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The study was conducted to investigate the effect of citric acid (CA) supplemented Moringa oleifera 
leaf meal (MOLM) based diets on hematological indices, nutrient digestibility and growth performance 
of Catla catla fingerlings. MOLM based diet was sub-divided into one control diet (0% CA) and five 
test diets, each supplemented with 1%, 2%, 3%, 4% and 5% CA, respectively. Chromic oxide as an inert 
marker was added in the diets to determine nutrient digestibility. The fingerlings were fed twice daily 
at the rate of 5 % of live wet body weight on their respective diets. Supplementation of CA in MOLM 
based diets significantly (p< 0.05) enhanced nutrient digestibility and growth performance of fingerlings 
as compared to control diet. Highest digestibility of crude protein (68.57%) was observed at 4% CA 
level, whereas highest digestibility of crude fat (72.23%) and gross energy (66.63%) was observed at 
3% CA level. Fingerlings also showed maximum weight gain (WG), weight gain% (WG%), specific 
growth rate (SGR) and lower FCR value at 3% CA level. Hematological indices of fingerlings fed CA 
supplemented MOLM based diets were significantly (p< 0.05) improved as compared to control diet. 
Maximum number of RBC (2.98×106mm-3), WBC (7.91×103mm-3), PLT (66.59) and Hb (8.89 g/100ml), 
blood PCV (25.25%), MCHC (34.91%), MCH (55.88 pg) and MCV (187.67fl) were also found at 3% 
CA level. In conclusion CA at 3% level can be supplemented in MOLM based diet for improvement in 
nutrient digestibility, growth performance and hematological indices of C. catla fingerlings.

INTRODUCTION

Global fish demand has been increased due to rapid 
increase in fish consumption and world population 

growth. The aquaculture expansion will help to meet the 
growing fish demand and relieve pressure on steadily 
declining capture fisheries (Tacon and Metian, 2013). 
Artificial feeds play major role in the successful intensive 
aquaculture and covers the major production cost of the 
system therefore improvement in the efficiency of aqua-
feed is already a priority (Naylor et al., 2000; Borlongan 
and Satoh, 2001; Hussain et al., 2017). The essential 
nutrients required for fish are fatty acids, amino acids, 
minerals, vitamins and energy-yielding macronutrients. 
Diets given to the fish should supply required energy and 
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all these essential nutrients and for proper nourishment 
and growth. The digestibility of nutrients present in diet 
affects aquaculture production and also influences the 
environment therefore available digestible energy and 
nutrients digestibility data of feed ingredients in fish diet 
is important for optimized feed formulation (NRC, 2011).

Fishmeal is an exceptional protein source in aqua-
feed due to its high digestibility, palatability and excellent 
composition of essential amino acids (Olsen and Hasan, 
2012). Annual fish oil and fishmeal production has not 
increased above 1.5 million tons per year since last 25 years 
therefore commercial aquaculture cannot continuously 
rely on limited marine pelagic fish stocks for fish oil and 
fishmeal supply (Turchini et al., 2009). In order to obtain 
economically sustainable, environment friendly and viable 
production researchers are evaluating unconventional 
protein sources predominantly from plant products such 
as leaves, seeds and other agricultural by-products due to 
their high protein contents (Richter et al., 2003; Abo-State 
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et al., 2014).
Moringa oleifera is one of the potential protein 

sources for inclusion in aquaculture diets (Chiseva, 2006). 
Basically it is the most extensively cultivated plant species 
of genus Moringa, the only genus of family Moringaceae 
containing high crude protein (251 g/kg DM) in the leaves, 
with low content of tannins and other anti-nutritious 
compounds (Nouala et al., 2006). Because of the favorable 
amino acid profile and wide availability throughout the 
tropical and subtropical regions, moringa leaves and seeds 
can be regarded as a potential feed component of fish diet 
to make aquaculture production cost effective (Tagwireyi 
et al., 2014).

Efficiency of commercial fish farming can be 
determined from growth rate of fish which is very important 
index and depends upon number of factors. Some feeding 
trials conducted to determine the effect of citric acid (CA) 
acidified diets on growth and feed performance have 
shown encouraging responses (Sarker et al., 2005; Pandey 
and Satoh, 2008). CA enhances the phytase efficiency by 
providing an optimum gut pH which in turn increases the 
absorption of nutrients. CA also acts as antimicrobial agent 
and stimulates fish feed intake (Baruah et al., 2005; Shah 
et al., 2015). 

Among various carp species of, C. catla, L. rohita and 
C. mrigala have high market value for their palatability. 
Even then, very minor work has been done for intensive 
farming of these species (Nandeesha et al., 2013). C. 
catla was selected in current study because of its ability 
of rapid growth, size, nutritional quality, taste, adaptability 
to climate and commercial importance in Pakistan (Wahab 
et al., 2002). Therefore the present study was conducted 
to investigate the effect of citric acid supplementation on 

hematological indices, growth performance and nutrient 
digestibility of C. catla fingerlings fed MOLM based diets. 

MATERIALS AND METHODS

Fish and experimental conditions
Experimental fish (C. catla) fingerlings were obtained 

from “Government Fish Seed Hatchery”, Faisalabad. 
Before starting the feeding trial, fingerlings were dipped 
in NaCl (5g/L) solution for specific time to make them 
free of ecto-parasites. The fingerlings were acclimatized 
in laboratory for 2 weeks time period in V-shape like 
water tanks particularly designed to collect fish fecal 
material. Throughout this time period fingerlings were fed 
once daily on basal diet to apparent satiation (Allan and 
Rowland, 1992). Physical parameters like temperature, 
dissolved oxygen, and pH were monitored on daily basis. 
Tap water was used during whole experiment. 

Ingredients of feed and experimental diets formation 
The ingredients of feed were procured from a 

commercial feed mill and their chemical composition was 
analyzed (AOAC, 1995) before the formulation of the test 
diets (Table I). The ingredients of feed were grinded finely 
to pass through (0.5 mm) mesh size. All Ingredients of feed 
(Table II) were mixed up for five minutes in a food-mixer 
and fish oil was added subsequently. Feed was sub-divided 
into one control (0%) 0g CA and five test diets, each having 
5 kg weights supplemented with 1% (50g), 2% (100g), 3% 
(150g), 4% (200g) and 5% (250g) CA, respectively. 100 g 
feed per 85 ml of water was blended into the food-mixer 
to form suitable dough and pelleting machine was used to 
process this dough into pellets (Lovell, 1989). 

Table I.- Ingredients composition (%) of diets.

Ingredients Test diet-I (control) Test diet-II Test diet-III Test diet-IV Test diet-V Test diet-VI
MOLM 35 35 35 35 35 35
Fish meal 15 15 15 15 15 15
Soybean meal 15 15 15 15 15 15
Wheat flour 17 17 17 17 17 17
Rice polish 8 8 8 8 8 8
Fish oil 6 6 6 6 6 6
Vitamin premix 1.0 1.0 1.0 1.0 1.0 1.0
Mineral premix 1.0 1.0 1.0 1.0 1.0 1.0
Ascorbic acid 1.0 1.0 1.0 1.0 1.0 1.0
Chromic oxide 1.0 1.0 1.0 1.0 1.0 1.0
Citric acid level 0 % 1 % 2 % 3 % 4 % 5 %
Total 100.0 100.0 100.0 100.0 100.0 100

MOLM, Moringa leaf meal. Citric acid will be used at the expense of wheat flour.
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Table II.- Analyzed composition of nutrients in MOLM 
based test diets.

Diets Crude 
protein (%)

Crude fat 
(%)

Gross energy 
(Kcal/g)

Citric acid levels (%)
0 (Control diet)
(Test diet I)

29.81 4.47 2.92

1 (Test diet II) 29.81 4.48 2.91
2 (Test diet III) 29.81 4.48 2.91
3 (Test diet IV) 29.81 4.47 2.92
4 (Test diet V) 29.81 4.48 2.91
5 (Test diet VI) 29.82 4.48 2.92

PSE 0.05251095 0.04554192 0.02711457
p 0.0055071 0.0107143 0.9978

Data are means of three replicates. PSE, pooled; l SE, √MSE/n (MSE, 
mean-squared error).

Feeding schedule and collection of sample 
C. catla fingerlings were fed twice daily (8:00 am 

and 2:00 pm) on their respective diet @ of 5 % live wet 
body weight. Each test diet was used in three replicate and 
fifteen fingerlings were used in each replicate. After two 
hours feeding session, the unutilized diet from each tank 
was collected through the valves of tanks. The tanks were 
washed completely to remove diet particles and water 
was refilled in each tank. Three hours after the feeding 
session, feces were collected from each tank through fecal 
collection pipes using valves. Utmost care was done to 
avoid breakdown of fecal strings during fecal collection 
to make sure minimized nutrient leaching. Fecal material 
from each tank was oven dried at 60°C, completely grinded 
and stored in lab for chemical analysis. Fecal material (5g) 
was collected from each tank until the completion of 90 
days feeding period.

Chemical analysis of feed and feces
The samples of feces, experimental diets and feed 

ingredients were homogenized separately by motor and 
pestle and were analyzed by standard procedures (AOAC, 
1995). Crude protein (N × 6.25) was determined by micro 
kjeldahl apparatus; moisture by 12 h oven-drying at 
105oC; crude fat using Soxtec HT2 1045 system through 
petroleum ether extraction method and gross energy by 
oxygen bomb calorimeter. 

Estimation of chromic oxide 
Chromic oxide as an inert marker was added in test 

diets to determine nutrient digestibility. Chromic oxide 
content after oxidation of the ash samples of feces and 
experimental diets with perchloric reagent was estimated 
by acid digestion method (Divakaran et al., 2002) through 

UV-VIS 2001 spectrophotometer at 350nm.

Digestibility calculation 
ADC% (Apparent nutrient digestibility coefficients) 

for test diets were determined using standard formula 
(NRC, 1993):

ADC (%) = 100 – 100 × (% marker in diet × 
% minerals in faeces / % marker in faeces × % 

minerals in diet)

Growth studies
Fingerlings in each replicate were bulk weighed after 

the completion of experiment to determine the growth. 
Fish growth performance was determined using standard 
formulae:

Blood samples and hematological assay 
Blood samples were taken from caudal vein by 

heparinized syringe and thereafter were taken to the 
Molcare Lab, Department of Biochemistry, University 
of Agriculture, Faisalabad, Pakistan for hematological 
analysis. Micro-hematocrit technique (Brown, 1980) was 
used to determined hematocrit by the help of capillary 
tubes. Red blood cells (RBC) and white blood cells 
(WBC) counts were determined with a haemo-cytometer 
with approved Neubauer counting chamber (Blaxhall and 
Daisley, 1973). Hemoglobin (Hb) concentration estimates 
were determined as described by Wedemeyer and Yastuke 
(1977). The following parameters were used to calculate: 
mean corpuscular hemoglobin concentration (MCHC); 
mean corpuscular hemoglobin (MCH) and mean cell 
volume (MCV) by using the following formulae:

MCHC = Hb/PCV × 100 
MCV = PCV/RBC × 10 
MCH = Hb/RBC × 10

Statistical analysis
At the end, growth performance, nutrient digestibility 

and hematology data were analyzed by one-way analysis of 
variance (Steel et al., 1996). Tukey’s Honesty Significant 
Difference Test was used to compare differences among 
treatments and considered significant at p<0.05 (Snedecor 
and Cochran, 1990). Statistical analysis was done using 
Co-Stat Computer Package (version 6.303, PMB 320, 
Monterey, CA, 93940 USA).

Nutrient Digestibility and Growth Performance of Catla catla Fingerlings 2309
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Fig. 1. Quadratic relationship between CA% and various nutrient digestibility parameters of C. catla fingerlings fed MOLM based 
diets.

Table III.- Analyzed nutrients (%) in feces of C. catla 
fingerlings fed MOLM based diets.

Diets Crude 
protein (%)

Crude fat 
(%)

Gross energy 
(Kcal/g)

Citric acid levels (%)
0 (Control diet)
(Test diet I)

16.31a 2.09a 1.72a

1 (Test diet II) 14.59b 2.04a 1.65a

2 (Test diet III) 11.80c 1.51bc 1.36b

3 (Test diet IV) 9.93d 1.31d 1.03c

4 (Test diet V) 9.96d 1.34cd 1.07c

5 (Test diet VI) 11.80c 1.56b 1.37b

PSE 0.17843972 0.03573933 0.02175699
p 0.0000 0.0000 0.0000

Data are means of three replicates. PSE, pooled; l SE, √MSE/n (MSE, 
mean-squared error).

Table IV.- Apparent nutrients digestibility (%) of C. 
catla fingerlings fed MOLM based diets.

Diets Crude 
protein (%)

Crude fat 
(%)

Gross energy 
(Kcal/g)

Citric acid levels (%)
0 (Control diet)
(Test diet I)

49.01d 56.51c 45.19c

1 (Test diet II) 54.56c 57.70c 47.31c

2 (Test diet III) 62.63b 68.23b 55.86b

3 (Test diet IV) 68.46a 72.23a 66.63a

4 (Test diet V) 68.57a 71.79a 65.49a

5 (Test diet VI) 63.13b 67.52b 56.19b

PSE 0.48523606 0.52493857 0.52480358
p 0.0000 0.0000 0.0000

Data are means of three replicates. PSE, pooled; l SE, √MSE/n (MSE, 
mean-squared error).

RESULTS 

Tables II and III represent the nutrient percentage 
(crude protein, crude fat and gross energy) in test diets 
and feces. The result of nutrient digestibility % (Table IV) 
indicated that CA supplementation in MOLM based diets 
significantly (p< 0.05) enhanced the digestibility of crude 
protein, crude fat and gross energy compared to control 
diet. CA supplementation in MOLM based diets at 3% 
and 4% level showed significantly (p< 0.05) better crude 
protein, crude fat and gross energy digestibility compared 
to CA levels at 1%, 2% and 5%. Maximum digestibility 
of crude protein (68.57 %) was observed at 4% CA level 
followed by 3% CA level (68.46 %) in MOLM based diet. 
Maximum digestibility of crude fat (72.23) and gross 
energy (66.63) was observed at 3% CA level in MOLM 
based diet. Quadratic regression was used to estimate the 
effect of CA on various nutrient digestibility parameters. 
Value of R2 for crude protein digestibility (0.950), crude fat 
digestibility (0.850) and gross energy digestibility (0.800) 
revealed that more than 80 % of variation in above said 
parameters is explained by CA supplementation. Findings 
also revealed that optimum CA supplementation level is 
3.59% for optimal crude protein digestibility (67.73%), 
optimum CA supplementation level is 3.68% for optimal 
crude fat digestibility (71.02%) and optimum CA 
supplementation level is (3.50%) for optimal gross energy 
digestibility (62.83). Regression curve revealed that crude 
protein digestibility of C. catla fingerlings was increased 
by increasing CA up to 4% level, further increase in CA% 
gradually decreased crude protein digestibility (Fig. 1). 

Data for various growth parameters for C. catla 
fingerlings is presented in Table V. The results revealed that 
CA supplementation in MOLM based diets significantly 
(p< 0.05) enhanced overall growth performance of C. catla 
fingerlings as compared to fish fed on control diet. C. catla 

M. Hussain et al.
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fingerlings showed significantly higher (p< 0.05) WG, 
WG% and SGR when fed 3% CA supplemented MOLM 
based diet. Significantly (p< 0.05) better FCR value (1.25) 
was also observed at 3% CA level in MOLM based diet. 
Quadratic regression was used to estimate the effect of 
CA on various growth performance parameters. Value of 
R2 for weight gain (0.701), weight gain% (0.701), FCR 
(0.838) and SGR (0.738) revealed that more than 70 % 
of variation in above said parameters is explained by CA 
supplementation. Findings also revealed that optimum 
level of CA supplementation was (3.14%) for WG, (3.15%) 
for WG%, (2.93%) for FCR and (3.09%) for SGR (Fig. 2).

Hematological parameters of C. catla fingerlings 
fed CA supplemented MOLM based diets significantly 

(p< 0.05) improved compared to control diet (Table VI). 
By increasing CA % in MOLM based diet, RBC, WBC, 
PLT and Hb also increased. Maximum number of RBC 
(2.98×106mm-3), WBC (7.91×103mm-3), PLT (66.59) and 
Hb (8.89 g/100ml), were observed in blood of fish fed 3% 
CA supplemented MOLM based diet. Fingerlings fed 2% 
CA supplemented MOLM based diet showed second best 
values for RBC (2.54×106mm-3), WBC (7.62×103mm-3), 
PLT (64.57), Hb (7.91g/100ml) compared to control and 
other CA supplemented diets. C. catla fingerlings fed 
3% CA supplemented MOLM based diet also revealed 
significantly (p< 0.05) higher blood PCV (25.25%), MCHC 
(34.91), MCH (55.88 pg) and MCV (187.67fl) compared 
to control and other four CA supplemented diets.

Table V.- Growth performance of C. catla fingerlings fed MOLM based test diets.

Experimental 
diets

Citric acid 
(%)

Initial weight 
(g)

Final weight 
(g)

Weight gain 
(g)

Weight gain 
(%)

(Fish-1 
day-1) g

Feed intake FCR SGR

Test diet-I
(control diet)

0 9.54 29.98a 20.44d 214.30d 0.23d 0.34ab 1.50c 1.27d

Test diet-II 1 9.55 30.94d 21.39c 223.95cd 0.24c 0.34ab 1.45c 1.31c

Test diet-III 2 9.54 32.05b 22.51b 236.05b 0.25b 0.33b 1.33b 1.35b

Test diet-IV 3 9.56 35.25a 25.69a 268.77a 0.29a 0.36a 1.25a 1.45a

Test diet-V 4 9.53 34.91a 25.38a 266.36a 0.28a 0.36a 1.28ab 1.44a

Test diet-VI 5 9.54 31.43c 21.88c 229.33bc 0.24c 0.35ab 1.44c 1.32bc

PSE 0.044326 0.077984 0.106389 2.052533 0.001182 0.004497 0.016172 0.006817

P 0.9974 0.0000 0.0000 0.0000 0.0000 0.0072 0.0000 0.0000

Means within rows having different superscripts are significantly different at p< 0.05. Data are means of three replicates. PSE, pooled; SE, √MSE/n (MSE, 
mean-squared error).

Table VI.- Hematological parameters of C. catla fingerlings fed MOLM based test diets.

Diets RBC (106mm-3) WBC (103mm-3) PLT Hb (g/100ml) PCV (%) MCHC (%) MCH (pg) MCV (fl)
Citric acid levels (%)

0 (Control diet)
(Test diet I)

1.28d 6.78d 54.52d 6.68d 22.21d 26.16e 37.90f 93.26f

1 (Test diet II) 1.90c 7.14c 61.32c 7.25b 23.20bc 27.73d 39.72e 106.07e

2 (Test diet III) 2.54b 7.62b 64.57b 7.91b 25.09a 32.26c 42.19d 185.17b

3 (Test diet IV) 2.98a 7.91a 66.59a 8.89a 25.25a 34.91a 55.88a 187.67a

4 (Test diet V) 2.83ab 7.78ab 66.06a 8.45ab 23.48b 33.84b 53.82b 182.66c

5 (Test diet VI) 1.73c 7.24c 61.78c 7.52bc 22.76c 32.16c 50.56c 179.56d

PSE 0.071349 0.06594 0.061659 0.15192 0.097686 0.10823 0.097705 0.127737

P 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Data are means of three replicates.  PSE, pooled; SE, √MSE/n (MSE, mean-squared error); WBC, white blood cell; RBC, red blood cell; PCV, packed cell 
volume; Hb, hemoglobin concentration; PLT, platelet; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular 
hemoglobin concentration.



2312                                                                                        M. Hussain et al.

Fig. 2. Quadratic relationship between CA% and various growth parameters of C. catla fingerlings fed MOLM based diets.
 

DISCUSSION

Acidified diets decrease the pH in the gastrointestinal 
tract, increase the hydrolysis of phytate which in turn 
release bound nutrients and minerals (Baruah et al., 
2007; Lückstädt, 2008). Lower pH in gastrointestinal 
tract causes improved absorption of nutrients (Boling-
Frankenbach et al., 2001). Present study also proved that 
CA supplementation in MOLM based diets significantly 
improved overall nutrient digestibility which in turn 
enhanced growth performance of C. catla fingerlings. 
Crude fat and gross energy digestibility were significantly 
higher at 3% CA level whereas crude protein digestibility 

was significantly higher at 4% CA level. Our results 
coincide with the findings of Baruah et al. (2007) who 
reported maximum nutrient digestibility at 3% CA 
inclusion in phytase treated diet. In contrary to our findings 
Hussain et al. (2015) reported significantly higher dry 
matter, crude protein, crude fat and gross energy with 5% 
CA inclusion level. Afzal et al. (2016) and Rabia et al. 
(2016) reported higher crude protein, crude fat and gross 
energy digestibility at 2% CA inclusion in phytase treated 
diet.

Study of growth is an important parameter of fish 
culture competence. Minute detail is known about acidifier 
use in diets of major carps (Asrar et al., 2016). The results 
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of present study indicated that CA supplementation at 3% 
level in MOLM based diet significantly enhanced fish 
WG, WG%, SGR and lowered the FCR value. Our results 
are in line with the findings of Asrar et al. (2016) who also 
reported significantly (p<0.05) higher WG (352.65%), 
SGR (1.68%) and lower FCR (1.21) in C. mrigala 
fingerlings fed 3% CA supplemented canola meal based 
diet. Baruah et al. (2007) also reported better WG, SGR 
and FCR in L. rohita fingerlings fed 500 FTU kg-1 phytase 
treated diet supplemented with 3% CA level. In contrary 
to our results Afzal et al. (2016) reported higher WG and 
lower FCR at 2% CA level; whereas, Hussain et al. (2015) 
reported better WG, WG% and FCR at 5% CA level.

Hematological studies are necessary to access fish 
health and to check the quality of formulated diets (Schütt 
et al., 1997). Our results of hematological studies resembles 
with the study of Baruah et al. (2009) who revealed 
that dietary addition of CA at 3% level significantly (P 
<0.001) increased the blood Hb and Hct by 12.7 and 18.5 
%, respectively. The results of present study revealed that 
CA addition in MOLM based diet had no adverse effects 
on fish health. Various hematological indices improved in 
fish blood due to diet acidification which is in agreement 
with Reda et al. (2016) who reported increased RBCs, 
WBCs, platelets, hemoglobin concentration, MCH and 
MCV counts in Oreochromis niloticus fed acidified diets. 
In contrary to our results Khajepour et al. (2011) revealed 
that diet acidification with CA had no significant (P>0.05) 
effect on WBCs, RBCs, MCV, MCH and MCHC. 
However, Hb concentration and Hct were significantly 
(P<0.05) higher at 3% CA level compared to control.

CONCLUSION

To conclude, acidification of MOLM based diets 
with CA significantly enhanced nutrient digestibility, 
growth performance and some hematological indices 
of fish compared to control diet. Best values of nutrient 
digestibility, growth performance and hematological 
parameters were observed at 3% CA level in MOLM based 
diet. So acidification at 3% CA level is recommended for 
production of cost effective MOLM based diets for C. 
catla fingerlings.
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