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ABSTRACT 

The present work was carried out to investigate the effect of some food additives (turnip 

leafs and roots, grape leafs and carrot roots) on enhancement colour of koi fish, Cyprinus carpio. 

Fish were divided into 8 groups in 16 glass aquaria (100 x 30 x 40 cm) with stocking density of 

10 fish / aquarium (2 replicate aquaria were assigned for each experimental group). Fish were fed 

on plain food as a control (C), plain diet+ 5% turnip (T1), plain diet+ 5% grape (T2), plain diet+ 

5% carrot (T3), plain diet+ 5% grape + carrot (T4), plain diet+ 5% grape + turnip (T5), plain diet+ 

5% carrot + turnip (T6) and plain diet+  5% turnip + grape + carrot (T7) over 4 months.  

Results showed that, the highest amount of the red color pixels was recorded in the 

treated fish group T7 (fed on the 3 mixed food additives) at 30, 60, 90 and 120 days; followed by 

that of T6 (carrot + turnip) at 60 and 90 days and in T4 (grape +carrot) at 90 and 120 days.  

Results also revealed that, the highest amount of the yellow color pixels was recorded at 

90 and 120 days in the treated fish group T3 (carrot). But, the highest amount of the yellow color 

pixels was recorded in T4 (grape +carrot) at 30 and 60 days; followed by that of T6 (carrot + 

turnip) at 60, 90 and 120 days.  

Results showed that, the highest amount of total color pixels was recorded in T3 (carrot) 

at 60, 90 and 120 days; followed by that of T6 (carrot + turnip) and in T4 (grape +carrot) at 60, 90 

and 120 days.  

In conclusion the best enhancement of red color in koi fish, C. carpio was recorded in the 

fish fed on the diet containing 5% of the mixture of all experimental additives (carrot roots+ 

grape leafs+ turnip leafs and roots). The enhancement of yellow color was recorded in fish fed 

on the diet containing 5% “carrot roots” for more than 30 days. The enhancement of total color 

of koi fish, C. carpio was recorded in fish fed on the diet containing 5% “carrot roots, or carrot 

roots with turnip leafs and roots”.  
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INTRODUCTION 

Ornamental fish keeping is one of the most popular hobbies in the world today. The 

growing interest in aquarium fish had resulted in a steady increase in aquarium fish trade 

globally. This trade has a turnover rate of 5 billion $USD and an annual growth rate of 8% and 

offer a wide of scope for development. The top exporting country is Singapore followed by Hong 

Kong, Malaysia, Thailand, Philippines, Sri Lanka, Taiwan, Indonesia and India. The largest 

importer of ornamental fish is the USA followed by Europe and Japan. The emerging markets 

are China and South Africa. Over US $ 500 million worth of ornamental fish are imported into 

the USA each year
(1)

. 
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The common carp, Cyprinus carpio (Linnaeus 1758), are members of the family 

Cyprinidae, or minnow family. Koi fish is an ornamental variety of the common carp. The 

Japanese ornamental koi carp, C. carpio is a popular decorative fish in many countries all over 

the world. Koi were developed approximately two centuries ago in Japan and are characterized 

by a wide diversity of colors and color patterns 
[2 - 3]

. The colour and scale pattern (squamation) 

of the species is highly variable. A variety of colours and colour patterns have since been 

developed; common colours include white, black, red, yellow, blue, and cream. They grow up to 

100 cm total length with an elongate body measuring 3 to 4 times less in height than total length. 

In their natural habitat, koi carp live up to 15-24 years. Males are known to live longer than 

females
[3]

. 

Color is one of the major factors, which determines the price of aquarium fish in the 

world market. Ornamental fish are acceptable to consumers if they have striking and vibrant 

colors. Fish skin color is mainly attributed to the presence of chromatophores that contain 

pigments including melanin, pteridines, purines and carotenoids. Fish are capable of producing 

some pigments. Since fish, like other animals are unable to synthesize carotenoids
[4 - 6]

.   

However, dietary sources of pigments also play a role in determining some pigments. The 

carotenoid pigmentation of fish results from the pigment present in the diet. So, skin color is 

highly dependent on the carotenoids presents in the diets of most fish. Hence, a direct 

relationship between dietary carotenoids and pigmentation exists in them
[7 - 8]

.   

Color enhancing diets may contain additional natural pigments to enhance colors of 

ornamental fish. People involved in the trade of ornamental fish are constantly exploring 

methods of enhancing skin coloration. Many studies have proved that, the fish can be pigmented 

by supplementation of plants sources
[6, 9 – 13]

.   

Thus, this work aimed to study the effect of some plant additives (leaf and root of turnip, 

leaf of grape and carrot roots) to fish diet on the color enhancement of koi fish, Cyprinus carpio 

(Linnaeus, 1758).  

MATERIAL AND METHODS 

1. Experimental fish: 

         A total of 160 specimens of Koi fish, Cyprinus carpio (Fig. 1), with a good condition were 

obtained from a private farm at Kafr El-Shaikh Governorate. All fish samples were pre-adults, 

and they greatly similar in weight (5.07±1 g). Fish were transported to the fish laboratory at 

Animal House of Zoology Department, Faculty of Science, Al-Azhar University; in large plastic 

bags, each containing approximately 20 L of water and a lot of oxygen. In the laboratory, fish 

were acclimatized for one week in well aerated large glass tanks (100x50x 50 cm). Fish were fed 

daily on a commercial fish diet. All fish specimens were kept in the laboratory conditions 

(temperature: 20±2ºC); and fed on the main experimental diet for 2 months, before the beginning 

of the experiment.                                                      

 

2. Experimental diets: 

The main experimental fish diet 30% protein was bought from fish diet factory at October 

City. This fish diet was sinking pellets. It used for all fish during the preparatory period (the first 

2 months). Also, it used as a control diet for control fish group. Then, it used as a plain for all the 

treatment diets. Seven treatment diets were prepared by adding 50 grams (5%) of testing additive 

to 950 grams (95%) of basic diet.  The basic diet was grinded and milled.   
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The experimental additives are root of carrot, grape leaf and leaf and root of turnip. These 

additives were hot air dried in electric oven at 40-50ºC for 3 hours; then they were grinded and 

milled. The ingredients of basic diet and the proper additives were weighed and mixed. Then, 

they were pelleted with meat mincer through a 0.8 mm diameter. After cold pelleting, the feeds 

were hot air dried in electric oven at 40ºC for 4 hours. All prepared diets were put in air tight 

containers, and stored in dry-weathered place until it used in fish feeding. Feed preparation was 

carried out monthly to prevent long storage. The experimental eight diets were prepared as 

diagrammatically shown in Figure (2). 

3. Fish grouping and experiment: 

After acclimatization and preparatory periods, fish divided into 8 groups in 16 glass 

aquaria (100 x 30 x 40 cm) with stocking density of 10 fish / aquarium (2 replicate aquaria were 

assigned for each experimental group). Fish groups were fed with different fed rations (C, T1, 

T2, T3, T4, T5, T6 and T7) respectively. Fish were feeding by plain food as a control (C), diet 

contains 5% turnip (leaf and root)   (T1), diet contains 5% grape (leaf) (T2), diet contains 5% 

carrot ( root)  (T3), diet contains 5% grape( leaf) + carrot ( root) (T4), diet contains 5% grape 

(leaf) + turnip (leaf and root)  (T5), diet contains 5% carrot ( root) + turnip (leaf and root) (T6) 

and diet contains 5% turnip (leaf and root) + grape (leaf) + carrot ( root)   (T7). Fish were fed 

twice daily, six days a week at a fixed feeding rate of 2% of body fish weight (dry feed/ day).                                                                           

The feeding rate adjusted at monthly intervals- where 32 fish were randomly selected from 

all group (2 fish from each aquarium), weighted; and the average fish weight was obtained and 

the monthly feed intake (g feed / fish /month) was calculated for each group. Half of the water 

volume, for all aquaria, was replaced once every week with de-chlorinated fresh tap water after 

removing the wastes (diet and excreta). 

  

 

Fig (1): A photograph of a Koi fish, Cyprinus carpio at 0 time of 

experiment. 
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Fig. (2): A diagram showing the preparation of different experimental diets. 

 

4. Coloration studies: 

To evaluate the enhancement of fish color, 10 fishes from each group (control and 

treatment groups) were monthly photographed by a digital camera. These fish photographs were 

taken with similar dimensions and resolution. The digital photographs were then treated by the 

Adobe Photoshop 7 computerized program. These photographs were re-formatted as follows: 

Pixel dimensions: 400 width x 300 height pixels. Document size: 5.556 x 4.167 inches (width x 

height). Resolution: 72 pixels / inch. 

In Adobe Photoshop program, the amount of pixels for the very important colors of koi 

fish (Red and Yellow) was detected and recorded.  

 

4.1. Amount of color pixels: 

The method of detecting the amount of red color pixels can be summarized in the 

following steps: 

1) Press on File button in the tools bar; then press on Open in its list to select the fish picture.  

2) Press on Select button in the tools bar; then press on Color Range in its list.  
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3) In appeared window, select the Red color and press OK. The red color pixels in the picture 

will be flashed on. 

4) Press on Image button in the tools bar; then press on Histogram in its list. 

5) In the appeared window, we find the detected Pixels amount of the red color. 

For detecting the amount of yellow color pixels, we repeat the steps (2 - 5). 

 

RESULTS 

1. Effect of food additives on color pixels amount: 

The effect of different feed rations (C, T1, T2, T3, T4, T5, T6 and T7) on the color pixels 

amount in the digital photographs of koi fish, C. carpio, reared for 120 days are given in Tables 

(1- 3), Figures (3 - 5) and Plates (I – II). 

1.1. Red color: 

The amount of red color pixels in the digital photographs of koi fish, C. carpio, at zero 

time and after feeding on the different feed rations for 30, 60, 90 and 120 days are shown in 

Table (1) and graphically presented in Figure (3). 

At zero time (T0), the amount of red color pixels in the digital photographs of koi fish, C. 

carpio, was very low, ranged from 0 to 77 pixels with an average of 16.2±24.92 pixels (Table, 

1).  

After 30 days, the highest amount of red color pixels was recorded in T7 (diet contained 

the 3 mixed food additives), ranged from 26 - 2721 pixels, with an average of 1127.3±1069.82 

pixels. Followed by T3 (diet contained carrot), ranged from 0- 2381 pixels, with an average of 

974.8±1133.43 pixels. While the lowest red pixels amount was occurred in T4 (fed on carrot + 

grape), ranged from 5 - 755 pixels, with an average of 253.2± 235.74 pixels; compared with 

control, ranged from 0 – 1186 pixels, with an average of 296.4±413.05 pixels (Table 1 and Fig. 

3). 

After 60 days, the red color was slightly improved in all treated groups, except T3, in 

which the red color pixels amount greatly decreased, recording the lowest value (541.3±1472.22 

pixels) after the control group (340.3±723.14 pixels). Also, the highest red color pixels amount 

was recorded in T7, in which it ranged from 0 - 8251 pixels, with an average of 1489.1 ±2626.94 

pixels. It followed by T6, with an average of 1158.8 ± 1092.39 pixels (Table 1 and Figure, 3).  

  After 90 days, the red color pixels amounts were moderately increased in all experimental 

groups, except T3, in which it was slightly decreased, recording the lowest value (420.1±703.61 

pixels), and it followed by the control group (458.0±402.1 pixels). In the same manner, the 

highest average of red color pixels amount (2184.6±1203.53 pixels) was recorded in T7. It 

followed by T6, with an average of 1672.5±1147.87 pixels (Table 1 and Fig. 3).  

After 120 days, the red color pixels amounts reached the maximum values in all 

experimental groups, except T3, in which it was greatly decreased, recording its minimum value 

(298.8±396.41 pixels). The highest average of red color pixels amount was recorded in T7, 

ranged from 2069 - 3783 pixels, with an average of 2880.2±528.44 pixels. Followed by T4 and 

T6 (diets contained carrot), with averages of 2487.5±3579.06 and 2186.2±2121.94 pixels, 

respectively (Table 1, Fig. 3 and Plates, I&II). 

The results showed that, the amount of red color pixels was significantly increased, with 

increase of feeding period in T7, T6 and T4 (in which carrot was mixed with another additive). 
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While, it was significantly decreased with increase of feeding period in T3, in which feed ration 

contained carrot only (Table 1, Fig. 3 and Plates, I&II).  

 

Table (1): Amount of red color (pixels) in the pictures of koi fish, C. carpio, fed on different 

food additives, during different periods.  

Treatments 30 days 60 days 90 days 120 days 

T0 

Range 
0 - 77 

Mean 

± SD 
16.2 ± 24.92 

C 

Range 
0 - 1186 0 - 2298 52 -1288 17 - 1735 

Mean 

± SD 
296.4±413.05 340.3 ±723.14 458.0 ±402.10 669.3±500.04 

T1 

Range 0 - 2124 0 - 2208 0 - 2262 0 - 3478 

Mean 

± SD 
452.1±672.6 785.7±925.44 942.1±732.78 1098.5±1206.99 

T2 

Range 0 - 1356 0 - 3201 0 - 2700 0 - 4844 

Mean 

± SD 
320.9±490.89 1096.3±1393.57 1215.1±1198.61 1334.0±1503.11 

T3 

Range 0 - 2381 0 - 4708 0 - 2354 0 - 921 

Mean 

± SD 
974.8±1133.43 541.3±1472.22 420.1±703.61 298.8±396.41 

T4 

Range 5 - 755 0 - 1341 222 - 6541 405- 12000 

Mean 

± SD 
253.2±235.74 617.1±533.56 1552.3±1905.8 2487.5±3579.0 

T5 

Range 0 - 1106 0 - 1567 1 - 1978 0 - 3009 

Mean 

± SD 
308.3±438.71 460.8±630.19 496.4±650.71 532.1±1144.65 

T6 

Range 0 - 2616 0 - 2954 737 - 5078 224 -8540 

Mean 

± SD 
556.1±682.83 1158.8±1092.3 1672.5±1147.8 2186.2±2121.9 

T7 

Range 26 - 2721 0 - 8251 1073 - 5160 2069 -3783 

Mean 

± SD 
1127.3±1069.82 1489.1±2626.94 2184.6±1203.53 2880.2±528.44 
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Fig. (3): Relationship between the red color pixels amounts (pixels) and the treatment period 

(days) in the pictures of koi fish, C. carpio, fed on different food additives.  
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1.2. Yellow color: 

The amount of yellow color pixels in the digital photographs of koi fish, C. carpio, at 

zero time and after feeding on the different feed rations for 30, 60, 90 and 120 days are shown in 

Table (2) and graphically presented in Figure (4). 

At zero time (T0), the amount of yellow color pixels in the digital photographs of koi fish, 

C. carpio, was very low, ranged from 0 to 964 pixels with an average of 202.3±255.79 pixels 

(Table 2).  

After 30 days, the highest yellow color pixels amount was recorded in T4 (diet contained 

carrot and grape). It ranged from 108 - 3625 pixels, with an average of 1415.0±1256.96 pixels. 

Followed by T3 (diet contained carrot), ranged from 45 – 2761 pixels, with an average of 

1076.1±1239.66 pixels. While the lowest yellow pixels amount was occurred in T6 (fed on carrot 

+ turnip), ranged from 0 - 98 pixels, with an average of 8.2± 28.29 pixels; compared with the 

control group, ranged from 0 – 301 pixels, with an average of 37.6±90.76 pixels (Table, 2 and 

Fig. 4). 

After 60 days, the yellow color was greatly improved in all treated groups, except T1, 

(feed contained turnip), in which the yellow color pixels amount greatly decreased, recording the 

lowest value (63.8±84.13 pixels) comparing to the control group (448.4±256.16 pixels). The 

highest yellow color pixels amount was recorded in T4 (diet contained carrot and grape). It 

ranged from 63 - 4547 pixels, with an average of 2104.3±1732.95 pixels. Followed by T3 (diet 

contained carrot), ranged from 8 – 2197 pixels, with an average of 1767.8±3301.11 pixels. Then, 

it followed by T6, with an average of 1561.9 ± 2322.57 pixels (Table 2 and Fig. 4).  

  After 90 days, the yellow color pixels amounts were greatly varied in all experimental 

groups. It was greatly increased in T3 and reached to the highest yellow color pixels amount at 90 

days of treatment; ranging from 314 – 9267 pixels, with an average of 4875.5±3755.36 pixels. It 

followed by T6, with an average of 2428.4 ± 1364.6 pixels. The lowest yellow color pixels 

amount was recorded in the control group and T1; with averages of 57.4±91.24 pixels and 

66.1±95.64 pixels, respectively (Table 2 and Fig. 4).  

After 120 days, the yellow color pixels amount was greatly increased and reached the 

maximum values in T3, ranged from 27–18522 pixels, with an average of 7983.1±8458.72 pixels. 

It followed by T6, which ranged from 0-8577 pixels with an average of 3294.8±3644.5 pixels. 

The lowest yellow color pixels amount was recorded in T7, which ranged from 0 - 98 pixels, with 

an average of 49.5±28.29 pixels (Table 2, Fig. 4 and Plates, I&II). 

The results showed that, the yellow color pixels amount was significantly increased with 

increase of feeding period in T3 and T6 (in which carrot was alone or mixed with turnip). But, it 

was very low during the whole period of study in T7 (Table 2, Fig. 4 and Plates, I&II).  
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Table (2): Amount of yellow color pixels in the pictures of koi fish, C. carpio fed on 

different food additives, during different periods.  

Treatments 30 days 60 days 90 days 120 days 

T0 

Range 0 - 964 

Mean 

± SD 
202.3 ± 255.79 

C 

Range 0 – 301 14 – 791 0 - 295 2 – 598 

Mean 

± SD 
37.6 ±90.76 448.4 ±256.16 57.4 ±91.24 169.0 ±215.57 

T1 

Range 0 - 789 0 - 179 0 - 316 0 - 630 

Mean 

± SD 
248.3 ±211.27 63.8 ±84.13 66.1± 95.64 68.4 ±197.65 

T2 

Range 0 - 283 0 - 850 0 - 826 0 - 1077 

Mean 

± SD 
99.9 ±103.64 350.6 ±370.43 257.5 ± 268.76 164.3 ±379.72 

T3 

Range 45- 2761 8 - 2197 314 - 9267 27- 18522 

Mean 

± SD 

1076.1±1239.6

6 

1767.8 

±3301.11 

4875.5±3755.3

6 

7983.1±8458.7

2 

T4 

Range 108-3625 63 -4547 83 - 3823 8 -7524 

Mean 

± SD 

1415.0±1256.9

6 
2104.3±1732.95 

1566.2±1134.0

9 

1028.1±2096.2

8 

T5 

Range 0 - 5039 0 - 9739 3 - 4873 5 - 2639 

Mean 

± SD 
827.4±1802.44 1103.5±2780.69 

1112.2±1338.0

1 

1120.9±1039.2

7 

T6 

Range 0 - 98 0 - 5319 2 - 4289 0 - 8577 

Mean 

± SD 
8.2 ±28.29 1561.9±2322.57 2428.4±1364.6 3294.8±3644.5 

T7 

Range 17 - 574 0 - 2915 0 - 1469 0 - 98 

Mean 

± SD 
243.4±171.17 412.8 ±859.94 231.1±427.41 49.5±28.29 
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Fig. (4): Relationship between the yellow color pixels amounts (pixels) and the 

treatment period (days) in the pictures of koi fish, C. carpio, fed on different food 

additives. 

1.3. Total color: 

The amount of total (red and yellow) color pixels in the digital photographs of koi fish, C. 

carpio, after feeding on the different feed rations for 30, 60, 90 and 120 days are shown in Table 

(3) and graphically presented in Figure (5). 

At zero time (T0), the amount of total color pixels in the digital photographs of koi fish, 

Cyprinus carpio, was very low, ranged from 0 to 979 pixels with an average of 218.5±250.55 

pixels (Table 3).  
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After 30 days, the highest total color pixels amount was recorded in T3 (diet contained 

carrot), it ranged from 155 - 2761 pixels, with an average of 2050.9±865.23 pixels. Followed by 

T4 (diet contained carrot and grape), it ranged from 390 – 3630 pixels, with an average of 

1668.2±1157.76 pixels. While the lowest total color pixels amount was occurred in control 

group, it ranged from 4 - 1194 pixels, with an average of 333.9± 411.06 pixels (Table 3 and Fig. 

5). 

After 60 days, the total color was slightly improved in all treated groups. The highest 

total color pixels amount was recorded in T4, in which it ranged from 122 - 4547 pixels, with an 

average of 2721.4±1481.33 pixels. Also, T6 recorded the highest value of total color pixels, 

ranged from 1004 – 5325 pixels, with an average of 2720.7±1626.24 pixels. While the lowest 

total color pixels amount was recorded in the control group and T1, with averages of 

788.6±546.16 and 849.5±867.31 pixels, respectively (Table 3 and Fig. 5).  

  After 90 days, the total color pixels amounts were greatly increased in all experimental 

groups, except the control group, in which it was slightly decreased, recording the lowest value 

(506.1±420.7 pixels). It also followed by T1 with an average of 1008.2±708.88 pixels. The 

highest total color pixels amount was recorded in T3, ranged from 710 – 11202 pixels, with an 

average of 5259.5±3951.91 pixels. It followed by T6, it ranged from 1574 – 9366 pixels, with an 

average of 4100±2112.5 pixels (Table 3 and Fig. 5).  

After 120 days, the total color pixels amounts reached the maximum values in all 

experimental groups. The lowest average of total color pixels (1166.9±1198.27 pixels) was 

recorded in T1 (diet contained turnip). The highest average of total color pixels amount was 

recorded in T3, ranged from 45 - 18522 pixels, with an average of 8281.9±8151.67 pixels. It 

followed by T6, ranged from 236 – 17117 pixels, with averages of 5481±5137.92 pixels (Table 3, 

Fig. 5 and Plates I&II). 

These results showed that, the total color pixels amount was significantly increased, with 

increase of feeding period, in T3, T6 and T4 (in which carrot was mixed with another additive). 

While, it was slightly decreased with increase of feeding period in T7 and T5, in which feed 

ration contained grape and turnip (Table 3, Fig. 5 and Plates I&II).  
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Table (3): Amount of total color pixels in the pictures of koi fish, C. carpio fed on different 

food additives, during different periods.  

Treatments 30 days 60 days 90 days 120 days 

T0 

Range 0 - 979 

Mean 

± SD 
218.5 ± 250.55 

C 

Range 4 - 1194 367 - 2312 52 - 1194 543 - 2797 

Mean 

± SD 
333.9 ±411.06 788.6±546.16 506.1±420.70 1540.4±887.26 

T1 

Range 11 - 2274 114 - 2208 57 - 2274 0 - 3478 

Mean 

± SD 
700.4 ±665.64 849.5±867.31 1008.2±708.88 

1166.9±1198.2

7 

T2 

Range 34 - 1356 254 - 3201 226 - 2813 0 - 4844 

Mean 

± SD 
420.8 ±427.19 

1446.8 

±1142.43 

1472.6±1054.0

7 

1498.3±1474.3

5 

T3 

Range 155 - 2761 11 - 10928 710 - 11202 45 - 18522 

Mean 

± SD 
2050.9±865.23 2309.1±3498.05 

5295.5±3951.9

1 

8281.9±8151.6

7 

T4 

Range 390 - 3630 122 - 4547 1016 - 6626 471 - 12026 

Mean 

± SD 

1668.2±1157.7

6 
2721.4±1481.33 

3118.5±1555.0

8 

3515.6±3838.8

1 

T5 

Range 0 - 5039 0 - 10685 62 - 6850 124 - 3015 

Mean 

± SD 

1207.7±1663.2

8 
1564.3±2953.95 1608.6±1790.7 

1653.0±1054.9

2 

T6 

Range 56 - 2616 1004- 5325 1574 - 9366 236 - 17117 

Mean 

± SD 
564.3±676.13 2720.7±1626.24 4100±2112.5 5481±5137.92 

T7 

Range 266 - 2818 73 - 11166 1073 - 6629 2072 - 881 

Mean 

± SD 
1370.6±941.99 1901.9±3355.63 

2415.8±1561.9

3 
2929.6±550.4 
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Fig. (5): Relationship between the total color pixels amounts (pixels) 

and the treatment period (days) in the pictures of koi fish, C. carpio, fed 

on different food additives. 
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T1 

 

T2 

 

T3 

 
 

PLATE I: Photographs of some Koi fish, C. carpio, fed on plain food as a 

control (C), diet contains 5% turnip (T1), diet contains 5% grape (T2) 

and diet contains 5% carrot (T3) for 120 days. 
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T5 

 

T6 

 

 

T7 

 

 

 PLATE II: Photographs of some Koi fish, C. carpio, fed on diet 

contains 5% grape + carrot (T4), diet contains 5% grape + turnip 

(T5), diet contains 5% carrot + turnip (T6) and diet contains 5% 

turnip + grape + carrot (T7) for 120 days. 



124 

Ahmad M. Azab et al. 

DISCUSSION 

Ornamental fish are characterized by a wide diversity of colours, colour patterns and 

success in the ornamental fish trade is very much dependent on the bouncy colour of the fish. 

Color is one of the major factors, which determines the price of aquarium fish in the world 

market [5].   

Color enhancing diets may contain additional natural pigments to enhance colors of 

ornamental fish. People involved in the trade of ornamental fish are constantly exploring 

methods of enhancing skin coloration. A direct relationship between dietary carotenoid and 

pigmentation exists in fishes. Unlike other animals, fish lack the ability to synthesis carotenoids 

and entirely depend on their dietary sources. If enhancement of colouration can be done by 

administering pigment enriched feed, it will definitely improve the quality and cost of the fish
[14]

  

In the present study, the highest amount of the red color pixels was recorded in T7 (3 

mixed food additives: carrot + turnip + grape) at 30, 60, 90 and 120 days; in T6 (carrot + turnip) 

at 60, 90 and 120 days; and in T4 (carrot + grape) at 30, 90 and 120 days. It may be due to the 

source of red colour, which found in different additives of carotenoids (carrot, turnip and grape). 

But, the lowest amount of the red color pixels occurred in T5 (grape + turnip) at 60, 90 and 120 

days; in T3 (carrot) at 60, 90 and 120 days and as well as the control group at the whole period of 

experiment.  

In the present study, the average in the amount of red color pixels reached its maximum 

value (2880.2±528.44) in T7 (turnip + grape + carrot) at the end of experiment (120 days). The 

enhancement of the amount red color pixels may be due to the combination between the 

carotenoids in the three experimental additives.                     

Generally, the present study showed that, the amount of red color pixels was significantly 

increased, with increase of feeding period in T7, T6 and T4 (in which carrot was mixed with 

another additive). While, it was significantly decreased with the increase of feeding period in T3, 

in which feed ration contained carrot only. Many reports have demonstrated that, skin color 

change over time depended on the level of carotenoid in the diet and differed among        

species
[6, 15 - 17].  

Carotenoids form the most important classes of plant pigments and play a crucial role in 

defining the quality parameters of fruit and vegetables. Carotenoids are of great interest due to 

their essential biological functions in both plants and animals
[18]

. Carotenoids are the primary 

source of pigmentation in ornamental tropical fish, responsible for various colours like yellow, 

red and other related colours. Normally these are obtained through substances rich in carotenoid 

content in the food chain of the aquatic organisms. But commercial feed ingredients such as 

yellow corn, corn gluten meal and alfa alfa are used as sources of carotenoids such as zeaxanthin 

and lutein
[19 - 20]

.  

Some authors used another sources of carotenoids for enhansment of color. [21] used 

Haematococcus pluvialis as a safe natural source of astaxanthin derived from micro algae which 

resulted in extensive pigmentation in koi and tropical fishes. [22] observed a positive effect of 

dietary carotenoid on the growth of red tilapia. [23] reported that, the enhancement of colour in 

male gourami when fed with carotenoid pigment source. [24] reported that, Spirulina induced the 

growth and body colour of crucian carp and [20] mentioned that, Rosa rubiginosa petals 

enhanced the coloration of soardtail fish, Xiphophorus helleri.  

In the present study, the highest amount of yellow color pixels was recorded in T4 

(grape+carrot) at 30 and 60 days only. But, this amount of yellow color pixels started to increase 

in T3 (carrot) after 60 days; reached the maximum value (7983.1± 8458.7) after 120 days. This 
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means that, the sources of red color in carotinoids of carrot, which gave high amount of red color 

pixels after 30 days only, they shared sources of yellow color in carotinoids of carrot giving 

more yellow color pixels after a long period.   

These findings were in agreement with some other studies
[25 - 27]

. It was found that, carrot 

(Daucus arota) is a good source of β carotene (10800 μg g
-1

 wet weight) and α carotene (3610 μg 

g
-1

 wet weight) which is higher than many fruits, uncooked vegetables and seeds. In addition due 

to its low price and easy access, carrot is a good source of food additive in fish culture.  

The enhancement of the yellow color pixels may be due to carotenoids in carrot; where, 

carotenoid pigments play a decisive role in intermediary metabolism and that could also enhance 

nutrient utilization and various sources of carotenoid pigments were tried for enhancing 

pigmentation
[28 - 29]

.   

The lowest amounts of yellow color pixels occurred in T6 (carrot + turnip) after 30 days 

and in T1 (turnip) and in T7 (grape+ carrot+ turnip), after 60, 90 and 120 days. This means that, 

the sources of yellow color in carotinoids of turnip were very low. 

In the present study, the total amount of color pixels over the rearing period of 120 days 

exhibited greater in all treatments compared with the control. It may be due to the carotenoids in 

turnip, grape and carrot.  

Although some authors claim that, the biological functions of carotenoids in fish are still 

speculative
 [30]

, other consider these compounds as important micronutrients that fish are not able 

to synthesize, therefore, must be included in the diet
[31]

.   

In the present study, the highest amounts of total color pixels were recorded in T3 (carrot) 

after 30, 60, 90 and 120 days. But, the lowest amounts of total color pixels occurred in T2 (grape) 

at 30 days and in control group and in T1 (turnip) during the whole period of the experiment. 

This means that, the sources of total colour in carotinoids of carrot were more than grape and 

turnip and the  total colour in carotinoids of turnip and grape were very small.  
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(سيبزيىس كاربيو)تأثيز بعض الإضافات الغذائية علي تحسيه اللون في أسماك الكوى   

أحمد مسعد عزب، حسه مشحوت محمد خلف الله، هاوي ماهز
 

القاهزة - خاهعت الأسهز - (بٌُي)كلُت العلىم - قسن علن الحُىاى- شعبت علىم البحار والأسواك 

المستخلص 

َهذف هذا البحث إلً إخزاء حدزبت حىظح حأثُز بعط الإظافاث الغذائُت هثل أوراق وخذور اللفج، ورق العٌب 

.  ة هي هذة الأسواكهحسيلإًخاج سلاله  (سُبزٌَس كاربُى)وخذور الدشرعلً ححسُي الألىاى فً أسواك الكىي 

، بكثافت (100x30x40) حىض سخاخً 16 هدوىعاث هىسعت علً 8حن حصوُن الخدزبت بخقسُن الأسواك الً 

ثن . غذَج هداهُع الأسواك علً غذاء أساسً لوذة شهزَي قبل بذاَت الخدزبت.  حىض لكل هعاهله2حىض بىاقع /سوكت10

حُث غذَج الودوىعت العابطت علً الغذاء الأساسً، .  أشهزعلً علُقت هخخلفت6غذَج كل هدوىعت هي الأسواك لوذة 

ورق العٌب، الودوىعت الثالثت غذاء به % 5أوراق وخذور اللفج، الودوىعت الثاًُت غذاء به % 5الودوىعت لأولً غذاء به 

ورق العٌب % 5خذور الدشر، الودوىعت الخاهست غذاء به + ورق العٌب % 5خذور الدشر، الودوىعت الزابعت غذاء به % 5

أوراق وخذور اللفج،، والودوىعت السابعت غذاء به + خذور الدشر % 5أوراق وخذور اللفج، الودوىعت السادست غذاء به + 

  :هذا وقذ خلصج الٌخائح إلً ها َلً .خذور الدشر+ ورق العٌب+ أوراق وخذور اللفج% 5

َىم  فً هدوىعت الأسواك الخً 120 , 90، 60، 30أوظحج الٌخائح أى أعلً كوُت هي اللىى الأحوز سدلج بعذ 

َىم فً 30وأقل كوُت سدلج بعذ . خذور الدشر+ ورق العٌب+ أوراق وخذور اللفج% 5حغذث علً علُقت ححخىي علً 

 َىم  فً هدوىعت 120, 90، 60خذور الدشر وبعذ + ورق العٌب% 5هدوىعت الأسواك الخً حغذث علً علُقت ححخىي علً 

. خذور الدشر% 5الأسواك الخً حغذث علً علُقت ححخىي علً 

 َىم  فً هدوىعت الأسواك الخً حغذث علً علُقت 60، 30بٌُج الٌخائح أى أعلً كوُت هي اللىى الأصفز سدلج بعذ 

َىم  فً هدوىعت الأسواك الخً حغذث علً علُقت ححخىي علً 120 , 90خذور الدشر، وبعذ  + ورق العٌب% 5ححخىي علً 

أوراق وخذور % 5َىم فً هدوىعت الأسواك الخً حغذث علً علُقت ححخىي علً 30خذور الدشر، وأقل كوُت سدلج بعذ % 5

أوراق وخذور اللفج ، وبعذ % 5َىم فً هدوىعت الأسواك الخً حغذث علً علُقت ححخىي علً 60خذور الدشر، وبعذ + اللفج 

. خذور الدشر+ ورق العٌب+ أوراق وخذور اللفج% 5 َىم  فً هدوىعت الأسواك الخً حغذث علً علُقت ححخىي علً 90

 َىم  فً هدوىعت الأسواك الخً 120, 90، 60، 30أوظحج الٌخائح أى أعلً كوُت هي هدوىع الألىاى  سدلج بعذ 

َىم فً هدوىعت الأسواك الخً حغذث علً 30خذور الدشر و لكي أقل كوُت سدلج بعذ % 5حغذث علً علُقت ححخىي علً 

أوراق % 5َىم  فً هدوىعت الأسواك الخً حغذث علً علُقت ححخىي علً 120 ,90ورق العٌب وبعذ % 5علُقت ححخىي علً 

. وخذور اللفج

َكىى أفعل ها َوكي عٌذها حخغذٌ  (سُبزٌَس كاربُى)وًخلص هي هذا البحث الٍ أى اللىى الأحوز فً أسواك الكىي 

واللىى . (أوراق وخذور اللفج+ ورق العٌب + خذور الدشر  )هي خلُط كل الإظافاث% 5الأسواك علً علُقت ححخىي علً 

أها .  َىم30هي خذور الدشر لوذة حشَذ عي % 5الأصفز َكىى أفعل ها َوكي عٌذها حخغذٌ الأسواك علً علُقت ححخىي علً 

هي خذور الدشر % 5هدوىع الألىاى  فً أسواك الكىي َكىى أفعل ها َوكي عٌذها حخغذٌ الأسواك علً علُقت ححخىي علً 

. أوراق وخذور اللفج+ أو خذور الدشر 


