Fishmeal-Free Diets Improve the Cost Effectiveness of Culturing Nile Tilapia (Oreochromis niloticus L.) in Ponds Under an Alternate Day Feeding  Strategy
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Abstract

Feed constitutes 60-70% of total production costs of tilapia (Oreochromis spp.). Reductions in quantity of feed used for fish growout and in the cost of formulated feeds are two approaches to containing feed costs.   Our previous studies show that alternate day feeding at full ration produces Nile tilapia (O. niloticus) of comparable body size and harvest yield as those fed daily at full ration.  The reduced feed consumption and 100% improved feed conversion with fish on the alternative day feeding strategy provided a significant cost savings to the semi-intensive growout of Nile tilapia in ponds in the Philippines. The cost of commercial fish feeds are rising sharply as the demand for fishmeal increases and its supply declines.  We evaluated the growth performance of tilapia fed on alternate days with diets that incorporated plant ingredients widely available in the Philippines or other semi-tropical or tropical regions (cassava meal, copra meal, coconut oil, rice bran) and that contained porkmeal to replace fishmeal.   Fish were grown out in ponds for 120 days with isocaloric-balanced, 0% and 6% fishmeal diets contained 31% crude protein and 6% crude fat.  Fish showed similar performance on diets containing 0% and 6% fishmeal.   Final body weight, total length, specific growth rate were virtually identical in fish on the two diets.   Survival rates were 84% and 89% for fish on the 0% and 6% fishmeal diets, respectively.   Feed consumption and feed conversion were also similar among the two groups.  Total extrapolated  yield at harvest was 3062 and 3080 kg fish/hectare for the 0% and 6% fishmeal groups, respectively. A marginal budget analysis showed an 8% improved return on fish fed the cheaper diet lacking fishmeal. This along with the alternative day feeding strategy previously shown to be as effective as daily feeding protocols has the potential of reducing overall feed costs for growing marketable size tilapia by > 60%.   Collectively, the results show that substitution of diets containing fishmeal with cheaper and more sustainable sources of protein are effective options for reducing the costs without negatively impacting the production of tilapia. 
Introduction

Feed is widely recognized as the most costly component of fish farming.  A cost-farm budget analysis shows that feed constitutes 60-70% of total production costs of tilapia (Oreochromis niloticus) for small-scale, rural farmers in the Philippines (ADB 2005).  Because of this, any reductions of feed costs can effectively increase income for Philippine farmers.  Reductions in both the amount of feed used for growout of marketable fish and in the cost of formulated feeds are two approaches to containing feed costs.  Our previous studies show that 1) delaying the onset of supplemental feeding to either 45-days or 75-days in fertilized ponds reduces the amount of feed consumed without any negative impact on the production of marketable tilapia, 2) feeding at a sub-satiation level of 67% did not reduce measurable production of marketable fish relative to fish fed at 100% satiation level, and 3) feeding only on alternate days saved approximately half of feed cost without a significant reduction in growth, survival, or market yield of Nile tilapia in growout ponds (Brown et al. 2000, Bolivar et al. 2003, Bolivar et al. 2006).  


The cost of commercial fish feeds are rising sharply as the market demand increases to supply growing aquaculture and the availability of fishmeal declines.  About 40% of feed costs are attributable to fishmeal, which constitutes 15-20% of  the feed formulation. Much of the fishmeal used for tilapia in the Philippines is imported, and costs are expected to rise in the future as global supplies become constrained by increasing demands from other aquaculture and declines in commercial bait fisheries.  Because tilapia are omnivorous fish, which naturally feed on plankton, diatoms, small crustaceans, algae, higher plants and decomposing vegetable matter, they do not require fish in their diet and they are an ideal group of species to recycle food by-products into high quality food protein for humans (Brown 1983).  Unlike carnivorous fishes, tilapia can digest high levels of carbohydrate in their diet (Anderson et al. 1984; National Research Council 1993), and they can effectively utilize human food by-products as feed ingredients, such as rice bran, cocoa, various flowers, soya, nut oil, milling waste, brewer’s wastage, poultry by-product meal, pork meal, feather meal, cassava, and ipal-ipal leaf (Jackson et al. 1982). All of these lower-cost ingredients are readily available in the Philippines to completely replace or significantly reduce the inclusion of fishmeal in tilapia diets.  Indeed, various animal protein meals (meat and bone meal, poultry by-product meal, feather meal, and blood meal) and plant proteins (soya, copra, cottonseed and others) have been shown to be either partially or completely replace fishmeal in tilapia diets (El-Sayed 1998; for reviews see Lim and Webster 2006 and El-Sayed 2006).  Few studies have addressed the combinations of animal and plant protein types that might suffice in replacing or significantly reducing fishmeal in tilapia feed.  Also, most investigations focus on the performance and nutritional characteristics of different protein sources rather than their ability to improve profit margins in tilapia production (see El-Sayed 2006).  We examined the use of pork by-product meal as a replacement for fishmeal in diets formulated with plant and animal ingredients widely available in the Philippines on the grow out performance of Nile tilapia fed on alternate days in earthen ponds.  
Materials and Methods


In this study we evaluated the utility of using pork meal, a source of animal protein substantially lower in cost than fishmeal and widely available in the Phillipines, as a replacement of fishmeal in diets of tilapia grown in ponds.   Alternate day feeding was previously shown to reduce production costs of tilapia without significantly altering final yield as almost 50% less feed could be used to grow fish than that incorporating standard daily feeding practices.   Hence, this study evaluated if replacement of fishmeal with pork meal is as effective in producing tilapia under an alternate-day feed reduction strategy, as those diets containing standard levels of fishmeal. 


This study was composed of two (2) treatment groups with four replicates per treatment.   Groups were as follows: treatment I – formulated feeds with 6% fishmeal and treatment II – formulated feeds lacking fishmeal and containing pork meal.  The constitution of the formulated tilapia grower floating feeds is shown in Table 1.  The grow-out phase of this study were done in eight 500 m2 earthen ponds at the Freshwater Aquaculture Center, Central Luzon State University, Science City of Muñoz, Nueva Ecija, Philippines.  

Table 1.  Composition of caloric balanced grower test diets with 6% fishmeal and 0% fishmeal (fishmeal substituted with porkmeal).  Inclusion rate of ingredients are kg ton-1 of feed. 

	RAW MATERIALS
	Grower – 6% Fishmeal
	Grower – 0% Fishmeal

	Soybean Meal (HP) 45%
	422.00
	400.00

	Corn Gluten
	50.00
	53.00

	Hydrolyzed Animal Protein
	30.00
	30.00

	Fishmeal Tuna 55%
	60.00
	0.00

	Pork Meat Meal 55%
	0.00
	74.00

	Copra Cake
	73.00
	76.00

	Rice Bran
	178.20
	182.90

	Cassava Meal
	150.00
	150.00

	Fish Oil (Local)
	5.50
	5.00

	Coconut Oil
	5.00
	5.00

	Mono dicalcium phosphate
	12.00
	10.00

	Salt
	5.00
	5.00

	Mineral Premix
	3.00
	3.00

	Vitamin Premix
	6.30
	6.10

	TOTAL WEIGHT
	1000.00
	1000.00

	DE Fish (kcal/kg)
	2477.92
	2484.50

	Crude Protein (%)
	30.99
	31.07

	Crude Fat (%)
	6.21
	6.23

	Crude Fiber (%)
	4.41
	4.29

	Starch (%)
	17.36
	17.40

	Ash (%)
	8.20
	9.05

	Ca (%)
	0.96
	0.91

	Avail. Phosphorus (%)
	0.67
	0.66

	Lysine (%)
	1.51
	1.50

	Methionine (%)
	0.54
	0.50

	Methionine + Cysteine (%)
	0.97
	0.96

	Threonine (%)
	1.06
	1.07

	Tryptophan (%)
	0.33
	0.42



Size 20 (weight range = 0.35- 0.37 g) sex reversed fingerlings of the GIFT strain were stocked in each pond at 4 fish m-2.  Fish were initially fed on alternate days with prestarter (36% crude protein) for 30 days and then starter feeds for 30 days.  Following this 60-day period, animals were fed formulated grower feeds with and without fishmeal on alternate days until the end of the experiment.  The feed ration was based on the average fish biomass amd ranging from 10% down to 3% body weight per day.


 Fish sampling was done every two weeks using cast net method to monitor fish growth and for feed adjustment.  Estimated survival were as follow: first month – 100%, second month – 95%, third month – 90% and fourth month – 85%.  Ponds were fertilized weekly with ammonium phosphate (16-20-0) and urea (46-0-0) at the rate of 28 kg N and 5.6 kg P ha-1 week-1, respectively to enhance the growth of natural foods in pond water.  Water quality parameters (dissolved oxygen concentration, water temperature and Secchi disc visibility) were monitored weekly between 9 to 10 o’clock in the morning.  Water depth was maintained at 1 m in each pond. The total numbers of fish were counted and bulk weighed at the end of the 120 days culture period.  Final mean weight, daily weight gain, gross yield and survival rates were calculated.  A simple cost and return analysis were computed to compare the cost benefits between the two treatments.  Data (mean ± standard deviation) were analyzed using paired t-Test.

Results and Discussion
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We conducted a study with an industry cooperator, Santeh Feed Corporation (Bulacan, Philippines) to evaluate porkmeal, which is widely available in the Philippines, as a substitute for fishmeal on growout of tilapia in earthen ponds in the Philippines.   Cooperation with industry insured development of  least cost formulated diets that incorporated locally-available ingredients including copra cake, cassava meal, local fish oils and coconut oil.  We also utilized an alternate day feeding scheme that was previously shown to work as effectively as daily feeding in producing marketable fish (Bolivar et al. 2006). 


Figure 1 shows growth in body weight and length of fish raised in quadruplicate in ponds for 120 days using grower diets with and without 6% fishmeal.   Changes in body weight and length were virtually identical among the groups fed isocaloric diets.  


Table 2 summarizes the production parameters of Nile tilapia grown on the different diets including weight and length gain, feed conversion, extrapolated yield per hectare and survival rate. Overall, results show that the different production parameters did not differ among fish fed the two diets.  Survival rate was high in fish fed the 0% (84.2%) and those provided the 6% fishmeal (89.3%) diet. Extrapolated yield and feed consumed per hectare was 3,080 kg/ha and 3,231.4 kg/ha, respectively, for fish on the 6% fishmeal formulated diet, and 3,062 kgs and 3,129.9 kgs per hectare, respectively, for fish on the 0% fishmeal diet.  Feed conversion was slightly lower in fish fed 0% versus 6% fishmeal diets. 

Table 2.   Production parameters (mean ± standard deviation) of fish fed on alternate days with grower diets with 6% fishmeal or 0% fishmeal (porkmeal substituted for fishmeal).  Fish were grown in ponds for 120 days.

	Parameters
	Treatment I

(6% Fish Meal)
	Treatment II

(0% Fish Meal)

	Initial Average Weight (g)
	0.372 + 0.049a
	0.356 + 0.028a

	Final Average Weight (g)
	99.531 + 19.190a
	99.746 + 14.331a

	Average Gain in Weight (g)
	99.159 + 19.175a
	99.390 + 14.355a

	Average Daily Gain in Weight (g/day)
	0.826 + 0.160a
	0.828 + 0.120a

	Specific Growth Rate (%)
	4.652 + 0.172a
	4.693 + 0.176a

	Initial Average Total Length (cm)
	2.8 + 0.12a
	2.8 + 0.06a

	Final Average Total length (cm)
	16.261 + 1.116a
	16.241 + 0.823a

	Average Gain in Length (cm)
	13.467 + 1.107a
	13.491 + 0.880a

	Average Daily Gain in Length (cm/day)
	0.112 + 0.009a
	0.112 + 0.007a

	Survival Rate (%)
	89.3 + 5.3a
	84.2 + 3.1a

	Extrapolated Feed Consumed per Hectare (kg/hectare)
	3231.4 + 711.5a
	3129.9 + 425.7a

	Extrapolated Yield per Hectare (kg/hectare)
	3080.0 + 598.9a
	3062.0 + 520.8a

	Feed Conversion Ratio 
	1.05 + 0.05a
	1.03 + 0.05b


Treatment means within the same row with different superscript letters are significantly different (P < 0.05).


Water quality parameters including dissolved oxygen, water temperature and secchi disc visibility  were similar among the two groups and fell within the range tolerable for tilapia growout.  However, dissolved oxygen levels declined in ponds during the last month of growout for both groups of fish.   This may have resulted in reduced feeding activity and overall growth of both groups of fish.   


We conducted a simple cost and return analysis using current prices for all inputs and the value of marketable tilapia (Table 3).   We found an approximate 8% higher net return for production of  fish on the 0% fishmeal formulated diets (PhP 55,944.42) had than those grown on the 6% fishmeal diet (PhP 51,742.76).  

Table 3.  Simple cost and return analysis per hectare of production of fish grown on diets with 6% fishmeal and 0% fishmeal (porkmeal substitution of fishmeal) over a 120-day culture period.  Values are shown in Philippine pesos (~44 PhP = $1 USD)

	Descriptions
	Treatment I – 6% Fishmeal
	Treatment II – 0% Fishmeal

	Gross Return
	PhP 169,400.00
	PhP 168,410.00

	Costs (PhP, Philippines peso):
	
	

	Fingerlings
	17,200.00
	17,200.00

	Commercial Feeds 
	99,043.44
	93,497.46

	Fertilizers
	
	

	     16-20-0
	526.40
	658.00

	     46-0-0
	887.40
	1,110.12

	Total Cost:
	117,657.24
	112,465.58

	NET RETURN
	PhP 51,742.76
	PhP 55,944.42


Assumptions:


Price of Fingerling: P 0.43 piece-1

Price of Commercial Feeds:



Pre-starter:  P35.00 kg-1


Starter:  P28.25 kg-1


Formulated Feeds with 6% Fishmeal:  P31.00 kg-1



Formulated Feeds with 0% Fishmeal:  P30.00 kg-1

Price of marketable Tilapia: P55.00 kg-1

Price of Fertilizers:



16-20-0:  P18.80 kg-1


46-0-0:  P17.40 kg-1
Conclusion

It is estimated that 60-80% of total variable costs for growing tilapia is attributable to feeds. 
We previously show that alternate day feeding resulted in significant cost-savings relative to daily feeding at full ration (Bolivar et al. 2006).   Using this more cost-effective alternate day feeding strategy, we assessed whether elimination of fishmeal from diets and its replacement with a cheaper animal protein (porkmeal) might provide additional cost savings to tilapia production.   The diets were produced by a local feeds company and incorporated locally available Philippine ingredients where possible. We show that fish fed formulated feeds lacking fishmeal had similar daily weight gain, specific growth rate, and survivorship as fish fed fishmeal diets.  Feed consumption, gross harvest yield and feed conversion were also similar among fish on the experimental diets.  A cost-return analysis shows that incorporation of a diet lacking fishmeal produced an 8% or almost $100 in cost savings in feed for each hectare of tilapia farmed.   This along with the alternative day feeding strategy has the potential of reduce overall feed costs for growing marketable size tilapia by 60% relative to the typical practice of applying fishmeal formulated diets on a daily basis.  A future study directly comparing daily and alternative day feeding strategies with diets formulated with and without fishmeal througout the entire production cycle of tilapia is warranted to establish the actual cost savings farmers are likely to have.  Collectively the results show that substitution of diets containing fishmeal with a cheaper and more sustainable source of protein, i.e. pork meal,  is an effective option for reducing the costs without negatively impacting the production of tilapia. 
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Figure 1. Mean body weight (top) and total length (bottom) of fish after a120 day culture period in earthen ponds.  Fish were fed on alternate days with grower diets containing 6% fishmeal or 0% fishmeal (porkmeal substituted for fishmeal). 








�





�








[image: image2.png]Average Total Length (cm)

18
16
14
12
10

o N & o ®

Average Total Length (cm) of the Stocks During the
Experiment

—4—Treatment | - 6% Fishmeal

l/ —#—Treatment Il - 0% Fishmeal

0 15 30 45 60 75 90 105 120

Culture Days




