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ABSTRACT 
 

Diets based on aquatic protein sources are valuable in animal nutrition. In this study, four levels of fish 
meal including: 0, 3, 6, and 9 percentage with the same dietary energy and protein level were studied to identify 
the optimum composition for lambs of the Zel breed. The growth performance variables measured included final 
weight and daily dry matter intake (DDMI, kg/day), which were assessed during specific periods. The study was 
designed with a completely randomized design. The effect of different levels of dietary fish meal on the growth 
performance of the lambs was insignificant. The effect of different levels of dietary fish meal on weight and 
components of the 9th, 10th and 11th ribs area was insignificant. The yield grade results for four different ratios 
were YG3, with a good quality grade for all of them. The result of group decision-making using the data 
envelopment analysis (DEA) method revealed dissatisfaction among customers who used meat from the lambs 
that were fed 9% kilka fish meal. With regard to the variable cost of kilka fish meal in the market, using kilka 
fish meal could be recommended over other protein sources based on financial justification (up to 6% in the 
ratio).  
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Introduction 

 
A number of factors affect the quality and 

quantity of the carcass, as well as productivity in 
sheep marketing, of which the nutrition of the sheep 
is probably the most important [4,5,6]. For 
ruminants’ nutrition, two different methods can be 
use to resolve protein necessities: providing 
requirements for producing microbial protein in the 
rumen, and feeding an escape protein meal [9,2]. Van  
et al. [23] stated that microbial protein does not 
provide all requirements to support a proper growth 
rate of some breeds of sheep. Hence, undegradable 
amino acid supplements are required. Fish meal is 
considered a source of escape or undegradable 
protein, which is used in replacing highly degradable 
protein sources [10]. Fish meal has an excellent 
amino acid balance and is rich in vitamins, minerals, 
and is also a good source of energy [17,14]. Petit and 
Contonguay [16] studied the effects of adding kilka 
fish meal to the ratio of the male lambs. The results 
revealed that adding 100 gr of kilka fish meal to the 
daily ratio of the lambs would improve average daily 
gain (ADG), and increase the carcass weight. 
Kossaibatti and Bryant [11] reported that adding fish 
meal would improve the feed conversion ratio 
(FCR), as well as metabolic energy consumption 

efficiency. Urbaniak [20] evaluated the effects of 
various proteins on the growth and chemical 
components of the carcass in lambs, and found out 
that growth performance was higher in the lambs that 
were fed fish meal.  Walz et al., [25] also stated that 
fish meal has the potential to increase the dry matter 
intake and growth rate of lambs. Mahgoub et al., [13] 
evaluated the effects of sun-dried sardines as a 
protein supplement for Omani sheep and found that 
solar dried sardines could be used at levels up to 100 
g/kg in the diets of this breed. This study was carried 
out to evaluate the effect of dietary kilka fish-meal 
level on performance, efficiency and carcass 
characteristics of Zel lambs. In addition, researchers 
assessed the effect of ratios on fresh-meat eating 
quality by group decision making using the data 
envelopment analysis (DEA) method. 

 
Materials and methods 
 
Lambs and experimental conditions: 

 
This study was conducted in 2007 as a portion of 

the Animal Science Research Program in 
Agricultural and Animal Science Research Center of 
IAU, Qaemshahr Branch, Iran. Twenty-four male Zel 
lambs were used with an average age of 7-8 months 
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and an initial live weight of 23.1±3.5 kg. The 
animals were allowed a 15 day period to adjust to the 
new feeding and housing conditions prior to the start 
of the experiment. They were sheared, given an anti-
parasite drug (albendazole) and a subcutaneous 
vaccination against diseases known to be present in 
the herd (enterotoxaemia- anthrax and pox).  Lambs 
were fed twice daily for 80 days. Water was 
available ad libitum. Housing and management 
conditions were the same for all animals. 
 
 

Experimental diets: 
 
The formulation and chemical composition of 

concentrate offered are shown in Table 1 and Table 
2, respectively. Chemical analysis of the feeds was 
performed according to AOAC (1990). 
Subsequently, with reference to the average age and 
weight of the lambs and based on the standards set 
by the NRC, four food rations were prepared with 
different levels of kilka fish meal including: 0, 3, 6, 
and 9 percentage but with the same dietary energy 
and protein level. 

 
Table 1: Composition of concentrate mixture. 

Ingredients(%) 1 2 3 4 
Alfaalfa 18.62 17.04 15.31 13.51 
Wheat straw 12.00 16.71 20.93 29.30 
Barley grain 38.60 37.91 37.55 48.19 
Cotton meal 15.00 10.00 5.00 0 
bagasse 15.00 15.00 15.00 0 
limestone 0.780 0.340 0.210 0 
Fish meal 0 3.00 6.00 9.00 

 
Table 2: Chemical composition and nutritive value of feeds (g/kg DM). 

Components 1 2 3 4 
Dry matter(%) 89.57 89.60 89.47 88.92 
Metabolizable energy (MJ/kg) 2.5 2.5 2.5 2.5 
Crude protein(%) 15 15 15 15 
Gradability(%) 68.57 67.66 66.62 66.70 
RDP(%) 10.285 10.149 9.993 10.00 
UDP(%) 4.715 4.851 5.007 4.995 
Crude fiber(%) 17.15 17.94 18.51 18.45 
Calcium(%) 0.70 0.70 0.80 0.78 
Phosphore(%) 0.350 0.404 0.450 0.525 
Calcium/phosphore 1.966 1.734 1.776 1.480 
TDN(%) 69.09 66.39 63.69 61.02 
Percentage of concentrate  30.62 33.75 36.23 42.81 
Percentage of concentrate to forage 2.266 1.963 1.760 1.335 

  

Carcass traits: 
 
At the end of the test, feed was withheld for 16 h 

and the lambs were slaughtered. The weight of the 
edible and inedible parts of the carcass was 
determined separately. The carcasses were butchered 
and each part evaluated separately. The area of the 
9th, 10th and 11th ribs, together with the attached 
section of the spine, was used to estimate the amount 
of bone-free meat, fat and bone in the carcass. The 
weight of these components was measured after 
separation and the bone-free meat was used for 
chemical analysis. 
 
The USDA yield grade standard: 

 
The yield grade is one of the most widely used 

instruments in standard grading of lamb carcasses 
(USDA). The yield grade of an ovine carcass or side 
is based on the adjusted fat thickness over the ribeye 
muscle between the 12th and 13th ribs. Yield grades 
for lamb are YG1, YG2, YG3, YG4, and YG5. YG1 
indicates the highest and YG5, the lowest proportion 
of lean meat. Yield grades are calculated by the 

following formula: Yield grade = 0.4+ (10 x fat 
thickness, in.). 
 
Fresh meat eating quality: 
 

There have been notable changes in the meat 
marketing industry during the last few years, such as 
the tendency for high-priced foods, such as meat, to 
replace per capita consumption in spite of 
progressive salary increases. This pattern suggests 
that the traditional determinants (income and price) 
may play a lesser role in consumer behavior when 
buying meat, and that there are other factors whose 
influence has acquired relative importance [18]. The 
researchers used the data envelopment analysis 
(DEA) method as an instrument to assess the effects 
of different levels of fish meal on customers’ 
behavior and tendency. The study of identifying and 
selecting alternatives based on the values and 
preferences of the decision makers and making a 
decision implies that there are several alternative 
choices to be considered. Researchers benefited from 
the method of Cook and Kress, [7] and Zerafat Angiz 
L.et al. [27]. Cook and Kress [7] proposed a method 
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based on DEA to aggregate the votes from a 
preferential ballot. For this purpose, they used the 
following DEA Model whose outputs are number of 
first place votes, second place votes and so on, and a 
single input 1. (model) 

 
Where  is the weight of rank j calculated by 

the model. It is clear that , so the extra 

constraint  is to provide 

preference of the place vote i to i+1. The notation 
 is a non-decreasing function in  and is 

referred to as the discrimination intensity function. 
The model  is solved for each candidate i=1, 2 …, m. 
 
Statistical analysis: 

 
A completely randomized design of 4 diets in a 

2×3 factorial design was replicated four times. The 
model was Xij= M  + Ti+Eij where Xij=observed, 
M=treatment average, Ti  = effect of ratios, and Eij 
=experimental error. Data were analyzed by using 
the General Linear Model procedures of SAS with 
the Duncan Test. 

Results: 
 
Growth performance means are presented in 

Table 3 and Table 4. The results for measuring final 
weight for ratios with 0, 3, 6, and 9 were 33.40, 
34.70, 35.90, and 33.00, respectively. The results 
revealed that the lambs fed a ratio with 3% or 6 % 
fish meal had the highest final weight. However, the 
effect of ratios on final weight was insignificant. This 
study used grade yield factors as an instrument to 
measure the effect of dietary kilka fish meal in lambs 
of the Zel breed. The yield grade results for four 
different ratios were 3.94, 3.98, 3.62, as well as 3.35 
respectively.  These are classified as YG3, with a 
good quality grade for all of them. In order to 
estimate the effect of ratios on fresh-meat eating 
quality using the data envelopment analysis (DEA) 
method, two hundered decision makers were asked to 
reflect on the taste of animals fed various levels of 
kilka fish meal. Utilizing the Cook and Kress [7] 

method and considering  

and =0.00173035, the candidates 0%, 3%, 6%, 
and 9% ratios are ranked 1 to 4, respectively (Table 
6). In this study, suppose that the weights are 
obtained in a way that a CSW (Common Set of 
Weights, see Zerafat Angiz et al. [26]) is gained. 
Then, the results obtained in Cook and Kress [7] and 
Zerafat Angiz et al. [27] are the same. The DEA 
method identified dissatisfaction among the 
customers using meat of lambs fed 9% kilka fish 
meal.  

 
Table 3: Effects of Kilka fish meal levels on lamb performance and carcass traits. 

Kilka fish meal (%) 0 3 6 9 
Final weight (kg) 33.40 34.70 35.90 33.00 
Dry matter intake (kg/day) 1.195 1.230 1.303 1.176 
Feed conversion ratio (FCR) 9.138 8.562  9.375  9.146  
Carcass weight (kg) 14.69 14.18 14.69 13.81 
Dressing percentage (%) 43.87 40.90 40.89 41.74 
Weight of 9th, 10th and 11th rib area (gr) 388.10 371.00 389.00 339.30 
Fat thickness (ml) 9.00 9.10 8.20 7.50 
Ribeye area- REA (cm2) 25.7 24.8 25.4 25.6 
Eye muscle width (A)(mm) 72 70 72 73 
Eye muscle depth (B)(mm) 49 49 48 47 
Calculated yield grade  3.94 3.98 3.62 3.35 
Yield grade YG3 YG3 YG3 YG3 

Quality Grade  good good good Good 

Moisture percentage (%) 48.10 53.50 51.10 51.80 
Crude fat (%) 25.61 25.26 27.44 27.80 
Protein (%) 19.20 19.90 20.30 19.40 
Ash (%) 1.20 1.28 1.21 1.27 

Data with different letters (a-c) in the same row are significantly different (P<0.05) 
 
Table 4: Effects of Kilka fish meal levels on carcass traits. 

Kilka fish meal (%) 0 3 6 9 
leg 3.49 3.40 3.52 3.24 
Shoulder 3.18 2.97 3.18 3.00 
Chump 1.83 1.70 1.76 1.69 
Rib 1.32 1.20 1.36 1.28 
Anterior rib 1.17 1.27 1.29 1.20 
Breast 1.90 1.98 1.98 1.80 
Neck 1.80 1.66 1.60 1.60 
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Table 5: Ranking alternatives (four ratios) by decision makers (20 persons). 
Kilka fish meal   Rank  

 1 2 3 4 

0% 61 73 58 8 
3% 69 60 39 32 
6% 60 71 41 28 
9% 21 39 54 86 

 
Table 6: Rank of each alternative in the Cook and Kress method. 

Alternative j Efficiency  Rank 
1 1 1 
2 0.964 2 
3 0.959 3 
4 0.670 4 

 
Discussion: 

 
The main aim in sheep fattening is to maximize 

muscle tissue growth. The effect of ratios on final 
weight was insignificant. However, the lambs fed 
ratios of 3% or 6 % fish meal had the highest final 
weight, and these results are in line with the results 
of previous studies [10,11,16]. This observation can 
be justified by the high proportion of bypass protein 
in Fishmeal [1]. In this case, the ratio containing 9% 
fish meal did not cause an increase in the lamb 
weight due to a decrease in the DDMI. Wholly, the 
effects of the ratio on growth performance were 
insignificant and fish meal has not proven to be an 
effective source to improve growth performance. 
Table 3 shows that the effects of the ratios on the 
carcass traits were insignificant, which could justify 
that growing carcass parts are correlated to the 
carcass growth for almost parts. Likewise,  no effect 
of fish meal on rate or efficiency of growth was 
reported by some pervious researchers [24,8]. Dabiri 

and Thonney [8] suggested that “variable responses 
to fish meal might be explained by variation in the 
degradability of fish meal”. Devant et al. also 
mentioned that for high protein-level ratios, as used 
in this study, many reasons can affect the results and 
not all of them are known. Moreover, lamb breed, 
age, gender, and other environmental conditions 
could be important [15,12,22]. The results of the 
current study indicated that fishmeal-based diet did 
not exert any influence on the chemical composition 
of the 9th, 10th and 11th rib area of Zel Lambs. These 
results could be attributed to the same levels of 
protein (15 percent) and metabolizable energy 
(2.5MJ/kg) in both diets (Table 2). Consequently, the 
data envelopment analysis (DEA) method illustrated 
a high dissatisfaction among the customers using 
meat of lambs fed 9% kilka fish meal. Besides, the 
yield grade results for four different ratios were equal 
to YG3 with the good quality grade for all of them. 
This study indicated that kilka fish meal might be 
used in diets of Zel sheep without compromising 
their feedlot performance., With regards to the 
variable cost of fish meal in different seasons and 
with regard to the results observed by the DEA 

method, fish meal might be recommended up to a 6% 
ratio depending on its cost. 
 
Conclusion: 

 
In spite of the accepted results found in the 

USDA yield grade standard, as stated earlier, fish 
meal has not proven an effective source to improve 
growth performance or carcass characteristics. For 
these reasons and with regards to the results observed 
with decision makers using the DEA method, using 
kilka fish meal is only recommended (up to 6%) in 
particular occasions depending on the cost in the 
market.  
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