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Abstract. Feed costs represent about 50% to 60% of production costs in intensive tilapia culture systems in
Saudi Arabia. Feed costs therefore has a major role in the economics of such enterprises. A linear
programming model was developed to formulate least cost feeds for tilapia with protein levels of 30% to
40%. Feeds were formulated subject to limits imposed on their content of protein, fiber, fat, carbohydrates,
metabolizable energy to protein ratio, lysine and sulfur amino acids, fish meal, and cottonseed meal. Data
regardirg feed ingredient composition and prices, nutrient requirements of tilapia and limits on the use of
certain feed ingredients were obtained from secondary sources. Ingredients considered include: corn,
cottonseed meal, soybean meal, herring fishmeal, oats, meat and bone meal, poultry by-product meal,
sorghum, wheat, wheat bran, soybean seeds, and rice. Results indicated the importance of fishmeal,
cottonseed meal, corn, poultry by-products, and soybean seeds and meal in feed formulation. Metabolizable
energy to protein ratio proved to be the most binding constraint for diets with protein level higher than 39%.
The cost of feed ingredients was 867.18 SR/ton for the 30% protein feed and increased with increasing
dietary protein to reach 1,494.40 SR/ton for the 39 % protein feed. Market prices for the formulated feeds
were cstimated and compared with actual fish feed prices. Comparison results indicate the possibility for
reducing fish feeding costs. Feeding costs for producing one Kg of fish could be reduced by 0.45 SR.

Introduction

Aquaculture in Saudi Arabia has expanded significantly during the last few years.
Aquaculture production was 1,401 tons in 1991 and almost doubled by 1997 to reach
2,700 tons with tilapia being the main cultured species [1].

Feed is the most important cost item for semi-intensive and intensive culture
systems. Sadek, Kallafalah, and Adel [2] evaluated the performance of an intensive tank
culture system for tilapia in Egypt. They found that feed costs represented about 58% of



4 Abdul-Aziz, et al.
total variable costs.
Materials and Methods

Data needed for the application of linear programming method to least cost feed
formulation include: (1) nutrient requirements of the animal, (2) limits placed on the
level of certain feed ingredients, (3) cost of feed ingredients, and (4) nutrient and energy
content of feed ingredients. ‘

Nutrient requirements of tilapia

Protein is essential in fish diets as a source of essential amino acids. Tilapias require
the same ten essential amino acids reported to be indispensable for other species.
Quantitative essential amino acid requirements for tilapia have been identified [6; 7,
pp.125-138; 8; pp.170-171]. Studies with channel catfish have shown that if lysine and
sulfur amino acids (methionine and cystine) requirements are met, the requirements for
other essential amino acids will also be met [9, pp.109-110). The optimum dietary
protein level for tilapia in intensive culture systems has been reported to range from 30%
to 35% [8, p.170]. Optimum dietary protein is higher for small size fish than for large
size. For example, in the absence of natural food, dietary protein for tilapia fry may
reach 50% [9, p.167].

Energy is essential in that it contributes to the metabolic utilization of all nutrients
m a diet. Protein, lipids, and carbohydrates can all be used by fish as a source of energy.
However, carbohydrate is used more efficiently by warmwater than by coldwater and
marine fish [10, p.15]. Energy and protein should be kept in balance. The optimum
digestible energy to protein ratio for tilapia is approximately 8 to 9.7 Kcal/g protein in
the diet {9, pp.173-174;10, p.5].

The amount of carbohydrates in the diet varies with fish species depending on their
ability to use it as an energy source. The percentage of available carbohydrates for
tilapia diets varied from 30% to 40% of the diet and may reach 50% of the diet [6; 8,
p.172;11]. Also, tilapias do not tolerate high levels of dietary fats. A dietary fat level
greater than 12% depress growth of tilapia [9, p.174].

Phosphorus and calcium are the minerals that are required in largest amounts by
fish. Unlike calcium, fish do not obtain a significant amount of phosphorus from the
water [10, pp.16-17;12]. Fish required vitamins in trace amounts for normal growth and
reproduction.  Vitamins and mineral requirements are mostly supplied from a
supplemental premix. Finally, although the inclusion of fiber in research diets increased
growth and efficiency of protein utilization [10, p.33], high levels of dietary fiber over
8-12% can depress fish growth [13, p-482].
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In fish feed formulation, restrictions can be placed on the levels of certain feed
ingredients. For example, fishmeal have been found to be beneficial in fish diets,
therefore, minimum levels of fishmeal are usually assigned in the diets [9, p.112; 10,
p.50]. A minimum dietary fishmeal of 7.5% has been recommended for catfish diets
[14]. The use of cottonseed meal in fish diets is limited due to its gossypol content.
Dietary cottonseed meal levels of 20% to 30% have been found to be safe and useful for
tilapia diets [8, p.172].

Prices, nutrient and energy content of feed ingredients

The selection of feed ingredients was constrained by data availability on the
nutritional composition and on market prices of feed ingredients. Ingredients considered
include: comn, cottonseed meal, soybean meal, herring fishmeal, oats, meat and bone
meal, poultry by-product meal, sorghum, wheat, wheat bran, soybean seeds, and rice.
Ingredient market prices were obtained from Grain Silos and Flour Mills Organization
and published Foreign Trade Statistics [15]. Nutrient compositions of feed ingredient
were obtained from published feed ingredient composition tables [10, pp.65-71;16,
pp.74-93]. Gross energy content of ingredients were estimated based on 5.65 Kcal/g
protein, 9.45 Kcal/g lipid, and 4.1 Kcal/g carbohydrate. Metabolizable energy content of
ingredients were estimated based on 5 Kcal/g protein, 9 Kcal/g lipid, and 2 Kcal/g
carbohydrate [17].

The linear programming model
The model was based on the general form that may be expressed as follows:

n
Minimize R= ZPi X, subject to

i=1

n

> X <G

i=1

Where R is the objective function, P, is the price of ingredient i, X; is the quantity used
of ingredient i, A; is unit content of nutrient j in ingredient i, B; is minimum level of
feed ingredients or nutrient j, and G; is maximum level of feed ingredient or nutrient j.

The model was developed with the objective of minimizing the cost of ingredient
combination per unit of tilapia feed subject to the following constraints: (1) crude
protein percentage was initially limited to 30% then increased to 40% by increments of
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1%, (2) a maximum level of 12% is placed on fiber, (3) fat percentage was limited to a
maximum of 12%, (4) available carbohydrate was limited to a maximum of 50%, (5)
metabolizable energy was restricted to 9.7 Kcal/g protein in the feed, (6) cottonseed
meal was restricted to a maximum level of 20%, and (7) fishmeal was limited to a
minimum level of 7.5%. (8) Lysine and sulfur amino acids (methionine and cystine)
were constrained to minimum level of 4.10% and 3.21% of dietary protein, respectively,
and (9) a constraint to assure that exactly 0.944 Kg is produced, to make allowance for
the addition of vitamin and mineral premix, was incorporated in the model. Several
situations were programmed to examine the effects of changes in constraint limits and in
ingredient prices.

Results and Discussion

The optimal feeds produced by the model are given in Table 1. The optimal
ingredient combinations include fishmeal, cottonseed meal, corn, wheat bran, soybean
meal, soybean seeds, and wheat. As dietary protein increased, the amount used of corn,
poultry by-products, and soybean seeds increased. Also, diet contents of crude lipids,
metabolizable energy, and lysine increased as protein percentage increased. However,
the metabolizable energy to protein ratio was constant. Constraint dual prices yielded by
the model indicated that fiber and fat were not binding for all feeds. In contrast, dietary
use(LCOT) and on fishmeal (LFM) constraints were binding. Dual prices of protein and
MEPR increased as dietary protein increase, while that of SAAPR decreased as dietary
protein increased up to 35% then increased. Dual price of LFM increased then start to
decrease to reach zero at dietary protein level of 38%. Ingredient costs of the feeds
including the costs of vitamin and mineral premix are shown in Table 1. Lowest cost
per unit of feed was for producing the 30% protein feed and increased with increasing
protein percentage in the feed.

Market prices for the formulated feeds were estimated assuming that ingredient
costs represent 86.5% of total production costs and allowing for a 20% profit margin [4].
Moreover, production cost components except ingredient cost and its opportunity cost
would not change as dietary protein increases. The resultant estini‘atgd market prices per
ton of feed are shown in Table 1. Actual fish feed market prices are 1,589; 1,649; 1,687;
1,756; and 1,927 SR/ton for the 24%; 28%; 32%; 36%,; and 40% protein level feed,
respectively. It can be seen that the estimated market prices of the feeds produced by the
model are low compared to the actual market prices. Comparing the prices for the 36%
protein feed, the most commonly used one, indicates a saving of 179.22 SR/ton.
Utilizing a feed conversion ratio (F C.R.) of 2.5:1 implies that production costs can be
reduced by 0.45 SR/Kg of fish. The marginal cost for an additional onc percent in
dietary protein starting with the 30% feed were estimated and they are shown in Table 1.
These figures represent the marginal costs facing the fish producer for changing the type
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of feed being used. Marginal benefits from increasing protein percentage in the diet
would be reflected in lower F.C.R. values. A fish producer can maximize his profits by
equating the marginal cost and the value of marginal benefits.

Table 1. Initial optimum solution of the model

Dietary protein percentage

30% 31% 32% 33% 34% 35% 36% 37% 38% 39%
Ingredient®
Fish meat 1074 7.5 7.5 7.5 15 75 7.5 7.5 13.02 26.32
Cot. meal 20 20 20 20 20 20 1795 7.5
Com 3.74 7.97 1442 2087 2732 328 34.24 3336 1932
Wheatbran  60.79 5452 4555 3358 216 9.63
Poltbyprd 2.08 1225 1489 1635 1781 1927 22.01 3002 2618
Soybean
~ seeds 3.57 763 11.69 1575 1922 2022 26.64 4563
Soybean
meat 5.87 1.74
Wheat 8.2
Calculated nutrient content™®
Crude fiber 8.7 8.21 7.6 6.8 6 52 4.36 3.36 273 3.08
Crude lipids  4.59 5.53 6.32 7.01 7.69 8.37 9.09 9.93 10.66 11.26
Gross
energy'? 4178 4239 4321 4413 4504 4595 4684 4761 4848 4947
ME 2913 3007 3104 3201 3298 3395 3492 3589 3686 3783
ME/P® 9.71 9.7 9.7 9.7 9.7 9.7 9.7 9.7 9.7 9.7
Lysine*? 5.05 4.81 4.86 4.79 5.06 5.15 5.25 5.39 5.81 6.58
SulfrAA® 321 321 3.21 3.21 321 321 321 321 3.21 3.21
Cost/ton® 867.18 907.2 9601 10134 10667 11201 11786 12589 13498 14944
Price/ton 12030 12511 13145 13785 14425 15065 15768 16731 17822 19557
Margi. cost 4804 6347 6398 63.98 64 7029 96.33 10911 17349

™ Kg /100 Kg, (2) Kcal/Kg, (3) Kcal ME/g protein, (4) % of dietary protein, (5) ingredient cost including

100.46 SR for vitamin and mineral premix.
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Range analysis

Range analysis refers to estimating upper and lower bounds for the maximum
amount that ingredient prices and constraint coefficients can be changed, one value at a
time, without changing the optimal solution. Table (2) shows the maximum level that
ingredient prices can take without changing feed optimal ingredient mixes. It can be
seen from the table that soybean seeds, corn, cottonseed meal, wheat bran, and poultry
by-products prices can be increased by as much as 228.7%, 68%, 59.7%, 28.2%, and
27.2%, respectively, without changing optimal ingredient mixes. However, as dietary
protein increased the maximum percentage increase for all ingredients decreased, except
for com and soybean seeds. For example, wheat bran and poultry by-products upper
bounds price levels represented 103.5% and 102.5% of original prices. It is not unlikely
that wheat bran and poultry by-product prices be increased by 3.5% and 2.1%.
Therefore, in the sensitivity analysis wheat bran and poultry by-product prices were
increased by 4% and 6%, respectively.

Table 2. Upper bound prices of feed ingredients for different diet (SR/Kg)

Dietary Protein Percentage

Ingredient Price 30% 31% 32-35%  36-37% 38% 39%
Fish meal 2.698 298 3.125 3.15
Cot.seed meal 0.708 1.130 0.991 0.965 0.965

Com 0.56 0.626 0.94 0.917 0.873 0.873
Soybean meal 0.964 1.19 1.05

Wheat bran 0.40 0.51 041 0.41

Poult. by-prod. 1.701 2.16 1.737 1.737 1.790 1.790

Soybean seeds 0.991 1.872 1.872 3.257 3.257
Wheat 1.50

Sensitivity analysis

Sensitivity analysis was undertaken to demonstrate the effect of the changes in the
coefficients of some key variables of the model. Accordingly, wheat bran and poultry
by-products prices were increased and restriction on the use of soybean seeds in feed
formulation was applied. Results of the indicated changes in terms of feed composition,
costs, estimated market prices, and marginal cost for increasing protein percentage are
shown in Appendix, Tables 3 through 5. Increasing wheat bran price to 0.416 SR/Kg or
poultry by-product price to 1.804 SR/Kg led to the reduction in the quantity used of
either and increasing the use of soybean meal, soybean seeds, and corn for feeds with



9
Linear Programming Analysis of Fish Feed Costs for . . .

protein levels of 31% to 35%. Composition of feeds with 36% protein or higher were
not affected by the increase of wheat bran price. While the increase in poultry by-
product price led to the substitution of fish meal, soybean seeds, and cottonseed meal for
poultry by-products and corn . Ingredient combinations for the 30% and the 31% protein
feeds were not altered when soybean seeds were constrained to zero level. Moreover,
there was no feasible solution for feeds with protein levels greater than 35%, mainly due
to metabolizable energy to protein ratio constraint. For the remaining feeds, wheat bran
and poultry by-products substituted for cottonseed meal and com, except for the 35%

protein feed where the amount of poultry by-products and corn increased and that of
cottonseed and wheat bran decreased.

The percentage change in estimated market price and marginal costs associate the
changes in ingredient prices and constraints as compared to the initial solution are shown
in Figs. 1 and 2. It can be scen from the figures that constraining the use of soybean
seeds to zero had the greatest effect on the estimated prices and marginal costs followed
by increasing poultry by-product and wheat bran prices. The increase in feed prices and
marginal costs as a result of increasing poultry by-product price or excluding soybean
seeds is positively related to dietary protein percentage. While the opposite was
observed when wheat bran price increase. The increase in feed estimated market price as
a result of restricting the use of soybean seeds, ranged from zero for the 30-31% protein
feeds to 12.1% for the 35% protein feed, as compared to the initial optimum solution.
While the percentage increase in marginal cost ranged from zero for the 30% protein
feed to 77.14 for the 35% protein feed as a result of restricting the use of soybean seed.
Increasing poultry by-product price to 1.804 SR/Kg had no effect on the cost of the 39%
protein feed. For the remaining diets, the percentage increase in estimated prices ranged
from 0.21% to 1.93%. While the percentage increase in marginal costs ranged from
0.58% to 17.61% and the marginal costs of the 38% and 39% feeds were reduced by
3.8% and 16.27%, respectively. Increasing wheat bran price to 0.416 SR/Kg had no
effect on the estimated prices of the 36-39% protein diets. For the remaining feeds, the
percentage increase in feed price decreased as dietary protein increased. It ranged from
0.11%, for the 35% protein diet to 0.97%, for the 30% protein feed.
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Summary and Conclusions

The purpose of this study was to investigate the possibility of reducing fish feeding
costs through the formulation of least cost feeds for tilapia intensive culture using linear
programming method, and to investigate the effects of price and ingredient limits
changes on feed ingredient mixes and costs. The results indicated the importance of fish
meal, cottonseed meal, corn, poultry by-products, soybean seeds and meal in feed
formulation. However, as dietary protein percentage increased, the relative importance
of com, poultry by-products and soybean seeds increased, while that of wheat bran and
soybean meal decreased. Market prices for the formulated least cost feeds were
estimated and compared with actual market prices for compatible feeds. Comparison
results were in favor of the formulated feeds. A saving of 179.22 SR/ton was realized for
the 36% protein feed, the most commonly used one, This indicates that feeding cost
could be reduced by 0.45 SR/Kg of fish. The incremental costs for increasing dietary
protein by one percent were estimated. These costs may be used to select the type of
feed (i.e. selecting protein percentage) that maximize producer’s profits. Feed costs were
more sensitive to the restriction imposed on the use of soybean seeds than to increasing
poultry by-products or wheat bran prices.
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Dietary protein percentage

30% 31% 32% 33% 34% 35% 36% 37% 38% 3%
Ingredient (%)
Fish meal 1074 7.5 75 75 15 7.5 75 7.5 13.02 2632

~ Cot. Meal 20 20 20 20 20 20 1795 7.5

Corn 11.81 2118  30.54 3488 3357 328 3424 3363 1932
Wheat bran 60.79 4165 25.18 8.7
Polt. by-prd 2.08 741 6.82 6.50 925 1545 2201 3002 2618
Soybean seeds 2.11 691 1L71 1524 1733 1922 2022 26.64 4563
Soybean meal 5.87 926 11.88 1451  12.61 5.62
Wheat 8.2
Cost (SR/ton) 87691 91571 96704 10184 1069.8 11214 11786 12589 13498 14944
Est. price/ton 12147 12613 13229 13844 14462 15081 15768 16731 17822 19557
Marginal cost 4656 6160 6160 6175 6194 6864 9633 10911 17349

Table 4. Diet composition and costs associated with increasing poultry by-product price to 1.804 SR/Kg

Dietary protein percentatge

30% 31% 32% 33% 34% 35% 36% 37% 38% 39%
Ingredients (%)
Fish meal 10.74 75 7.5 7.50 7.5 7.5 1131 215 2523 26.32
Cot. meal 20 20 20 20 20 20 20 14.99 6.53
Com 11.81 2118 3054 3488 3357 3138 29.05 291 19.32
Wheat bran 60.79 4165 2518 8.71
Polt. by-prd 2.08 714 6.82 6.50 925 1545 13.83
Soybean seeds 2.11 691 1171 1524 1733 2295 3395 3861 4563
Soybean meal 5.87 926 11.88 1451 1261 5.62
Wheat ' 8.2
Cost (SR/ton) 869.33 91641 97004 10237 10794 11374 12002 12859 13734 14944
Est. price/ton 12056 12621 13265 13908 14576 15272 16027 17055 18104 19557
Marginal cost 565 6436 6435 6683 69.60 7546 10278 10496 14526
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Table 5. Diet composition and cost associated with excluding soybean seeds
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Dietary protein percentage

30% 31% 32% 33% 34% 35% 36-39%
Ingredient (Kg/100 diet
Fish meal 10.74 1.5 7.5 5.50 7.5 7.5 No feasible solution
Cot. Meal 20 20 7.78
Com 3.47 212 9.14 25.35 41.56 '
Wheat bran 60.79 54.52 59.53 52.29 30.81 92.33
Plot. by-prd 2.08 12.25 22.55 30.56 35.83 41.09
Soybean meal 587 1.74
Cost/ton 867.18  907.21 991.58 1083.1 11775 12720
Est. pricc/ﬁm 1203.0  1251.1 1352.3 1462.1 15755 16888
Marginal cost 48.04 101.24  109.79 11337 113.37
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