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Abstract 
 

Phytogenic feed additives are plausible alternatives to an-
tibiotics and serve as growth promoters in aquafeed. This re-
search aims at finding the effects of varying inclusions of nat-
ural antioxidants like hibiscus (Hibiscus sabdariffa L.) and tur-
meric (Curcuma longa) on the growth, hematology, and nutri-
ent utilization of Clarias gariepinus after 60 days of feeding. 
This research used six feeds labeled as F1- F6 that varied in 
the composition of C. longa and H. sabdariffa. The weight (g) 
inclusions of C. longa and H. sabdariffa were as follows, F1 
0:250, F2 50:200, F3 100:15, F4 150:100, F5 200:50 and F6 
250:0. Juvenile African catfish stocked at 9 catfish per 15L 
aquaria per 3 replicate aquariums (27/treatment feed) were 
fed for 60d. The catfish fed with F1 (250g H. sabdariffa) had 
the best specific growth rate of 5.76 ± 0.04 % day-1, lowest 
feed conversion ratio of 1.01 ± 0.01, weight gain of 31.65 ± 
0.13 g, and protein efficiency ratio of 0.96 ± 0.07. The growth 
of African catfish increased with the increasing inclusion of hi-
biscus supplements. Hematobiochemical parameters ALT, AST 
was better for catfish fed high hibiscus supplements. We no-
ticed that hibiscus inclusion was inversely proportional to cho-
lesterol and total triglyceride levels of fish. The deposit of ad-
ipose tissues in the catfish was higher, with increasing inclu-
sion of hibiscus than turmeric supplement. 

 
 

INTRODUCTION 
The high cost of aquaculture feed in 

Nigeria has led to the search for alterna-
tive feed ingredients that can enhance the 
growth and immunity of African catfish. 
Several non-conventional feedstuffs have 
been tried in the diets of Clarias gariepinus 
example, hibiscus, and turmeric. Hibiscus 
is a proteinous flowering plant whose de-
rivatives have been used for various pur-
poses in catfish feed (Fagbenro, 2005; 

Adewole, 2014; Iheanacho et al., 2017). 
Turmeric also known as Curcuma longa, a 
perennial plant and rhizomatous herba-
ceous Zingiberaceae (Chan et al., 2009). 
Turmeric is a phytogenic supplement that 
possesses polyphenolic and hydrophobic 
anti-inflammatory and immune-modula-
tory actions on fish (Abdel-Tawab and Ab-
bas, 2016; Zheng et al., 2018; Enyidi and 
Orji, 2020). 
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Hibiscus sabdariffa is an ornamental 
plant belonging to Malvaceae. Hibiscus is 
also known as “roselle” and has a good 
content of vitamin C and several antioxi-
dants (Robert, 2005; Qi et al., 2005; Cisse 
et al., 2009; Singh et al., 2017). Hibiscus 
seed meal has been used in replacing 60% 
of soybean meal in the diets of African cat-
fish, without any deleterious effects no ad-
verse effects on growth (Fagbenro, 2005). 
In recent research, there were no harmful 
effects of hibiscus and Zingiber officinale 
(ginger) inclusion in the diets, in the blood 
serum of C. gariepinus (Abdel-Tawwab 
and Abbass, 2016). In similar research on 
tilapia, El Mesallamy et al. (2016) noted 
that hibiscus calyx inclusion in tilapia diets 
enhanced growth and increased tilapia's 
immunity to Aeromonas hydrophila. Simi-
larly, Enyidi and Orji (2020) pointed out 
that the inclusion of turmeric supplements 
in the diets of Nile tilapia enhanced 
growth and increased immunity when 
challenged with a consortium of bacteria. 
Turmeric has been reported to improve di-
gestion and metabolic activities (El Mesal-
lamy et al., 2016). Different parts of the 
hibiscus have been used in feed manufac-
turing. The effects of hibiscus and turmeric 
may be due to their vitamins, antioxidants, 
and protein content, and lipids.  

This research aims at finding the ef-
fects of varying inclusions of natural anti-
oxidants like hibiscus (H. sabdariffa L.) 
and turmeric (C. longa) on the growth, he-
matology, and nutrient utilization of C. 
gariepinus after 60 days of feeding. 
 
METHODOLOGY 
Place and Time 

This research was conducted at the 
wet laboratories of Godfrey Okoye Univer-
sity Thinkers Corner, Emene Enugu Enugu 
State Nigeria. The work took place be-
tween June 2018 and January 2019. The 
analytical works were carried out at the 
hematology department laboratory of Uni-
versity of Nigeria Teaching Hospital Ituku-
Ozala Enugu State Nigeria and nutritional 

analysis at the National Root Crop Re-
search Institute, Umudike Umuahia, Abia 
State Nigeria. Other analysis took place at 
Godfrey Okoye University's central labora-
tories.  

 
Research Materials 

The feed production experiment was 
conducted with locally constructed grind-
ers, mixers, and pelletizers. The industrial 
feed mill equipment was made at Uchetch 
Industry at Tinker Industrial Market 
Enugu. We also utilized a locally fabri-
cated electric oven equipped with a ther-
mostat. Average dissolved oxygen was 
measured with YSI oxygen meter model 
550A (YSI Inc. Yellow Springs, Ohio, 
USA). Ammonia was measured with an 
ammonia test kit (Tetra Merke, Melle, Ger-
many). Water pH was with Hannah pH 
meter. Alkalinity and Nitrate content were 
measured with HANNA water testing kit. 
Photoperiods were observed with (HD 
9221 lux meter, Delta OHM, Padua, Italy), 
Kjedahl. 

 
Research Design 

This was designed as a completely 
randomized experiment (CRD). There 
were three replicates per treatment feed. 
A total of six feeds were made, and they 
varied in the inclusion of turmeric: hibis-
cus as follows, Feed 1 (F1) 0 : 250, Feed 2 
(F2) 50 : 200, Feed 3 (F3) 100 : 150, Feed 
4 (F4) 150 : 100, Feed 5 (F5) 200 : 50 and 
Feed 6 (F6) 250 : 0. Feed 6 was a control 
diet equally.  
 
Work Procedure 
Phytogenic Supplements Prepara-
tion 

The hibiscus calyxes were obtained 
from a dealer at the Enugu relief market. 
The calyxes were carefully picked while 
removing unwanted materials. The calyx 
was rinsed with clean water and allowed 
to dry in an oven at 40 °C. The hibiscus was 
autoclaved at 70 °C for 10 mins and then 
allowed to cool. The hibiscus was dried 



Journal of Aquaculture and Fish Health Vol. 12(2) - June 2023 
doi : 10.20473/jafh.v12i2.31675 

 

 
Cite this document as Enyidi, U.D. and Ayogu, I., 2023. Substitution of Hibiscus sabdariffa with Curcuma longa in the Diets of 
Clarias gariepinus and the Effects on the Growth, Nutrient, and Hematobiochemistry. Journal of Aquaculture and Fish Health, 
12(2), pp.269-280. 
This article is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License.   

271 

and ground to dust and stored in a black 
nylon bag and kept at -20° C till used. 

Fresh turmeric was purchased from 
the National root crop research institute 
Umudike. The turmeric was sorted to re-
move unwanted parts and stones. The root 
was then washed in running tap water and 
sliced into 3 mm bits. The sliced turmeric 
was then dried in an oven at 40 °C to a con-
stant weight of 8 % wet weight. The dried 
turmeric was ground to dust and stored in 
a cold room freezer at -20 °C. 

 
Feed Preparation 

The protein supplements and basal 
ingredient contents of the experimental di-
ets were the same for all feed types.  The 
diets were made to be isoproteinous and 
isolipidic. The energy content of the diets 

was also similar for all feeds. Appropriate 
weights of ingredients as stipulated in the 
proximate composition table (Table 1) 
were mixed. Mixing of ingredients utilized 
a locally fabricated electric mixer. The dry 
ingredients were mixed with approxi-
mately 250 ml of water and then precon-
ditioned at 100 °C for 25 minutes. Vitamin 
C and vitamin premix were added to the 
mixed dough. The dough was then 
pelletized using a 2 mm die, fitted to a lo-
cally fabricated feed pelleting machine 
manufactured at Enugu industrial manu-
facturing market Tinker Enugu. The pel-
leted feeds were dried in an air chamber 
at 40 °C for 24 hours.  Dried pellets were 
stored in black nylon bags and kept in a 
freezer at -20 °C till used. Proximate com-
positions of the dried feed pellets were an-
alyzed. 

 
Table 1.  The composition table of treatment feeds varies in inclusion levels of turmeric 

and hibiscus meal, used to feed African catfish Clarias gariepinus (all weights in 
g). 

Composition       F1        F2           F3     F4       F5    F6 
Turmeric 0 50 100 150 200 250 
Hibiscus 250 200 150 100 50 0 
Fishmeal 300 300 300 300 300 300 
Soybean Meal 100 100 100 100 100 100 
Bambara Meal 150 150 150 150 150 150 
Swine entrails 50 50 50 50 500 500 
Bentonite 40 40 40 40 40 40 
Vitamin C 20 20 20 20 20 20 
Oleic oil 30 30 30 30 30 30 
Vit. premix a 20 20 20 20 20 20 
Lysine 20 20 20 20 20 20 
Methionine 20 20 20 20 20 20 
Totals 1000 1000 1000 1000 1000 1000 
Proximate composition       
% Crude protein 32.69 32.42 32.67 33.47 33.82 33.83 
% Lipids 10.42 10.83 11.27 11.54 12.66 13.03 
% Carbohydrate 26.49 25.98 28.03 24.83 20.14 22.48 
%Crude fiber 6.77 6.95 8.31 8.48 8.77 8.96 
%Ash 10.79 11.2 8.34 10.31 12.27 10.6 
%Moisture  12.84 12.62 11.38 11.37 12.34 11.1 
Dry matter (g) 87.16 87.38 88.62 88.63 87.66 86.9 
Phytic acid (mg g-1)                           0.46 0.46 0.35 0.43 0.49 0.53 

aVitamin premix : The following vitamins were added to supply the following Kg-1diet: cholecalciferol, 
1300 IU; all-race-α-tocopheryl acetate, 140 IU; menadione sodium bisulfite, 12 mg; thiamin HCL, 8 
mg; riboflavin, 16 mg; calcium d-pantothenate, 17 mg; biotin, 0.2 mg; folic acid, 5 mg; vitamin B12, 
0.02, niacin, 40 mg; pyridoxine HCl, 16 mg; ascorbic acid (Stay C), 80 mg. Magnesium phosphate, 
5000 mg, potassium carbonate, 400 mg, manganous sulfate, 10; ferrous sulfate, 5 mg; zinc sulfate, 
80 mg. 
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Experimental Setup, Feeding of Fish, 
and Protocols 

African catfish of average weight 3.0 
± 0.75 g were purchased from a commer-
cial fish farm in Enugu, Nigeria. The cat-
fish was transported to the wet laboratory 
of Godfrey Okoye University Emene 
Enugu. Nine African catfish fingerlings 
were stocked in three replicate aquaria per 
treatment feed. Each of the aquaria had 15 
L filtered and aerated water. There were 
18 aquariums in all. The fish were accli-
mated for seven days. During the period of 
acclimation, the catfish were fed 32 % pro-
tein commercial feed. The aquaria were 
aerated and supplied with water at a con-
stant flow rate of (c. 0.6 L min-1). The tem-
perature of the aerated water was 30.0 ± 
1.5 °C. The culture water was tap water 
supplied by the University waterworks.   

The tanks were subjected to a pho-
toperiod of L12:D12, and the light inten-
sity was 8 lux (HD 9221 lux meter, Delta 
OHM, Padua, Italy). The aquariums were 
cleaned by gentle washing every morning 
before feeding time. Care was taken not to 
stress fish, and three-quarters of the water 
was removed and replaced daily. The cat-
fish were hand-fed between 08.00 AM and 
05.00 PM. The catfish were fed ad libitum 
three times daily, morning, afternoon, and 
evening. The method used in feeding was 
by initially weighing a portion of the feed 
on a plate. From the weighed feed, feeding 
was done ad libitum. The plate from where 
feeding was going on is reweighed, and 
the difference is recorded as feed given. 
United feed was collected, dried to con-
stant weight, and deducted. The catfish 
were collectively weighed every two 
weeks. On the day of weighing, the catfish 
were not fed for 9 hours before weighing 

to enhance gut clearance. After 60 days, 
five fish were removed from each treat-
ment feed tank and killed by a sharp blow 
on the head. The length (to 0.1 cm) and 
weight (to 0.1 g) of the fish were recorded 
individually. The liver and visceral fat of 
the sample fish were removed and 
weighed (to 0.01 g). Adipose tissue depos-
its were removed and weighed. The sam-
pled fish were frozen at -20 °C. 
 
Chemical Analysis 
 Analysis of the crude protein con-
tents of the fish and feeds was carried out 
by the Kjeldahl method. The nitrogen con-
tent of the samples was analyzed, and this 
was used in calculating the protein. The 
calculations were as follows: crude protein 
as % N x 6.25. The % crude protein con-
tents are listed in Table 1. The lipids con-
tent of the feed and the fish muscles were 
measured by modified chloroform: metha-
nol as described by Enyidi (2012). Chloro-
form : methanol ratios of 2 : 1. Total lipid 
was estimated as the weight difference in 
non-chloroform : methanol extracted and 
chloroform : methanol extracted muscle 
samples of feeds feed and fish, was taken 
from two fishes per tank and measured by 
freeze-drying muscle samples to a con-
stant weight. Muscle samples were taken 
below the dorsal fin and between the pec-
toral and caudal fins, excluding the skin. 
Ash content was calculated by burning a 
known amount of muscle sample of the 
catfish in a muffle furnace for 24 hours at 
550 °C. The phytochemical components of 
the feeds were analyzed. The phytochemi-
cals analyzed were alkaloids, saponins, 
flavonoids, and tannins. The % phyto-
chemical constituents of the feeds are 
listed in Table 2. 

 
Table 2.  Phytochemical analysis of feeds varying in hibiscus and turmeric used in feeding 

C. gariepinus for 60 days. 
Phytochemicals F1 F2 F3 F4 F5 F6 

Flavonoid mg kg-1 0.22±0.08 0.26±0.07 0.28±0.55 0.29±0.02 0.3±0.04 0.36±0.01 
Alkaloids mg kg-1 0.44±0.06 0.58±0.06 0.74±.05 0.81±0.06 0.88±0.07 0.95±0.06 
Tannin mg kg-1 2.91±0.03 2.71±0.01 2.41±0.07 2.82±0.09 2.840.01 2.96±0.03 
Saponin mg kg-1 0.53±0.01 0.59±0.03 0.57±0.08 0.65±0.02 0.74±0.04 0.85±0.01 
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Physiochemical Analysis of Water 
All the physiochemical parameters 

were measured in the morning before 
feeding and fortnightly.  The culture water 
dissolved oxygen content was measured 
with the YSI oxygen meter model 550 A 
(YSI Inc. Yellow Springs, Ohio, USA). The 
pH value of the water was measured with 
HANNA pH meters. The ammonia content 
of the water was also measured fortnightly 
with an ammonia test kit (Tetra Merke, 
Melle, Germany). Similarly, Nitrate con-
tent was measured with HANNA water 
testing kit, same test kit was used in meas-
uring the dissolved phosphorous content 
of the water. 
 
Hematobiochemical Parameters 

The hematobiochemical parameters 
were carried out to analyze the effects of 
the diets and the supplements on the fish. 
The sample fishes were 3 per treatment, 
and the experiment was conducted in 
three replicate aquariums per treatment 
feed. A total of three fish were randomly 
selected from each treatment feed tank. 
The fish blood was collected from the cau-
dal vein by using sterilized syringes. The 
blood was centrifuged at 3,800 х g for 5 
min, and then samples of blood serum 
were separated and collected. The serum 
was stored at −70 °C for the analyses of 
aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), glucose, total 
protein (TP), total cholesterol (TC), and 
triglycerides (TG). These biochemical pa-
rameters were measured, using a chemical 
analyzer (Fuji DRI-CHM 3500 i, Fuji Photo 
Film, Tokyo, Japan). 
 
Data Analysis 

The catfish specific growth rate 
(SGR) was calculated as follows: 
SGR = 100 × ("#	%&	–	"#	%()

*
  

Where: 
SGR = specific growth rate (% day-1) 
W1 = initial average weight (g) 
W2 = final average weight (g)  
t = periods of the experiment (days) 

Feed conversion ratio (FCR) was cal-
culated as: 
FCR = +,,-	+,-	(.)

/,0.1*	.20#	(.)
 

Protein efficiency ratio (PER) was cal-
culated as:  
PER = 345	×	%	+,,-	89:*,0#

%	;2*+0<1	89:*,0#
 

Daily feed intake (DFI) was calculated 
as: 
DFI = intake (g) – rejected food per day 

One-way ANOVA was used for test-
ing possible differences in treatment 
means and Fishers least significant differ-
ences (FLSD.05) test was used for the sepa-
ration of means and detection of the least 
significant difference. 

 
RESULTS AND DISCUSSION 
Hematobiochemical Parameters 

The hematobiochemical analysis re-
sults of catfish showed that alanine ami-
notransferase (ALT), also known as glu-
tamic-pyruvic transferase (GPT), and as-
partate aminotransferase (AST) were sig-
nificantly (P < 0.05) lower for fish fed 
high hibiscus diets compared to turmeric 
(Table 4). The AST of the fish provided 
feed F1 was 8.8 µ-L, but it was 26.1 µ-L for 
the fish fed the reciprocal diet feed F5. The 
AST of the fish was reduced as the hibiscus 
supplements in the diet were reduced. 
Conversely, AST was increasing as the 
quantity of turmeric increased. Similarly, 
ALT was 2.3 µ-L for the catfish fed feed F1 
while it was 12.8 µ-L for the reciprocal diet 
F5. The ALT values of the fish were in-
versely proportional to the increasing per-
centage of hibiscus supplements. The re-
sult is also in agreement with Enyidi and 
Orji (2020), who noted that the inclusion 
of turmeric in diets of O. niloticus resulted 
in no liver damage and a fast growth rate. 

The serum protein of the catfish was 
not significantly different (P > 0.05), irre-
spective of treatment feed (Table 4). The 
total cholesterol level of the catfish was 
constantly diminishing, with the increas-
ing inclusion of hibiscus supplement (Ta-
ble 4). There was a negative correlation 
between the inclusion of hibiscus and the 
increase in total cholesterol of the catfish 
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(Fig. 2), R2  0.95. The catfish fed feed F1 
had total cholesterol of 99.3 mg-dL, signifi-
cantly different from all other treatments 
(P<0.05). The total cholesterol level of 
the catfish fed feeds F2, F3, and F4 were 
as follows, 110.3 mg-dL, 123 mg-dL, and 
129.8 mg-dL, respectively. There were no 
serious differences (P>0.05) between the 
total cholesterol level of catfish fed with 
F4 and F5. The highest cholesterol level 
was analyzed for catfish fed feed F6 140.2 
mg-dL. The blood glucose level was noted 
to be the lowest.  

Total triglycerides were highest for 
the catfish fed feed F1 235.6 mg-dL but de-
creased with hibiscus meal inclusion in the 
diet. The catfish fed feed F6 had the lowest 
content of total triglycerides, 215.4 mg-dL 
(Table 4). It seems that the combination of 
conditioned gut health and improved feed 
conversion ratio and nutrient utilization. 
This is similar to the findings of Rico et al. 
(2013), Qi et al. (2005), and Enyidi and 
Orji (2020).  

The high lipid content of the catfish 
was not inclusive of cholesterol. The total 
cholesterol content of the fish was con-
stantly reduced with increasing hibiscus 

supplements (Fig 3). Cholesterol aids the 
growth of fish (Guerra-Olvera and Viana, 
2015; Xu et al., 2018). Fish have been 
known to synthesize cholesterol (Deng et 
al., 2010), and fish oil is high in choles-
terol (Moreau et al., 2002). The substitu-
tion of fish oil with vegetable oil can result 
in reduced cholesterol (Guerra-Olvera and 
Viana, 2015). Hibiscus enhances the utili-
zation of cholesterol for high SGR and 
weight gain more than turmeric. The high 
SGR and weight gain we noted in this 
work could be due to the anti-cholesterol 
activities of hibiscus calyx. Administering 
the dried calyx of H. sabdariffa signifi-
cantly decreased serum cholesterol, tri-
glycerides, and LDL levels. Calyx of H. 
sabdariffa possesses both antioxidant ef-
fects against LDL oxidation and hypoli-
pidemic, but the underlining processes are 
not yet transparent (Hirunpanich et al., 
2006). 

There was no adverse effect of the 
feed on the fish. The liver of the catfish 
does not seem to be adversely affected 
based on the ALT and aspirate AST levels. 

 
Table 3.   Hematobiochemical characteristics of African catfish fed diets varying in inclu-

sion .levels of hibiscus and turmeric. 
Parameters F1 F2 F3 F4 F5 F6 

AST (µ L-1) 26.1a 22.1b 18.9c 15.4d 12.1d 8.8e 
ALT (µ L-1) 12.8a 8.3b 7.0b 6.2bc 4.1c 2.3d 
Glucose (mg dL-1) 180.3d 193.0a 185.0c 183.2c 189.1b 185.3c 
Total protein mg dL-1 6.6ns 6.4ns 6.2ns 6.0ns 6.02ns 6.1ns 
Total cholesterol mg dL-1 99.3a 110.3ab 123.4c 129.8d 132.0d 140.2e 
Total glycerides mg dL-1 235.6a 231.5b 220.7a 220.8b 218.6b 215.4bc 

Note: AST= Aspartate aminotransferase, ALT = Alanine aminotransferase, TP (g dL-1) = Total pro-
tein, TC (mgdL-1) = Total cholesterol, TG (mg dL-1) = Triglycerides 

 
Growth and Feed Utilization Param-
eters 

The fingerlings of African catfish 
quickly accepted the experimental diets. 
The catfish fed feed F1 had an SGR of 5.75 
± 0.04 % day-1, and this was significantly 
higher than all other SGR of catfishes fed 
other feeds from F2-F6 (P < 0.05). The 
catfish fed feed F2 had an SGR of 5.06 ± 

0.05 % day-1. There were no significant 
differences between the SGR of catfish fed 
feed F2 and those provided feed F3, 5.00 
± 0.15 % day-1 (P > 0.05). The catfish 
SGR was reduced by reducing the inclu-
sion of hibiscus in the catfish diets (Table 
5). The SGR % day-1 of the catfish fed hi-
biscus supplemented diets was higher than 
the control diet F6. 
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Table 4. Growth performances of C. gariepinus fingerlings fed with diets varying in the 
inclusion of hibiscus and turmeric for 60 days. 

Feed In Wt (g) Final Wt (g) Wt gain(g) SGR (%) FCR PER Protein% DFIg 
F1 27.0±0.07 58.65±0.-4a 31.65±0.13a 5.76±0.04a 1.01±0.01a 0.96±0.07a 32.69 32 
F2 23.0±0.03 43.93±0.12c 20.93±0.05b 5.06±0.05b 1.52±0.05b 0.64±0.12b 32.42 32 
F3 33.24±0.12 53.36±0.20b 20.12±0.12c 5.00±0.15c 1.78±0.02c 0.62±0.07b 32.67 36 
F4 33.36±0.11 39.1±0.07d 5.74±0.07d 2.91±0.78d 2.61±0.01d 0.24±0.13d 33.47 15 
F5 26.61±0.09 31.97±0.04e 5.37±0.04d 2.80±0.45d 2.79±0.05d 0.15±0.09e 33.82 15 
F6 22.12±0.55 31.45±0.01e 9.33±0.09e 3.72±0.08e 1.71±0.04c 0.27±0.05d 33.83 16 

Where: Wt is in g, SGR is % day-1, crude protein is in %, feed intake is in g day-1, protein is fed protein. 
 

There were different effects of the 
inclusion of hibiscus and turmeric on the 
growth rate of the catfish. The results of 
the inclusion levels of the hibiscus on the 
SGR of the fish showed a positive correla-
tion (Fig. 1), R2 = 0.68. Conversely, the 
SGR of the catfish was reduced with in-
creases in the inclusion of turmeric supple-
ments (Fig. 2), R2 = 0.68. The catfish grew 
fast with the experimental diet. The 
growth rate of the fish shows that the in-
clusion of hibiscus and turmeric supple-
ments was beneficial to African catfish. 
The effects of hibiscus in this research are 
in line with Fagbenro (2005) and Adewole 
(2014), who noted that African catfish C. 
gariepinus grew well when hibiscus was 
added to their feed. The faster growth rate 

of the catfish fed with diets containing 
high hibiscus meals could be due to the 
high lipid deposit on the fish and the high 
total glyceraldehyde. It seems that the an-
tioxidative effects of the feed were energy 
saving for the catfish, therefore diverting 
energy for growth. 

The growth performances of catfish 
fed with F1 to F3 indicates that catfish 
grew better at higher hibiscus inclusion 
than turmeric. Similarly, our result agrees 
with Sodamola et al. (2016), who stated 
that the addition of 7.5% turmeric in the 
diets of C. gariepinus increased the growth 
rate. The growth rate of C. gariepinus has 
been reported to be increased by the die-
tary inclusion of Telfairia occidentalis leaf 
meal (Ochokwu et al., 2020). 

 

 
Figure 1. The effects of increasing inclusion levels of H. sabdarifa on the SGR of C. gariepi-

nus provided 6 feeds varying in inclusions of hibiscus and turmeric supplements. 
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Figure 2. The effects of increasing inclusion levels of C. longa on the SGR of C. gariepinus 

provided 6 feeds varying in inclusions of hibiscus and turmeric supplements. 
 

 
Figure 3. The effects of inclusion levels of hibiscus supplement on the cholesterol level of 

C. gariepinus fed for 60 d with 6 types of feed varying in Curcuma longa and H. 
sabdariffa supplements as follows: F1 0:250, F2 50:200, F3 100:15, F4 150:100, 
F5 200:50 and F6 250:0. 

 
Catfish fed feed F1 had the lowest 

FCR of 1.01±0.01. The FCR of feed F1 was 
significantly lower than all treatment 
feeds (P<0.05). The FCR of catfish fed 
feed F1 was especially (P<0.05) much 
lower than those of catfish fed F2 (1.52 ± 
0.05), and also those fed feed F3, 1.78 ± 
0.02. There were, however, no significant 
differences between the FCR of catfish fed 
with F3 and the control feed F6, 1.71 ± 
0.04. Generally, the FCR of the catfish was 
reduced by reducing the inclusion of hibis-
cus meals in the diets (Table 5). Hibiscus 
inclusion in the diets affected the weight 
gain of the fish. Catfish fed high hibiscus 
meals gained more weight than those that 
received less. The weight gains of feeds, 
F1, F2, and F3, were 31.65 ± 0.13 g, 20.93 
± 0.05 g, and 20.12 ± 0.12 g, respectively 
(Table 5).  

The weight increases we noted in 
this experiment supported, Al-Sultan and 
Gameel (2004) and Rahmadani et al. 

(2016) who stated that adding turmeric to 
the diets of C. gariepinus did not result in 
any liver damage. Moreover, Dewi et al. 
(2020) stated that turmeric powder in-
cluded in catfish diets at a dose of 480 
mg/100 g increases the body weight, egg 
vitellogenin deposition, and gonad devel-
opment. The better growth of fish in our 
experiment could be because hibiscus is 
antioxidant while turmeric is a phytogenic 
antibiotic growth promoter. The protein 
efficiency ratio (PER) of the catfish was 
highest for those catfish fed with feeds 
having a higher inclusion rate of hibiscus 
than turmeric (Table 5). There were, how-
ever, no significant differences (P<0.05) 
between the daily feed intake of catfish-
fed feed containing a high percentage of 
hibiscus meals (Table 5). Similarly, the 
DFI of the catfish was similar for those fed 
with high turmeric supplemented 
(P>0.05). 
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Physiochemical Analysis of Water 
The physiochemical parameters of 

the culture water are recorded in Table 3. 
The culture water dissolved oxygen con-
tent ranged from 7.0 ± 0.05 mg L-l to 8.4 
± 0.06 mg L-1. The pH ranged from 

5.04±0.05 to 5.52 ± 0.06mg L-1. The am-
monia content of the water was from (1.0 
± 0.06 mg L-1 to 1.5 ± 0.08 mg L-1). Ni-
trate content ranged from 2 ± 0.04 mg L-l 
to 5.0 ± 0.01 mg l-l. The dissolved phos-
phorous content of the water ranged from 
2.56 ± 0.12 mg L-l to 3.95 ± 0.77 mg L-l 
(Table 6). 

 
Table 5.  Physiochemical parameters of culture water used in rearing C. gariepinus fed 

diets varying in the inclusion of hibiscus and turmeric for 60 days. 
Parameters F1 F2 F3 F4 F5 F6 Reference 

pH 5.4±0.02 5.5±0.06 5.4± 0.01 5.1 ±07 5.0±0.05 5.2±0.02 5.121  
Turbidity 100 ± 0.6 100±0.09 100 ±0.02 100 ±0.07 100±0.05 100±0.07 1001 

DO (mg L-1) 7.0±0.05 7.8±0.07 8.4 ±0.06 7.5 ±0.02 8.1±0.01 7.5±0.14 7-82 
Ammonia (mg L-1) 1.3±0.04 1.0 ±0.06 1.5±0.08 1.2 ±0.06 1.02±0.08 1.4±.05 8.83 

Nitrate (mg L-1) 3.0±0.12 2±0.04 5.±0.01 2.0 ±0.07 3.4 ±0.04 5.0±0.01 2004 
Phosphorus (mg L-1) 3.95±0.77 2.99±0.03 2.8 ±0.12 2.56±0.12 3.00±0.08 3.89±0.04 5.85 

Note: 1Enyidi and Agi (2016), 2Zidni et al. (2019), 3Eding and Kamstra (2001), 4Bovendeur et al. 
(1987), 5Ariffin et al. (2019). 

 
The recorded data showed that the 

physiochemical parameters of the culture 
water were within acceptable values and 
in line with Hussain et al. (2014), Ariffin 
et al. (2019), and Zidni et al. (2019) who 
had similar water quality. The water qual-
ity could have supported the growth rate 
of the fish especially as the water was 
changed daily. 

 
CONCLUSION 

Hibiscus and turmeric meal supple-
ment support the fast growth rate of C. 
gariepinus. Weight gain increased with in-
creasing inclusion of hibiscus meal than 
turmeric—hibiscus supplement lower 
FCR, total triglycerides, and cholesterol. 
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