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1. INTRODUCTION  

Cotton is a leading commercial crop grown for its valuable fiber. India ranks 

number one in the world accounting for 20% of the total area planted under cotton. 

However, even with highest area under cotton, nine million hectares, India ranks only 

third position with only 13% in production of cotton. India’s average yield is only 319 

kg/ha lintas compared to world average of 603 kg/ha. Cotton is highly susceptible to 

insects; especially to the larvae of lepidopteran pests. Hence chemical control to suppress 

these insect pest are proving ineffective as these pests have developed high level of 

resistance for most of such chemical used for the control of bollworm complex. Such a 

high level of resistance requires repeated application of insecticides leading to heavy 

expenditure, crop failures, and vicious cycle of debt for farmers. Therefore, it has been 

argued that adoption of Bt cotton could help in protecting the crop against potentially the 

most damaging bollworms and thus reduce the risk of crop failures. 

Bt cotton, a transgenic plant, produces an insect controlling protein Cry1A(c), the 

gene for which has been derived from the naturally occurring bacterium, Bacillus 

thuringiensis subsp. kurstaki (B.t.k.). Because of resistance to insect, the production of Bt 

cotton is comparatively higher then normal cotton and also the production cost is low for 

Bt cotton. This has lead to availability of more cotton at low price and cotton seed cake as 

well. 

Cotton seed cake is a byproduct after extraction of oil from the cotton seed. 

Though this oil cake is very popular in livestock ration, but its use is limited in 

monogastric animal. Being a monogastric animal, fish is of no exception to this. Beside 

of its high fibre content, presence of antinutritional factors likes gossypol and 

cyclopropenoic acid is the main bottleneck for its use in aquafeed. However, it is a good 

source of crude protein (23.9%). It contains 0.5% crude fat, 21.76% crude fiber, 9.28% 

moisture and 4.64% ash. Gossypol content is about to be 0.54%. Growth was inhibited 

when fish were fed diets with more than 17.4% cottonseed meal or with 0.09% free 

gossypol. The tolerance of fish to gossypol or other anti-nutritional factor may vary with 

the species and their life stages also. 

High production and availability of genetically modified (GM) plant products has 

increased the awareness of GM plants as potential alternative feed ingredients (Kok & 
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Kuiper 2003). Use of GM plant ingredients in the animal or fish feed needs a biosafety 

trial. Although methods for detecting unintended effects of GM plant by-products have 

yet to be established and accepted (Kuiper et al. 2002), a general assessment of safety and 

nutritional quality can be obtained from growth performance, energy utilization and 

metabolism, organ development, and various indicators of cellular damage and immune 

status. The sensitivity of the evaluations may benefit further by including several 

biomarkers of early responses that are indicative of toxicity responses (Schilter et al. 

1996; Diplock et al. 1999). Another key factor to consider in the evaluation of GM plants 

as feed ingredients, are the necessity of long-term feeding trials to address the possible 

risk of long-term consumption. Additionally, young individuals should be tested as these 

are generally more sensitive to nutritional imbalances and dietary challenges (van Haver 

et al. 2003). 

The concerns that have been raised with respect to the potential risk associated 

with the use of GM plant products in fish feed are related to the possible unintended 

effects of inserting novel DNA into the plant by biotechnology. The possible side effects 

of the genetically modification is often termed unintended effects and may result from the 

random integration in the genome of the novel DNA which may result in an over-

expression in the plant of inherently toxic substances such as anti-nutritional factors, 

silencing of endogenous plant genes (e.g essential nutrients), or alterations in host 

metabolic pathways (Novak & Hasleberger 2000; Saxena & Stotzky 2001). The possible 

combination of an unexpected increase in expression of endogenous anti-nutritional 

factors and the presence of new exogenous toxicants have been of particular concern as 

these could compromise the quality of feedstuffs and may affect fish health and fish 

nutrition (Francis et al. 2001).  

The present study was designed to evaluate the nutritional and bio-safety aspects 

of Bt cotton seed cake containing Cry 1 gene in the diet of common carp fry with the 

following objective. 

 

2. OBJECTIVE  

To study the effect of cotton seed cake from containijng Cry 1 gene on growth and 

survival of common carp fingerlings. 
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3. EXPERIMENTAL DESIGN 

Fingerlings of Common carp, Cyprinus carpio with an average weight of 0.87 – 

1.16 g were used for the experimental purpose. Two hundred and seventy three nos of fry 

were divided into seven experimental groups. Either Bt cotton or Non Bt cotton seed cake 

was included at 10, 20, and 30% of the total diet, where as control group did not contain 

any cotton seed cakes. The details of the experiment are given in Table 1. 

Table 1:  Composition of the experimental diets (% dry matter) with 30% crude protein  

 

Ingredients Control 
B1  

(10% Bt 
cotton) 

B2  
(20% Bt 
cotton) 

B3  
(30% Bt 
cotton) 

NB1  
(10% Bt 
cotton) 

NB2 
(20% Bt 
cotton) 

NB3 
(30% Bt 
cotton) 

Fish Meal 5 5 5 5 5 5 5 

GNOC 35 30.9 25.9 15 30.9 25.9 15 

Bt Cotton - 10 20 30 - - - 

Non-Bt 
Cotton 

- -  - 10 20 30 

Soya bean 25 21 20 22.9 21 20 22.9 

Ricebran 11.9 10 6 4 10 6 4 

Wheat Flour 12 12 12 12 12 12 12 

Vitamin 
Mineral Mix  

2 2 2 2 2 2 2 

Oil 8 8 8 8 8 8 8 

CMC 1 1 1 1 1 1 1 

Vitamin C 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Total 100 100 100 100 100 100 100 

4. FEEDING 

Feeding of fingerlings was done at 2.5% of the body weight initially and the 

feeding rate was adjusted accordingly with respect to the weight gain at every 15 days 

interval. The daily ration was divided into two equal parts and was fed at 10.00 A.M in 

the morning and 6.00 P.M in the evening.  
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5. PARAMETERS STUDIED  
 

i. Water Quality Parameters  
 

ii.  Proximate composition of Tissue, feed    

Organic matter 

Crude protein 

Ether extract 

Total Carbohydrate 

Total ash 

Energy 

iii.  Growth parameters 

Weight Gain Percentage (Wt. gain%) 

Specific Growth Rate (SGR) 

Feed Conversion Ratio (FCR) 

Protein Efficiency Ratio (PER) 

Apparent Net Protein Utilization (ANPU) 

iv. Hemato-immunological Parameters 

White Blood Cell (WBC) Count 

Red Blood Cell (RBC) count 

Hemoglobin (%) 

Mean Corpuscles Volume (MCV) 

Hematocrit (HCT) 

Nitro Blue Tetrazolium Test (NBT) 

v. Enzyme Study  

Amylase 

Gl;ucose-6-Phosphatase 

Glutamatic Oxaloacetic Transamminase 

Glutamatic Pyruvic Transamminase 

vi. Histopathology 

Liver 

Kidney 

Intestine 

Gill 
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6. STATISTICAL ANALYSIS 

Main effects of Bt-cotton seed cake was analyzed by one way analysis of variance 

(ANOVA). Comparison between two treatments was done by Duncan’s Multiple Range 

Test (DMRT). Comparison was made at the 5% probability levels. The data were 

statistically analyzed by statistical package SPSS version 14. 

 

7. RESULTS 

 Experiment was conducted by following normal protocol for Common Carp 

(Cyprinus carpio). Water quality parameters were regularly monitored and maintained 

within the normal range required for common carp (Table 2). The proximate composition 

of the feed was found to be iso-nitrogenous and iso-caloric (Table 3). However there was 

only variation in the ingredients used in different feeds i.e. Bt cotton and non-Bt cotton. 

Fish meal, wheat flour, vit-min mixture, oil, CMC (Carboxy Methyl Cellulose), and vit-C 

were kept constant for all the experimental diets with only variation in protein sources so 

as to make up the total protein requirement of the fish, common carp. Both Bt-cotton 

cake and non-Bt cotton were included at 10, 20 and 30 % level to study their effect on 

growth and survival. The biochemical composition of whole body tissue of Cyprinus 

carpio fingerlings of different experimental groups at the end of the experiment is 

presented in Table 4. Enzyme and haematological parameters were also observed to study 

any metabolic alteration in the body due to feeding of both Bt and non-Bt cotton seed 

cake. At the end of the experiment histopathological study was also done to study the 

histo-architectural changes in cells due to feeding of Bt-cotton seed cake. 
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Table2:  Physico-chemical parameters of water during the experimental period of 60 days for different experimental groups 

ND – Not detectable 

Parameters Control B1 B2 B3 NB1 NB2 NB3 

 
Temperature (0 C) 

 
24.2-28.2 

 
24.9-27.1 

 
25.5-27.0 

 
25.8-27.8 

 
25.9-28.7 

 
25.9-28.6 

 
23.4-29.1 

 
pH 

 
7.8-8.1 

 
7.9-8.4 

 
7.7-7.9 

 
8.0-8.3 

 
7.8-8.3 

 
7.8-8.2 

 
7.7-8.5 

 
DO2 (mgL-1 ) 

 
6.5-7.1 

 
6.1-7.5 

 
5.4-6.7 

 
5.8-7.5 

 
6.5-7.6 

 
7.1-7.7 

 
6.2-7.6 

 
Free CO2 (mgL-1 ) 

 
ND 

 
ND 

 
ND 

 
ND 

 
ND 

 
ND 

 
ND 

 
Hardness (mgL-1 ) 

 
222-238 

 
235-240 

 
239-244 

 
234-242 

 
231-246 

 
235-244 

 
235-242 

 
Ammonia-N (mgL-1 )  

 
0.16-0.22 

 
0.20-0.26 

 
0.15-0.22 

 
0.17-0.25 

 
0.21-0.26 

 
0.17-0.24 

 
0.17-0.26 

 
Nitrite-N (mgL-1 ) 

 
0.002-0.003 

 
0.001-0.003 

 
0.001-0.002 

 
0.002-0.003 

 
0.001-0.002 

 
0.002-0.004 

 
0.002-0.003 

 
Nitrate-N (mgL-1 )  

 
0.01-0.03 

 
0.02-0.05 

 
0.02-0.03 

 
0.02-0.03 

 
0.03-0.05 

 
0.02-0.04 

 
0.03-0.05 
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Table 3:  Proximate composition of different experimental feed (% dry matter basis) 

 
Treatments 

 
Organic Matter 

 
Crude Protein 

 
Total 

carbohydrate 

 
Ether 

Extract 

 
Ash 

 
Energy* 

Control 
91.11 34.14 49.47 7.5 8.89 401.94 

B1  
(10% Bt cotton) 

91.02 32.82 49.26 8.94 8.98 408.78 

B2 

 (20% Bt cotton) 
91.23 34.35 50.03 6.85 8.77 399.17 

B3 

 (30% Bt cotton) 
91.30 34.71 50.47 6.12 8.7 395.8 

NB1 

 (10% Non-Bt cotton) 
91.18 32.80 51.15 7.23 8.82 400.87 

NB2  
(20% Non-Bt cotton) 

91.08 33.47 50.33 7.28 8.92 400.72 

NB3 

 (30% Non-Bt cotton) 
91.12 34.25 50.24 6.63 8.88 397.63 

 
* Digestible energy (K cal/ 100g) = (% CP x 4) + (% EE x 9) + (TC x 4) 
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Table 4:  Biochemical composition of body tissue of Cyprinus carpio fingerlings of different experimental groups at the end of the 

experiment (% DM ± SE) 

 
Treatments 

 
Moisture 

 
Organic 
Matter 

 
Crude Protein 

 
Total 

carbohydrate 

 
Ether Extract 

 
Ash 

 
Energy* 

Control 76.11±0.14 87.78±0.52 54.14±0.01 20.21±0.11 13.44±0.43 12.22±0.52 418.33±4.26 

B1  
(10% Bt cotton) 

75.75±0.31 88.48±0.28 51.82±0.01 23.39±0.36 13.27±0.38 11.52±0.28 420.27±2.63 

B2  
(20% Bt cotton) 

75.88±0.30 87.52±0.30 54.43±0.15 21.07±0.27 12.02±0.92 12.48±0.30 410.16±3.82 

B3  

(30% Bt cotton) 
76.48±0.33 87.30±0.19 54.77±0.13 19.66±0.36 12.87±0.67 12.70±0.19 413.52±4.10 

NB1 

(10% Non-Bt cotton) 
76.08±0.21 87.39±0.28 52.96±0.32 22.56±0.31 11.84±0.85 12.61±0.28 408.77±5.23 

NB2 

 (20% Non-Bt cotton) 76.19±0.12 87.20±0.27 52.35±0.24 22.99±0.51 11.87±0.43 12.80±0.28 408.16±2.77 

NB3  
(30% Non-Bt cotton) 75.55±0.31 87.14±0.48 53.34±0.18 20.52±0.91 13.28±0.44 12.86±0.48 414.96±7.57 

 
* Digestible energy (K cal/ 100g) = (% CP x 4) + (% EE x 9) + (TC x 4) 
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Growth Parameters 

A 60 days feeding trial was conducted on common carp fry, Cyprinus carpio at 

Fish Nutrition and Biochemistry lab of CIFE, Mumbai to study the Bio-safety of Bt. 

cotton seed cake with Cry 1 Ac gene supplied by CICR, Nagpur. Bt. Cotton seed cake 

was included in the diet of common carp at 3 level (10, 20, 30%) and compared with its 

non Bt.cotton counter part (supplied by CICR, Nagpur) along with a control group (Non 

cotton seed cake). Growth rate of Bt. cotton seed cake fed groups were equally 

comparable (P>0.05) with that of control group and non-Bt counter part as well. No 

mortality was found during the experimental period, suggesting no adverse effect due to 

feeding of Bt. cotton seed cake containing Cry 1 Ac gene. The body weight of the 

experimental groups was recorded at 15 days interval as shown in the Table 5. Other 

growth parameters like Wt gain %, FCR, FER, PER and ANPU at the end of the 

experiment are shown in Table 6. SGR (Specific growth rate) followed the same trend as 

that of wt gain percentage. FCR and PER were similar in all treatments irrespective of the 

type of cotton seed cake (Bt and Non Bt). This suggests utilization of Bt. cotton seed cake 

has no deleterious effect on growth parameters of common carp due to feeding for a 

period of 60 days. 
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Table 5: Body weight (g) of the different experimental groups at 15 days interval during the 

experimental period of 60 days. 

 

Treatment  0 Days  15 Days 30 Days 45 Days 60 Days 

Control 14.6 ± 0.30 23.93ab ± 0.06 29.98a ± 0.30 35.42a ±0.60 40.25a ± 0.48 

B1 15.17 ± 0.60 25.00a ± 0.72 29.81ab ± 1.13 34.47a ± 1.20 39.50a ± 0.67 

B2 13.93 ±0.78 21.45abc ± 0.19 26.83abc ± 2.20 31.87ab ± 1.31 36.09b ± 0.82  

B3 12.28 ±0.19 21.63abc ± 1.71 26.61abc ± 1.93 32.25ab ± 1.90 35.37bc ± 0.75 

NB1 13.37 ± 0.19  22.82ab ± 0.58 27.40ab ± 0.65 32.95ab ± 1.10 40.55a ± 0.76 

NB2 12.40 ± 0.70 20.32bc ± 1.68 22.80 c ± 0.62 27.50c ± 1.52 33.16c ± 0.14 

NB3 11.4c ± 0.75 18.43c ± 0.67 25.63bc ± 0.73 29.35bc ± 0.88 33.20c ± 1.45 

Mean values in a column bearing same superscript do not vary significantly (P> 0.05) 
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Figure 1: Average weight of Cyprinus carpio fry fed different experimental diet    
     during the 60 days experimental period. 
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Table 6: Growth parameters of different treatment at the end of experiment. 
 
Treatment  Wt Gain (%)1 SGR2 FCR3 PER4 ANPU5 

Control 176.06ab ± 9.13 1.69 ± 0.05ab 2.44 ± 0.07 1.37±0.04 27.46±0.07c 

B1 160.94b ± 6.45 1.60 ± 0.04b 2.57 ± 0.06 1.30±0.03 15.02±0.45a 

B2 159.99b ± 8.42 1.59 ± 0.05b 2.55 ± 0.16 1.32±0.08 32.24±1.54de 

B3 187.95ab ± 2.64 1.76 ± 0.01ab 2.41 ± 0.08 1.39±0.05 34.78±1.86e 

NB1 203.61a ± 9.46 1.85 ± 0.05a 2.14 ± 0.10 1.57±0.08 22.74±1.50b 

NB2 169.18b ± 14.97 1.64 ± 0.09b 2.41 ± 0.18 1.40±0.11 22.38±0.95b 

NB3 192.63ab ± 13.50  1.78 ± 0.07ab 2.34 ±0.10 1.43±0.06 28.47±1.36cd 

 
Mean values in a column bearing same superscript do not vary significantly (P> 0.05) 
1- Weight Gain Percentage  
2- Specific Growth Rate 
3- Feed Conversion Ratio 
4- Protein Efficiency Ratio 
5- Apparent Net Protein Utilization 
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Haemato-immunological parameters 

 The haematological parameters were presented in Table 7. WBC counts in control 

group were significantly higher (P<0.05) than the both Bt and Non-Bt cotton fed groups 

with exception to NB2 group. Though, variation was less in hemoglobin content but 

slightly higher hemoglobin content was found in non Bt cotton fed groups than their Bt 

cotton counter part. Similarly, Bt cotton fed group exhibited higher NBT (Respiratory 

burst activity) values than their non-Bt counter part. This suggests that non-Bt cotton seed 

cake fed groups exhibited a slightly higher immunological status in terms of higher WBC 

and NBT values. Though, challenge study with any virulent strain of bacteria could have 

given a real picture about the immunological parameters, but further studies in this regard 

is required. 
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Table 7: Hemato-immunological parameters of Cyprinus carpio after feeding cotton seed cake. 
 

Treat.  WBC 

(×103cells/mm3) 

 

Lymphocyte 

(%) 

Monocyte 

(%) 

Granulocyte 

(%) 

RBC 

(×106 cells/mm3) 

Hemoglobin 

(g/dL) 

MCV HCT (%) NBT 

Control 221.66 ± 5.48a 92.26 ± 0.57ab 5.46 ± 

0.35 

2.26 ± 0.29b 0.94 ± 0.02ab 11.06 ± 0.15b 147.00 ± 

4.61ab 

14.50 ± 

0..57ab 

0.51 ± 0.01a 

B1 101.66 ± 0.88e 91.80 ± 0.58ab 6.50 ± 

0.57 

1.66 ± 0.03c 0.870± 0.01b 9.73 ± 0.26c 119.66 ± 

4.80c 

13.03 ± 

0.88bc 

0.34 ± 0.02c 

B2 166.33 ± 2.90c 93.70 ± 0.58a 4.60 ± 

0.67 

1.70 ± 0.01c 0.87 ±0.02b 8.46 ± 0.23d 144.66 ± 

4.05ab 

12.60 ± 

0.57bcd 

0.42 ± 0.01b 

B3 139.66 ± 1.86d 93.63 ± 0.58a 5.30 ± 

0.57 

1.06 ± 0.03d 0.87 ± 0.01b 7.86 ± 0.14d 138.66 ± 

3.75b 

12.00 ± 

0.58cd 

0.35 ± 0.02c 

NB1 210.33 ± 3.48b 89.86 ± 1.20b 7.30 ± 

1.15 

2.83 ± 0.33a 0.98 ± 0.01a 10.46 ± 0.20b 126.0 ± 

2.88c 

10.90 ±  

0.57d 

0.51 ± 0.01a 

NB2 229.00 ± 2.08a 90.60 ± 1.15b 7.80 ± 

1.15 

1.60 ± 0.00c 1.00 ± 0.02a 13.40 ± 0.17a 157.33 ± 

3.75a 

15.60 ±  

0.57a 

0.56 ± 0.02a 

NB3 174.33 ± 3.48c 91.9 ± 0.577ab 6.40 ± 

0.57 

1.70 ± 0.00c 0.89 ± 0.02b 9.73 ± 0.23c 152.66 ± 

3.48a 

12.80 ± 

0.57bcd 

0.45 ± 0.02b 

Mean values in a column bearing same superscript do not vary significantly (P> 0.05) 
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Enzyme studies 

 Amylase activity in intestine of Bt cotton fed groups were similar with the control 

groups, but was significantly higher (P < 0.05) than the non-Bt cotton fed groups (Table 

8). Glucose-6- phosphatase, a gluconeogenic enzyme in liver was more in non-Bt cotton 

fed groups than their Bt cotton fed counter parts (Table 9). However the reverse trend 

was found in the muscle. GPT of liver was almost similar in all the groups. However, 

GOT in liver exhibited higher activity for cotton fed groups (Both Bt and non-Bt) than 

the control (Table 9). This suggest that GOT and GPT which are considered to be protein 

metabolic enzyme are not affected by feeding of cotton seed cake. 
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Table 8: Amylase activity in Liver and Intestine of different groups at the end of 

the experiment 

Treatment  Amylase (Liver) Amylase (Intestine) 

Control 1.39±0.03a 3.21±0.08d 

B1 2.86±0.02c 2.20±0.01bc 

B2 2.63±0.19bc 3.21±0.01d 

B3 1.41±0.05a 3.25±0.10d 

NB1 2.34±0.01b 2.39±0.03c 

NB2 2.57±0.03bc 1.56±0.01a 

NB3 3.38±0.14d 2.10±0.08b 

Mean values in a column bearing same superscript do not vary significantly (P> 0.05) 
Amylase Enzyme activity expressed as units/mg protein 
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Table 9: Glucose-6-Phosphatase, GOT and GPT activity in different experimental groups at 

the end of the experiment 

G-6-Phosphatase1  GPT2 GOT3 
Treatment 

Liver Muscle Liver Muscle Liver Muscle 

Control 5.10±0.12b 2.46±0.47a 12.84±0.41c 6.22±0.04a 7.78±0.08a 7.99±0.26a 

B1 3.88±0.24a 10.43±0.53d 15.92±0.63d 9.95±0.31b 11.29±0.04c 13.58±0.36d 

B2 6.47±0.51c 8.29±0.30c 12.33±1.07bc 10.27±0.61b 11.59±0.34c 10.89±0.08bc 

B3 3.81±0.41a 6.38±0.39b 11.11±0.12bc 4.57±0.41a 10.44±0.42bc 12.26±0.27cd 

NB1 5.05±0.17b 2.83±0.13a 7.72±0.55a 10.25±0.35b 10.23±0.69bc 15.29±0.03e 

NB2 6.14±0.15c 2.78±0.12a 11.37±0.11bc 4.96±0.03a 9.78±0.48b 9.78±0.47b 

NB3 6.53±0.21c 9.32±0.01cd 10.55±0.35b 9.06±0.49b 6.98±0.28a 11.03±0.77bc 

 
Mean values in a column bearing same superscript do not vary significantly (P> 0.05) 
1-Glucose-6-phosphatase (unit-Enzyme activity expressed as nanomoles phosphorous released 
/mg protein/min at 370C  
2- Glutamic-Pyruvic Transaminase (Unit-Enzyme activity expressed as nanomoles of sodium 
pyruvate released /mg protein/min at 370C  
3-Glutamic-Oxaloacetic Transaminase (Unit-Enzyme activity expressed as nanomoles 
oxaloacetate released /mg protein/min at 370C  
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Histopathology 

 No much variation was found except some swelling and vacoulation of 

hepatocytes. Similar changes with some degenerative changes was found in non-Bt 

cotton seed cake fed group. The changes was not much influenced due to increase in level 

of cotton seed cake irrespective of Bt or non-Bt variety. No degenerative changes with 

any histological alteration was found in kidney except some accumulation of 

homogenous mass. Like linear the level of inclusion did not influence the changes in 

kidney. Gill of fingerlings appear to be affected when inclusion level was more than 10% 

from Bt cotton. Marked loss of gill lamellae could be seen due to inclusion of 20% Bt 

cotton seed cake. 
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Fig 1:  Intestine of Bt cotton (10%) fed group villi are active with increased cellularity in 
the submucosa. (H & E 160 X) 
 

 
Fig 2: Liver tissue of Bt cotton (10%) fed group showed marked vacoulation and 
hypertrophic hepatocytes with densly stained condensed nuclei. (H & E 160 X) 
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Fig 3: Liver of Bt. Cotton fed group (20%) showed swelling and vacoulation of the 
hepatocytes (H & E 160 X) 
 

 
Fig 4: Liver of Bt. Cotton fed group (30%) The changes was similar with the 20% 
Bt.cotton fed groups (H & E 160 X) 
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Fig 5: Liver of Non-Bt. Cotton fed group showed degenerative changes with swollen 
hepatocytes. Liver parenchyma is completely distorted (H & E 40 X) 
 

 
Fig 6: Kidney of Non-Bt cotton fed group Accumulation of homogenous material in 
tubule completely occluding it. 
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Fig 7: High magnification of Fig 6 
 

 
Fig 8: Kidney of Bt. Cotton fed group (30%) Showing marked degenerative changes in 
the tubular cells could be seen. (H & E 160 X) 
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Fig 9: Gill of Non-Bt. Cotton fed group (10%) Some loss of gill lamellae at the base of 
the filament. Some of the gill filaments showed hyperplastic changes and also 
haemorrhage at the basement. (H & E 40 X) 
 

 
Fig 10: Gill of  Bt cotton (10%) fed group both primary and secondary gill lamellae 
showed no appreciable change (H & E 40 X)  
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Fig 11: Gill of Bt. Cotton fed group (20%) Marked loss of secondary lamellae and 
thickening of the primary lamellae. (H & E 40 X) 
 

 
Fig 12: Gill of Bt. Cotton fed group (20%) showing marked haemorrhages at the 
basement and loss of secondary lamellae (H & E 40 X) 
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Histopathology 

Intestine Non-Bt Cotton Bt Cotton 

 10% No Change 10% 

(Fig 1) 

Villi are active, submucosa full of cells, 
muscular layers are normal 

 20%  20%  

 30% No Change 30% No change 

Liver   

 10% 

(Fig 5) 

 10% 

(Fig 2) 

·  Showed vacoulation and hypertrophic 
hepatocytes with condensed nuclei 
·  Moderate congestion and accumulation 
of fluid also could be seen. 

 20% Degenerative changes 
with swollen 
hepatocytes could be 
observed 

20% 

(Fig 3) 

Swelling and vacoulation of hepatocytes 

 30% Degenerative changes 
with swollen 
hepatocytes could be 
seen. 

30% 

(Fig 4) 

Swelling and vacoulation of hepatocytes 

Kidney   

 10% 

(Fig 6) 

Accumulation of 
homogenous material 

10%  

 20% 

(Fig 7) 

Normal 20%  

 30% 

(Fig 8) 

Accumulation of 
homogenous material 
could be seen 

30% ·  Lipid degenerative changes in the tubular 
cell could be seen 
·  Increase cellularity in the intestitium.  

Gill   

 10% 

(Fig 9) 

Moderate loss of gill 
lamellae could be 
seen 

10% 

(Fig 10) 

Both primary and secondary gill lamellae 
were appeared normal. 

 20%  20% 

(Fig 11 

& 12) 

·  Tubular cell showed moderate to 
marked distortion with loss of tubular 
epithelium 

·  Interstitial tissues exhibited increased 
cellularity 

·  Haemorrhages in parenchyma 
·  Marked loss of gill lamellae could be 

seen 
 30% Same as change in 

20% 
30% Same as change in 20% 
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8. CONCLUSION 

 It concludes that, growth rate of common carp fry was not affected either due to 

feeding of Bt or non-Bt cotton seed cake, which was comparable to the control group 

(without cotton seed cake). No mortality was also recorded in any of the experiment 

group, suggesting no deleterious effect of cotton seed cake irrespective of the Bt/non-Bt 

variety with a maximum inclusion level of 30%. Hematological parameters were not 

much altered except the lower NBT value in the Bt cotton seed cake. Total WBC was less 

both in Bt and non-Bt cotton seed cake than the control group. Protein metabolic 

enzymes like GOT and GPT were also not changed significantly. Significant histological 

alteration was not find in intestine, liver and kidney. But gill was affected due to feeding 

of both Bt and non-Bt cotton seed cake. 

 Hence it may be recommended that Bt cotton seed cake containing Cry 1 gene has 

no deleterious effect in the fry of common carp in term of growth and survival during a 

60 days trial period. As small fishes are more sensitive to any anti-nutritional factors, 

bigger fish can tolerate more to the young one. 


