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kg feed, which were administered for 8 weeks. Fish fed 0.5%, 1%, and 2% A. vera supplemented diet
significantly improved (p < 0.05) weight gain, absolute growth rate and specific growth rate. Feed intake
significantly increased in fish fed with A. vera diet at 1% and 2%/kg feed. Feed efficiency ratio, feed
conversion ratio, and hepatosomatic index were significantly enhanced in 4% A. vera supplemented fish

gzgiﬁ over unsupplemented ones (p < 0.05). Several haemato-biochemical indices were examined before and
Challenge after fish were challenged with S. iniae pathogen containing 7.7 x 108 CFU cells mL™!. A. vera supple-
Cichlidae mented fish showed a significant increase (p < 0.05) in red blood cells, hematocrits (Hb), hemoglobin
Feeding (Hb), white blood cells (WBC), neutrophils, monocytes, eosinophils, serum total protein, glucose and
Immunity cortisol after challenge when compared to unsupplemented ones. Meanwhile, 4% A. vera supplemented
Oreochromis fish showed a decrease (p < 0.05) in RBC, Hb, Ht, WBC, and mean corpuscular hemoglobin (MCH) after
?jrr\?ifzal challenge compared to unsupplemented ones and other supplemented ones. In addition, lower mean

corpuscular volume values (MCV) (p < 0.05) were observed in fish fed with A. vera diet at 2% and 4%
A. vera/kg feed than those fed unsupplemented diet. Unchallenged fish fed 0.5%, 1%, and 2% A. vera
showed significantly higher values (p < 0.05) of mean corpuscular hemoglobin concentration (MCHC)
than those fed unsupplemented diet and 4% A. vera supplemented diet. There was a significant increase
(p < 0.05) in the neutrophil to lymphocyte ratio (N/L) within experimental groups after challenge; N/L
ratio in A. vera unsupplemented fish and those supplemented with A. vera diet at 1%/kg feed increased
significantly (p < 0.05) throughout challenge period; while those fed 4% A. vera supplemented diet
maintained higher values at all experimental stages among groups. There was a significant correlation
(p < 0.05, r = 0.53) between N/L ratio and glucose concentration, 96 h after challenge. Aloe had no
significant effect (p > 0.05) on the survival of the fish when compared to the control; no mortality was
recorded in challenge trial. Overall, our results indicated that dietary aloe supplementation could
improve growth, feed utilization, and haemato-biochemical parameters of cultured tilapia.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Global food fish consumption demand is on the rise, and the
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intensive fish husbandry. One of the key elements that encourage
fish farmers to adopt these kinds of production systems is that,
productivity per unit area is much higher as a result of higher
stocking density [1]. On the contrary, high stocking density in
intensive fish culture systems has led to many constraints and
among them is stress, which as a consequence, results in a bunch of
conditions such as, poor fish performance, alteration of physio-
logical functions [2], poor digestion and feed utilization [3,4],
increased susceptibility to diseases [5], poor fish meat quality [6],
and in extreme cases lead to mortality [7,8]. The management of
these stress related conditions in intensive production systems
remain a challenge for the aquaculture industry [9], especially in
top aquaculture producing countries (i.e. Asians). For instance,
tilapia aquaculture production in Southern China was reported to
have suffered a huge economic loss due to outbreaks of strepto-
coccal infections about 5 years ago [5]. Thus, aquaculture is yet to
reach its full potential.

Over the years, fish farmers have been using antibiotics and
other chemotherapeutic drugs to prevent stress related conditions,
especially, in intensive fish farming. The success of antibiotics in
aquaculture and other farming sectors such as livestock and poultry
lies in their ability to promote growth, enhance feed conversion
efficiency and prevent the spreading of diseases [10]. In China,
Thailand and Vietnam, both semi-intensive and intensive shrimp
production were reported to rely most heavily on chemicals and
biological products inputs per unit ton of harvested produce [11].
The continuous use of antibiotics and other chemicals has
numerous shortcomings such as, the risk of resistant of pathogens,
problem of drug residue in treated animals, impacts on human
health and environmental pollution [5]. Thus, many nations around
the globe have strict regulations that limit the use of antibiotics in
animal farming [12]. Therefore, there is an urgent need to explore
alternatives to antibiotics that could be used for better growth
performance, disease control and subsequently improve produc-
tion in intensive fish production systems in a sustainable manner.

Vaccines could be an alternative to prevent diseases in aqua-
culture; however, problems regarding inoculation and pathogen
specificity obstruct their effectiveness [5]. Another plight is, there is
no commercial vaccine available for many pathogenic bacterial
infections including streptococcal infections [13].

Nowadays, the use of medicinal plant extracts in aquaculture for
the prevention of diseases, promotion of growth and production is
a novel development with potential to eradicate the use of antibi-
otics [14,15]. Bioactive compounds present in several medicinal
plants such as, Acalypha indica, Phyllanthus niruri, Azadirachta ind-
ica, Piper bettle, Mentha piperita [16], Allium sativum and Astragulus
membraneceus [17] reportedly enhance growth, innate immune
response, and disease resistance against pathogenic bacteria in fish
[16—18]. To our knowledge, at present, there is limited number of
studies on the use of medicinal herbs in aquaculture; these studies
concisely hinted that, herbal extracts could be indeed potential
alternative to synthetic antibiotics and other chemotherapeutic
drugs in fish culture.

Aloe vera (synonym: Aloe barbadensis) is a succulent, stemless
herb, found widely distributed in tropical and subtropical regions.
The genus Aloe comprised of more than 360 species [19] of which A.
vera is considered to be the most popular and bioactive [20], with
more than 70 biological active compounds [21]. These bioactive
compounds are found in two types of exudates (bitter yellow latex
and mucilaginous gel) secreted by Aloe leaves [22,23]. Aloe gel has
been reported to contain wide range of polysaccharides (protein,
pectin, cellulose, hemicellulose, glucomanna, acemannan and
mannose derivatives), about 20 of 22 necessary amino acids
required by the human body and 7 of 8 essential amino acids which
the body can not synthesize, vitamins (A, B1, B2, B6, C, E and folic

acid), mineral (Ca, Mg, & Na), enzymes (lipase, amylase, carboxy-
peptidase and more), salicylic acid, lignin, saponins, fatty acids and
hormones [24,25]. Hence, Aloe vera medicinal properties such as
antibacterial, anti-septic, anti-inflammatory, immune-modulatory
effects [26], anti-oxidant, anti-cancerous properties [27], anti-
mutagenic and anti-hypersensitivity [28], growth [20] and gastro-
intestinal promoting effects [29] have been widely reported.

Immuno-nutritional benefits of A. vera have been demonstrated
in several freshwater species such as rainbow trout (Oncorhynchus
mykiss) [29—32], common carp (Cyprinus carpio) [33,20], Labeo
rohita [34], Brycon amazonicus [35], and Sea bream (Sparu aurata)
[36]. Taiwo et al. [37]; and Jegede [38] reported histopathological
effects of A. vera on tilapia species. To the best of our knowledge
there is no report to date on the effects of A. vera on growth per-
formance, haemalogical and biochemical parameters of tilapia
species, GIFT-Oreochromis niloticus in particular, except a recent
study by Dotta et al. [39]. Therefore, the current study was executed
to investigate the effects of dietary Aloe vera on growth perfor-
mance, some haemato-biochemical parameters and disease resis-
tance against Streptococcus iniae in tilapia (GIFT).

2. Materials and methods
2.1. Experimental fish and management

375 healthy tilapia (GIFT-O. niloticus strain) fingerlings with an
average body weight of 4.83 + 0.01 g and average body length of
5.5 + 0.49 cm, were obtained from the tilapia breeding center of
Freshwater Fisheries Research Center (FFRC) in Wuxi, China, July
2014. The fish were transported in polythene bags filled with ox-
ygen. Before the feeding trials, fingerlings were acclimatized in
cylindrical blue plastic tanks (0.6 m? x 0.85 m), supplied with 300 L
of de-chlorinated freshwater at 29 + 0.33 °C, pH 8.3 + 0.36, dis-
solved oxygen (DO) 6.94 + 0.26 mgL™" (YSI 650 MDS multi probe
system, YSI inc. USA) under natural photoperiod, continuous
aeration and water recirculating system for a week. During the
adaptation period, fish were fed thrice daily (09:00; 13:00; 17:00)
with a commercial diet (No. 5271, 35% crude protein, Ningbo Tech-
Bank co.ltd, Yuyao city, China) until apparent satiation. 2/3 cultured
water was exchanged with de-chlorinated freshwater of similar
temperature to maintain the water quality.

2.2. Preparation of diets and experimental design

To study the effects of dietary A. vera on growth and haemato-
biochemical parameters in GIFT-strain tilapia, five isonitrogenous
(31.7% crude protein), isoenergetic (672 K] g~ 1) and isolipid (7.34%)
experimental diets were formulated, of which, one was a control
and four were supplemented with graded levels of a 100% com-
mercial A. vera powder purchased from Jiangsu Zhe Ya Food. Co. Ltd,
China. All ingredients of each diet were powdered and thoroughly
blended together in a food mixer for about 40 min. After, tap water
was added bit-by-bit until stiff dough resulted as required. The
paste for each diet was then separately passed through a mincer
with 16 mm die, resulting in strands which were gently broken into
pellets while fresh, air dried at ambient temperature for 3 days and
stored at 4 °C in labeled plastic lined bags until use.

After acclimatization periods, fish with an average body weight
4.83 + 0.01 g were randomly distributed into 15 tanks in 5 triplicate
groups at a stocking density of 25 fish/tank. The fish were hand-fed
the experimental diets the next day after stocking. Group 1 was fed
with a control diet (0% A. vera powder), and other groups were fed
0.5% A. vera/kg feed (Group 2), 1% A. vera/kg feed (Group 3), 2%
A. vera/kg feed (Group 4) and 4% A. vera/kg feed (Group 5) for 60
days, 6 days a week, 3 times a day (09:00; 13:00; 17:00) until
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apparent satiation. Dietary A. vera inclusion levels used in this
study is a modification of those previously used by Mahdavi et al.
[20] and Heidarieh et al. [29]. Throughout the experimental period,
continuous aeration, water recirculation, pH 7.5 + 0.19, water
temperature 28+0.55 °C, Ammonia-Nitrogen free, DO
6.9 + 0.27 mg L~! and photoperiod 12 h light/dark cycle were
maintained. Furthermore, 2/3 of the water in all 15 tanks was
exchanged bi-weekly with de-chlorinated freshwater of similar
temperature to maintain the water quality during the study.

2.3. Fish growth, survival and feed utilization performance

In this study, fish growth was assessed in terms of weight gain
(WG), absolute growth rate (AGR), specific growth rate (SGR),
condition factor (CF), hepatosomatic index (HSI), and viscer-
osomatic index (VSI), whereas feed utilization parameters included,
food conversion ratio (FCR), Feed efficiency ratio (FER), and Feed
intake (FI). In addition, survival was expressed as percentage.
Accordingly, 24 h after the last experimental feeding, body weight
and length of all the fish in each tank were measured. Throughout
the experiment, the amount of feed consumed and mortality in
each replicate was noted. Calculations were carried out using the
following formulas [30].

WG (g) = W; — W,

AGR(gday”) = (W5 — Wy)/t
SGR(% day”) = [In(W5) — In(W;)/t] x 100

CF<g cm-3) = (W/L3> % 100

HSI(%) = [liver weight/W] x 100

VSI(%) = [visceral weight/W] x 100
Fl(g/fish) = dry feed intake/Number of fish

FCR(g/g) = Fl(g)/WG(g)

FER = WG(g)/Fl(g)

Survival(%) = [Number of survived fish/initial number of fish]
x 100

where W, is final weight (g), W1 is initial weight (g), t is the feeding
trial period (days), W is weight of body (g), and L is total length
(cm).

2.4. Physiological performance

GIFT tilapia physiological performance was measured using
hematological and biochemical parameters. 24 h after the last
feeding trial, blood was collected from the caudal vein of three
anesthetized fish per tank with an air-dried, heparinized (500 U
sodium heparinized/ml) hypodermic syringe. The collected blood
sample was divided into two portions. One portion was transferred
into Eppendorf tubes with Phosphate Buffer Saline (PBS, 0.02 M, pH
7.3) solution used as a diluent to measure hematological parame-
ters; total white blood cell count (WBC x 10°/L), were determined

in a 1:100 dilution of the blood sample in the PBS solution, red
blood cell count (RBC x 10'?/L) in a 1:1000 dilution of the blood
sample with a Neubauer hemocytometer (Mindray BC-5300, Vet,
China) [40], differential leukocytes count (neutrophils, lympho-
cytes, monocytes and eosinophils) was determined through an
indirect method using blood smear stained with May-Grunwald-
Giemsa, hematocrit percentage (Ht %) was determined through
the microhematocrit method, and hemoglobin (Hb) concentration
was determined using cyanomethemoglobin method. Stress was
assessed using neutrophils/lymphocytes count ratio (N/L) [41].

Hb, Ht, and RBC values were used to determine the following
haematimetric indices: the mean corpuscular volume (MCV) =
(Ht x 10)/RBC, mean corpuscular hemoglobin (MCH) = (Hb x 10)/
RBC, and mean corpuscular hemoglobin concentration
(MCHC) = (Hb x 100)/Ht [42].

The second portion of blood sample was also transferred in
Eppendorf tubes, left to clot at 4 °C, and centrifuged at 5000 rpm,
4 °C for 10 min. The collected serum was stored at —20 °C for
further biochemical analysis. Biochemical indices such as: total
protein content (TP), glucose (GLU), cortisol, and lysozyme (LYS)
were quantified by electrochemiluminescence method using
Mindray biochemical auto analyzer (BS-400), with kits supplied by
Mindray biomedical electronics Co.Ltd Shenzhen, China.

2.5. In situ Streptococcus iniae challenge

After the initial sampling, stocking density in all groups was
adjusted to 15 fish per tank. A pathogenic S. iniae strain (CMS
No.005) from Guangdong province (South China) was procured by
FFRC (Wuxi, China) to be used as a stressor in this study. Following
Ndong et al. [43] procedures, S. iniae suspension was incubated in a
disodium hydrogen phosphate (NaHPO4) culture media for 24 h, at
30.1 °C. After, it was collected, cleaned and suspended in a 0.85%
sterile saline. The bacterium CFU cells/mL~! was determined using
automatic colony counter software connected to a gel-pro analyzer
(WD-9413C, Beijing Liuyi instrument factory). Fish from all groups
were injected with the bacterial suspension, 7.7 x 10% CFU cells
mL~!, 0.6 mL per 100 g body weight into the abdominal cavity.
During this challenge, fish mortality was monitored, and blood
samples were collected in a similar fashion as illustrated in section
2.4 after 48 h and 96 h respectively. The blood samples were used to
determine haemato-biochemical parameters following similar
procedures as in section 2.4.

2.6. Statistical analysis

In this study, all results for each parameter measured were
expressed as mean + standard error (M + SE). Data were analyzed
using one-way analysis of variance (ANOVA) with Aloe vera inclu-
sion levels as a factor, using the statistical package for the social
sciences (SPSS) computer software (version 22). Duncan's multiple
range tests at a significant level of 95% was used to determine
significant differences between treatments. Correlation between
variables (i.e. glucose and N/L ratio; and cortisol and N/L ratio) was
performed using Pearson's correlation coefficient in SPSS. Mean
value of P < 0.05 was considered significant.

3. Results
3.1. Fish growth, survival and feed utilization performance

Growth and feed utilization of the fish fed dietary A. vera were
significantly enhanced compared to the control (Table 2). WG, AGR,

and SGR significantly increased (P < 0.05) with increase dietary
A. vera inclusion level from 0.5% to 2%. Dietary A. vera did not
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Table 1
Composition and proximate analysis of the basal diet (g/100 g dry matter).

Ingredients Proportion (%)
Fish meal 10.0

Corn starch 16.8

Soybean oil 6.00

Soybean meal 20.0
Cottonseed meal 20.0
Rapeseed meal 20.0

Vitamin premix® 0.50

Mineral premix” 0.50

Choline chloride 0.50

Vit C Phosphate ester 0.20

Ca (HaPOy4), 1.50

Cellulose 4.0

Total 100
Composition proximate analysis (%)
Crude protein 31.7

Crude lipid 7.3

Gross energy (KJ/g) 672.00

2 Vitamin premix (mg/kg dry diet): Va 10, Vp 0.05,Vg 400, Vi 40, Vg, 50, Vg,
200,Vg3 500, Vg 50, Vg7 5,Vp11 15, V12 011,Vc 1000, inositol 2000, choline
5000.

b Mineral premix (mg/kg dry diet): FeSO47H,0 372, CuSO4.5H,0 25,
ZnS04.7H,0 120, MnSO4.H,0 5, MgS04 2475, NaCl 1875, KH,P04 1000, Ca
(H2PO4), 2500.

significantly affect (p > 0.05) the CF, however, high values were
observed in dietary A. vera supplemented fish compared to
unsupplemented ones. High VSI was observed in fish fed A. vera
diet at 0.5%/kg feed, followed by those fed 4%, 1%, 2% A. vera/kg feed
and unsupplemented diet respectively; there was no significant
difference among the groups (P > 0.05). HSI increased with dietary
A. vera inclusion level, with a significant increase (p < 0.05) pre-
sented in fish fed dietary A. vera at 4%/kg feed. Feed intake (FI) was
significantly affected by dietary A. vera inclusion level; fish fed 4%
A. vera supplemented diet presented poor FI (P < 0.05) among di-
etary groups, meanwhile, better FI was observed in those fed 2%
and 1% A. vera/kg feed (P < 0.05). Fish fed A. vera supplemented diet
presented better FCR and ultimately high FER values; significant
differences (p < 0.05) were observed in fish fed 4% dietary A. vera
when compared to unsupplemented ones. Dietary A. vera did not
significantly affect percentage survival (P > 0.05) when compared
to unsupplemented fish, however, percentage survival of those fed
2% A. vera supplemented diet was negatively affected (P < 0.05),
while fish fed 0.5% A. vera supplemented diet revealed a significant
increase in percentage survival among A. vera supplemented ones.

Table 2

3.2. Hematological parameters

No significant changes (p > 0.05) were observed in RBCs, Hb, and
Ht (Fig. 1) among experimental groups before fish were challenged
with S. iniae. RBC, Hb and Ht in fish fed 0.5% A. vera supplemented
diet were significantly higher (P < 0.05) and lower (p < 0.05) in
those supplemented with 4% A. vera/kg feed, 48 h post challenge,
compared to unsupplemented ones, other supplemented ones, and
initial values, respectively. 4% dietary A. vera continued to affect
(p < 0.05) RBCs, Hb, and Ht in a similar fashion, 96 h post challenge.
An increase in RBCs, Hb, and Ht was observed in fish fed 0.5% A. vera
supplemented diet, after 96 h post challenge, with no significant
difference (p > 0.05) compared to unsupplemented ones.

Meanwhile, mean corpuscular volume (MCV) significantly
decreased (p < 0.05) in unchallenged fish fed 2% and 4% dietary
A. vera compared to unsupplemented ones; no significant changes
(p > 0.05) were observed in challenged fish (Fig. 1). Unchallenged
fish fed A. vera supplemented diet did not show significant differ-
ences (p > 0.05) in mean corpuscular hemoglobin (MCH) compared
to unsupplemented ones, except an increase (p < 0.05) observed in
those fed 0.5% and 1% over 4% A. vera supplemented ones (Fig. 1).
48 h post challenge, MCH decreased significantly (p < 0.05) in 4%
A. vera supplemented fish compared to unsupplemented ones and
other supplemented ones. After 96 h challenge, MCH increased
significantly (p < 0.05) in 1% A. vera supplemented fish over 2%
supplemented ones. MCHC increased significantly (p < 0.05) be-
tween 0.5% and 2% A. vera supplemented unchallenged fish
compared to unsupplemented ones and those fed 4% A. vera sup-
plemented diet; MCHC in fish fed 4% A. vera supplemented diet
continued to decrease significantly (p < 0.05) over 2% supple-
mented ones, 48 h post challenge (Fig. 1).

Dietary A. vera supplemented fish did not show significant
changes in WBCs, neutrophils, lymphocytes, monocytes, eosino-
phils, and neutrophils/lymphocytes count ratio (N/L) before chal-
lenge compared to A. vera unsupplemented ones (Fig. 2). WBC
count was significantly higher (p < 0.05) in fish fed 0.5% dietary
A. vera and lower (p < 0.05) in those received 4% A. vera/kg feed
compared to A. vera unsupplemented ones and those in other
A. vera supplemented groups, 48 h post challenge. WBCs remained
higher (p < 0.05) in fish fed 0.5% A. vera supplemented diet and
lower (p < 0.05) in those fed with A. vera diet at 4%/kg feed, 96 h
post challenge. Accordingly, WBCs in challenged fish fed 4% A. vera
supplemented diet were significantly lower (P < 0.05) when
compared to pre-challenge value.

Neutrophils relative proportion (%) increased significantly
(p < 0.05) in all experimental groups, except in fish fed 2% A. vera
supplemented diet, 48 h after challenge; higher values were

Growth performance and feed utilization of GIFT strain tilapia; O. niloticus fed dietary Aloe vera for 60 days.

Dietary Aloe vera (%) (g/100 g dry matter

Parameters Control 0.5 1 2 4

WG 57.85 + 2.67% 64.80 + 1.54° 64.91 + 2.10° 67.49 + 0.72° 58.30 + 1.30%
SGR 427 + 0.65° 445 +0.33° 4.44 + 0.05° 451 + 0.02° 4.28 + 0.03°
AGR 0.96 + 0.04° 1.08 + 0.03" 1.08 + 0.04" 1.12 + 0.01° 0.97 + 0.02°
'S 17.00 + 3.05 18.74 + 0.87 18.33 + 1.20 17.66 + 1.78 18.58 + 1.29

HIS 1.05 + 0.15° 1.09 + 0.04° 1.15 + 0.05% 1.20 + 0.03%° 1.40 + 0.05"
CF 2.67 +0.25 2.64 + 0.03 2.74 +0.11 2.75 +0.10 3.10+ 0.14

Fl 74.91 + 2.30° 78.80 + 1.30°¢ 80.84 + 1.87%¢ 84.93 + 1.08¢ 68.97 + 0.50°
FCR 1.30 + 0.03° 1.22 + 0.04% 1.25 + 0.03%® 1.26 + 0.01%° 1.18 + 0.02°
FER 0.77 + 0.02° 0.82 + 0.03%° 0.80 + 0.03%® 0.79 + 0.01%® 0.85 + 0.02°

?Data are expressed as mean =+ standard error (M =+ SE). Values with different superscript letters in the same row are significantly different (P < 0.05) from the control. Where,
WG = weight gain, SGR = specific growth rate, AGR = absolute growth rate, CF = condition factor, HIS = hepatosomatic index, VSI = viscerosomatic index, FI = Feed intake,

FCR = food conversion ratio, and FER = Feed efficiency ratio.
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Fig. 1. RBCs (A), Hb (B), Ht (C), MCV (D), MCH (E), and MCHC (F) of Gift-O. niloticus fed four Aloe vera supplemented diets (0.5, 1, 2, 4%/kg feed) and unsupplemented diet at initial
sampling (pre-infection), 48 h and 96 h after S. iniae challenge. Different lower case letters denote a significant difference (p < 0.05) between A. vera unsupplemented fish and A. vera
supplemented fish at respective post infection stages, while asterisks (*) indicate a significant difference (p < 0.05) between a particular post infection period and initial values,

within groups. Values are expressed as M + SE.

observed in dietary A. vera supplemented fish compared to
unsupplemented ones. Neutrophils in 1% A. vera supplemented fish
and unsupplemented ones remained significantly higher (p < 0.05)
after 96 h challenge. Contrarily, lymphocytes decreased signifi-
cantly (p < 0.05) in all experimental groups throughout challenge
period when compared to pre challenge values, within groups,
except fish fed 4% A. vera supplemented diet. Monocytes fluctuated
during challenge period; they decreased after 48 h challenge, with
significant decrease (p < 0.05) observed in fish fed 2% dietary A. vera
compared to pre challenge value; and increased within groups after
96 h challenge, but no significant increase (p > 0.05) was presented.
Eosinophils increased significantly (p < 0.05) within all experi-
mental groups after 48 h challenge compared to pre challenge
values, except in fish fed 4% A. vera supplemented diet; after 96 h
challenge significant increase within groups was only observed in
fish fed 1% and 2% dietary A. vera when compared to initial values,
respectively. Meanwhile, N/L ratio in unchallenged fish fed 2% and
0.5% dietary A. vera was lower and higher in those fed 4% compared
to A. vera unsupplemented ones. 48 h post challenge, N/L ratio
increased significantly (p < 0.05) in fish fed 1% dietary A. vera fol-
lowed by 0.5% dietary and A. vera unsupplemented diet compared
to initial values. After 96 h challenge, N/L ratio remained signifi-
cantly higher (p < 0.05) in A. vera unsupplemented fish and those
fed 1% A. vera supplemented diet, when compared to pre challenge
values, respectively. N/L ratio also remained higher in fish fed with
A. vera diet at 4%/kg feed throughout challenge trial among groups.

3.3. Blood biochemical parameters

3.3.1. Total protein

Dietary A. vera significantly influenced (p < 0.05) fish serum
total protein (TP) content before and after challenge with reference
to control (Fig. 3). Before challenge, TP content gradually increased
significantly (p < 0.05) in 0.5% and 2% A. vera supplemented fish,
and decreased in those fed with dietary A. vera at 4%/kg feed. After
48 h challenge, a further gradual increase in TP was observed in fish
fed with A. vera diet between 0.5% and 2%/kg feed, with no signif-
icant difference (p > 0.05) observed, and decreased significantly in
fish fed with dietary A. vera at 4%/kg feed over those fed with A. vera
unsupplemented diet, 1% and 2% A. vera/kg feed. Similarly, TP
content was higher in fish fed with A. vera diet at 0.5%, 1% and 2%
A. vera/kg feed and significantly lower (p < 0.05) in those fed with
4% A. vera[kg feed, 96 h post challenge. TP content in fish fed A. vera
unsupplemented diet, 0.5%, 1%, and 2% A. vera/kg feed significantly
increased (p < 0.05) after 96 h challenge when compared with pre-
challenge values, respectively.

3.3.2. Lysozyme activity

There was no significant difference (p > 0.05) in serum lysozyme
activity between dietary A. vera supplemented fish and unsupple-
mented ones, before and after infection (Fig. 3). However, higher
lysozyme activities were observed in A. vera supplemented fish
compared to unsupplemented ones. Lysozyme activities were
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higher in fish fed with A. vera diet at 0.5%/kg feed, before challenge
and 96 h post challenge. Meanwhile, fish fed 4% A. vera supple-
mented diet presented higher lysozyme activities, followed by
those fed 1%, 0.5% and 2% A. vera/kg feed, 48 h post challenge. There
was also no significant difference (p > 0.05) observed within post
challenge groups when compared to pre-challenge ones,
respectively.

3.3.3. Glucose concentration

There was a significant (p < 0.05) change in the serum glucose
concentration of fish fed A. vera supplemented diets with reference
to control, pre and post—challenge (Fig. 3). Before challenge,
glucose concentration increased significantly (p < 0.05) in fish fed
with A. vera diet at 2% and 4%/kg feed; the lowest glucose con-
centration was observed in fish fed A. vera diet at 0.5%/kg feed, but
there was no significant difference (p > 0.05) over unsupplemented
ones. No significant difference (p > 0.05) was observed in glucose
concentration between test groups, 48 and 96 h post challenge.
However, high and low glucose concentration values were
observed in A. vera supplemented fish over unsupplemented ones,
post challenge. The lowest glucose concentration value showed in
fish supplemented with 1% A. vera/kg feed, while the highest was
observed in those fed with A. vera at 4%/kg feed with reference to
unsupplemented ones and those fed other A. vera supplemented
diets, throughout post challenge trial. After 48 h challenge, only
A. vera unsupplemented fish and those fed with A. vera at 0.5%/kg
feed showed a significant increase (p < 0.05) in glucose when
compared to their initial values. Meanwhile, fish in all test groups
except those fed 1% A. vera/kg feed presented a significant increase
(p < 0.05) in glucose after 96 h challenge when compared to those
in pre-challenge groups, respectively.

Furthermore, glucose concentration was found to correlated
with N/L ratio before and after challenge (Table 3); a positive cor-
relation (r = 0.22, p > 0.05) was found before challenge; a negative
correlation (r = —0.49, P > 0.05) was observed 48 h post challenge;
and a significant positive correlation (r = 0.53, P < 0.05) was pre-
sent 96 h post challenge.

3.3.4. Cortisol level

Dietary A. vera did not significantly affect (p > 0.05) cortisol level
over control, before and after challenge (Fig. 3). Unchallenged fish
fed 0.5% A. vera supplemented diet showed the lowest cortisol
concentration among test groups, and showed a significant differ-
ence when compared to those fed with dietary A. vera at 2% and 4%/
kg feed. Higher cortisol concentration was observed in fish fed with
A. vera diet at 1%/kg feed, while low concentration was observed in
those fed 4% dietary A. vera, 48 h post challenge. Furthermore, a
significant increase (p < 0.05) in cortisol concentration was
observed in fish fed 0.5% A. vera supplemented diet, 48 h post
challenge over initial value. After 96 h challenge, cortisol level
increased gradually with increase in A. vera dietary doses, with the
lowest concentration observed in fish fed 0.5% A. vera supple-
mented diet.

Table 3
Correlation between glucose level and neutrophil/lymphocytes count ratio (N/L),
and cortisol level and N/L before and after S. iniae challenge.

S. iniae challenge

Parameters Initial (r-values) 48 h (r-values) 96 h (r-values)
N/L and glucose level  0.22 -0.49 0.53*
N/L and cortisol level ~ 0.15 -0.22 0.44

?Values with an asterisk (*) are significantly different (p < 0.05). r = correlation
coefficient.

Moreover, cortisol and N/L ratio were found to correlate before
and after challenge (Table 3); a positive correlation (r = 0.15,
p > 0.05) was found before challenge; a negative correlation
(r = —0.22, p > 0.05) was observed 48 h post challenge; and a
positive correlation (r = 0.44, p > 0.05) was presented 96 h after
challenge.

4. Discussion

Aloe vera is as old as civilization and throughout history it has
been used as a popular folk medicine. Recently, it's potential to
serve as an alternative growth promoter, anti-stressor, immunos-
timulant, appetizer and digestion stimulant have been reported in
fish farming [33,29] and terrestrial animals such as poultry [44,45].

The current study demonstrated that inclusion of A. vera ex-
tracts in tilapia diet markedly affects feed utilization, and ultimately
growth performance and resistance against S. iniae compared to the
control. From the results (Table 1) feed utilization parameters such
as FCR and FER were enhanced with increased dietary A. vera in-
clusion levels, except feed intake (FI), which seemed to have a
favorable range between 0.5% and 2% A. vera/kg feed; this conse-
quently affected WG, SGR and AGR in the similar fashion. Fish fed
4% dietary A. vera had a markedly low feed intake among test
groups, however they could efficiently utilize their feed better,
resulting in improved organo-somatic indices (VSI and HIS), con-
dition factor, and somewhat high WG, SGR, and AGR values when
compared to A. vera unsupplemented fish. Our results are in
accordance with the findings of Mahdavi et al. [20] who reported
that ethanolic dietary A. vera inclusion levels at 0.5% and 2.5% were
able to significantly improve growth performance and nutrient
utilization in common carp after been fed for two months. Hei-
darieh et al. [29] showed that A. vera inclusion level of 0.1% and 1%
increased growth performance in rainbow trout (0. mykiss). Similar
findings were also reported in broiler chickens [45]. The wide range
of immuno-nutrional ingredients such as: proteins, lipids, vitamins,
enzymes, minerals, sugar, lignin, saponin and salicylic acids [24,25]
in A. vera supplemented diet could have enhanced the growth
performance of the fish. Besides, the polysaccharides molecules
such as acemannan present in A. vera leaves are believed to possess
prebiotic properties [46—48]. Prebiotics are non-digestible feed
ingredients that beneficially affect the host by stimulating growth
or activity of one or a limited number of bacterial species already
resident in the gut and thus improving host health [49]. The
improvement in feed utilization and growth performance could be
associated with increased nutrient digestibility, absorption and
assimilation capacity, through improved digestive enzymes and
healthy intestinal microflora fostered by the supplemented A. vera.
A study by Heidarieh et al. [29] reported that A. vera improved
gastrointestinal morphology of O. mykiss by increasing intestinal
villus length and intestinal surface area, for increased food diges-
tion and absorption capacity of the gut.

Furthermore, other interesting findings on feed utilization (FCR
and FER) and growth performance (WG and SGR) in other tilapia
species following administration of medicinal herbs; A. sativum
[10,50], Astragalus membranaceus [51] and Echinacea purpurea ex-
tracts [50] have been reported, respectively. However, contra-
dicting results have been reported too. For example, Dongmeza
et al. [51] reported that diets supplemented with Moringa oleifera
extracts significantly reduced feed intake, which subsequently led
to a significant decrease in growth performance in Nile tilapia
compared to the unsupplemented ones. Similarly, Afuang et al. [52]
showed that fish fed methanolic moringa extracts at a level of
102 g/kg of feed caused a 17.5% reduction in weight gain compared
to control. It has been reported that bioactive compounds such as
saponins and tannins in most medicinal herbs may be toxic to
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animals especially at high concentration [53]; they may present a
bitter taste that might act as feed deterrents [51,53,54], and this
may consequently affect growth. This phenomenon may partly
explain the significant reduction in feed intake observed in fish
supplemented with 4% A. vera/kg feed in the present study; con-
trary to the findings of Dongmeza et al. [51] and Afuang et al. [52],
4% A. vera/kg feed in the present study did not negatively affect
growth, but rather enhanced it, this dosage was probably not too
high enough to cause significant physiological changes that could
have led to poor growth performance in GIFT tilapia. Therefore, our
results (Table 1) revealed that dietary A. vera inclusion levels be-
tween 0.5% and 4% supported growth performance and feed utili-
zation in GIFT-O. niloticus.

Blood parametric tests (hematological and biochemical) have
been adopted in aquaculture as an important tool to assess the
health status of fish. Hematological parameters including RBC, Hb,
Ht and their derivative indices such as MCV, MCH, and MCHC are
particularly known to indicate erythrocyte status and oxygen car-
rying capability in fish [55]. WBC and a number of leukocytes
together with biochemical parameters such as serum proteins,
lysozyme and cortisol are some of the elements that play a crucial
role in fish innate immune response especially during stressful
conditions (e.g. infections, dietary imbalance, high stocking density,
and environmental stressors) [56]. In addition to serum glucose and
cortisol concentration, neutrophils to lymphocytes ratio has been
proven to be a valuable index to measure stress in invertebrates
[41,57]. Studies have demonstrated that several plants such as Ni-
gella sativa [58], A. sativum [59], Zingiber officinale [60], Pedalium
murex [61], Melissa officinalis [31], and A. indica [62] are able to
enhance some of these blood parameters, which is a denotation
that plant extracts can indeed improve the health and immune
system of fish.

In the present study, unchallenged fish fed A. vera supplemented
diet did not show significant changes in hematological parameters
compared to unsupplemented ones, except MCV which decreased
significantly in fish fed 2% and 4% A. vera/kg feed, and MCH
increased significantly in fish fed 0.5% and 1% over those fed 4%
A. vera/kg feed. Significant changes in hematological parameters of
dietary A. vera fed fish over unsupplemented ones were only
noticed after fish were challenged with S. iniae. The results of the
present study revealed that, after challenge, hematological pa-
rameters such as RBC, Hb, and Ht of fish fed 0.5% A. vera supple-
mented diet seemed to be more enhanced than of those fed
unsupplemented diet. Similar to our pre-challenged hematological
results, dietary A. vera in other studies elicited the same effects in
Nile tilapia [39], and rainbow trout (0. mykiss) [30]. Accordingly,
post challenge hematological responses of the present study
correspond with the results obtained by Alishahi et al. [33] who
reported that supplementation of 0.5% A. vera crude extracts in
common carp diet could significantly increase their RBC, and
packed cell volume (PCV or Ht), after Aeromonas hydrophila infec-
tion. Farahi et al. [31] reported that 1% A. vera inclusion level
increased hematological parameters in O. mykiss with no challenge
imposed. The improvement in RBC, Hb, Ht, MCH and MCHC indices
of fish fed A. vera supplemented diets in this study may signify the
ability of A. vera to stimulate erythropoiesis, therefore increasing
the capacity of oxygen transport and strengthening of defense
mechanisms against physiological stress. The erythropoietin effects
of A. vera extract on hemopoetic cells in the bone marrow have
been reported [63]. The increase in MCH as demonstrated in this
study could have been attributed to essential vitamins such as
riboflavin, thiamine and folic acid; and essential and non-essential
amino acids in A. vera, which are primarily required for hemoglobin
synthesis [64]. Polysaccharides in A. vera gel have been also asso-
ciated with increased erythropoiesis and subsequently MCV [65].

On the other hand, herbal extracts have been reported to cause
anemia condition in fish [66,67] and to a certain extent even death
[68]. They are assumed to do this by disrupting erythropoiesis,
haemosynthesis and osmoregulatory functions or by increasing
erythrocyte destruction in hematopoietic organs [69]. A. vera in
particular, has been reported to cause adverse effects including
hematuria, metabolic acidosis, malabsorption [70], and electrolyte
disturbances (hypokalaemia, hypocalcaemia) in animals at a
particular dosage [71]. In addition, Taiwo et al. [38] reported that
A. vera dietary inclusion level as high as 50 ppm caused tissue
necrosis, hypoxia, gill, heart, liver, and kidney damage in tilapia,
and also caused severe normocytic normochromic anemia in rats.
In the same line, the current study observed a significant decrease
in MCH, RBC, Hb, and Ht in fish fed 4% A. vera supplemented diet
after challenge, which can be classified as hypochromic microcytic
anemia condition as reported by Palanisamy et al. [66]. In this
study, microcytic anemia condition was also observed in fish fed 2%
and 4% A. vera supplemented diet before challenge as demonstrated
by a significant decrease in MCV. High A. vera dosage particularly at
4% dietary inclusion level could have been harmful to GIFT tilapia,
resulting in hemolysis, minerals and vitamins deficiency, decreased
Hb and RBC synthesis, and ultimately hypochromic microcytic
anemia condition after challenge as previous reported in Channa
striata exposed to Cleistanthus collinus extracts [66]. Therefore, this
inclusion level may lead to vulnerable fish with weakened defense
mechanisms against physiological stress; it may not be appropriate
in GIFT tilapia culture.

Furthermore, the present study observed: increased WBC,
lymphopenia (decreased lymphocytes), neutrophilia (increased
neutrophils), eosinophilia (increased eosinophils) and monocytosis
(increased monocytes) after fish were challenged with S. iniae
bacterium. Sebastiao et al. [72] reported a neutrophilia response in
Nile tilapia after Flavobacterium columinare challenge, similar to our
study; they also simultaneously reported an increase in circulating
lymphocyte counts, which contradict our findings. Moreover, Ali
and Ansari [73] reported a synchronized neutrophilia and lym-
phopenia response in common carp after monogenean (flukes)
challenge, which is in agreement with our findings. Lymphopenia
response is reported to be a strategy that allows lymphocytes to
move to sites of greatest potential for pathogens entry into the body
such as epithelia of gills, skin and intestines; this help fish to
mitigate infection from foreign pathogens [74,75]. Simultaneously,
the circulating neutrophils are increased to attack pathogens that
enter the body [74,75].

The leukocytosis response observed in fish fed A. vera supple-
mented diet compared to unsupplemented ones in the current
study is an indication that A. vera have the ability to stimulate
leucopoiesis, thus strengthening the body's ability to eliminate
unwanted foreign pathogens such as bacteria, fungi and viruses.
Acemannan molecule present in aloe gel is believed to trigger the
body to produce disease fighting white blood cell, particularly
macrophages [65]. In addition, A. vera has been reported to enhance
phagocytic activity in fish especially during infection; it is unfor-
tunate that the present study did not determine phagocytic or
respiratory burst activities, however, high phagocytic and respira-
tory burst activities were reported in O. mykiss fed 1% A. vera sup-
plemented diet [30]. Interestingly, Alishahi et al. [33] reported that
0.5% dietary A. vera increased serum bactericidal activity and IgM
antibody levels in common carp infected with A. hydrophila, which
is an indication that oral administration of A. vera may provide
some non-specific and specific immune response in fish.

Certain herbal extracts have been reported to increase serum
total protein and globulin content in fish, which is an indication of
immune system activation [76]. The present study indicated that
serum total protein in dietary A. vera supplemented fish
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significantly increased before and after challenge; inclusion level
from 0.5% to 2% A. vera tended to be more effective. This increase
may be partly due to the destruction of RBCs and resultant release
of cell content into the blood stream [77], especially during bac-
terial challenge, or due to an increase in WBC, which is a main
source of serum protein production [62]. Serum total protein con-
tent findings obtained in this work could not agree with the recent
findings by Dotta et al. [39] who reported that 0.5% A. vera sup-
plemented diet failed to significantly increase total protein in un-
challenged O. niloticus. Our results partly support the findings of
Alishahi et al. [33] who reported that 0.5% A. vera inclusion level
significantly enhanced total serum protein and globulin in C. carpio,
before and after A. hydrophila challenge. Similar findings were also
reported in O. mykiss fed 1% A. vera supplemented diet [30]. In
addition to A. vera, several medicinal herbs have been reported to
significantly enhance serum total protein content in different fish
species such as; Mucuna pruriens in L. rohita [61], N. sativa and
nettle (Quercetin) extract in rainbow trout [78], and A. indica in
Lates calcarifer [79].

Furthermore, herbal extracts have been reported to increase
lysozyme concentration in fish, especially during stress. Lysozyme
is an important enzyme in the blood that actively lyses bacterial cell
wall (peptidoglycan), and it is known to act as an opsonin and
activate the complement system as well as phagocytes [80]. In the
present study serum lysozyme concentration in A. vera supple-
mented fish was somewhat high in pre and post challenge stages
when compared to the unsupplemented ones. The findings of the
present study agree with Dotta et al. [39] who used A. vera in
0. niloticus, and Hwang et al. [81] who used green tea extract in S.
schlegeli. Remarkable results on lysozyme activities followed by
administration of A. membranaceus in O. niloticus [82], Sophora
flavescens in GIFT-0. niloticus [5], N. sativa in O. mykiss [78] and A.
indica in L. calcarifer [79] were reported. High lysozyme concen-
tration coupled with increased WBC, neutrophilia, monocytosis,
eosinophilia, increased total serum protein and lymphopenia in
peripheral blood observed in A. vera supplemented fish in the
present study may be an indication that A. vera extracts could have
strengthened the fish innate immune system during the course of
the 60 days administration, leading to a positive immune response
against S. iniae.

An increase in the N/L ratio observed in the current study is a
sign that indeed these animals (GIFT tilapia) were experiencing
physiological stress [83]; sometimes classified as stress leukogram
[84] and had responded by altering their immune strategy to fight
this infection. N/L ratio tended to correlate with both glucose and
cortisol concentration; a significant positive correlation was found
between N/L ratio and glucose, 96 h after challenge. Fish fed A. vera
unsupplemented diet and those fed 1% A. vera/kg feed remained
significantly stressed throughout challenge trial, while those fed
with dietary A. vera at 4% A. vera/kg feed presented a high level of
stress among groups throughout the study, as demonstrated by
higher N/L ratio values. Fish fed 0.5% A. vera supplemented diet
seemed to cope better with stress among groups, as demonstrated
by the lower N/L ratio values; probably, they could effectively
strategize their immune defense mechanisms (e.g. glucocorticoids,
neutrophilia, lymphopenia) to minimize the chances of infection
and subsequent immune challenge, and ultimately return life
supporting physiological systems to homeostatic equilibrium, as
assumed by Van Rijn and Reina [57] who subjected sharks to cap-
ture as a stress. Flavonoids, folic acid, and ascorbic acid present in
A. vera leaves are known to act as antioxidants, which detoxify and
eliminate highly unstable and reactive molecules; free radicals,
which have the tendency to attack and damage normal cells of the
body and cause a variety of health related problems [85]. This may
help animals to easily recover from external stresses. On the other

hand, fish fed 4% A. vera supplemented diet were anemic before
challenge as discussed earlier in the current study; this condition
resulted in animals of poor energy metabolism ability (as demon-
strated by high glucose concentration), and vulnerable animals that
could hardly cope with stress. These results could hardly be related
to previous studies, because no study has investigated these pa-
rameters (N/L ratio, blood cortisol and glucose) in tilapia fed dietary
A. vera.

Meanwhile, Xie et al. [86] reported that, both blood glucose and
cortisol increased in C. carpio var. Jian fed anthraquinone extracts,
after acute crowding stress. Abdel-Tawwab et al. [87] and Hwang
et al. [81] also reported that blood glucose increased in O. niloticus
and Sebastes schegeli fed green tea extracts, respectively. On the
contrary P. murex [61], A. sativum [88], and A. indica [79] revealed
hypoglycemic and anti-hyperglycemic effects in L. rohita, L. cal-
carifer, and O. niloticus, respectively.

The improvement of health indicative parameters in fish by
medicinal plant extracts owes it to their abundant bioactive com-
pounds [89,90]. The modes of action for many bioactive compounds
to initiate immune responses are yet unknown, however Raa [91]
expounded that probably, they interact with specific receptors on
cells surface and promote the expression of intracellular genes
encoding for antimicrobial molecules. This was further supported
by Picchetti et al. [36] who reported that, Aloe extract of 1.2 mg/mL,
acted as a powerful immunostimulant in lipopolysaccharide (LPS),
and activated Sparus aurata fibroblast SAF-1 cells, inducing a syn-
ergic effect on interconnected genes that involved in different as-
pects of the immune responses. In addition, glycoprotein molecules
present in A. vera have been reported to be effective in healing
wound by promoting cell proliferation, new blood capillaries
(angiogenesis), regeneration of tissues and increase blood supply
and oxygen, particularly to the damaged cells or tissues [92]. Aloe
polysaccharides have been also reported to contain anti diabetic
properties (hypoglycemic response) [93]. These A. vera attributes
highlighted above maybe responsible for the improvement of
haemato-biochemical indices presented in the current study
especially after fish were infected with S. iniae bacterium.

Furthermore, no mortality was recorded during bacterial
infection; meanwhile, some haemato-biochemical indices were
negatively affected with an increase in dietary A. vera inclusion
levels. Makker et al. [85] suggested that most beneficial herbal
bioactive compounds such as saponins could be toxic to cold-
blooded organism including fish at particular concentrations.
Hence, administration of higher herbal extract doses to fish may
suppress their immune system [53], overdose for a long time may
reduce their effectiveness [94], and regular consumption may lead
to overstimulation of the immune system which hinders the
normal metabolic activities of the fish [79]. In the present study, the
expression of the immune system suppression or overstimulation
could be linked with a 4% dietary A. vera inclusion level. Our find-
ings agree with Ojha et al. [61] who showed that higher dietary
Pedalium murex ethanolic extract inclusion levels decreased hae-
malogical indices, growth and feed utilization parameters of
L. rohita. Overall, the current study demonstrated health growth
and feed utilization modulator effects of dietary A. vera in GIFT-
O. niloticus.

5. Conclusion

The present study demonstrated that A. vera powder extract
supplemented diet has positive effects in improving growth, feed
utilization, and health parameters of GIFT-O. niloticus fingerlings. A.
vera extracts can be used to replace synthetic antibiotics, growth
promoter, appetizer, stimulator, anti-depressant, and immunosti-
mulant for Nile tilapia. This information is important in order to
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optimize the use of Aloe in large scale and its feasibility to fish
industry; thus, further similar studies are deemed necessary.
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