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1. Introduction

To achieve higher production of fish the thing which 
is most essential is supplementary feed. Unluckily, 
the major problem in fish farming is the availability of 
affordable supplementary feed. Thus, the major task is 
the replacement of this expensive feed with low cost 
and locally available resources (Bangladesh, 2011). In the 

course of time intensive fish culture is increasing around 
the world. However, in Pakistan intensive farming is 
stumpy despite the presence of huge aquatic resources. 
The main reason of this low production is the expensive 
fish feed. The production rate could be increased with the 
introduction of cheap dietary sources i.e. carbohydrates. 

Abstract
A ninety days nutritional trial was directed to explore the effects of dietary chromium on body composition, 
gut enzyme activity and physiological status of Cirrhinus mrigala by using G & NG corn. Six experimental diets 
were prepared by using different levels of chromium chloride hexahydrate (0, 0.2, 0.4 mg/kg, each with G & NG 
corn). For this experimental trial, 480 fingerlings, irrespective of sex were distributed in six aquariums each with 
replicate. Results revealed that gelatinized corn along with increasing level of Cr2Cl3.6H2O have a positive impact 
upon body composition of fish. Hematology was positively correlated with chromium chloride hexahydrate 
supplementation in gelatinized corn. Amylase gut enzyme also showed significant (P<0.05) increase in group 
fed with chromium chloride hexahydrate supplemented diet (G corn). However, corn with chromium chloride 
hexahydrate supplementation did not revealed any significant impact on gut protease enzyme activity. From these 
results it can be concluded that both chromium chloride hexahydrate and gelatinized corn in fish feed are very 
beneficial to improve body composition, enzymes activity and physiological health status of fish.
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Resumo
Um ensaio nutricional de 90 dias foi dirigido para explorar os efeitos do cromo dietético na composição corporal, 
atividade enzimática intestinal e estado fisiológico de Cirrhinus mrigala usando milho G & NG. Seis dietas 
experimentais foram preparadas usando diferentes níveis de cloreto de cromo hexa-hidratado (0, 0,2, 0,4 mg/kg, cada 
um com milho G e NG). Para este ensaio experimental, 480 alevinos, independentemente do sexo, foram distribuídos 
em seis aquários, cada um com réplicas. Os resultados revelaram que o milho gelatinizado, juntamente com o 
aumento do nível de Cr2Cl3.6H2O, tem um impacto positivo na composição corporal dos peixes. A hematologia foi 
positivamente correlacionada com a suplementação de cloreto de cromo hexa-hidratado em milho gelatinizado. 
A enzima amilase intestinal também apresentou aumento significativo (P <0,05) no grupo alimentado com dieta 
suplementada com cloreto de cromo hexa-hidratado (milho G). No entanto, o milho com suplementação de 
hexahidrato de cloreto de cromo não revelou nenhum impacto significativo na atividade da enzima protease 
intestinal. Desses resultados, pode-se concluir que tanto o cloreto de cromo hexa-hidratado quanto o milho 
gelatinizado na alimentação de peixes são muito benéficos para melhorar a composição corporal, a atividade de 
enzimas e o estado fisiológico de saúde dos peixes.
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method (dissolved oxygen; 5.2-7.3 mg/L, pH; 7.5-8.5 and 
temperature; 28-31°C) (APHA, 1985). After acclimatization 
480 fingerlings of uniform size were arbitrarily dispersed 
in six experimental groups each with one replicates 
(T1 G/0 Cr2Cl3.6H2O mg/kg, T2 NG/0 Cr2Cl3.6H2O mg/kg (control 
diet), T3 G/0.2 Cr2Cl3.6H2O mg/kg, T4 NG 0.2 Cr2Cl3.6H2O mg/kg, 
T5 G/ 0.4 Cr2Cl3.6H2O mg/kg and T6 NG/0.4 Cr2Cl3.6H2O mg/kg).

2.2. Experimental diets and Feeding protocol

Basic diet ingredients were bought from local market 
of Faisalabad. Six experimental diets were prepared by 
using corn (gelatinized & non-gelatinized) with different 
levels of chromium chloride hexahydrate (0, 0.2 and 
0.4 Cr2Cl3.6H2O mg Kg-1). To make dough, corn flour was 
mixed with almost 80% of water (v/w) and maximum 
gelatinization (25%) was attained by leaving it in an 
autoclave for about an hour at 120 °C. This gelatinized 
corn flour with all diet ingredients (casein, gelatin, corn 
flour, cellulose, sunflower oil, vitamin premixes and 
Butylated Hydroxy Toluene) were then pulverized to pass 
through 5mm sieve size. Dough was formed from all these 
ingredients by mixing them for 10 min with 10-12% water 
with the addition of fish oil gradually while mixing and 
then steamed for 10 min (Lovell, 1989). Pellets of 2mm 
diameter were prepared by using hand pelletizer, dried 
in oven at 60 °C for 24 hour . Cirrhinus mrigala fingerlings 
were fed on experimental diet twice daily at 4% of live wet 
body weight for 90 days

2.3. Proximate analysis

The dried samples of feed ingredient (corn), test 
diets and body meat were separately homogenized 
with mortar and pestle and were chemically analyzed 
following standard method of AOAC (1990) dry matter 
(DM) by drying in oven for 12 hours at 105 °C; crude lipid 
by chloroform methanol extraction technique through 
10454 soxtec system HTz; ash analysis was done in 
electric muffle furnace(Eyela-TMF 3100); crude protein 
(CP) by microkjeldahl investigation. Percent free extract 
and gross energy was calculated by following Formulas 
1 and 2 (Henken et al., 1986):

( ) %  100 –   %   %   %NFE crude protein crude fat moisture= + + 	(1)

( ) ( ) ( ) ( ) /   5.64   %   9.44   %   4.11   %GE Kcal g protein lipids NFE= × + × + × 	(2)

2.4. Hematological analysis

After trial completion, fish from experimental groups 
were sacrificed and blood was drawn from caudal 
vain in vials (rinsed with heparin) which was used for 
hematological analysis i.e. hemoglobin, RBCs and WBCs 
count. HGB and hematocrits were measured by cyanmet 
hemoglobin method (Drabkin, 1945). RBCs and WBCs were 
measured with a Burker hemocytometer. RBCs indices were 
calculated following Greer et al. (2014) (Formulas 3 to 5).

Hematocrit    
RBC

=MCV 	 (3)

Pakistan is rich in fish fauna, but on commercial level, only 
seven species of warm water and two from cold water are 
grown (Asad et al., 2014).

Physiological and biochemical characteristics are 
recognized as a useful tool in the evaluation of the metabolic 
functions, health status and welfare of farmed species. 
For growth and survival of fish species nutrition is most 
important. To reduce feed cost carbohydrates are utilized 
in fish feed formulation because carbohydrates are most 
economical, low cost than lipids and protein and a rich 
source of energy (Asad et al., 2020). Factors that affect 
the carbohydrate utilization efficiency in dietary regimes 
of cultured fish species are carbohydrate origin, dietary 
carbohydrate content in the diets, physical state, and 
molecular complexity. Related to the latter factor, it appears 
that in order to utilize simple versus complex carbohydrates, 
most fish species use polysaccharides and oligosaccharides 
better than mono and disaccharides (Azaza et al., 2020). 
Carbohydrates are the cheapest dietary source of energy 
and normally used in formulated diet for protein sparing. 
With the higher amylase activity and also with greater 
number and affinity of insulin receptors omnivorous 
warm-water fishes show an efficient utilization of higher 
levels of carbohydrates in comparison to carnivorous 
cold water-fishes. Content of carbohydrate in diet, main 
origin, molecular complexity and physical state are the 
major factors that have an impact on the efficiency of 
carbohydrate utilization in dietary pattern of fish species. 
In discussion of molecular complexity of carbohydrate 
i.e. complex versus simple utilization, it was found that 
oligosaccharides and polysaccharides were utilized better 
by most of the species than mono and disaccharides. 
Although, some species use simple carbohydrates more 
efficiently rather than complex, these include gilt head sea 
bream (Sparus aurata), the rainbow trout (Oncorhynchus 
mykiss), the grass carp (Ctenopharyngodon idella), etc. 
(Polakof et al., 2012).

In aquaculture, dietary carbohydrate used at top 
priority due to its benefits i.e. high availability and low 
cost, mainly for omnivorous and herbivorous fish. The 
use of carbohydrate could be improved by the process 
of gelatinization; however, its excessive use might result 
in cellular changes and metabolic stress as naturally fish 
adapted to low carbohydrate.

2. Materials and Methods

Execution of this nutritional trial was held in research 
lab, Department of Zoology, Government College University, 
Faisalabad, Pakistan.

2.1. Test specie and experimental design

Cirrhinus mrigala was selected as an experimental fish 
species. Fingerlings (480) of this species were purchased 
from fish seed hatchery, Staina road Faisalabad, Pakistan. 
Acclimatization (for one week) was done before the 
commencement of the trial; stocked in aquaria with 
29L water capacity, weaned on control diet (32% CP). On 
daily basis water quality parameters were monitored 
and found within acceptable range following standard 
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HGB    
RBC

=MCH 	 (4)

HGB   
Hematocrit

=MCHC 	 (5)

2.5. Enzyme activity

At the completion of trial, to measure enzyme activity, 
supernatants of gut and liver were prepared by sacrificing 
the fish from each group. For this, the liver and gut was 
homogenized in distilled water and then centrifuged at 
5000 rpm for 20 minutes (whole procedure done at -4° C). 
Then supernatants were collected and stored at -20 °C till 
required. Activity of two enzymes (amylase and protease) 
was analyzed. Protease activity was determined following 
casein hydrolysis method by Walter (1984) while amylase 
activity was determined by starch hydrolysis following 
Somogy-Nelson colorimetric method.

2.6. Statistical analysis

Highly significant differences between gelatinized 
and non-gelatinized corn diets with different levels of 
chromium chloride hexahydrate were tested by one 
way analysis of variance (ANOVA) while comparison of 
means was performed by Tukey’s significant difference 
test; considered significant at p>0.05 (Snedecor and 
Cochran, 1991).

3. Results

3.1. Body composition

Body composition parameters are the key indicator of 
the physiological status of fish as well as feed composition 
and feeding rates. Results revealed that gelatinized corn 
along with increasing level of Cr2Cl3.6H2O have a positive 
impact upon body composition of fish (Table 1). Fish fed on 
test diet T3& T5 (Gelatinized) showed highest percentage 
of dry matter and it was significantly different from all 
other groups, as determined by ANOVA (P<0.05). While 
ash retention, crude lipid, crude protein and gross energy 
was maximum in fish fed on test diet -T5 (Gelatinized) 
from other groups (P>0.05).

3.2. Hematology

Chromium chloride hexahydrate along with gelatinized 
corn showed a significant impact on fish hemoglobin 
content as determined by ANOVA (P<0.05). Fish fed with 
diet T5 (G, 0.4 Cr2Cl3.6H2O) showed significantly higher 
hemoglobin content (8.5 ± 0.55 g/dl) compared to the other 
groups while least hemoglobin content (6.3 ± 0.20 g/dl) 
was shown by fish fed with diet T4. Experimental group 
of fish fed with diet T5 showed significantly higher WBCs 
(11.65 ± 0.25x103/µL) while least WBCs was calculated in 
experimental group of fish with diet T1 (6.90 ± 0.30 x103/µL). 
Regarding RBCs, experimental group fed with diet T5 
exhibited significantly higher value than other groups that 
showed non-significant differences(P>0.05) while least 
value for RBCs count was calculated in group fed with diet 
T2. Data related to hematocrit content in experimental 
groups depicts results similar to hemoglobin content i.e. 
significantly higher HCT content in group fed on diet T1 
with all other groups showed non-significant differences 
from each other while least HCT content was shown by 
fish fed with diet T4.

In case of RBCs indices, MCV (mean cellular volume)was 
recorded highest (168.00 ± 10.00 fL) in group fed with diet 
T2 and it showed highly significant differences from other 
groups while lowest value for MCV (121.00 ± 7.00 fL) was 
calculated in group fed with diet T4and it showed highly 
non-significant differences from other groups. Similar 
results pattern was recorded for MCH (mean cellular 
hemoglobin). Regarding the results of MCHC (mean cellular 
hemoglobin concentration),experimental group fed with 
diet T4 showed significantly higher value(47.50 ± 1.50 pg) 
of MCHC while group fed with diet T1 showed significantly 
lower value (32.85 ± 0.85 pg) of MCHC (Table 2).

3.3. Enzyme activity

The secretion of enzymes in fish is mainly dependent 
upon diet‘s composition and nature on which fish is 
feeding. Results revealed that corn type had no effect on 
liver amylase activity of Cirrhinus mrigala while chromium 
chloride hexahydrate supplementation showed a highly 
significant impact as determined by ANOVA (P<0.05). 
Group fed with diet T5 (G) showed significantly higher 
liver amylase activity while least liver amylase activity 
was recorded in group fed with diet T1. Feeding on G corn, 
significantly maximize the gut amylase activity (P<0.05). 

Table 1. Comparison of means of muscle composition of Cirrhinus mrigala fed on different experimental diets.

Dietary Treatments Dry matter (%) Ash (%) Crude lipid (%) Crude protein (%)
Gross Energy 

(Kcal/g)

T1 (G) 0 mg/kg CrCl3 • 6H2 O. 94.10 ± 0.10BC 86.05 ± 0.05BC 26.25 ± 0.25DE 28.10 ± 0.60B 572.81 ± 2.33C

T2 (NG) 0 mg/kg CrCl3 • 6H2 O 95.15 ± 0.15ABC 87.05 ± 0.15ABC 24.25 ± 0.25E 32.83 ± 0.02A 572.59 ± 1.36C

T3 (G) 0.2 mg/kg CrCl3 • 6H2 O 97.25 ± 0.25A 84.50 ± 1.00C 32.00 ± 1.00C 33.06 ± 1.81A 621.08 ± 3.75B

T4 (NG) 0.2 mg/kg CrCl3 • 6H2 O 93.25 ± 0.25C 88.50 ± 1.50A 26.75 ± 0.75D 34.98 ± 0.78A 579.61 ± 3.83C

T5 (G) 0.4 mg/kg CrCl3 • 6H2 O 97.25 ± 0.25A 89.50 ± 0.50 AB 38.45 ± 0.45A 35.10 ± 0.57A 658.08± 4.29A

T6 (NG) 0.4 mg/kg CrCl3 • 6H2 O 95.50 ± 1.50AB 85.00 ± 1.10C 35.35 ± 0.35B 33.43 ± 0.38A 632.06 ± 4.88B
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Similarly, significant relations was found among corn type 
and gut amylase activity. Lowest gut amylase activity was 
recorded in group fed with NG corn without chromium 
chloride hexahydrate supplementation (Figure 1).

Supplementation of chromium chloride hexahydrate 
decreases the protease activity in liver; highest liver 
protease activity was recorded in group fed with G corn 
without chromium chloride hexahydrate supplementation 
in diet (T1), with non- significant differences. While least 
liver protease activity was recorded in group fed with 

G corn along with highest level of chromium chloride 
hexahydrate (T6). Similar pattern of results were shown 
in gut protease activity (Figure 2).

4. Discussion

In case of body composition, results revealed that 
gelatinized corn along with chromium chloride hexahydrate 
had positive impact on dry matter deposition in group fed 
with diets T3 and T5. Present findings are in agreement with 
the work of Asad et al. (2017) who reported that dry matter 
deposition was observed maximum at level of 0.3 mg/kg 
chromium chloride hexahydrate. Consistent results were 
reported with Mehrim (2014) who concluded that highest 
dry matter deposition was at level 400 ug/kg in dorsal 
muscle of Oreochromis niloticus. Ash retention, crude lipid, 
crude protein and gross energy showed maximum values 
at level of G/0.4mg/kg chromium chloride hexahydrate. 
These findings are in accordance with Asad et al. (2017) 
who recorded the highest crude lipid deposition, ash 
retention and gross energy at level of 0.5 mg/kg chromium 
chloride hexahydrate along with gelatinized corn. These 
results were also supported by Khabade (2015) who 
stated that chromium chloride hexahydrate had beneficial 
impact upon protein retention in fish body composition. 
The reason is that both gelatinized corn and chromium 
chloride hexahydrate positively affect the fish body 
composition because these are involved in enhancing the 
fish’ metabolism and digestibility (Magzoub et al., 2010).

Hematological indices are very important to assess the 
physiological status of fish feeding on diet supplemented 
with metal. These hematological changes in fish blood, 
fed on metal supplemented diet, used to measure the 
significant impact and appropriate concentration of 
these dietary metals (Azarin  et  al., 2012). Maximum 
hemoglobin concentration, RBCs and WBCs values were 
calculated maximum in group of fish fed with diet T5 
(G/0.4Cr2Cl3.6H2Omg/kg). Similar results were also reported 
by Hedayati and Ghaffari (2013); stated significant increase 
in hematological parameters in silver carp. Increase in 
WBCs count was also reported by Singh (1995). This 
increase of blood parameters in group fed with chromium 
supplemented diet may be due to agitation effect of 
chromium which enhances the Hb and RBCs production. 

Table 2. Comparison of means of approximate hematological analysis in Cirrhinus mrigala fed on different experimental diets.

Dietary Treatments Hb (g/dl)
WBCs  

(x103 / µL)
RBCs  

(x106 /µL)

HCT (PCV)%
Packed cell 

volume
MCV (fL) MCHC (pg) MCH (g/dl)

T1 (G) 0 mg/kg CrCl3 • 6H2 O. 7.45 ± 0.15AB 6.90 ± 0.30 C 1.65 ± 0.03AB 27.15 ± 0.75A 164.5 ± 0.5AB 32.85 ± 0.85 C 55.00 ± 3.30 A

T2 (NG) 0 mg/kg CrCl3 • 6H2 O 7.5 ± 0.150AB 10.9 ± 0.40AB 1.350 ± 0.030B 22.50 ± 0.50B 168.00 ± 10A 39.50 ± 0.50 B 56.50 ± 2.50 A

T3 (G) 0.2 mg/kg CrCl3 • 6H2 O 6.600 ± 0.20B 10.20 ± 0.1AB 1.45 ± 0.04AB 19.50 ± 0.50B 136 ± 8.5 ABC 45.00 ± 1 AB 50.50 ± 1.5 AB

T4 (NG) 0.2 mg/kg CrCl3 • 6H2 O 6.300 ± 0.20B 10.10 ± 0.20B 1.550 ± 0.1AB 19.00 ± 1.00B 121.00 ± 7.0C 47.50 ± 1.50A 38.00 ± 2.0 C

T5 (G) 0.4 mg/kg CrCl3 • 6H2 O 8.550 ± 0.55 A 11.65 ± 0.25A 1.750 ± 0.05A 22.50 ± 0.50B 127.5 ± 6.5 BC 40.00 ± 1.00 B 42.50 ± 0.5 BC

T6 (NG) 0.4 mg/kg CrCl3 • 6H2 O 7.45 ± 0.35AB 11.1 ± 0.2 AB 1.700 ± 0.05A 22.00 ± 1.00B 131 ± 1.5 ABC 39.50 ± 1.50 B 48.0 ± 1.0 ABC

Figure 2. Protease activity in liver and gut of Cirrrhinus mrigala fed 
on experimental diets. Data represented as mean ± SE.

Figure 1. Amylase activity in liver and gut of Cirrrhinus mrigala fed 
on experimental diets. Data represented as mean ± SE.
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It can be supposed that fish may be exposed to gill injury 
due to chromium toxicity. This in turn, results in deficiency 
of oxygen, enhancing RBCs production to reduce the 
affect. Increase in number of WBCs count may be due 
to immunological response for antibodies’ production 
to overcome stress caused by the chromium. However 
contradictory results were reported by Al-Ghanim (2011); 
concluded reduction in RBCs, Hb, and WBCs in the blood of 
Cyprinus carpio. Hematocrit and RBCs indices (MCV, MCH 
and MCHC) were calculated maximum in groups fed on diet 
without chromium chloride hexahydrate supplementation. 
However dissimilar findings were reported by Carvalho 
and Fernandes (2006).

Activity of digestive enzymes has been investigated 
in many omnivorous and herbivorous species as it has 
major role in polysaccharides’ breakdown into small 
sugar chains. In fish, role of amylase enzyme is glycogen 
digestion which is an energy source for animal tissues. 
Highest liver and gut protease activity was recorded in 
group of fish fed with diet T1. These results correlate with 
the work of Kumar et al. (2006) who reported decrease in 
protease activity in Labeo rohita with increasing chromium 
level. However, conflicting results were reported by 
Xiong et al. (2010) who found higher value of protease 
in foregut of catfish with chromium supplemented 
diet. Maximum liver amylase activity was recorded in 
group fed with diet T5. Similar results were reported by 
Mohapatra et al. (2003) stated maximum liver amylase 
activity with increasing chromium and gelatinization 
level in Labeo rohita’s diet. Maximum gut amylase 
activity was recorded in group fed with diet T3. These 
findings are in agreement with Ghosh et al. (2001) who 
stated maximum gut amylase activity in group fed with 
chromium supplemented diet in comparison to group with 
non-supplemented diet. This may be due to maximum 
consumption of carbohydrate in gelatinized form in the 
presence of chromium (enhance absorption) to fulfill 
the energy requirement (Kumar et al., 2006). However, 
contradictory results were recorded by Huang et al. (2013) 
stated that chromium supplementation has no significant 
impact on amylase activity of fish.

5. Conclusion

From present study it can be concluded that diet 
supplemented with gelatinized corn and Cr2Cl3.6H2O 
was beneficial for Cirrhinus mrigala as it improves fish 
body composition, digestibility and hematology. So 
fish production could be improved by using chromium 
chloride hexahydrate along with gelatinized corn in feed. 
However, more research needed in this filed like how much 
gelatinized degree of corn is required.
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