 10.1007/s12639-
014-0621-5

Baniesmaeili, Y., Akbarzadeh, A,

Abdollahi, F. and Niroonamd, M.,
2023. Effectiveness of dietary Moringa
oleifera leaf powder and extract in the
Pacific white shrimp (Litopenaeus
vannamei). Iranian Journal of Fisheries
Sciences. 22 (3), 547-565. DOI:
10.22092/ijfs.2023.129278

Buchtova, H., Svobodova, Z., Krizek, M.,

Vacha, F., Kocour, M., Velisek, J.,
2007. Fatty acid composition in
intramuscular lipids of experimental
scaly crossbreds in 3-year-old common
carp (Cyprinus carpio L.). Acta
Veterinaria Brno, 76, 73-81. DOI:
10.2754/avbh200776S8S073

Caers, M., Coutteau, P. and Sorgeloos P.,

2000. Incorporation of different fatty
acids, supplied as emulsions or
liposomes, in the polar and neutral lipids
of Crassostrea gigas spat. Aquaculture,
186, 157-171. DOI : 10.1016/S0044-
8486(99)00364-6

Chen, K., Li, E., Gan, L., Wang, X., Xu,

C., Lin, H., Qin, J. G. and Chen, L.,
2014. Growth and lipid metabolism of
the pacific white shrimp, Litopenaeus
vannamei, at different salinities. Journal
of Shellfish Research, 33, 825-832.
DOI: 10.2983/035.033.0317

Chen, P.S., Li, J.H., Liu, T.Y. and Lin,

T.C., 2000. Folk medicine Terminalia
catappa and its major tannin component,
punicalagin, are effective against
bleomycin-induced genotoxicity in


https://doi.org/10.1016/j.aqrep.2022.101185
https://doi.org/10.4314/jasem.v13i1.55257
https://doi.org/10.4314/jasem.v13i1.55257
https://doi.org/10.1007/s12639-014-0621-5
https://doi.org/10.1007/s12639-014-0621-5
https://doi.org/10.2754/avb200776S8S073
https://doi.org/10.2754/avb200776S8S073
https://doi.org/10.2983/035.033.0317
https://jifro.ir/article-1-5713-en.html

[ Downloaded from jifro.ir on 2026-02-04 ]

Iranian Journal of Fisheries Sciences 24(3) 2025 467

Chinese hamster ovary cells. Cancer
letters, 152(2), 115-122. DOI:
10.1016/S0304-3835(99)00395-X

Citarasu, T., Jayarani, T.V., Babu, M.M.

and Marian, M.P., 1999. Use of herbal
bio-medicinal products in aquaculture of
shrimp. In  Aqua-Terr  Annual
Symposium, School of Biological
Sciences, MK University, Madurai, 78-
85.

Colvin, P.M., 1976. The effect of selected

seed oils on the fatty acid composition
and growth of Penaeus indicus.
Agquaculture, 8(1), 81-89. DOI:
10.1016/0044-8486(76)90021

Dhayanithi, N.B., Ajith Kumar, T.T.,

Balasubramanian, T. and Tissera, K.,
2013. A study on the effect of using
mangrove leaf extracts as a feed additive
in the progress of bacterial infections in
marine ornamental fish. Journal of
Coastal Life Medicine, 1(3), 217-224.
DOI: 10.12980/JCLM.1.20133D317

Duan, Y., Dong, H., Wang, Y., Li, H.,

Liu, Q., Zhang, Y. and Zhang, J.,
2017a. Intestine oxidative stress and
immune response to sulfide stress in
Pacific white shrimp Litopenaeus
vannamei. Fish & Shellfish
Immunology, 63, 201-207. DOI:
10.1016/).fsi.2017.02.013

Eshagh Nimvari, M., Akbarzadeh, A.

and Sourinejad, 1., 2019. Improvement
of hemolymph immunity indices of
Whiteleg shrimp (Litopenaeus vanamei)
fed with mangrove (Avicennia marina)
leaf powder in low temperature stress.
Journal of Aquatic Ecology, 8(4), 11-21.
(In Persian)

FAO., 2018. The State of World Fisheries

and  Aquaculture, Meeting the

sustainable development goals. Rome,
Italy

Feng, Z.F., Dong, W.X., Bu, F. and Zhu,

W., 2021. Influence of dietary n-3
polyunsaturated fatty acids (PUFAS) on
growth, PUFA composition and the
expression of FAD6 and ELOV5S in
pacific white shrimp (Litopenaeus
vannamei).  Aquaculture  Research,
52(4), 1666-1676. DOl:
10.1111/are.15019

Gao, X. and Lee, S.Y., 2022. Feeding

strategies of mangrove leaf-eating crabs
for meeting their nitrogen needs on a
low-nutrient diet. Frontiers in Marine
Sciences, 9, 872272. DOl:
10.3389/fmars.2022.872272

Geoff, L.A. and Greg, B.M., 1992. Effects

of pH and salinity on survival, growth
and osmoregulation in  Penaeus
monodon  Fabricius.  Aquaculture,
107(1), 33-47. DOI: 10.1016/0044-
8486(92)90048-P

Gephart, J.A., Golden, C.D., Asche, F.,

Belton, B., Brugere, C., Froehlich,
H.E., Fry, J.P., Halpern, B.S., Hicks,
C.C., Jones, R.C. and Klinger, D.H.,
2020. Scenarios for global aquaculture
and its role in human nutrition. Reviews
in Fisheries Science & Adquaculture,
29(1) 122-138. DOI:
10.1080/23308249.2020.1782342

Gonzalez-Félix, M.L., Gatlin Tii, D.M.,

Lawrence, A.L. and Perez-Velazquez,
M., 2003. Nutritional evaluation of fatty
acids for the open thelycum shrimp,
Litopenaeus vannamei: Il. Effect of
dietary n-3 and n-6 polyunsaturated and
highly unsaturated fatty acids on
juvenile shrimp growth, survival, and
fatty acid composition. Aquaculture


https://doi.org/10.1016/S0304-3835\(99\)00395-X
https://doi.org/10.1016/S0304-3835\(99\)00395-X
https://doi.org/10.1016/0044-8486\(76\)90021
https://doi.org/10.1016/0044-8486\(76\)90021
https://doi.org/10.12980/JCLM.1.20133D317
https://doi.org/10.1016/j.fsi.2017.02.013
https://doi.org/10.1016/j.fsi.2017.02.013
https://doi.org/10.1111/are.15019
https://doi.org/10.1111/are.15019
https://doi.org/10.3389/fmars.2022.872272
https://doi.org/10.3389/fmars.2022.872272
https://doi.org/10.1016/0044-8486\(92\)90048-P
https://doi.org/10.1016/0044-8486\(92\)90048-P
https://doi.org/10.1080/23308249.2020.1782342
https://doi.org/10.1080/23308249.2020.1782342
https://jifro.ir/article-1-5713-en.html

[ Downloaded from jifro.ir on 2026-02-04 ]

468 Babanejad-Abkenar et al., Effects of dietary mangrove leaf powder on growth performance, survival, ...

Nutrition,  9(2), 115-122. DOI:
10.1046/j.1365-2095.2003.00232.x
Hagian, M., Sourinejad, 1., Dashtian
Nasab, A. and Naji, A., 2017. Effect of
dietary supplementation of enriched
Artemia with ethanolic leaf extract of
grey mangrove Avicennia marina on
growth performance, survival and stress
resistance in Pacific white shrimp
(Penaeus vannamei) postlarvae. Aquatic
Physiology and Biotechnology, 5(3), 75-
94. DOI: 10.22124/japh.2017.2595 (In

Persian)

Hai, T.N. and Yakupitiyage, A., 2005.
The effects of the decomposition of
mangrove leaf litter on water quality,
growth and survival of black tiger
shrimp (Penaeus monodon Fabricius,
1798). Aquaculture, 250, 700-712. DOI:
10.1016/j.aquaculture.2005.04.068

Huang, M., Dong, Y., Zhang, Y., Chen,
Q., Xie, J., Xu, C., Zhao, Q. and Li, E.,
2019. Growth and lipidomic responses
of juvenile pacific white shrimp
Litopenaeus vannamei to low salinity.
Frontiers in Physiology, 10, 468362.
DOI: 10.3389/fphys.2019.01087

Immanuel, G., Palavesam, A. and Peter
Marian, M., 2001. Effects of feeding
lipid enriched Artemia naupl on
survival, growth, fatty acids and stress
resistance of post larvae Penaeus
indicus. Asian Journal of Science and
Technology, 4, 377- 388. DOL:
10.33997/j.afs.2001.14.4.003

Izquierdo, M.S., Socorro, J.,
Arantzamendi, L. and Hernandez-
Cruz, C.M., 2000. Recent advances in
lipid nutrition in fish larvae. Fish
Physiology and Biochemistry, 22, 97-
107. DOI: 10.1023/A:1007810506259

Jassim, S.A. and Naji, M.A., 2003. Novel
antiviral agents: a medicinal plant
perspective.  Journal of  Applied
Microbiology, 95(3), 412-427. DOI:
10.1046/j.1365-2672.2003.02026.X.

Jeffs, A.G., Phleger, C.H., Nelson, M.M.,
Mooney, B.D. and Nichols, P.D., 2002.
Marked depletion of polar lipid and non-
essential fatty acids following settlement
by post-larvae of the spiny lobster Jasus
verreauxi. Comparative Biochemistry
and Physiology Part B Biochemistry and
Molecular Biology, 131(2), 305-311.
DOI: 10.1016/s1095-6433(01)00455-x

Jong, T.T. and Chau, S.W., 1998.
Antioxidative activities of constituents
isolated from Pandanus odoratissimus.
Phytochemistry, 49(7), 2145-2148. DOI:
10.1016/S0031-9422(98)00390-2

Khafagi, 1., Gab-Alla, A., Salama, W.
and Fouda, M., 2003. Biological
activities and phytochemical
constituents of the gray mangrove
Avicennia marina (Forssk.) Vierh.
Egyptian Journal of Botany, 5, 62-69.

Konishi, T., Konoshima, T., Fujiwara, Y.
and Kiyosawa, S., 2000. Excoecarins
D, E, and K, from Excoecaria agallocha.
Journal of Natural Products, 63(3), 344-
346. DOI: 10.1021/np990366t

Konishi, T., Takasaki, M., Tokuda, H.,
Kiyosawa, S. and Konoshima, T.,
1998. Anti-tumor-promoting activity of
diterpenes from Excoecaria agallocha.
Biological and Pharmaceutical Bulletin,
21(9), 993-996. DOI:
10.1248/bph.21.993

Kumar, V.A., Ammani, K. and
Siddhardha, B., 2011. In Vvitro
antimicrobial activity of leaf extracts of
certain mangrove plants collected from


https://doi.org/10.1046/j.1365-2095.2003.00232.x
https://doi.org/10.1046/j.1365-2095.2003.00232.x
https://doi.org/10.1016/j.aquaculture.2005.04.068
https://doi.org/10.1016/j.aquaculture.2005.04.068
https://doi.org/10.3389/fphys.2019.01087
https://doi.org/10.33997/j.afs.2001.14.4.003
https://doi.org/10.33997/j.afs.2001.14.4.003
https://doi.org/10.1023/A:1007810506259
https://doi.org/10.1046/j.1365-2672.2003.02026.x
https://doi.org/10.1046/j.1365-2672.2003.02026.x
https://doi.org/10.1016/S0031-9422\(98\)00390-2
https://doi.org/10.1016/S0031-9422\(98\)00390-2
https://doi.org/10.1021/np990366t
https://jifro.ir/article-1-5713-en.html

[ Downloaded from jifro.ir on 2026-02-04 ]

Iranian Journal of Fisheries Sciences 24(3) 2025 469

Godavari estuarine of Konaseema delta,
India. International  Journal of
Medicinal and Aromatic Plants, 1(2),
132-136.

Lepage, G. and Roy, C.C. 1984.
Improved recovery of fatty acid through
direct transesterification without prior
extraction or purification. Journal of
Lipid Research, 25(12), 1391-1396.
DOI: 10.1016/s0022-2275(20)34457-6

Li, C.C. and Chen, J.C., 2008. The
immune response of white shrimp
Litopenaeus  vannamei and  its
susceptibility to Vibrio alginolyticus
under low and high pH stress. Fish &
Shellfish Immunology, 25(6), 701-709.
DOI: 10.1016/j.fsi.2008.01.007

Li, E., Wang, X., Chen, K., Xu, C., Qin,
J. G. and Chen, L., 2015. Physiological
change and nutritional requirement of
Pacific white shrimp, Litopenaeus
vannamei, at low salinity. Aquaculture,
7,1-19. DOI: 10.1111/rag.12104

Masuda, T., Yonemori, S., Oyama, Y.,
Takeda, Y., Tanaka, T., Andoh, T.,
Shinohara, A. and Nakata, M., 1999.
Evaluation of the antioxidant activity of
environmental plants: activity of the leaf
extracts from seashore plants. Journal of
Agricultural and Food chemistry, 47(4),
1749-1754. DOI: 10.1021/jf980864s

McKenzie, D. J., Piraccini, G., Papini, N.,
Galli, C., Bronzi, P., Bolis, C.G. and
Taylor, E.W., ~ 1997. Oxygen
consumption and ventilatory reflex
responses are influenced by dietary
lipids in sturgeon. Fish Physiology and
Biochemistry, 16, 365-379. DOI:
10.1023/A:1007702908947

Monroig, O., Hontoria, F., Varg, I.,
Tocher, D.R. and Navarro, J.C., 2016.

Investigating the essential fatty acids in
the common cuttlefish Sepia officinalis
(Mollusca, Cephalopoda): Molecular
cloning and functional characterisation
of fatty acyl desaturase and elongase.
Aquaculture, 450, 38-47. DOL:
10.1016/j.aquaculture.2015.07.003
Morais, S., Mourente, G., Martinez, A.,
Gras, N. and Tocher, D.R., 2015.
Docosahexaenoic acid biosynthesis via
fatty acyl elongase and A4-desaturase
and its modulation by dietary lipid level
and fatty acid composition in a marine
vertebrate. Biochimica et Biophysica
Acta - Molecular and Cell Biology of
Lipids1851(5), 588-597. DOI:
10.1016/j.bbalip.2015.01.014
Muralisankar, T., Bhavan, P. S,
Radhakrishnan, S., Santhanam, P.
and Jayakumar, R., 2017. Growth
performance, muscle  biochemical
constituents, amino acid and fatty acid
compositions of the giant freshwater
prawn, Macrobrachium rosenbergii, fed
with herb-incorporated diet.
Aquaculture Nutrition, 23(4), 766-776.
DOI: 10.1111/anu.12443
Nadarajah, S. and Flaaten, O., 2017.
Global aquaculture  growth and
institutional quality. Marine Policy, 84,
142-151. DOl:
10.1016/j.marpol.2017.07.018
Navarro, J.C. and Villanueva, R., 2000.
Lipid and fatty acid composition of early
stages of cephalopods: an approach to
their lipid requirements. Aquaculture,
183(1-2), 161-177. DOI:
10.1016/S0044-8486(99)00290-2
Nelson, M.M., Leighton, D.L., Phleger,
C.F. and Nichols, P.D., 2002.
Comparison of growth and lipid


https://doi.org/10.1016/s0022-2275\(20\)34457-6
https://doi.org/10.1016/j.fsi.2008.01.007
https://doi.org/10.1111/raq.12104
https://doi.org/10.1021/jf980864s
https://doi.org/10.1023/A:1007702908947
https://doi.org/10.1023/A:1007702908947
https://doi.org/10.1016/j.aquaculture.2015.07.003
https://doi.org/10.1016/j.aquaculture.2015.07.003
https://doi.org/10.1111/anu.12443
https://doi.org/10.1016/j.marpol.2017.07.018
https://doi.org/10.1016/j.marpol.2017.07.018
https://doi.org/10.1016/S0044-8486\(99\)00290-2
https://doi.org/10.1016/S0044-8486\(99\)00290-2
https://jifro.ir/article-1-5713-en.html

[ Downloaded from jifro.ir on 2026-02-04 ]

470 Babanejad-Abkenar et al., Effects of dietary mangrove leaf powder on growth performance, survival, ...

composition in the green abalone,
Haliotis fulgens, provided specific
macroalgal diets. Comparative
Biochemistry and Physiology Part B:
Biochemistry and Molecular Biology,
131(4), 695-712. DOI: 10.1016/S1096-
4959(02)00042-8

Pakravan, S., Akbarzadeh, A., Sajjadi,

M.M., Hajimoradloo, A. and Noori,
F., 2017. Partial and total replacement of
fish meal by marine microalga Spirulina
platensis in the diet of Pacific white
shrimp Litopenaeus vannamei: Growth,
digestive enzyme activities, fatty acid
composition and responses to ammonia
and hypoxia stress. Aquaculture
Research, 48(11), 5576-5586. DOI:
10.1111/are.13379

Parthiban, A, Sivasankar, R.,

Sachithanandam, V., Ajmal Khan, S.,
Jayshree, A. and Murugan, K.
Sridhar, R. 2022. An integrative review
on bioactive compounds from Indian
mangroves for future drug discovery.
South African Journal of Botany, 149,
899-915. DOI:
10.1016/j.sajb.2021.10.004.

Pascual, C., Sanchez, A., Zenteno, E.,

Cuzon, G., Gabriela, G., Brito, R.,
Gelabert, R., Hidalgo, E. and Rosas,
C., 2006. Biochemical, physiological,
and immunological changes during
starvation in juveniles of Litopenaeus
vannamei. Aquaculture, 251(2-4), 416-
429. DOI:
10.1016/j.aquaculture.2005.06.001

Patra, J.K. and Thatoi, H.N., 2011.

Metabolic diversity and bioactivity
screening of mangrove plants: a review.
Acta Physiologiae Plantarum, 33, 1051-
1061. DOI: 10.1007/s11738-010-0667-7

Patra, J.K., Mohapatra, A.D., Rath,

S.K., Dhal, N.K. and Thatoi, H., 2009.
Screening of antioxidant and antifilarial
activity of leaf extracts of Excoecaria
agallocha L. International Journal of
Integrative Biology, 7(1), 9-15.

Platel, K., Rao, A., Saraswahi, G. and

Srinivasan, K., 2002. Digestive
stimulant action of three Indian spice
mixes in experimental rats. Nahrung,
46(6), 394-398. DOI: 10.1002/1521-
3803

Pushparajan, N. and Soundarapandian,

P., 2010. Recent farming of marine
black tiger shrimp, Penaeus monodon
(Fabricius) in South India. African
Journal of Basic & Applied Sciences,
2(1-2), 33-36.

Radhakrishnan, S., Bhavan, P. S,

Seenivasan, C., Shanthi, R. and
Poongodi, R., 2014. Influence of
medicinal herbs (Alteranthera sessilis,
Eclipta alba and Cissus quadrangularis)
on growth and biochemical parameters
of the freshwater prawn Macrobrachium
rosenbergii. Aquaculture International,
22(2), 551-572. DOI: 10.1007/s10499-
013-9666-1

Rejeki, S., Middeljans, M., Widowati,

L.L., Ariyati, R.W., Elfitasari, T. and
Bosma, R.H., 2019. The effects of
decomposing mangrove leaf litter and its
tannins on water quality and the growth
and survival of tiger prawn (Penaeus
monodon) post-larvae. Biodiversitas,
20(9), 2750-2757. DOI:
10.13057/biodiv/d200941

Safdari, V. and Shadman, P., 2015. Wood

anatomy of an Iranian Mangrove plant,
Avicennia marina (Forsk) Vierth
growing in mangrove forests (Ghashem


https://doi.org/10.1016/S1096-4959\(02\)00042-8
https://doi.org/10.1016/S1096-4959\(02\)00042-8
https://doi.org/10.1111/are.13379
https://doi.org/10.1111/are.13379
https://doi.org/10.1016/j.sajb.2021.10.004
https://doi.org/10.1016/j.sajb.2021.10.004
https://doi.org/10.1016/j.aquaculture.2005.06.001
https://doi.org/10.1016/j.aquaculture.2005.06.001
https://doi.org/10.1007/s11738-010-0667-7
https://doi.org/10.1002/1521-3803\(20021101\)46:6%3c394::AID-FOOD394%3e3.0.CO;2-D
https://doi.org/10.1002/1521-3803\(20021101\)46:6%3c394::AID-FOOD394%3e3.0.CO;2-D
https://doi.org/10.13057/biodiv/d200941
https://doi.org/10.13057/biodiv/d200941
https://jifro.ir/article-1-5713-en.html

Iranian Journal of Fisheries Sciences 24(3) 2025 471

Island). Iranian Journal of Wood and
Paper Science Research, 29(4), 560-
570. DOI: 10.22092/ijwpr.2014.8472

Saptiani, G., Prayitno, S.B. and

Anggarawati, S., 2021. Effect of
mangrove leaf extract (Acanthus
ilicifolius) on non-specific immune
status and vibriosis resistance of black
tiger shrimps (Penaeus monodon)
challenged  with  Vibrio  harveyi.
Veterinary World, 14(8), 2282p. DOI:
10.14202/vetworld.2021.2282-2289

Schmidt, E.B., Arnesen, H., de Caterina,

R., Rasmussen, L.H. and Kristensen,
S.D., 2005. Marine n-3 polyunsaturated
fatty acids and coronary heart disease:
Part 1. Background, epidemiology,
animal data, effects on risk factors and
safety. Thrombosis Research, 115(3),
163-170. DOl:
10.1016/j.thromres.2004.09.006

Shepard, C.C., Crain, C.M. and Beck,

M.W., 2011. The protective role of
coastal marshes: a systematic review and
meta-analysis. PloS one, 6(11), 27374.
DOI: 10.1371/journal.pone.0027374

Tocher, D.R. and Glencross, B.D., 2015.

Lipids and fatty acids. Dietary Nutrients,
Additives, and Fish Health, 47-94. DOI:
10.1002/9781119005568.ch3

United Nations., 2015. World population

prospects: The 2015 revision. United
Nations Department of Economic and
Social Affairs Population Division. New
York. DOl:
https://esa.un.org/unpd/wpp/Publication
s/Files/Key_Findings_ WPP_2015.

Vadlapudi, V. and Naidu, K.C., 2015. In

vitro antimicrobial potentiality of
mangrove plant Myriostachya wigtiana
against  selected  phytopathogens.
Biomedical and Pharmacology Journal,
2(2), 235-238.

Wang, W.N., Zhou, J., Wang, P., Tian,

T.T., Zheng, Y., Liu, Y., Mai, W.J.
and Wang, A.L., 2009. Oxidative
stress, DNA damage and antioxidant
enzyme gene expression in the Pacific
white shrimp, Litopenaeus vannamei
when exposed to acute pH stress.
Comparative Biochemistry and
Physiology Part C: Toxicology &

Sur, T.K.,, Hazra, A. K., Bhattacharyya,
D. and Hazra, A., 2015.
Antiradicalandantidiabetic properties of

Pharmacology, 150(4), 428-435. DOI:
10.1016/j.cbpc.2009.06.010
Wu, Z., Shang, X., Liu, G. and Xie, Y.,

standardized extract of Sunderban 2023. Comparative  analysis  of
mangrove  Rhizophor  amucronata. flavonoids, polyphenols and volatiles in
PharmacognMag, 11(42), 389-394. roots, stems and leaves of five

DOI: 10.4103/0973-1296.153094
Susianingsih, E., 2021. Prevention of
white spot syndrome virus (WSSV) in

mangroves. PeerJ, 11, e15529. DOI:
10.7717/peerj.15529
Yao, W., Zhang, C., Li, X,, He, M.,

[ Downloaded from jifro.ir on 2026-02-04 ]

tiger shrimp Penaeus monodon using
boiled mangrove leaf extract Sonneratia
alba in laboratory scale. In IOP
Conference  Series:  Earth  and
Environmental Science, 860(1), 012049.
DOI: 10.1088/1755-1315/860/1/012049

Wang, J. and Leng, X., 2020. The
replacement of fish meal with fermented
soya bean meal or soya bean meal in the
diet of Pacific white shrimp
(Litopenaeus vannamei). Aquaculture


https://doi.org/10.22092/ijwpr.2014.8472
https://doi.org/10.14202/vetworld.2021.2282-2289
https://doi.org/10.14202/vetworld.2021.2282-2289
https://doi.org/10.1016/j.thromres.2004.09.006
https://doi.org/10.1016/j.thromres.2004.09.006
https://doi.org/10.1088/1755-1315/860/1/012049
https://doi.org/10.1002/9781119005568.ch3
https://doi.org/10.1002/9781119005568.ch3
https://doi.org/10.1016/j.cbpc.2009.06.010
https://doi.org/10.1016/j.cbpc.2009.06.010
https://jifro.ir/article-1-5713-en.html

472 Babanejad-Abkenar et al., Effects of dietary mangrove leaf powder on growth performance, survival, ...

Research, 51(6), 2400-2409. DOI:
10.1111/are.14583

Yousif, O.M., Osman, M.F. and

Alhadrami, G.A., 1996. Evaluation of
dates and date pits as dietary ingredients

Zeng, X., Li, S, Liu, L., Cal, S., Ye, Q.,

Xue, B., Wang, X., Zhang, S., Chen,
F., Cai, C, Wang, F. and Zeng, X.
2023. Role of functional fatty acids in
modulation of reproductive potential in

[ Downloaded from jifro.ir on 2026-02-04 ]

livestock. Journal of Animal Science
and Biotechnology, 14, 24. DOI:
10.1186/540104-022-00818-9

Zhu, W., Dong, R., Ge, L., Yang, Q., Lu,
N., Li, H. and Feng, Z., 2023. Effects of
dietary n-6 polyunsaturated fatty acids

in tilapia (Oreochromis aureus) diets
differing in protein sources. Bioresource
Technology, 57(1), 81-85. DOI:
10.1016/0960-8524(96)00054-5

Zabolinia, M., Abdoli, L. and
Akbarzadeh, A., 2024. Dietary

ethanolic extract of Prosopis juliflora (PUFA) composition on  growth
improved immune-antioxidant capacity performances and non-specific
and resistance to cold water stress in immunity in pacific white shrimp
Pacific white shrimp, Litopenaeus (Litopenaeus vannamei). Aquaculture
vannamei. Iranian Journal of Fisheries Reports, 28, 101436. DOl:

Sciences, 23 (3), 473-484. DOI:
10.22092/ijfs.2024.131222

10.1016/j.aqrep.2022.101436


https://doi.org/10.1111/are.14583
https://doi.org/10.1111/are.14583
https://jasbsci.biomedcentral.com/
https://jasbsci.biomedcentral.com/
https://doi.org/10.1186/s40104-022-00818-9
https://doi.org/10.1186/s40104-022-00818-9
https://doi.org/10.1016/j.aqrep.2022.101436
https://doi.org/10.1016/j.aqrep.2022.101436
https://jifro.ir/article-1-5713-en.html
http://www.tcpdf.org

