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Abstract

Freshwater fish larviculture is the most sensitive step in aqua-
culture. It is characterized by a very high mortality rate, generally
due to the mismatch between the feed used and the nutritional re-
quirements of the larvae or fry. The present study aimed to assess
the effects of dietary supplementation of the combination of garlic
(Allium sativum) and ginger (Zingiber officinale) powders on growth
and survival of Clarias gariepinus post-larvae reared in pond system.
Thus, 1200 post-larvae were randomly divided in triplicate into four
treatments. In treatment 1, post-larvae were fed with the control diet
while in treatments 2 to 4, fry were fed on diet containing a mixture
of equal quantity of ginger and garlic to give the final proportions of
0.5%, 1% and 1.5%, respectively for treatments 2, 3 and 4. Feeding
trials were carried out for 63 days during which fry were fed daily at
the rate of 10% of their body weight. Main water parameters were
registered weekly. Fish sampling was done every 21 days during
which fry per treatment were counted and measurements taken on a
representative sample. The results obtained indicate that using the
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mixture of ginger and garlic as feed additive significantly improve
growth performance, feed utilization and survival rate of C.gariepi-
nus fry. With the highest rate of supplementation of 1.5%, the
weight gain (7.63+0.13 g), body length growth rate (16.83+0.37%
cm/d), specific growth rate (9.49+0.06% g/d), feed conversion ratio
(1.294£0.17) and survival rate (84+5.13%) were significantly differ-
ent compared to control by 51.77%, 24.60% 12.12% and 41.36%,
respectively for the weight gain (3.68+0.12 g), body length growth
rate (12.69+1.77% cm/d), specific growth rate (8.34+0.14% g/d),
feed conversion ratio (2.20+0.04) and survival rate (63+£6.56%).
This study indicate that combination of ginger and garlic as feed
additive can be very helpful to improve larvae and fry production.

Keywords: Clarias gariepinus; Garlic; Ginger; Growth; Post-larvae;
Survival

Introduction

Aquaculture has been introduced in sub-Saharan Africa, particu-
larly in Cameroon since the 1940s, on the one hand to minimize the
pressure exerted by fishing communities on wild fish stocks and on
the other hand to ensure permanent availability of fish for a steadily
increasing population. Despite this, aquaculture production remains
very low to cope with increased market demand of fish, resulting in
massive imports to meet domestic demand. Local importers must
therefore invest about 100 billion francs in local currency (170 mil-
lion U.S dollars) each year. This represents huge financial losses and
therefore an imbalance in the country’s trade balance [1]. To rem-
edy this situation, local production of available fish species should
be strengthened to meet the strong market demand for fish and fish
products. Among the endogenous species with high yield potential in
Cameroon, there is Clarias gariepinus, which is a popular choice for
local aquaculture; certainly because of its fast growth rate, omnivo-
rous eating habits, the ability to feed on natural and complementary
feeds, disease resistance, tolerance to low levels of oxygen and to
overpopulation as well as pH fluctuations [2,3]. However, one of the
main obstacles to the emergence of aquaculture production is lack
of availability of fish seeds both quantitatively and qualitatively, as
well as high quality, low-cost feeds [4-6]. Seeds production especially
rearing of larvae and fry are the most sensitive steps in aquaculture
production. Success of this stage is highly determined by larval as
well as fry feeding and nutrition. In rural areas, Clarias gariepinus
seeds production is generally carry out in rudimentary hatcheries by
using the hypophyzation technic. Three to four days after hatching,
the post-larvae are immediately transferred to the pond where they
feed on natural feeds consists of a wide diversity of phytoplankton
species (diatoms, flagellates) and zooplankton organisms (copepods,
cladocerans, rotifers). However, dependence on natural feeds alone
leads to a long period of larval rearing with negative consequences
on survival. One of the alternative is to complete natural diet in pond
with the formulated feeds containing feed additives that can enhance
survival and induce faster growth of fish post-larvae as well as fry to
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meet the growing demand of fingerlings by grow-out fish farmers
and subsequently of food fish in the market. There is a large number
of feed additives commonly used to enhance growth performance in
fish, among which some of antibiotics and hormones. Because they
may induce harmful side effects, the use of antibiotics as feed addi-
tives to promote fish growth in aquaculture industry has been cen-
sored by government policies and consumer rights defenders owing
to development of microorganism resistance and their potential del-
eterious effects on human health [7]. As the global trend is to return
to nature, the World Health Organization encourages the use of me-
dicinal herbs and plant products to replace or minimize the utilization
of chemicals [8]. The use of natural products like medicinal plants
as feed additives, may be highly beneficial to reinforce potency of
feed utilization and animal productive performance [9]. Medicinal
plants have different activities such as antistress, growth promotion,
appetite stimulation, immunostimulation, aphrodisiac and antimicro-
bial properties due to the bioactive components such as alkaloids, fla-
vanoids pigments, phenolics, terpenoids, steroids and essential oils
[10]. Since many of their derivatives are known as growth stimulants
agents, studies on the nutritional and pharmacological properties of
these compounds have gained popularity amongst physiologists and
aquaculture nutritionists in recent decades. Ginger (the powdered rhi-
zomes of the herb Zingiber officinale) and Garlic (Allium sativum)
are spices, in addition to contributing taste and aroma to foods, they
contain bioactive compounds that are of considerable use from the
point of view of food science and technology [11].

Ginger (Zingiber officinale) is an herbaceous perennial plant be-
longing to the family Zingiberaceae [12]. It is generally used for it
safe herbal medicine, and also as spice widely used as food ingredient
in many types of cuisine [13]. Ginger has been reported to be rich
in mineral elements (magnesium, potassium, phosphorus, calcium
and zinc), vitamins (retinol, cholecalciferol, ascorbic acid, thiamine,
riboflavin, niacin, folic acid, pantothenic acid and pyridoxine) and
phytochemicals such as gingerol, shogaols, zingerone, alkaloids, fla-
vonoids, polyphenols, saponin and steroids [14-17] which have a high
antioxidant activity [18]. Phamacological studies reported that ginger
is anti-platelet, anti-bacterial, anti-fungal, anti-viral, anti-worm and
anti-inflammatory, with effects on gastrointestinal and cardiovascular
systems. It also possess anti-lipidemic, anti-hyperglycemic and an-
ti-tumor properties and is known to be effective as an immuno-modu-
latory agent in human as well as animals, including fish [19,20]. Sup-
plementing ginger in fish diets have being reported to enhance growth
and survival [20-22].

Garlic (4llium sativum), a perennial bulb-forming plant belonging
to the family Liliaceae, is native to Central Asia. It is commonly used
in many cultures as a seasoning or spice as well as a remedy in treat-
ing many ailments such as heart diseases, headache, bites worms and
tumors. Previous studies have revealed that it possess antibacterial,
antiviral, antifungal activity [23], antioxidant, potent cardiovascular
benefits, antihyperlipidemic, antidote (for heavy metal poisoning)
immunomodulation, and significant heptoprotective role in detoxifi-
cation [24-26]. It contains a variety of bioactive organosulfur com-
pounds such as flavonoids, alkaloids, saponins, allicin (responsible
for the distinctive odor) diallyl-disulfide, diallyl- trisulfide [27] and
also vitamin A, C and F. Garlic has many beneficial effects on man
and livestock; it has been proven to improve the health of fish [28].
Many studies have reported its beneficial effects on growth, digest-
ibility feed intake, feed efficiency and carcass traits [29-32].

Despite the many trials of garlic and ginger on growth perfor-
mance in different fish species, in our knowledge, trials on the com-
bination of the two phyto-additve have not yet been carried out espe-
cially to promote growth in larval stage. Therefore, the present study
was undertaken to investigate the effects of dietary supplementation
of the combination of garlic (Allium sativum) and ginger (Zingiber
officinale) on growth performance of Clarias gariepinus post-larvae
and their survival rates.

Materials and Methods
Study area

The study was carried out in the technical facilities of a private
farm named “Common Initiative Group-Aquaculture Integrated of
West (CIG-AIW)” in the West Region of Cameroon. The farm has
the essential of the aquaculture installations such as earthen ponds,
concrete tanks and plastic tanks, working space, a functional hatchery
and constant water supply for induced breeding of this fish species.

Experimental fish and housing

The experimental fish larvae were obtained by artificial reproduc-
tion using the hypophyzation technic. Briefly, ripe, sexually mature
female and male catfish were obtained from one of the brood stock
ponds of the CIG-AIW’s farm. The females were injected with the pi-
tuitary gland extract and then kept in separate tanks with well aerated
water at 24°C. The females were stripped after 18 hrs and the obtained
eggs fertilized using the milt from the male. The fertilized eggs were
incubated in the aerated incubation tanks for a period of 24 hrs at 28°C.
After hatching, the larvae were transferred to the hatchling tanks until
complete absorption of the yolk sac. On the fourth day after hatching,
a total of 1200 post-larvae were randomly distributed in twelve hapas
(0.5%0.5%1 m, L: W: H) made up of mosquito net cloth. These hapas
were suspended in an earthen pond of 200 m? as described by Nyadjeu
et al, [33]. The pond water was previously fertilized with the chicken
manure at the rate of 0.5 kg per m?. Before the start of the experience,
the fry were allowed for acclimation for five days during which, they
fed on natural feeds made up of both zooplanktons and phytoplank-
tons as the starter feed so as to obtain uniform size. At the end of
acclimatization period, ten post-larvae were collected randomly from
cach hapa and weighed using a sensitive electronic weighing balance
(Model pocket scale ) on which a zero weight wet filter paper was
placed. This was repeated five times, and the average of the results of
the five sets were taken as the initial weight of the individual larvae
in the hapa. Five sets of five post-larvae each was measured using a
transparent millimeter calibrated ruler and a magnifying hand lens.
The average lengths of each of the sets were taken and the mean of the
various set was taken as initial length of each post-larva in the hapa.
Post-larvae or fry in hapas were grouped in triplicate into four treat-
ments and fed four experimental diets containing different concentra-
tions of the mixture Z.officinale-A.sativum powders as listed below.

* Treatment 1 (TO): 0% Z.officinale-0% A.sativum

* Treatment 2 (ZO-AS: 0.5%): 0.25% Z.officinale-0.25% A.sativum
* Treatment 3 (ZO-AS: 1%): 0.5% Z.officinale-0.5% A.sativum

» Treatment 4 (ZO-AS: 1.5%): 0.75% Z.officinale-0.75% A.sativum

Collection and processing of the feed additives

Fresh ginger and fresh garlic bulbs were purchased from a local
market. After removing the dry skin of both fresh garlic and ginger,
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they were cut into small pieces and then dried in the shade. The dried
ginger and garlic were then crushed finely using a household grinder
and sieved using a household sieve to obtain 500 g of each of the pow-
ders which were kept in dry containers until formulation and prepara-
tion of experimental diets.

Formulation and preparation of experimental diets

Four isonitrogenous diets were formulated using Pearson square
method to contain 40% crude protein. Ginger (Z.officinale (ZO)) and
garlic (4.sativum (AS)) in powdered form were added to the formu-
lated fish diets at 0% (T0) as control diet, 0.25% each one (ZO-AS:
0.5%), 0.5% each one (ZO-AS: 1.0%) and 0.75% each one (ZO-AS:
1.5%). Feed ingredients used for the experimental diet include: Gin-
ger, garlic, fish meal, soybean cake, Peanut cake, maize meal, wheat
bran, Methionine, Lysine, premix, vitamin C, bone meal and palm
oil (Table 1). The dried and grinded ingredients of each diet were
weighed and mixed thoroughly in a bowl for 10 min, palm oil and
warm water were then added slowly along to the mixture and mixed
manually for 20 others minutes to achieve a proper consistency. The
resulting mixture was pelletized (2 mm) using an electric pelleting
machine. The wet pellets were sun-dried, packaged into airtight con-
tainers and stored at room temperature to be crumbled before being
used as a growth and finishing diet. Ten grams (10 g) of the Formulat-
ed diet samples were analyzed following the procedures of A.O.A.C
[34]. Moisture was analyzed by drying the sample in an air convection
oven at 105°C overnight. Crude protein was analyzed by the Kjeldahl
method after acid digestion (% crude protein = % nitrogen x 6.25)
while crude lipid was determined by extraction with petroleum ether
using the Soxhlet method. The ash content in the diet was analyzed by
combustion of samples in a muffle furnace at 550°C for 12 h (Table

1.

Experimental design

At the end of the acclimation period, the 1,200 post-larvae (weight:
19.32+1.06 mg and length: 7.98+0.9 mm) previously randomly divid-
ed into three replicates of 100 post-larvae each in 12 hapas, and fed
with natural feeds from the fertilization of the pond, were subjected to
four feeding treatments. In treatment 1 or control (T0), the post-larvae
were fed with a normal feed, while in treatments 2 (ZO-AS: 0.5%), 3
(ZO-AS: 1.0%) and 4 (ZO-AS: 1.5%), they were fed with a normal
feed supplemented with a mixture of equal quantity of ginger and
garlic powders to obtain final proportions of 0.5%, 1% and 1.5%; re-
spectively for treatments 2, 3 and 4. During the first 21 days of the
experiment, fry were hand-fed four times a day (09:30, 12:30, 15:30
and 18:30 hours) follow by a frequency of three meals a day (10:30,
14:30 and 18:30 hours) for the rest of the trial period. Fry were fed
by smearing the crumbled feed on the surface of the water in the hapa
follow by a brief observation. Fry were fed at a rate of 10% of their
body weight per day for 63 consecutive days. Every 21 days, the total
population of each hapa was transferred to a beaker containing pre-
weighed water to determine the biomass, then counted to determine
the survival rate. After that, the individual weight and length were
recorded on a sample of 20 fry per replicate. The fish fry were starved
for 12 hours before sampling and 12 hours after sampling to limit the
stress and mortality associated with handling.

Water quality management

Physico-chemical parameters of the water in each hapa such
as temperature (T°C) was measured using a Maximum-minimum
thermometer; transparency, using a Secchi disk, Dissolved Oxygen
(D.0), using JBL Test Kits, pH, nitrate (NO,) and nitrite (NO,), using
Test strips (JBL Easy Test 6 in 1) (Table 2). Water physico-chemical
parameters were recorded weekly before feeding.

.
Ingredients Control | ZO-AS:0.5% | ZO-AS:1.0% | ZO-AS: 1.5% Parameters Rearing period (days) Oeﬂ‘:“e‘;m
Ginger Vi 0.25 0.5 0.75 0 21 2 63 [35,36]
Garlic I 0.25 05 075 T°C (°C) 23.550.1 | 23.320.08 | 23.120.20 | 23.6:0.3 8-35
Fish Meal 37 37 37 37 D.O (mg/l) 5.3+0.22 5.5+0.11 5.5+0.01 5.3+0.06 >5
Soybean cake 17.5 17.3 17.3 17.3 pH 6,4+0.21 7,240.25 7,4+0.05 7,240.15 6.5-8.5
Peanut cake 17.5 17.2 17.2 17.2 Transparency (cm) 28.1+1.2 28.2+1.6 29.6+1.4 29.4+0.7 15-40
Maize meal 11.5 11.5 11.5 113 NO, (mg.I") 0.2+0.02 0.1£0.01 0,2+0.01 0,2+0.02 <0.3
Wheat bran 11.5 11.5 11.5 11.2 NO, (mg.1") 15+0.02 10+0.03 15+0.02 15+0.02 <25
Methionine 0.75 0.75 0.5 0.5 Table 2: Water quality parameters (Mean+SD) during 70 days of the experimental
Lysine 0.75 0.75 0.5 0. period.
Premix 10% 1 1 1 |
Vitamin C 05 05 05 0.5 Growth parameters, survival and feed utilization
Bone meal ! ! ! ! Growth performances, survival and feed nutrients utilization were
Palm oil ! ! ! ! assessed for each treatment by determination of Weight Gain (WG),
Proximate Composition (%) daily body length rate (Gr), Specific Growth Rate (SGR), Condition
Protein 4049 4146 42.11 4244 factor (K), Feed Intake (FI), Feed Conversion Ratio (FCR), Protein
Lipid 9 8.1 8.02 8.3 Efficiency Ratio (PER), Survival Rate (SR). Calculations were car-
Ash 9.3 9.5 9.4 8.8 ried out using the following formulae:
Moisture 7 8 8 8 .
Dry matter 93 92 92 92 a. WGE)=Wfwi .
Energy 269.12 267.26 269.66 273.62 =Gr(%cm/ day) = Y-l x100
(kcal/100g) b. LixT
Table 1: Formulations and proximate composition of experimental diets (g/100g dry .
weight. c SGR(%am!day) :Mxmo
)
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Where: Wf = Final Weight; Wi =Initial Weight; Lf= Final Length; Li=
Initial Length; T= number of days in the experimental period;

_ final numberafﬁsh><
initil number of " fish
K- Weight
Length’
Fl(g/ fish) = total dry feed disributed
number of fish
feed int ake

Fishweight gained

SR(%) 100

x100

FCR =

PER - Fishweight gained

protein fed
Where,
Total feed consumed x Crude proteinin feed
100

Protein fed =

Statistical Analysis

The data obtained were tested for normality and homogeneity of
variances and later compared in the feeding trials (treatments) using
one-way Analysis of Variance (ANOVA), followed by Tukey’s multi-
ple comparison test. Data are presented as meantStandard Deviation
(SD). The analyses were performed using GraphPad Prism version
6.0. Treatment effects were considered significant at p<0.05; n=3 rep-
licates of 30 fry each.

Results
Ration palatability and growth parameters

Daily observation without measure of five days old larvae during
the feeding revealed that they readily accepted all feeds. However,
though acceptance for the experimental feeds, characterized by high
agitation of the larvae during feeding was largely better in comparison
to the control, it was independently to the level of phyto-additives
inclusion.

The growth parameters of C.gariepinus fry in terms of weight
gain, daily body length rate and specific growth rate are presented
in figures 1-3. The cumulative weight gain curve (Figure 1), shows
increase in weight gain depending on the harvest period and the con-
centration of the phyto-additive mixture in the feed. Fry fed with the
highest level of dietary supplementation of mix ginger-garlic, show a
significant (p<0.05) increase in weight gain from the 21% day of the
feeding trial until the end of the experimental period with significant
increases of 51.17%, 50.26% and 25.52% compared to control and
treatments 2 and 3 respectively.

Means on the same rearing period carrying the same superscript
were not significantly different at p<0.05.

The results of the daily body length rate of Clarias gariepinus fry,
as illustrated in figure 2, show a significant increase according to con-
centration of ginger-garlic mixture in the diet. On the 63" day of the
experiment, the body length rate of fry in treatment 3 (15.15+2.31%/
day) is significantly (p<0.05) high by 16.24% and 12.80% compared
to control (12.69+1.17%/day) and treatment 2 (13.21£2.03%/day)

respectively. with the highest dietary supplementation level of gin-
ger-garlic mixture (treatment 4 or ZO-AS: 1.5%), C.gariepinus
fry present the greatest daily body length rate of 16.84+2.15%/day,
corresponding to significantly (p<0.05) increases of 24.64% and
21.55% compared to control (12.69+1.17%/day) and treatment 2
(13.2142.03%/day) respectively.

10-
=¥ Z0-AS:15%
= Z0-AS5:1.0%
5 0] e zoas:05% v
= —— Control o
g 64
en
=
o 4+
k5]
=
2-
0
Sampling period (day)
Figure 1: Mean weight gain of Clarias gariepinus fry fed different diets
for 63 days.
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Figure 2: Daily body length rate of Clarias gariepinus fry fed different
diets for 63 days.

J

Means on the same rearing period carrying the same superscript
were not significantly different at p<0.05.

The effect of dietary supplementation of ginger-garlic mixture on
specific growth rate is presented in figure 3. it should be noted that the
highest significant values observed during all sampling periods are
obtained in C.gariepinus fry fed the experimental feed in treatment
4 (ZO-AS: 1.5%), followed by non-significant values in the fry of
treatment 3 (ZO-AS: 1.0%) compared to fish fry of treatments 1 and
2.

J Aquac Fisheries ISSN: 2576-5523, Open Access Journal

DOI: 10.24966/AAF-5523/100028

Volume 4 ¢ Issue 1+ 028


http://doi.org/10.24966/AAF-5523/100028

Citation: Nyadjeu P, Ekemeni RGM, Tomedi MET (2020) Growth Performance, Feed Utilization and Survival of Clarias gariepinus Post-larvae Fed with a
Dietary Supplementation of Zingiber officinale-Allium sativum Mixture. ] Aquac Fisheries 4: 028.

e Page 5 of 10 ¢

25+
_51 i b =v= Z0-AS:1.5%
= | ¥§ = 70-AS: 1.0%
c\?f) 20 SR -®- 7Z0-AS:05%
o 1 Control
5 15-
2 101
@ |
2
g 5
=3 J
0 T T T
0 21 42 63
Sampling period (day)
Figure 3: Specific growth rate of Clarias gariepinus fry fed different diets
for 63 days.

Means on the same rearing period carrying the same superscript
were not significantly different at p<0.05.

Feed efficiency

Table 3 represents feed nutrients utilization by C.gariepinus fry,
fed locally made feed containing varying amounts of the ginger-garlic
mixture as feed additives over a 63 days period. It appears from the ta-
ble below that Feed Conversion (FCR) and protein Efficiency (FER)
ratios are significantly (p<0.05) affected by the level of ginger-garlic
mixture inclusion in the experimental feeds. FCR (1.29+0.17) as well
as PER (1.39+0.05) is the most efficient in fish fed with diet ZO-AS:
1.5 %, followed by fish fed with diet ZO-AS: 1.0%; with the values
of FER (1.71+0.09) and PER (1.18+0.01) significantly (p<0.05) dif-
ferent compared to control and treatment 2 (ZO-AS: 0.5%). No sig-
nificant difference (p>0.05) have being noted as far as the Kondition
factor (K) is concerned within different treatments.

Parameter Control Z0O-AS: 0.5 | ZO-AS: 1.0 ZO-AS: 1.5
Ni 300 300 300 300
Nf 188 217 223 251
Wi (g) 0.02:00 0.0200 0.02:00 0.02:00
Wr (g) 3.70£0.12 | 3.77+0.10 5.67£0.17 7.63£0.12
Li (cm) 0.80+0.09 0.80+0.09 0.80+0.09 0.80+0.09
Lf (cm) 7.10+0.08 7.35+0.18 8.32+0.26 9.17+0.09
FI (g/fish) 8.05+0.37¢ 8.06+0.32° 9.67+0.72* 9.83+1.44°
PI (g/fish) 3.24+0.07* 3.83+0.03" 4.79+0.13¢ 5.51+0.45¢
FCR 2.20+0.04° 2.15+0.06° 1.71+0.09° 1.29+0.17°
PER 1.13+0.06* 0.98+0.03" 1.18+0.01* 1.39+0.05¢
K 1.03+0.02* 0.95+0.06* 0.99+0.06° 0.99+0.04°
Table 3: Feed utilization of Clarias gariepinus fryat the end of the feeding trial.

Values are meantstandard deviation of three replicates of 100 fish
each. Mean within the row with different superscripts are significant-
ly different at p<0.05. Ni, Initial Number of Fish; Nf, Final Number
of Fish; Li, Initial Length of fish; Lf, Final Length of fish; FI, Feed

Intake; FCR, Feed Conversion Ratio; PI, Protein Intake; PER, Protein
Efficiency Ratio.

Survival rate

Cumulative survival rate of Clarias gariepinus fry, fed on difter-
ent diets over a period of 63 days is represented in figure 4. It ap-
pears clearly that survival rate decrease according to the experimental
period, but increase significantly depending to the concentration of
ginger-garlic mixture as additive in the feed. except during the first
sampling period where survival rate was significantly high in all ex-
perimental treatments compared to control, during the following two
sampling periods, the highest significant increase in survival rate is
obtained in treatment 4 (ZO-AS: 1.5%) compared to the rest of treat-
ments, followed by treatments 3 and 2 respectively.

OO 7Z0-AS: 1.5% @R 7Z0-AS: 0.5%
100 - Z0-AS: 1.0% B8 Control
ab b C

Survival rate (%)

SIS SSSSSSS ST

LSS LSS S

Sampling period (day)

Figure 4: Cumulative survival rate of Clarias gariepinus fry fed on differ-
ent diets over a period of 63 days.

Values are mean+SD of three replicates. Means on the same sam-
pling period carrying the same superscript were not significantly dif-
ferent at p<0.05.

Discussion

One of the major problems in the larviculture of freshwater fish
such as the African catfish is the inadequate quality of feeds used as-
sociated with a low resistance to diseases, which leads to high mortal-
ity and reduced growth. Although chemicals such as antibiotics and
growth hormones are used by some fish farmers to improve fish health
and growth, these practices are largely discouraged because of the
potential side effects of these chemicals on the fish produced and even
the end consumer. That is one of the reason why fish physiologists
and aquaculture nutritionists are more and more active in the search
of alternative sources such as medicinal plants, fruits, spices or plant
by-products that are ecologically friendly, with little or none side ef-
fect on final product and its consumer. These alternative sources of
natural products susceptible to improve feed taste or palatability as
well as fish health and growth are extensively tested as additives in
the manufacture of feeds for livestock. Moreover, the evaluation of
their effects in the diet of fish in general and that of post-larvae in
particular constitute a relatively new area of research in aquaculture
with promising results [37-39].
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In the present study, fry fed purely on dry formulated diet without
plant additive (control) recorded the lowest growth performance and
survivability from the first fish sampling until the last. While the best
performance was exhibited by fry fed on diet supplemented with the
highest concentration of ginger-garlic mixture powder. Throughout
the feeding period, some behavioral observations were noticed in
different treatments. Fry fed the control diet were visually smaller
and less active in the hapas compared with those fed formulated feed
enriched with the mixture of ginger and garlic like food additive. It
was also observed that enriched diets with the mixture of the two
phyto-additive seemed to be more attractable to the post larvae than
control diet; since in addition to the fact that fry in the experimen-
tal hapas were very agitated during feeding than those of the control
treatment, feed consumption in these experimental hapas were also
higher compared to the control. This is an indication that the combi-
nation of these two spices as feed additive in the diets of C.gariepinus
fry would have improved the feed taste leading to increase in appetite
stimulation level. The above observations are in line with the findings
of some research studies that plant products used as feed additives
play an important role as the feed taste enhancer agent or palatability
and also like appetite stimulation agent. Addition of plant products in
fish fry diet also intervene in health reinforcement and in enhance-
ment of nutrients deliverance through better digestion and absorption,
which invariably influences their behavioral tendencies and surviv-
ability [40-42].

Results on the growth indicate that there was a general increase
in growth performance in C.gariepinus fry fed with different rate of
dietary supplementation with the mixture of ginger and garlic. How-
ever, the highest growth response was observed in fish fry fed with
the highest level of plant additive combination. This indicate that the
use of ginger and garlic combination as phyto-additive in the diet of
C.gariepinus fry could have improved nutrient utilization, which was
reflected in enhancing weight gain, body growth length rate, specific
growth rate, feed conversion ratio and protein efficiency ratio. These
results are in agreement with many previous studies which reported
that ginger powder or garlic powder when used as additive in fish diet,
in concentrations of 0.5% to 3% improve growth, feed utilization and
health in fry, fingerlings or juveniles of C.gariepinus as well as oth-
er fish species [31,43-47]. Previous findings have suggested that the
growth promoting effects of ginger root and garlic bulb are most at-
tributed to their richness in bioactive materials than to their nutritional
value. Indeed, according to Lebda et al. [48] and Abayomi et al. [27],
ginger is enriched in phenolic compounds such as gingerols, shogaols,
volatile oils, flavonoids and phenolic ketone derivatives. Ginger root
through its bioactive materials stimulate the appetite, the secretion
of pancreatic enzymes and the bile from the liver, and also help to
balance the intestinal bacteria; all these make fast feed digestion [49-
51]. Moreover, ginger root also contains high levels of proteolytic
enzymes and lipolytic plants which leads to improved digestion of di-
etary protein and lipid [52]. Concerning garlic powder, previous stud-
ies have suggested that supplementing garlic bulb in fish feed could
improve growth due to its high content of bioactive components such
as allin and allicin [53-54]. Allicin is known to be the most abundant
compound representing almost 70% of all present thiosulfinates [55].
According to Khalil et al. [53], allicin contained in garlic improves
the performance of the intestinal flora, thus improving digestion. This
consequently enhances the feed utilization, resulting in improved
growth. given the involvement of ginger and garlic in the digestion

mechanism, as mentioned above, it is clear that the improvement in
fry growth observed in the experimental groups compared to the con-
trol could be partially attributed to the combined effects of the bio-
active compounds present in each phyto-additive which would have
acted in synergy to increase the digestibility of macromolecules such
as proteins and lipids which are part of the major constituents of the
feed. The probable improvement in digestibility induced by the syn-
ergistic effects of the bioactive molecules of the plant additives could
be justified by the low value of the feed conversion ratio obtained
in C.gariepinus fry fed on the diet containing the highest level of
the mixture of the two phyto-additives. In addition to the possible in-
volvement of bioactive molecules of phyto-additives in the digestion
mechanism of experimental fry, other studies have indicated that the
beneficial effects of both ginger and garlic on the physiological and
health status of fish when they are used as feed additive are largely due
to their antioxydant properties [8,43]. According to Kim et al. (2007)
[56] and Lebda et al. [48], ginger is considered a potent antioxidant
substance which prevents free radicals generation and lipid peroxida-
tion due to its considerable contain in phenolic compounds. The most
important active molecules of ginger such as gingerdiol, zingibrene,
zingerone, gingerols and shogaols are known to possess anti-oxidant
activities [57]. In addition to that, it has been also reported that garlic
can improve the antioxidant status of rainbow trout [58], mirror carp
[59] and common carp [60], by decreasing the concentration of thio-
barbutic acids in serum and tissues. The powerful antioxidant activity
of garlic is expressed by scavenging Reactive Oxygen Species (ROS)
and inhibiting lipid peroxidation [61]. Metwally in 2009 [62], while
evaluating the effects of garlic (A/lium sativum) on some antioxidant
activities in tilapia nilotica indicated that S-allyl cysteine sulfoxide,
isolated from garlic is an antioxidant molecule that control lipid per-
oxidation. Thus, in addition to the fact that the results of the present
discovery on the growth of C.gariepinus fry were partially justified by
the probable synergistic effects of the bioactive components of gin-
ger and garlic in improving appetite and of the digestion mechanism.
The improvement of the fry growth in experimental treatments would
also be partially attributed to the synergistic antioxydant effects of
the same bioactive components contained in phyto-additives through
their capacity to scavenge reactive oxygen species and to inhibit lip-
id peroxidation. By this probable mode of action, it is obvious that
the supplementation of the ginger and garlic mixture in the feed of
the post larvae of C.gariepinus would have strengthened their state
of health via the strengthening of their immunological status and the
maintenance of a state more stable physiological.

Water quality is the most important limiting factor in larviculture
as its quality directly affects fry’s behavior, feeding and survival. Any
changes in the fry’s environment constitute a source of stress and the
higher and faster the changes, the greater the stress. So the mainte-
nance of the physico-chemical parameters within the acceptable lim-
its are very essential for getting good production [36]. The average
values of water quality parameters such as temperature, transparen-
cy, pH, dissolved oxygen, nitrite and nitrate recorded throughout the
study were considered as suitable for good growth, the maintenance
of stable physiological conditions as well as improving survival of
C.gariepinus fry. These values are within the acceptable one [35-
36] and could partially justify the relatively low mortality observed
throughout the study, in particular in the experimental group com-
pared to the control group. Freshwater species can be fed formulated
diets as early as mouth opening [63]. It have being demonstrated the
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presence of acid protease, amylase and lipase specific activities at an
early stage of striped catfish larvae after the appearance of the mouth
even though the activity of these enzymes remain relatively low [64].
The concentration is therefore insufficient to digest efficiently com-
pound feeds and, thus, the latter can be well ingested but larvae might
die with guts full of feed. According to Sales [65], larvae fed on ar-
tificial feed have a 2.5 times higher chance to die because of various
factors like incapacity to carry out complete digestion of ingested
feed, starvation due to poor feed acceptance and lastly infections due
to the pollution of the rearing environment [66]. All the above men-
tion make larviculture a very sensitive activity that require too much
precision in the management of the water quality as well as the choice
of feed type. It is known that obtaining feeds that satisfy the nutri-
tional needs of larvae is difficult since mechanisms of digestion and
absorption, as well as nutritional requirements, change during larval
development [67]. Good feeds or appropriate post larvae feed have a
low feed conversion ratio which is an indication of their high level of
digestibility. They allow for more fish to be grown in a pond because
they produce less waste polluting the water. Thus, with better water
quality the carrying capacity of the pond is increased. Once more,
the relatively high mortality of about 37% obtained in the control
treatment compared to 16% obtained in treatment 4 might be largely
due to feed quality than to water quality. Thus, the low mortalities
observed in experimental treatments, particularly in treatment 4, can
be justified by the presence of phyto-additives in feeds which would
have improved the feeds utilization by the synergistic actions of their
bioactive molecules to stimulate the appetite and also to strengthen
the mechanisms of digestion and absorption as well as the mainte-
nance of a stable physiological state.

Conclusion

The results of this study revealed that the use of Z.officinale root
powder combined with A.sativum bulb powder as an additive in the
feed of C.gariepinus fry is beneficial to improve growth performance,
feed utilization and the survival of C.gariepinus fry. This could be
attributed to the synergistic actions of the bioactive molecules of
each of the phyto-additives as growth promoting agents by enhancing
both the appetite and the digestion mechanism as well as the state of
health in the fry. The highest inclusion level of 1.5% Z.officinale-A.
sativum powder in combination in the feed of C.gariepinus fry is best
considered because of its good feed conversion ratio, its high protein
efficiency ratio, specific growth rate, weight gain, growth body length
and survival rate. In order to better understand the results of this
study, it would be necessary to evaluate the effect of the combination
of these two food additives on the growth of post-larvae in hatcheries.
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