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Abstract A 90-day feeding trial was conducted on
the growth performance, feeding efficacy, body
indices, various hematological and plasma biochem-
ical parameters, and histopathological examination of
the gonads from male and female Nile tilapia finger-
lings when fed different crude plant extracts from
Cinnamomum camphora, Euphorbia hirta, Azadir-
achta indica, or Carica papaya at 2 g kg~ compared
to a control diet. This was followed by a 14-day
challenge to Streptococcus agalactiae. All treatments
were triplicated, and each treatment consisted of 30
fish. Results showed that C. papaya extracts were the
most effective at delaying gonadal maturation to both
male and female tilapia, as well as significantly
increasing (P < 0.05) growth performance compared
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to the control treatment. Similarly, dietary C. cam-
phora and E. hirta extracts also significantly improved
growth, while no significant growth effect was
detected between the A. indica and control treatments
(P > 0.05). Further, crude body lipid was lower in the
C. camphora, E. hirta and C. papaya treatments, but
was only significantly lower for the E. hirta treatment
compared to the control. Meanwhile, none of the
hematological or biochemical parameters were signif-
icantly affected, although plasma ALT was signifi-
cantly lower for tilapia fed A. indica compared to the
control. After the 14-day bacterial challenge, tilapia
fed C. camphora supplementation had significantly
higher survival, compared to the control, but was not
significantly higher than the other supplemented diets.
Results indicate that dietary C. papaya extract can
significantly promote growth and delay gonadal
maturation to both male and female tilapia, while C.
camphora was the most effective prophylactic to S.
agalactiae and may be a cost-effective and eco-
friendly alternative to antibiotics.

Keywords Cinnamomum camphora - Euphorbia
hirta - Azadirachta indica - Carica papaya - Gonad
maturation - Streptococcus agalactiae

Introduction

Tilapia are currently the second most farmed fish
group in the world due to many beneficial
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characteristics including fast growth, tolerance to
adverse environmental conditions, and high market
demand (Ng and Romano 2013). However, a major
drawback is their precocious spawning since this can
lead to uneven harvesting sizes, high stocking densi-
ties, resource wastage, and potentially energy chan-
neled for reproduction, which could otherwise be for
somatic growth. One method to mitigate unwanted
reproduction is the farming of monosex male popu-
lations through manual sexing, direct sex reversal to
males at the early fry stage or using “supermale”
technology, by sexually reversing male broodstock to
produce eggs (Beardmore et al. 2001; Singh 2013).
While these methods have been shown to be success-
ful, they can be time-consuming, expensive and,
moreover, the use of hormones for food fish is
increasingly becoming regulated in some areas. Sub-
sequently, there has been increasing interest in the use
of more environmentally friendly and inexpensive
methods to induce sterility in fish which have included
various plant meals and extracts (Jegede and Fagbenro
2008a, b; Obaroh and Nzeh 2013; Khalil et al. 2014).

It has been demonstrated that the gonadal matura-
tion of tilapia was delayed from the ingestion of
different plants including papaya, Carica papaya, seed
powder (Jegede and Fagbenro 2008a; Abbas and
Abbas 2011; Khalil et al. 2014), mango, Mangifera
indica, leaf extract (Obaroh and Nzeh 2013) and neem,
Azadirachta indica, leaf meal (Jegede and Fagbenro
2008b) and extract (Obaroh and Achionye-Nzeh 2011;
2013). Among these, it was shown that C. papaya seed
powder decreased male and female sex hormones to
tilapia, which was suggested as the cause to delaying
gonadal maturation (Khalil et al. 2014). Meanwhile,
sterility was induced in mammals when fed diets
containing extracts of asthma weed, Euphorbia hirta
(Mathur et al. 1995), or camphor bark, Cinnamomum
camphora (Jamshidzadeh et al. 2006); however, to the
best of our knowledge, the effects of these plants to
fish reproduction are yet unknown.

Moreover, the benefits of certain plants and their
extracts as dietary supplementations may also extend
to promoting growth and/or acting as prophylactics to
various pathogenic bacteria (Galina et al. 2009;
Reverter et al. 2014). Generally, the results have been
promising, and with antibiotic use becoming more
restricted in the aquaculture industry, this area has
been receiving increasing attention (Galina et al. 2009;
Reverter et al. 2014). In an early study, Logambal et al.
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(2000) showed that the dietary supplementation of
holy basil, Ocimum sanctum, increased antibody
responses of Mozambique tilapia and their subsequent
resistance to the bacterial pathogen Aeromonas
hydrophila. More recently, E. hirta powder supple-
mentations to the diets of Asian seabass, Lates
calcarifer, acted as an immunostimulator and
enhanced their resistance to Vibrio harveyi (Talpur
and Ikhwanuddin 2013). Moreover, the inclusion of
dietary Cinnamomum verum oil and C. kanehirae
extract injections improved the resistance of Nile
tilapia and the white shrimp, Litopenaeus vannamei, to
pathogenic bacteria, respectively (Yeh et al. 2009;
Rattanachaikunsopon and Phumkhachorn 2010).

One of the most common worldwide diseases
during tilapia culture that leads to substantial mortal-
ities is caused by Streptococcus spp. (Suanyuk et al.
2008; Li et al. 2014), and identifying supplements that
can act as effective prophylactics to pathogenic
bacteria would clearly benefit the aquaculture indus-
try. However, to the best of our knowledge, no
information is available on the use of extracts from C.
papaya, E. hirta, A. indica, or C. camphora on disease
resistance to tilapia. Assessing the prophylactic
effectiveness, as well as any potential detrimental
effects to productivity and overall health status, is an
important criteria for the long-term practical use of
dietary supplements particularly since A. indica, C.
papaya, and E. hirta can induce toxic side effects or
even mortalities to fish (Ayotunde et al. 2011; Mousa
et al. 2008; Abbas and Abbas 2011; Saravanan et al.
2010; Sheikhlar et al. 2011). The aim of the current
study was to evaluate the effects of dietary supple-
mentations of C. camphora, E. hirta, A. indica, and C.
papaya crude extracts to the growth performance,
survival, feed efficiency, body indices, whole-body
proximate composition, various blood and plasma
parameters, and gonadal maturation of Nile tilapia
after 90 days and their subsequent resistance to S.
agalactiae challenge.

Materials and methods
Extract and diet preparation
Extracts from four different plants were examined

which included camphor (Cinnamomum camphora)
bark, asthma weed (Euphorbia hirta), neem leaf
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(Azadirachta indica), and papaya (Carica papaya)
seed. The bark of C. camphora was collected from a
forest in Melaka, Malaysia, while, for E. hirta, the
flowers, leaves, and stems were harvested from a
terrestrial farm in Melaka, Malaysia. The leaves of A.
indica were collected from trees at the Universiti Putra
Malaysia campus, while C. papaya seeds were
purchased from a local grocery store (Serdang,
Malaysia).

Soon after obtaining the plant materials, these were
brought to the laboratory, thoroughly washed with
sterile distilled water and air-dried until constant
weight. The plant material was then ground to a fine
powder using an electric grinder, and 200 g of each
sample was then immersed in one liter of methanol for
3 days at room temperature (Lam et al. 2000). This
was then filtered through a Whatman filter paper
(Whatman™, Florham Park, NJ, USA), and the
solution was evaporated using a rotary vacuum with
reflux on a water bath at 50 °C (Eyela, N-1001; Tokyo
Rikakikai co., Ltd). The residue was stored in screw
tight glass vials at —20 °C until use.

All extracts were added to the diets of tilapia at
2 gkg !, since a previous study showed that C.
papaya seed at 2 g kg~ was effective to delay
gonadal maturation in tilapia (Jegede and Fagbenro
2008a; Abbas and Abbas 2011), while the other
extracts were added in the same amount to compare
their relative efficacy. To add these to the diets, 2 g of
each extract was dissolved in 16 mL cyclohexane,
which was then sprayed on one kilogram of a basal diet
designed for tilapia fry, containing 40 % crude protein
and 5 % crude lipid (Ding Ding, Malaysia), when
being mixed at low speed in a Hobart mixer. For the
control diet, 2 g of cellulose was added to 16 mL
cyclohexane. The diets were then prepared according
to Saccol et al. (2013) in which after mixing the diets
with water, they were left to dry under forced air until
they no longer smelled of the solvent, broken and
stored in a freezer at —20 °C until use.

Experimental animals and design

Nile tilapia fingerlings were purchased from a local
tilapia farm (Serdang, Malaysia) and acclimated for
15 days in a fiberglass 1000-L tank and fed on a
commercially available diet to satiation. After accli-
mation, a total of 300 tilapia (4—4.2 g) were equally
and randomly distributed into 15 glass aquaria (total of

20 fish/replicate). Each treatment was triplicated and
organized randomly. The aquaria were filled with
100 L of filtered and de-chlorinated public utility
water. All aquaria received gentle aeration via an
airstone as well as an individual preconditioned
biological filter to maintain water quality. The tilapia
were hand-fed daily to satiation with their designated
feed for a total of 90 days.

During the 90-day trial, each aquaria received a
75 % water exchange each week, and prior to and after
the water exchange, the ammonia-N, temperature, pH,
and dissolved oxygen were measured using a digital
probe which were <0.4 mg L™', 27-29 °C, 6.7-7.1,
and >6 mg L™ throughout the trial. At 30-day
intervals, the fish were batched weighed in each
treatment to calculate the relative growth rates. At the
end of the trial, the tilapia mildly anesthetized using
clove oil and all were individually measured for total
wet weight (g) and total length (cm). A total of 150 fish
from each treatment were later used for the bacterial
challenge test in new aquaria, while the remaining fish
were used to measure various body indices, immuno-
logical parameters, and whole-body proximate
composition.

Growth performance parameters, survival,
and feeding efficiency

At 30-day intervals, the fish were batched weighed in
each treatment to calculate the relative growth rates.
At the end of the trial, the tilapia mildly anesthetized
using clove oil and then all were individually counted
and measured for total wet weight and total length in
order to calculate the survival rate, weight gain (WG),
specific growth rate (SGR), condition factor (K), and
feed conversion ratio (FCR). The equations used to
calculate the results of each parameter were as
follows:

WG = Weight gain = 100
x (final body weight — initial body weight)
/initial body weight

SGR = Specific growth rates (% day ')
= (111 Wl—]l’l W()/T) x 100
where W, = final weight, W, = initial weight, and

T = time in days
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FCR = Feed conversion ratio
= Total dry weight of diet fed (g)
/wet weight gain (g)

K = Condition factor = Weight (g)/Length®(cm)

Relative growth rate (RGR) = (W,—W;/W;) x 100,

where W, and W, are the final weight and initial
weight, respectively.

Body indices and whole-body proximate
composition

Six fish, three males and three females, from each tank
were dissected for the liver, spleen, and gonads and
weighed to calculate the hepatosomatic index (HSI),
spleno-somatic index (SSI), and gonadosomatic index
(GSI), respectively. The gonads were then fixed in
formalin (10 % v/v) for later histopathological anal-
ysis. From different fish, the caudal vein was severed,
from a total of six fish comprising three males and
three females, in each treatment, and the blood was
collected (>1 mL) into heparinized tubes, placed on
ice, and later analyzed for plasma liver enzymes as
well as blood and plasma biochemical and hemato-
logical parameters based on treatment and sex. The
fish were then wrapped in paraffin, stored at —20 °C,
and measured for the whole-body proximate compo-
sition according to standard AOAC methods (AOAC
1997).

Gonadal histopathology

After being fixed in formalin (10 % w/w) for 24 h, the
gonads from males and females were processed at
increasing concentrations of ethanol, cleared in xylene
and then in paraffin wax. After embedding each
sample, sections (5 pum) were made using a rotary
microtome and then stained with hemotoxylin and
eosin to examine the gonadal maturation. In order to
quantify the gonadal stages of females in each
treatment, the eggs were categorized as Stage I, Stage
II, Stage III, and Stage IV oocytes which were counted
from three different pictures from each of the three
replicates. These percentages were then averaged for
each replicate. Stage [ were in the chromatin nucleolus
or perinuclear stage (pre-vitellogenic state), Stage II
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were those that were in the cortical alveolar or early
vitellogenesis stage, Stage III were those in the late or
post-vitellogenic stage, and Stage IV were those that
ovulated. These stages were classified based on
slightly modified criteria from Srijunngam and Wat-
tanasirmkit (2001).

Plasma and blood hematological, biochemical,
and liver enzyme parameters

The blood of tilapia was briefly kept on ice and then
centrifuged at 3000x g for 10 min at 4 °C to measure
the packed cell volume (PCV), hemoglobin, red blood
cells (RBC), white blood cells (WBC), mean corpus-
cular volume (MCV), and mean corpuscular hemo-
globin concentration (MCHC) according to Sarder
et al. (2001). Meanwhile, the plasma was then
analyzed for protein, creatine, albumin, alanine
aminotransferase (ALT), and aspartate aminotrans-
ferase (AST) activity on a Hitachi 902 automated
analyzer.

Challenge with Streptococcus agalactiae

After 90 days of the feeding trial, all remaining tilapia
were then placed in new glass aquaria, in triplicate, in
preparation for the bacterial challenge, and were
continued to be fed their respective diets for 10 days.
After 2 days, a minimum of three fish from each
treatment was killed to verify whether they were free
from Streptococcus agalactiae by killing three fish
from each treatment, aseptically removing the kidneys
and brain, streaked onto blood agar plates, and
incubated at room temperature. This procedure also
allowed the same amount of fish in each treatment (30
fish/treatment for a total of 150 fish) and was then
continued to be fed their respective diets and every
3 days, each aquarium received a 100 % water
exchange during acclimation and challenge test.

To prepare the bacteria for injection, all procedures
were conducted under sterile conditions. A frozen
(=80 °C) stock of S. agalactiae (strain no. ATCC
27956), containing glycerol, was previously isolated
and identified from infected tilapia (Alsaid et al.
2010). The bacteria were then streak plated onto
tryptic soy agar (TSA, USA) for 24 h at 31 °C, and
then, three colony-forming units were then transferred
into a tryptic soy broth (TSB, USA) and incubated at
31 °C in a shaker for another 24 h. This broth was then
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serially diluted in sterile distilled water to yield a
bacterial concentration of 1 x 10° CFU mL_l, based
on prior plating and optical densities, and was
intramuscularly injected into all tilapia at 0.5 mL.
All fish were daily observed for any clinical signs,
abnormal behavior, or mortalities over the 14-day
challenge test and were fed their respective
diets. Throughout the acclimation and bacterial chal-
lenge test, the water temperature, DO, pH, and
ammonia were 28-29 °C, 5.5-5.8 mg L_l, 7.2-17.6,
and <0.5 mg L', respectively.

Statistical analysis

The WG, SGR, FCR, survival, and mortalities after
bacterial challenge data were subjected to a one-way
ANOVA after prior confirmation of data homogene-
ity, and any significant differences were identified
using Duncan’s post hoc test. A two-way ANOV A was
used to analyze the proximate composition, body
indices (HSI, SSI, and GSI), and the various blood
parameters, after prior confirmation of data homo-
geneity, and the main effects were treatment, sex, and
any interactions. If a significant interaction was
detected, a simple main effects analysis was then
performed. All statistical analysis was performed
using Statistical Analysis System (SAS).

Results

Growth performance, survival, and feeding
efficiency

For the growth performance, tilapia fed C. papaya, C.
camphora, and E. hirta extracts had significantly
higher (P < 0.05) weight gain and specific growth
rates compared to those in the A. indica or control
treatment (no extract added). Survival remained high
in all treatments and ranged from 91.6 to 95 %, and no
significant differences among treatments were
detected (P > 0.05). Meanwhile, the feed conversion
ratio and condition factor were significantly better
(P < 0.05) in the C. papaya, C. camphora, and E. hirta
treatments compared to the A. indica and control
treatment (Table 1). The relative growth rates
increased month after month; however, by the final
month, tilapia in the control and A. indica treatments

were significantly lower (P < 0.05) than the other
groups (Fig. 1).

Body indices and whole-body proximate
composition

The HSI, SSI, and GSI of tilapia fed different plant
extracts are presented in Fig. 2. There were no
significant treatment, sex, or interaction effects on
the SSI; however, both treatment and sex had a
significant effect on the HSI and GSI (Table 2). The
HSI was significantly lower (P < 0.01) in the E. hirta
treatment, for both males and females, and A. indica
treatment, for only females, compared to the others.
Meanwhile, regardless of sex, the HSI among the C.
camphora, C. papaya, and control treatments was not
significantly different from each other (P > 0.05). For
the GSI, there was a significant interaction (P < 0.05)
between the treatment and sex and a simple main
effect analysis showed the GSI of both males and
females was significantly lower (P < 0.01) in the C.
papaya treatment compared to all other treatments.
The A. indica treatment also had significantly lower
GSI, for both males and females, compared to the C.
camphora, E. hirta, and control treatments.

The proximate composition from the whole body of
tilapia in different treatments is shown in Table 3, and
only crude lipid was significantly different among the
treatments. Tilapia in the C. camphora and C. papaya
treatments had slightly (but not significantly) reduced
crude whole-body lipid, while only those fed diets
with E. hirta extract had significantly lower
(P < 0.05) whole-body crude lipid compared to the
control treatment.

Blood/plasma biochemical and hematological
parameters

The plasma protein, creatine, albumin, and AST were
not significantly different among the treatments
(Table 4). However, for ALT, this was significantly
lower (P < 0.01) in the A. indica treatment compared
to the control, while ALT was significantly higher
(P < 0.01) in the C. camphora treatment compared to
tilapia fed E. hirta extracts (Table 4). For the various
blood and plasma hematological parameters, no
significant differences among treatments were
detected (P > 0.05) (Table 5).
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Table 1 The mean (£SE) growth performance, feed conversion ratio (FCR), condition factor (K), and survival (%) of tilapia after
being fed with diets with different plant extracts after 90 days

Control C. camphora E. hirta A. indica C. papaya
Initial weight (g) 4.19 + 0.13° 4.04 + 0.15° 4.04 £+ 0.18° 421 + 0.05° 401 + 0.16°
Final weight (g) 74.33 + 0.96° 91.15 + 3.29° 92.55 + 3.77° 71.03 + 2.73° 85.98 + 1.51°
WG (%) 70.14 + 1.03° 87.11 + 3.14° 88.51 + 3.66° 66.82 + 2.75° 81.97 + 1.48°
SGR (% day™") 1.39 + 0.02° 1.50 £ 0.01° 1.51 + 0.02° 1.36 + 0.02° 1.48 + 0.02°
FCR 1.66 + 0.03" 1.34 + 0.05° 1.32 £ 0.05° 1.74 + 0.08* 1.42 + 0.03°
K 1.71 £ 0.03° 2.13 + 0.08° 2.16 + 0.09° 1.63 £ 0.07° 2.00 + 0.04°
Survival (%) 93.33 + 2.88° 93.33 + 2.88° 95.00 + 0.00° 91.67 + 2.88° 93.33 + 2.88°

Different superscripted letters in the same row indicate significant differences (P < 0.05)

Gonadal histopathology

Histopathological examination of the control ovaries
appeared normal, with no pathological lesions and the
follicle size increased with maturation (Fig. 3a). The
ovaries reached the post-vitellogenic stage, and there
were some instances of collapsed follicles indicating
post-ovulation. Similar observations were also found
for tilapia in the E. hirta extract treatment. For tilapia
fed the C. camphora- and A. indica-treated diet, there
were mature follicles but none that reached the post-
ovulatory stage. Meanwhile, tilapia fed diets with the
C. payaya extract were observed to have numerous
groups of oogonia and small germ cells embedded
within ovigerous lamellae in the ovary as well as pre-
vitellogenic follicles (Fig. 3b). Quantification of the
ovarian maturation is presented in Table 6. Results
showed significantly more (P < 0.05) Stage I oocytes
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I 500 b
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Fig. 1 Mean (£SE) relative growth rates (%) of tilapia over
3 months when fed diets containing different plant extracts.
Different letters indicate significant differences (P < 0.05)
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in the C. papaya treatment compared to all others,
while those fed the control diet had significantly more
(P < 0.05) Stage III eggs than all other treatments.
Tilapia fed the C. camphora or A. indica had a similar
pattern of oocyte maturation, while only tilapia fed the
control or the E. hirta extract diet had ovaries that
reached Stage I'V.

For the males, the histopathology of the testes for
tilapia fed the control diet (Fig. 4a) as well as diets
with E. hirta and C. camphora extracts showed
advanced stages of maturation and normal testicular
tissue architecture with open cyst walls containing
spermatozoa. However, tilapia in the A. indica treat-
ment showed signs of cystic seminiferous tubules,
testicular structural alterations, and atrophy, while
tilapia from the C. payaya treatment showed the
presence of secondary and primary spermatocytes as
well as spermatozoa distributed throughout the tubules
(Fig. 4b).

Resistance to S. agalactiae challenge

After injecting tilapia with S. agalactiae, the majority
of mortalities occurred from day 5-10 and then
gradually stabilized over time, and after 14 days,
tilapia fed C. camphora supplementations had signif-
icantly less (P < 0.05) cumulative mortality (20 %)
compared to the A. indica (46.6 %) and control
(43.3 %) treatments (Fig. 5). No significant differ-
ences were detected between the C. papaya (30 %)
and E. hirta (30 %) treatments compared to the others
(P > 0.05) regarding the level of protection against S.
agalactiae (Fig. 5). The relative percent survival
(RPS) showed that the tilapia fed C. camphora extract
had the highest RPS (53.85 %) followed by C. papaya
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Table 2 A two-way ANOVA on the hepatosomatic index
(HSI), spleno-somatic index (SSI), and gonadosomatic index
(GSI) of tilapia fed different plant extracts after 90 days

HSI SSI GSI
Treatment P < 0.001 P = 0.887 P < 0.01
Sex P < 0.001 P =0.301 P < 0.01
Interaction P =0.577 P = 0.456 P < 0.05

seed extract and E. hirta extract treatments (30.76 %).
However, the lowest RPS was in the control and A.
indica treatment at 0 %.

Discussion
The results of the current study showed that among the

tested plant extracts in the diets of tilapia, C. papaya
seed extract was the most effective at delaying gonadal

maturation in both males and females, which was
evident by significantly lower GSI as well as from
histopathological observations and quantification of
fewer mature gametes in the gonads. Meanwhile,
dietary extracts of C camphora, E. hirta, and C.
papaya seed, all acted as significant growth promoters
to tilapia, with A. indica extract having no growth
effect. Finally, while both dietary extracts of C.
papaya seed and E. hirta provided some protection
against S. agalactiae challenge, dietary C. camphora
extract was shown to be the best prophylactic, which
led to significantly less mortalities compared to the
control treatment.

Several studies have shown that the use of dietary
C. papaya seeds can delay the gonadal maturation of
tilapia, which was evident by decreased breeding,
reduced GSI, and/or reduced vitellogenic oocytes and
secondary spermatids via histopathological observa-
tions (Jegede and Fagbenro 2008a; Abbas and Abbas

Table 3 A two-way ANOVA of the whole-body proximate composition (% wet weight) (mean + SE) of tilapia fed diets containing

different plant extracts after 90 days

Treatment 2-way ANOVA
Control C. camphora E. hirta A. indica C. papaya Treatment Sex Interaction
Protein 1477 £ 039 1483 +£ 042  15.06 £ 0.65 1573 +£0.34 1517 £ 028 NS NS NS
Lipid 459 +0.29° 391 +0.24® 345+022° 4.124+028® 3934+028® P=0011 NS NS
Ash 2034016  2.10 + 0.15 188 £0.13 231 +£0.16 208 +£0.13 NS NS NS
Dry matter 2528 4+ 0.76 2592 4+ 044 2507 £ 091 2622+ 0.32 2567 £ 063 NS NS NS
NFE 233+£022  3.19+0.35 294 4+0.17 250 £ 041 2.63+£030 NS NS NS

Different superscripted letters in the same row indicate significant differences (P < 0.05)
NFE = nitrogen-free extract = 100 — (% protein + % lipid + % ash + % fiber)

Table 4 A two-way ANOVA of plasma alanine aminotrans-
ferase (ALT) (U L7, aspartate aminotransferase (AST)
(UL, protein (g LY, creatine (pmol LY, and albumin

(g L") (mean £ SE) from tilapia fed diets
ent plant extracts after 90 days

containing differ-

Treatment 2-way ANOVA
Control C. camphora  E. hirta A. indica C. papaya Treatment Sex Interaction
ALT 15.85 £ 0.62*°  14.95 + 0.75° 16.80 &+ 1.01° 1930 £ 0.43° 1625 + 0.35® P =0.0003 NS NS
AST 93.50 + 3.80 92.67 + 1.84 93.53 + 1.81 96.82 4+ 4.53 95.08 + 2.30 NS NS NS
Plasma protein 50.67 + 1.33 50.33 + 0.95 48.00 + 1.93 49.33 + 1.61 54.17 £ 2.73 NS NS NS
Creatinine 16.50 + 1.05 18.17 £+ 1.40 1533 £ 1.35 16.67 £+ 1.38 15.33 £+ 1.66 NS NS NS
Albumin 9.70 + 0.40 10.38 £+ 0.45 10.27 &+ 0.54 10.40 & 0.94 11.45 + 0.72 NS NS NS

Different superscripted letters in the same row indicate significant differences (P < 0.05)
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Table 5 A two-way ANOVA of various hematological parameters (mean £ SE) of tilapia fed different plant extracts after 90 days

Treatment 2-way ANOVA
Control C. camphora  E. hirta A. indica C. papaya Treatment Sex Interaction

RBC x 102 L7! 2.00 + 0.10 1.97 + 0.11 1.99 + 0.10 1.77 £ 0.11 146 £023 NS NS NS

HB g Lt 98.98 + 4.95 97.45 + 7.81 101.32 £+ 4.16 85.18 £ 5.19 79.40 + 12.15 NS NS NS

MCV fl 96.50 + 4.90 103.83 + 5.62 103.67 £ 6.73 104.83 + 4.81 126.33 + 17.14 NS NS NS

MCHC g Lt 518.17 £ 26.62 479.83 £ 24.41 500.50 &+ 27.27 463.50 + 19.65 450.67 + 29.31 NS NS NS

PCV LL™! 0.19 £ 0.01 0.20 £ 0.02 0.21 £ 0.01 0.19 £ 0.02 0.18 £ 0.04 NS NS NS

WBC x 10° L™ 0.45 £+ 0.08 0.20 £ 0.07 0.56 £ 0.23 0.55 £ 0.41 0.22 £ 0.07 NS NS NS

Fig. 3 Histopathology of ovaries from tilapia fed the control
diet (a) or diets supplemented with C. papaya extract (b). Note
the prevalence of mature follicles (MF) and post-ovulatory
follicle (POF) in the control treatment, while there was a higher
abundance of pre-vitellogenic (PreV) and vitellogenic (Vit)
oocytes for tilapia in the C. papaya extract treatment.
Magnification x20; H&E stain

2011; Khalil et al. 2014). This is in agreement with the
current study, since the GSI was significantly reduced
and histopathological examination of the gonads
revealed a much higher prevalence of immature
gametes, which was significant. However, in these
studies, C. papaya seeds were in powder form and
were shown to have negative consequences. For

example, while Farrag et al. (2013) showed that the
inclusion of C. papaya seed powder at 6 g kg™
improved tilapia growth within 45 days, this
decreased by day 60. It appears possible this may be
due to some toxic effects since a recent study showed
that after 60 days, tilapia fed the lowest tested dietary
level of C. papaya seed powder (at 2 g kg™") led to
increased plasma AST, which is an indicator of liver
damage (Khalil et al. 2014). Meanwhile, Abbas and
Abbas (2011) showed that 3 and 6 g kg™" of dietary C.
papaya seed powder caused histopathological liver
damage, altered plasma ALT and AST as well as a
reduction in some immunological parameters. How-
ever, in the current study, after 90 days of feeding C.
papaya seed extract at 2 g kg~ " to tilapia, none of the
selected parameters to indicate compromised health
were different from the control. Moreover, dietary C.
papaya extract acted as a significant growth promoter,
in which the relative growth rate continued up to
90 days when the experiment ended. The discrepancy
between this study and others may be related to the use
of methanol extraction, rather than using seed powder,
in which potentially some antinutritional factors may
have been reduced/removed, although this requires
further investigations.

The results for the other plant extracts that included,
C. camphora, E. hirta and A. indica, to tilapia gonadal
maturation and growth were mixed. In the C.
camphora and A. indica treatments, there was a
significant reduction in female GSI, compared to the
control treatment, but these extracts were not as
effective at delaying gonadal maturation as dietary C.
papaya seed extract. In contrast, dietary E. hirta
extract had no effect to GSI, but this extract as well as
C. camphora acted as significant growth promoters to
tilapia. The growth-promoting effects of some plants
and their extracts as dietary supplements have been

@ Springer



766

Fish Physiol Biochem (2016) 42:757-769

Table 6 Prevalence (%) (mean £ SE) of different stages of ovarian maturation in female tilapia after being fed diets containing

different plant extracts after 90 days

Stage 1 Stage II Stage III Stage IV
Control 0 9.1 £ 3.6° 784 + 22.3° 12.5 + 6.4°
C. camphora 235+ 12.2° 64.3 + 20.3° 12.2 + 4.6° 0
E. hirta 11.9 + 4.8° 17.8 £ 5.1° 65.6 + 14.1* 47 + 2.6
A. indica 28.5 + 104° 478 + 16.5® 23.7 + 8.2° 0
C. papaya 58.2 4 24.9° 36.6 & 9.6° 52 +0.1° 0

Different superscripted letters in the same column indicate significant differences (P < 0.05). In cases of a zero value, statistical tests

could not be performed

Fig. 4 Histopathology of the testes from tilapia fed the control
diet (a) and those fed diets supplemented with C. papaya extract
(b). Testes in both treatments show both secondary (SS) and
primary spermatocytes (PS), although there was a higher
prevalence of PS in the C. papaya extract treatment. Magnifi-
cation x20 (a) and magnification x 40 (b); H&E stain

suggested to be related to increased feed intake or
nutrient utilization (Shalaby et al. 2006; Ji et al. 2007,
Abdelhamid and Soliman 2012; Putra et al. 2013;
Munglue 2014). For example, 2 g kg~' of C. cam-
phora leaf meal significantly increased the growth
performance, feeding efficiencies and feed intake of
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Fig. 5 Cumulative mortality (%) of tilapia fed with different
plant extracts over 90 days after being challenged with
Streptococcus agalactiae for 14 days. Different letters indicate
significant differences (P < 0.05), and SE is only presented on
day 14

tilapia as well as whole-body crude protein and lipid
(Abdelhamid and Soliman 2012). Moreover, it was
shown that dietary additions of garlic, Allium sativum,
at 30 g kg~ significantly increased the growth per-
formance of Nile tilapia as well as apparent protein,
lipid, carbohydrate, and energy digestibility (Shalaby
et al. 2006). More recently, it was also found that
dietary extracts of lotus, Nelumbo nucifera, peduncle
at 1 g kg™' significantly increased the growth perfor-
mance of tilapia (Munglue 2014). Finally, it was
suggested that fatty acid utilization was improved
when olive flounder, Paralichthys olivaceus, were fed
a mixture of various herbs consisting of medicated
leaven (Massa medicate fermentata), hawthorne
(Crataegi fructus), virgate wormwood (Artemisia
capillaris), and Cnidium officinale (2:2:1:1) (Ji et al.
2007). Although digestibility was not assessed in the
current study, tilapia fed diets supplemented with E.
hirta, C. camphora, or C. papaya had significantly
better FCR and lower whole-body crude lipid, which
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may also indicate better lipid metabolism, but requires
further investigations.

However, among the tested plant extracts, A. indica
was the only treatment to have no effect on tilapia
growth and may be related to possible damage to the
liver, as evidenced by significantly lower and higher
HSI and plasma ALT, respectively. Significant alter-
ations to the ALT and AST were also detected for both
Nile tilapia and African catfish, Clarias gariepinus,
when A. indica was added to water (Mousa et al.
2008), and it is important to note that this plant is used
to kill freshwater pests, including fish (Osuala and
Okwuosa 1993; Winkaler et al. 2007). On the other
hand, Obaroh and Achionye-Nzeh (2011) found that
ethanol extracts of A. indica at 1 g kg™ " significantly
improved tilapia growth performance, although higher
amounts of 2 and 4-8 g kg”' had no significant
growth improvement and significantly decreased
growth, respectively. Considering that the A. indica
extract used in the current study had a twofold higher
concentration than in the study by Obaroh and
Achionye-Nzeh (2011) likely indicate the level used
in the current study was excessive. On the other hand,
Talpur and Ikhwanuddin (2013) found that dietary A.
indica powder, added at 1-5 g kg™', significantly
increased the growth performance and various innate
immunological responses of Asian seabass, Lates
calcarifer, which may indicate species-specific host
differences.

The in vitro antagonistic activities of plants and
their extracts to pathogenic bacteria or as dietary
prophylactics to various aquatic animals have been
receiving increased attention, and to date, over 35
different plants and their extracts have been assessed
(reviewed by Galina et al. 2009; Reverter et al. 2014).
One of the contributing reasons for increasing research
on this area is in response to greater restrictions and
regulations on antibiotic use, and certain plants may
provide a more environmentally friendly and cheaper
alternative. However, to the best of our knowledge,
among the tested plants in the current study, only A.
indica has been investigated as a potential prophylac-
tic to pathogenic bacteria (Talpur and Ikhwanuddin
2013). It was demonstrated that L. calcarifer fed diets
with A. indica powder added from 1 to 5 g kg™
significantly improved their resistance to Vibrio
harveyi challenge, with 4 g kg~' providing the best
protection (Talpur and Ikhwanuddin 2013). Talpur
and Ikhwanuddin (2013) suggested this was due to the

immunostimulating role of A. indica and their poten-
tial antioxidant activities. However, in the current
study, A. indica extract was shown to be an ineffective
prophylactic for tilapia against S. agalactiae chal-
lenge, which may have been due to the harmful effects
on the liver or potentially species-specific differences
with the pathogen or host.

In contrast, the other tested plant extracts in the
current study provided some prophylactic protection
with C. camphora leading to significantly less mor-
talities to S. agalactiae compared to the control. This
is consistent with findings from two closely related
plant species, cinnamon, C. verum, and stout camphor
tree, C. kanehirae (Yeh et al. 2009; Rattanachaikun-
sopon and Phumkhachorn 2010). It was shown that
tilapia fed dietary C. verum oil at 0.4 g kg~' had
improved resistance to S. iniae challenge (Rat-
tanachaikunsopon and Phumkhachorn 2010), while
injecting a steam extract from C. kanehirae twigs, at
2mgg shrimp~' to L. vannamei, significantly
increased their survival when challenged with V.
alginolyticus (Yeh et al. 2009). In the later study, a
subsequent in vitro analysis of C. kanehirae extracts
was shown to enhance various immunological activ-
ities, which was suggested as a possible cause for
improved disease resistance (Yeh et al. 2009). Mean-
while, it is likely worthy to note that methanol extracts
of E. hirta of up to 7 gkg ' in the diets of C.
gariepinus enhanced some hematological parameters
after 60 days (Sheikhlar et al. 2011). In the current
study, immunological function of tilapia was not
measured post-challenge, which points to further
research directions.

Conclusions

To the best of our knowledge, this is the first
experiment to compare the efficacy of various dietary
plant extracts to tilapia gonadal maturation as well as
implications to the growth performance, various
health indicators, and prophylactic properties to a
pathogen. Among the tested extracts, C. papaya seed
was the most effective at delaying both male and
female gonadal maturation as well as significantly
improving growth, while dietary C. camphora bark
extract acted as a strong prophylactic to S. agalactiae.
It is yet unknown whether a blend of these extracts
may offer a wider range of benefits or have any
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synergistic properties and certainly points to further
research directions. Such research, along with the
findings of the current study, clearly demonstrates a
range of effectiveness that can improve tilapia
productivity using cheap and available resources in
an environmentally friendly way.
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