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The Effect of Shrimp Head Meal in Feed on the Growth and Color Intensity of Rainbow Fish (Melanotaenia sp.)




ABSTRACT
Introduction/Aim: The color brightness in ornamental fish is influenced by several factors, including genetics, environmental conditions, and feed nutrition. One effective way to enhance the color brightness of ornamental fish is by incorporating carotenoid-rich feed additives. Rainbow fish (species unspecified) often face challenges with suboptimal color brightness, which can be addressed by supplementing their artificial feed with shrimp head meal, a rich source of astaxanthin. This study aimed to evaluate the impact of shrimp head meal on the color intensity and growth of rainbow fish. 

[bookmark: _GoBack]Method: A completely randomized design (CRD) experiment was conducted with four treatments, each replicated three times. The treatments included feed formulations with varying levels of shrimp head meal: 0%, 5%, 10%, and 15%. A total of 15 fish, with an average weight of 1.42 ± 0.42 g, were reared in 15 L aquariums for 45 days. 

Result: Feed was administered three times daily (morning, afternoon, and evening). The findings revealed that feed containing 10% shrimp head meal produced the best results for color intensity, relative growth rate (RGR), and specific growth rate (SGR), with values of 22.15 ± 0.13, 29.73 ± 1.11, and 26.95 ± 1.70, respectively (P < 0.05). Meanwhile, parameters such as feed conversion ratio (FCR), feed efficiency (EPP), protein efficiency ratio (PER), and survival rate (SR) showed no significant differences across treatments.

Conclusion: Supplementing rainbow fish feed with 10% shrimp head meal effectively enhances their growth and color intensity.
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Introduction

Rainbow fish (Melanotaenia sp.) are freshwater ornamental fish known for their ease of maintenance and vibrant, exotic colors. These fish, commonly found in Papua's waters, exhibit a variety of colorful patterns, with males generally displaying more striking colors than females1. Due to their vibrant appearance, rainbow fish are highly popular among ornamental fish enthusiasts. The color brightness of ornamental fish can be enhanced by incorporating carotenoid-rich nutrients into their diet. Beta-carotene, a carotenoid with orange pigments commonly found in plants and fruits, plays a significant role in influencing the color intensity of fish2.
Shrimp head meal is a natural source of carotenoids, primarily astaxanthin and canthaxanthin. Research on shrimp head meal has largely focused on its impact on fish body color intensity rather than its total carotenoid content3. Several studies have demonstrated its effectiveness in enhancing coloration in different fish species. For instance, Efianda et al.4 found that 30 g of shrimp head meal yielded optimal results in comet fish. Similarly, that a combination of 10% pumpkin meal and 5% shrimp head meal significantly enhanced the orange color intensity in goldfish5. Around 10% inclusion of shrimp head meal produced the best color enhancement in koi fish6. 
Given its high carotenoid content, shrimp head meal is a promising natural additive for improving the brightness of rainbow fish coloration. Its integration into artificial feed formulations offers a natural approach to enhancing the vibrant hues of ornamental fish7.

Material and Method

Sampling method
The method of collecting color brightness data by sampling, sampling was carried out once every 10 days. Color brightness sampling used seven respondents who did not have visual impairments (not color blind and nearsighted), using the M-TCF (Modified Toca Color Finder) tool8. Sampling was carried out using three fish in each research container. 

Research method
This research was conducted for 45 days, from equipment preparation to color measurement and feeding of rainbow fish (Melanotaenia sp.) seeds which took place in August 2022. This research was conducted at Patriot Farm, Semarang. Fish maintenance was carried out for 45 days, with a stocking density of 15 fish/container. The water quality in the maintenance media will be measured every 10 days, the measurement of color brightness in fish is carried out every seven days. Siphoning will be carried out every three days in the morning before the fish are fed.

Research design
This research was conducted experimentally using a Completely Randomized Design (CRD) with 4 treatments and 3 repetitions. The experimental design used in this study was using the treatment of adding shrimp head meal with binder as follows:
Treatment A: Addition of 0% shrimp head meal in feed.
Treatment B: Addition of 5% shrimp head meal in feed.
Treatment C: Addition of 10% shrimp head meal in feed.
Treatment D: Addition of 15% shrimp head meal in feed.
The basis for determining the concentration of shrimp head meal in additional rainbow fish feed is based on the research of Riansah et al. (2020), which states that the addition of shrimp head meal in koi fish feed of 10% gives the best results. 




Research variables
Feed Consumption Level
According to Pereira et al. (2007), the feed consumption level is calculated using the following formula:
TKP = F1 ± F2 ± . . . ± Fn
note:
TKP 	= Total feed consumption
F1 	= Amount of feed on the first day (g)
F2 	= Amount of feed on the second day (g)
Fn 	= Amount of feed on the nth day (g)

Feed Utilization Efficiency
The calculation of feed efficiency can be calculated using the formula according to Zonneveld et al. (1991), as follows:

note:
FUE 	= Feed efficiency (%)
Wt 	= Weight of test fish at the end of the study (g)
W0 	= Weight of test fish at the beginning of the study (g)
D 	= Total weight of fish that died during the study (g)
F 	= Total amount of feed given (g)

Protein Efficiency Ratio
According to Tacon (1987), the calculation of the protein efficiency ratio value uses the formula:
[bookmark: _Toc107204712][bookmark: _Toc145007224]
note:
PER 	= Protein efficiency ratio (%)
Wt 	= Total weight of fish at the end of the study (g)
W0 	= Total weight of fish at the beginning of the study (g)
Pi 	= Weight of feed consumed x % of feed protein

Brightness of fish color
Measurement of the intensity of fish color is done by taking samples and scoring the colors found in M-TCF. Observations using 7 respondents who are not color blind and have visual impairments. Observations were made visually by matching the color of the rainbow fish to the color score listed. Measurement of the brightness level of the rainbow fish color was carried out by taking fish samples every 10 days, namely on day 0, day 10, day 20, day 30, and day 40.

FCR (Feed Conversion Ratio)
FCR (Feed Conversion Ratio) can be calculated using the formula according to Arifin and Rumondang (2017), as follows:



Note:
FCR 	= Feed Conversion Ratio
F 	= Number of fish consumed
Wt	= Total weight of final seed of the study (g)
W0	= Total weight of initial seed of the study (g)
D 	= Number of dead fish

Relative Growth Rate
According to Takeuchi (1998), the relative growth rate formula is calculated using the following formula:
[bookmark: _Toc107204721][bookmark: _Toc145007229]
note:
RGR 	= Relative growth rate (g%/day)
Wt 	= Average weight at the end of maintenance (g)
W0 	= Average weight at the beginning of maintenance (g)
t 	= Maintenance time (days)

Color Intensity
The color intensity that occurs can be calculated using the formula according to Putri et al. (2018), as follows:
CI = Wt – W0
where:
CI 	= Color Intensity that occurs
Wt 	= final color value of the study
W0 	= initial color value of the study

Survival rate
The survival of the test fish can be calculated using the formula according to Effendi (1997), which states that determining the survival rate of fish is by knowing the number of fish at the beginning of the distribution and the number of fish that live at the end of the study, then entered into the percentage formula (SR):


note:
SR 	= Fish survival (%)
Nt 	= Number of fish alive at the end of the experiment
N0 	= Number of fish alive at the beginning of the experiment

Data analysis
The data analysis obtained from the research results includes the intensity of rainbow fish color brightness, feed efficiency, absolute weight growth and absolute length, and survival. The data were analyzed statistically by analyzing the obtained variables using analysis of variance (ANOVA) with a confidence level of 95%. Before ANOVA was carried out, the data was first tested for normality, homogeneity and additivity to determine that the data was normal, homogeneous and additive to be tested further, namely analysis of variance. Water quality data was analyzed descriptively.

Results and Discussion
Results
Feed Consumption Level
Based on the results of total feed consumption conducted at the end of the study, total data on feed consumption of rainbow fish (Melanotaenia sp.) were obtained. The total value of feed consumption of rainbow fish (Melanotaenia sp.) during the study is presented in Table 1.
Table 1. Total Value of Rainbow Fish Feed Consumption.
	Replication
	Treatment

	
	A
	B
	C
	D

	1
	55,3
	55,7
	55,9
	55,9

	2
	55,4
	55,5
	55,8
	55,6

	3
	55,5
	55,6
	56
	55,5

	Mean ± SD
	55,40±0,10a
	55,60±0,10b
	55,90±0,10d
	55,67±0,21c


Note: The average value with different superscripts indicates a significant difference (P<0.05).

Based on Table 1, the highest total feed consumption value is the C gain of 55.90±0.10 g. Normality, homogeneity and additivity tests were carried out on the total feed consumption value of rainbow fish (Melanotaenia sp.). The test results showed that the data were normally distributed, homogeneity showed that the data were homogeneous and additivity showed that the data were additive. So that it meets the requirements for analysis of variance. Results of analysis of variance of feed consumption levels in rainbow fish (Melanotaenia sp.).

Table 2. Results of Analysis of Total Variety of Feed Consumption of Rainbow Fish.
	SK
	Db
	JK
	KT
	F count
	Ftable (0,05)

	Treatment
	3
	0,38
	0,13
	6,95*
	4,07

	Error
	8
	0,15
	0,02
	
	

	Total
	11
	0,53
	 
	 
	 


Note: F count < F Table (0.05) has no significant effect

The results of the analysis of variance showed that the addition of shrimp head meal to fish feed had a significant effect (P<0.05) on the total feed consumption of rainbow fish. The highest total feed consumption value was in treatment C of 55.90±0.10, treatment D of 55.67±0.21, treatment B of 55.60±0.10, and followed by treatment A obtained a result of 55.40±0.10. The feed given had different doses of shrimp head meal. 

Feed Utilization Efficiency
The feed utilization efficiency value shows how much feed is utilized by rainbowfish to grow. Based on the results of the calculation of the feed utilization efficiency value carried out at the end of the study, the average data on feed utilization efficiency in rainbowfish (Melanotaenia sp.) was obtained. The feed utilization efficiency value of rainbowfish (Melanotaenia sp.) during the study can be seen in Table 3.
Table 3. Feed Utilization Efficiency Value of Rainbowfish.
	Replication
	Treatment

	
	A
	B
	C
	D

	1
	28,93
	28,73
	28,35
	29,87

	2
	27,93
	27,39
	30,65
	30,76

	3
	27,35
	27,34
	28,48
	28,56

	Mean± SD
	28,07±0,80a
	27,82±0,79a
	29,16±1,29a
	29,73±1,11a


Note: Values ​​with the same superscript indicate no significant difference (P>0.05).

Based on Table 4, the highest feed utilization efficiency (EPP) value is treatment D at 29.73 ± 1.11%. The test results show that the data is normally distributed, homogeneity indicates that the data is homogeneous and additivity indicates that the data is additive, thus meeting the requirements for analysis of variance. Results of analysis of variance of feed utilization efficiency in rainbow fish (Melanotaenia sp.).
Table 4. Results of Analysis of Variance of Feed Utilization Efficiency Values ​​of Rainbow Fish.
	SK
	db
	JK
	KT
	F count
	Ftable (0,05)

	Treatment
	3
	7,33
	2,44
	2,35
	4,07

	Error
	8
	8,31
	1,04
	
	

	Total
	11
	15,64
	 
	 
	 


Note: F count < F Table (0.05) has no significant effect
The results of the analysis of variance showed that the addition of shrimp head meal to the feed did not have a significant effect (P>0.05) on the efficiency of feed utilization of rainbow fish. 

Feed Conversion Ratio
Based on the results of the feed conversion ratio (FCR) conducted at the end of the study, data on the feed conversion ratio of rainbow fish (Melanotaenia sp.) were obtained. The value of the feed conversion ratio of rainbow fish (Melanotaenia sp.) during the study is presented in Table 5.
Table 5. Value of Feed Conversion Ratio of Rainbow Fish.
	Replication
	Treatment

	
	A
	B
	C
	D

	1
	1,93
	1,98
	1,96
	1,68

	2
	2,11
	2,00
	1,98
	2,10

	3
	1,94
	2,06
	1,59
	1,73

	Mean ± SD
	1,99±0,07a
	2,01±0,04a
	1,95±0,25a
	1,84±0,24a


Note: Values ​​with the same superscript indicate no significant difference (P>0.05).

Based on Table 5. the lowest feed conversion ratio (FCR) value is treatment D of 1.84 ± 0.24. Normality, homogeneity and additivity tests were carried out on the feed conversion ratio values ​​in rainbow fish (Melanotaenia sp.). The test results showed that the data were normally distributed, homogeneity showed that the data were homogeneous and additivity showed that the data were additive, thus meeting the requirements for analysis of variance. Results of analysis of variance of feed conversion ratio in rainbow fish (Melanotaenia sp.)



Table 6. Results of Analysis of Variance of Feed Conversion Ratio of Rainbow Fish.
	SK
	Db
	JK
	KT
	F count
	Ftable (0,05)

	Treatment
	3
	0,05
	0,02
	0,53
	4,07

	Error
	8
	0,25
	0,03
	
	

	Total
	11
	0,31
	 
	 
	 


Note: F count < F Table (0.05) has no significant effect

The feed conversion ratio value is related to the efficiency of feed utilization. The better the efficiency of feed utilized by fish, the better the feed conversion ratio value. 

Protein Efficiency Ratio
Protein efficiency ratio (PER) is the level of digestibility of a feed to become protein in the fish's body. The protein efficiency ratio value in rainbow fish (Melanotaenia sp.) during the study is presented in Table 7.

Table 7. Protein Efficiency Ratio Value of Rainbow Fish.
	Replication
	Treatment

	
	A
	B
	C
	D

	1
	0,83
	0,80
	0,81
	0,85

	2
	0,80
	0,76
	0,88
	0,88

	3
	0,78
	0,76
	0,81
	0,80

	Mean ± SD
	0,80±0,03a
	0,77±0,02a
	0,83±0,04a
	0,84±0,04a


Note: Values ​​with the same superscript indicate no significant difference (P>0.05).

Based on Table 7, the highest Protein Efficiency Ratio (PER) value was in treatment D at 0.84 ± 0.04. Normality, homogeneity and additivity tests were carried out on the protein efficiency ratio values ​​in rainbow fish (Melanotaenia sp.). The test results showed that the data were normally distributed, homogeneity showed that the data were homogeneous and additivity showed that the data were additive so that they met the requirements for analysis of variance. The results of the analysis of the protein efficiency ratio variance in rainbow fish (Melanotaenia sp.) during the study are presented in Table 8.
Table 8. Results of Analysis of Variance of Protein Efficiency Ratio Values ​​of Rainbow Fish 
	SK
	Db
	JK
	KT
	F count
	Ftable (0,05)

	Treatment
	3
	0,01
	0,00
	2,71
	4,07

	Error
	8
	0,01
	0,00
	
	

	Total
	11
	0,02
	 
	 
	 


Note: F count < F Table (0.05) has no significant effect

The results of the analysis of variance of protein efficiency ratio data on rainbow fish (Melanotaenia sp.) showed that the provision of artificial feed with the addition of shrimp head meal did not have a significant effect (P>0.05) on the protein efficiency ratio in rainbow fish.



Relative Growth Rate
Based on the results of weight measurements carried out at the beginning and end of the study, relative growth data were obtained on rainbow fish. The relative growth rate value of rainbow fish (Melanotaenia sp.) during the study is presented in Table 9.
Table 9. Relative Growth Rate Value of Rainbow Fish.
	Replication
	Treatment

	
	A
	B
	C
	D

	1
	23,70
	23,70
	25,16
	28,55

	2
	24,60
	24,13
	27,14
	27,14

	3
	22,44
	22,52
	27,26
	25,16

	Mean ± SD
	23,58±1,08b
	23,45±0,83a
	26,52±1,18c
	26,95±1,70d


Note: The average value with different superscripts indicates a significant difference (P<0.05).

The test results show that the data is normally distributed, homogeneity indicates that the data is homogeneous and additivity indicates that the data is additive so that it meets the requirements for analysis of variance.
Table 10. Results of Analysis of Variance of Relative Growth Rate of Rainbow Fish.
	SK
	db
	JK
	KT
	F count
	Ftable (0,05)

	Treatment
	3
	31,41
	10,57
	6,79*
	4,07

	Error
	8
	12,33
	1,54
	
	

	Total
	11
	43,73
	 
	 
	 


Note: *F count > F Table (0.05) has a significant effect

The results of the analysis of variance of relative growth rate data on rainbow fish (Melanotaenia sp.) show that providing artificial feed with the addition of shrimp head meal has a significant effect (P<0.05) on the relative growth rate of rainbow fish (Melanotaenia sp.).

Color Intensity
Color intensity is a parameter of the success of adding shrimp head meal in this study. Based on the results of observations for 45 days, which were carried out every 7 days on rainbow fish (Melanotaenia sp.). The color intensity values ​​of rainbow fish (Melanotaenia sp.) during the study are presented in Table 11.

Table 11. Color Intensity Values ​​of Rainbow Fish.
	Replication
	Treatment

	
	A
	B
	C
	D

	1
	20,30
	20,75
	22,20
	21,40

	2
	20,00
	20,95
	22,25
	21,50

	3
	20,00
	20,50
	22,00
	21,80

	Mean ± SD
	20,10±0,17
	20,73±0,23
	22,15±0,13
	21,57±0,21


Note: The average value with different superscripts indicates a significant difference (P<0.05).

The test results show that the data is normally distributed, homogeneity indicates that the data is homogeneous and additivity indicates that the data is additive so that it meets the requirements for analysis of variance. The results of the analysis of the variety of color intensity in rainbow fish (Melanotaenia sp.) during the study are presented in Table 12.
Table 12. Results of the Analysis of the Variety of Color Intensity of Rainbow Fish 
	SK
	db
	JK
	KT
	F count
	Ftable (0,05)

	Treatment
	3
	7,35
	2,45
	69,15*
	4,07

	Error
	8
	0,28
	0,04
	
	

	Total
	11
	7,63
	 
	 
	 


Note: *F count > F Table (0.05) has a significant effect
The results of the analysis of the variety of color intensity data on rainbow fish (Melanotaenia sp.) show that the provision of artificial feed with the addition of shrimp head meal has a significant effect (P <0.05) on the color intensity of rainbow fish (Melanotaenia sp.).

Survival rate
Survival rate is a parameter of success in cultivation activities. Based on the results of observations of the number of fish carried out at the beginning and end of the study, survival data were obtained on rainbow fish (Melanotaenia sp.). The survival rate of rainbow fish (Melanotaenia sp.) during the study is presented in Table 13.
Table 13. Survival rate of Rainbow Fish.
	Replication
	Treatment

	
	A
	B
	C
	D

	1
	80
	80
	93
	87

	2
	87
	87
	93
	93

	3
	80
	87
	87
	87

	Mean ± SD
	82,33±4,04a
	84,67±4,04a
	91,00±3,46a
	89,00±3,46a


Note: Values ​​with the same superscript indicate no significant difference (P>0.05).

The test results show that the data is normally distributed, homogeneity indicates that the data is homogeneous and additivity indicates that the data is additive, so that it meets the requirements for analysis of variance. The results of the analysis of the survival variance of rainbowfish (Melanotaenia sp.) during the study are presented in Table 14.
Table 14. Results of the Analysis of the Survival Variance of Rainbow Fish.
	SK
	db
	JK
	KT
	F count
	Ftable (0,05)

	Treatment
	3
	140,917
	46,972
	3,32
	4,07

	Error
	8
	113,33
	14,17
	
	

	Total
	11
	254,25
	 
	 
	 


Note: F count < F Table (0.05) has no significant effect

The results of the analysis of variance indicate that the provision of artificial feed with the addition of shrimp head meal does not have a significant effect (P> 0.05) on the survival of rainbowfish (Melanotaenia sp.) during the study.

Discussion
According to Rolin et al. (2015), stated that the difference in the amount of feed consumption between treatments can be caused by the response of fish to feed. The difference in size and growth rate in fish makes large fish require and consume more feed than small fish. The highest feed utilization efficiency value was in treatment D of 29.88±1.33%, treatment C of 29.16±1.29%, treatment A of 28.07±0.80% and treatment B of 27.82±0.79%. This shows that the addition of shrimp head meal with a dose of 15% kg of feed given to rainbow fish (Melanotaenia sp.) can increase the efficiency value of feed utilization. According to Shofura et al. (2018), Low-quality feed makes fish digestibility less than optimal, so it is necessary to improve the quality of better feed nutrition. Feed efficiency is closely related to feed digestibility. According to Jabaruddin et al. (2023) it is suspected that the addition of shrimp head meal with this dose is optimal to support nutritional needs and can increase feed absorption so that it has a good effect on the growth of fry compared to other doses.
The feed conversion ratio (FCR) value reflects the efficiency of feed utilization in fish. A lower FCR indicates better feed efficiency, while a higher FCR suggests less efficient feed utilization. As noted by Iskandar et al. (2015), a smaller FCR value indicates a higher level of feed utilization efficiency, while a larger FCR value signifies lower efficiency. Therefore, the FCR is a key indicator of how well fish convert feed into body biomass. In this study, the FCR values were as follows: treatment A (1.99), treatment B (2.01), treatment C (1.95), and treatment D (1.84). According to Mudjiman (2011), FCR values for fish typically range from 1.5 to 8. The results suggest that rainbow fish may not efficiently convert feed with high crude fiber content. Additionally, as Iskandar et al. (2015) pointed out, the amount of feed provided influences the FCR; less feed given typically results in more efficient feed utilization.
Protein efficiency ratio is a value that indicates the amount of fish weight produced from each unit weight of protein in the feed with the assumption that all protein is used for fish growth. Shrimp head meal can help the process of good and efficient protein digestion in the fish body, because it has a fairly high protein content and has the potential as a source of protein in fish feed. According to Saputra et al. (2019), Shrimp processing waste has a high crude protein content of 38.25%, so it has the potential to be an alternative feed ingredient as a source of protein for feed. The protein content contained in shrimp head meal is quite high, but its use in feed ingredients must be limited. This can cause a decrease in protein digestibility and growth rate in fish feed. According to Yulianingsih and Yohanes (2008), increasing the levels of shrimp head meal in feed will cause a decrease in the digestibility value of feed protein, the amount of body weight gain and daily growth rate in humpback grouper (Cromileptes altivelis).
The relative growth rate of rainbow fish (Melanotaenia sp.) fed with artificial feed with additional shrimp head meal at a dose of 15% was higher compared to rainbow fish without the addition of shrimp head meal. According to Tabun et al. (2021), the use of shrimp head meal with different doses is also thought to affect the growth rate of milkfish every week. Shrimp head meal, which has a fairly high nutritional content, has disadvantages due to its high crude fiber content, which affects the digestibility of feed for fish. This is reinforced by Poultry Indonesia (2017), Although shrimp head meal has a high nutritional content, it has disadvantages, namely it has a high crude fiber content and has chitin.
Based on the data obtained, treatment C experienced the best color intensity every time the color brightness was measured. The color intensity of treatment C on rainbow fish, namely at the dose of shrimp head meal given in treatment C, was 10%. The brightness level of the fish itself is influenced by the presence of chromatophores found in the dermis of the scales outside or under the fish scales. Pigment cells in fish themselves are classified based on the basic color of the fish's body. This is reinforced by Tania et al. (2018), which states that Pigment cells can be classified into 5 basic color categories, namely black (melanophore), yellow (xanthophore), red or orange (erythophore), reflection cells (iridophore) and white (leukophore). Shrimp head meal contains astaxanthin which is a compound of carotenoids that functions to increase the brightness of the color in fish. According to Rachmawati et al. (2016), Astaxanthin added to fish feed is one of the dominant and effective carotenoids to increase the brightness of the color of fish and form red pigment cells.
A good survival rate in fish is influenced by optimal environmental conditions and adequate feeding. Anugraha et al. (2014) identified internal and external factors as determinants of survival rates. Internal factors are related to the fish themselves, such as stress caused by improper handling, which can lead to high mortality rates. External factors include environmental conditions. The analysis of variance revealed that the addition of shrimp head meal to artificial feed did not significantly affect (P < 0.05) the survival rate of rainbow fish (Melanotaenia sp.). This suggests that the enriched feed did not negatively impact the fish's survival. The mortality observed during the study was likely due to stress, particularly from handling during body weight measurements and water changes. This aligns with findings by Aliza et al. (2013), who noted that stress in fish can manifest as rapid operculum movements, surface gasping, and reduced activity. 

Conclusion
Based on the research conducted, the following conclusions can be made:
1. The addition of shrimp head meal significantly affects (P<0.05) the color intensity of rainbow fish (Melanotaenia sp.).
2. The addition of shrimp head meal significantly impacts (P<0.05) the TKP and RGR of rainbow fish, but does not have a significant effect on EPP, FCR, PER, or survival rate.
Suggestions
Further studies should be conducted to explore the optimal dose of shrimp head meal in artificial feed, as this may enhance the survival rate and protein efficiency ratio of rainbow fish.
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