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ABSTRACT

The aim of the study was to determine the technical and economic optimum levels of raw and treated common vetch
seed (CVS) on the productive performance and egg quality traits in laying hens. One hundred and sixty-eight White
(Lohmann) layers, 30 weeks of age were randomly assigned to seven groups, each with six replicate cages of four hens.
Control diet (C) and basal diets supplemented with 12.5 and 25% raw CVS (%12.5 Raw Common Vetch Seed: RCVS
and %25 Raw Common Vetch Seed: RCVSI), 12.5% and 25% soaking CVS (%12.5 Soaking Common Vetch Seed:
VS and %25 Soaking Common Vetch Seed: SCVSI) and 12.5% and 25% autoclaving CVS (%12.5 Autoclaving
Common Vetch Seed: ACVS and %25 Autoclaving Common Vetch Seed: ACVSI) were offered for 18 wks. Production
elasticity (E,) and the equation of marginal value of physical product (MVPP) and margina resources cost (MRC) were
used to determine technical and economic production levels, respectively. The most effective technical and economic
optimum with 60.17 and 63.54 g EW (egg weight) in laying hens were obtained from 117.29 and 106.68 g SCVS feed
intakes, respectively. On the other hand, the highest technical optimum levels were obtained by 2.51 kg cm™ SS (shell
strength) and 89.56 HU (Haugh unit) per 90.91 g ACVSlI and 103.97 g RCVSlI feed intakes, respectively. The growers
could reach to the highest technica and economic optimum levels in laying hens by preferring dietary CVS
supplementation vs. C, and thus could provide a major benefit with the effective usage of the scarce source.

Key words: laying hens, common vetch seed, technical and economic efficiency, performance, egg quality.

INTRODUCTION production cost by providing a higher productivity effect

on performance factors such as age, layer strain and

The effect of diets on the performance and egg ~ "éaing system affecting amount and quality of egg

quality of laying hens has been widely investigated in product|on._ln other word, the c_ommerC|al poultry feeds
recent years, however, the relationships between the  Prepared with soybean-based diets not only are much

technical and economic efficiency of poultry feeds and ~ More expensive but also lead to excessive use of the
performance traits of hens have not been investigated. natural scarce sources with more alternative sources such

Provision of balanced feed in layers has always been a @ cereals and other legumes (vetch and dfalfa, etc),
major issue since there is a strong relationship between ~ thereby increasing production cost resulting from the
feed intake and egg quality as the performance indicators ~ technical and economic inefficiency of the scarce
of hens. Therefore, feeding in laying hens has bears a pro_duct|on f_actors could dramatically decrease annual net
great significance for improving egg production and agricultural incomes of the growers. . _ _
quality (Celebi and Macit, 2009; Bozkurt et al., 2008). Common Vetch Seed (CVS) (Vicia Sativa L.) is
The feed cost accounts for approximately 75-80% of the ~ one of the most important and cheaper sources of dietary
total production cost (Anderson, 2009; Wu et al., 2008). ~ Protein and energy, and is added to the diets of laying
Tota cost of the energy and protein with fairly hens after treatment through various techniques or as a
changeable source in poultry diets, further, include about ~ raw vetch. CVSis a common rain-fed forage legume best
85% of the feed cost (Gunawardana et al., 2008;  @dapted to the semiarid and arid regions of the
Nanashon et al., 2007). Mediterranean basin, and extensively grown to provide
Without decreasing egg quality and yield of the seed being rich in protein and energy contents, and
laying hens, the inclusion of the most important and ~ Used as a source of concentrated feed for the farm
cheaper sources of the dietary energy and proteinintothe ~ animals among alternative farming systems in Turkey
poultry diets can minimize feeding and egg production ~ a@hd worldwide (Yalcin et al., 2003; Farran et al., 2002,
costs. In order to achieve this, the feed manufacturers ~ Kendir, 1999). It is a valuable crop in sustainable
should use a balanced diet composition to minimize agricultural production because of its drought resistance
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and capability of improving sail fertility through nitrogen
fixation. Although it contains relatively higher levels of
protein (about 20-45%) and energy (more than 50%) yet
in poultry diets. It is poorly utilized due to some
alergenic and antigenic substances as well as
antinutritional factors (Gul et al., 2005). The presences
of p -cyanoalanine, vicine and convicine among the

factors and substances in raw CVS limit its use in the
diets of monogastric animals (Ressler and Takate, 2001,
Darre et al., 1998). As aresult of individual or combined
effect of these compounds; hypersensitivity, structural
changes in villous and small intestine, enlargement of
pancreas and toxicity may compromise the synthesis of
digestive enzymes and the utilization of the nutrients (Gul
et al., 2005; Farran et al., 2002).

Therefore, to reduce the adverse effects of raw
CVS and to improve the utilization by increasing its
nutritive value, most researches have focused on the
effects of physical and chemical treatments in poultry
rations, and it has been evaluated by severa
detoxification techniques, including soaking in water,
acetic acid, sodium and potassium bicarbonate solutions
and boiling as well as autoclaving (Saki et al., 2008;
Darre et al., 1998), and the inclusion of treated CVSinto
the poultry diets did not create any negative effect on
performance and egg quality of laying hens (Farran et al.,
2001).

Although poultry performance variables in
response to raw and treated CVS are available, their
optimal technical and economic efficiency levels are not
yet known. Therefore, this study was designed to
determine the technical and economic optimal production
levels of the relationships between performances and egg
quality of laying hens and six different diet levels
resulting from the inclusion of CVSinto the control diets
of layers during the peak production period.

MATERIALSAND METHODS

Birds, Diet and Management: One hundred and sixty-
eight, White (Lohmann) layers, 30 weeks of age, with
uniformity of 87% (the number of hens weighing
between 0.9-1.1% of the mean body weight) at the peak
period of egg production, were housed according to the
location of cages (50 cm width x 46 cm depth x 46 cm
height). In a complete randomized block design
experiment, the location of cages (cages at upper or lower
level and/or by window or corridor side) was considered
as a blocking factor due to a possibility of differencesin
airflow and light-intensity. After adaptation period of one
week, the birds were randomly assigned to receive one of
seven iso-caloric and iso-nitrogenous experimental diets:
control diets containing 12.5 and 25% raw RCVS, cured
for 24 h at 40 °C after soaked in water at 1:5 (wt/vol) rate
and at room temperature during six days with a water
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change every 72 h SCVS, and autoclaved for 5 h at 140
%C ACVS for 14 weeks. Each treatment was replicated in
6 cages with 4 hens each.

It was reported that although raw CVS could be
used safely at the inclusion rates of up to 5% in broiler
diets (Saki et al., 2008; Yalcin et al., 2003), those of
more than 20% in layer and 15% in broiler diets
depresses their performances (Gul et al.,, 2005).
Furthermore, several studies supported that while the
inclusions of raw CVS into laying hens diets at 10, 15.6
and 25% rates decreased daily feed intake and egg
production and increase feed conversion (Yoruk et al.,
2003; Farran et al., 2001), those at 30, 50 and 60%
resulted in mortality rates ranging from 97 to 100% a
cessation of egg production in laying hens within 14 days
post-feeding (Farran et al., 2002; Farran et al., 20014).

The results of several experimenta studies also
showed that persisting toxicity symptoms after boiling at
70 °C for 24 h by soaking CVSin water for 24 h at room
temperature or at 1:10 (wt/vol) in water at 40 °C for 72 h
with a water change every 12 h (40 WV) or in 1% acetic
acid at room temperature (or at 40 °C for 24 h), and
autoclaving raw CVS directly at 140 °C for 5 h were not
observed (Farran et al., 2002; Farran et al., 2001)

The detailed of experimental diets (Table 1)
were formulated to meet the NRC recommendations
(Jurgens, 1996). During the experimental period (90
days), feed and water were provided ad libitum and the
eggs of the hens subjected to a17:7 hours L:D cycle were
collected once daily at 08:30 am.

Sample Collection and Analytical Procedure: Feed
samples were collected every five days and analyzed for
crude protein (CP), dry matter (DM), ether extract (EE),
crude fibre (CF), acid detergent fibre (ADF), neutral
detergent fibre (NDF) and crude ash (CA) using by
standard methods (AOAC, 1990). Metabolic energy (ME)
and CP contents of the experimental diets were calculated
from tabular values (Jurgens, 1996). Daily feed intake,
egg weight (EW) and g/day EW gained per g/day feed
intake were measured every five days. Before
determination of EW, the samples of eggs from each
experimental group were stored for 24 hours a room
temperature, and then weighed with 0.1 mg precious
balance.

Samples of 12 eggs randomly collected from
each experimental group, every five-days were also
collected to assess egg quality parameters (Haugh unit
(HU) and shell strength (SS)) (Gunawardana et al., 2009).
Egg quaity parameters were calculated using the
following formulae and methods (Macit et al., 2008): SS
(kg/cm?) using a machine with a spiral pressure system
and HU = 100 x log (AH + 7.57 - 1.7 x EW ®¥), where
AH is albumen height (mm) and EW is egg weight (g).

Technical and Economic Effectiveness Analyses:. The
effects of the feed intake on the egg quality and
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performance of laying hens were analyzed by taking into
consideration the following production function:;
PR, = f(F,) D

Where F;, is the daily feed intake based on the
feed types (if ration covers feed types such as RCVS,
RCVSl, SCvd, SCvdEl, ACvY, ACVEl and C; n
presents from 1 to 7 numbers, and i refers to production
levels of EW, SS and HU), and TPP;, refers EW and the
external and internal egg quality parameters (SSand HU)
calculated as a function of the F;,.

In order to measure the rel ationships between the
feed intake and the egg quality parameters and
performance of laying hens, and then to determine the
optimal levels of SS HU and EW, the technical
production analyses including in Marginal Physical
Product (MPP), Average Physical Product (APP) and
Production Elasticity (Ep) were used (Topcu and Demir,
2005).

MPP was the extra output amount produced by
using one more unit of the production factors (inputs),
holding al other inputs fixed (caeteris paribus). MPP of
agiven experimental diet was expressed as follows:

ATPP,,
PP, == 22 @
1,2in
AF,,. . ATPP,
Where — 12" and L2 \were the changes in the

feed amounts consumed and total physical product
produced, respectively.

APP was the amount of total physical product
produced per unit of feed intake as a variable input. In
other word, APP was determined by dividing the total
physical product with the amount of the variable feed,
and was calculated by using the following mathematical
notation:

3

Where TPP,, and " explained the total
physical product and the feed amount consumed,
respectively.

The production elasticity (E;) indicated
approach, around how much per cent the production
amount of the TPP changed, if the feed intake was
increased by a per cent unit. In other words, it was the
percentage change of TPP divided by the percentage
change of feed intake. It was determined as follows:

ATPP i, 100
E = TPP 4 _ ATPP 150y . Fiin (4)
P A|:1,2in 100 - TPP 1in A':1,2in
1lin
If the equation 4 could rearrange as follows:
Ep _ ATPPl,Zin :TPP]jn _ MPRL,Zin (5)
AI:1,2in I:1in AI:’P].in
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MPPl,Zin

E, was calculated by dividing the

(the
equation 2) by the APR, (the equation 3). It was used as a

major measurement tool to reach to an optimal
production level technicaly in terms of production
economics. Moreover, it must be greater than 0, but less
than 1 (0<E,<1) to reach to the beginning and end limits
of the rational production region determined by the
maximum  point the APP equalling the
MPR 20 (Ep=1) and the minimum point equalling to the
zero of the MPRan (Ep=0).

In order to be able to determine the economic
optimum level, on the other hand, assessing the income
and cost effects of EW based on the feed intakes of laying
hens; Marginal Value of Physical Product (MVPP) and

Marginal Resource Cost (MRC) were firstly calculated. If
MVPP was equal to MRC or a little greater than

MRC(MVPPZMRC), it was assumed to have been
reached to the economic optimum level (Topcu and
Demir, 2005; Yaylali, 2004). MVPP and MRC were
formulated by using the following equations:

of to

ATVPP,  P_(ATPP,,
MVPPl,Zin = = = pp( 1'2'”) = PPP (MPPLZin) (6)
Fl,zin AF1,2in
. P,. .
Where ATVPR i and PP indicated the change

in the total value of physical product and the price of
physical product ($4 giving the average of the producer
prices collected per kg), respectively (FAOSTAT, 2011,
TSI, 2011).

MRC L2in — ATRC 1,2in — PFn (AFl,Zin) — - (7)
AI:1,2in AI:1,2in
Where ATRC, 20 and R presented the change in

the total feed resource cost and the prices of the
experimental feed considering the average of the
producer prices collected per kg (Pg = $0.55, Prevyg =
$0.58, Prevar = $0.62, Peve = $0.59 (calculated by
being added 7% transaction costs t0 Preys), Pscvsi =
$0.63 (calculated by being added 7% transaction costs to
Prevan), Pacva = $ 0.60 (calculated by being added 10%
transaction costs to Preys), Pacvar = $0.64 (calculated by
being added 10% transaction costs to Preyal)
(FAOSTAT, 2011; TSI, 2011; BFF, 2011).

RESULTSAND DISCUSSION

Tables 2 and 3 showed the technical and
economic production levels of egg weight (EW) and shell
strength (SS), and Haugh unit (HU) in laying hens fed
RCVS and RCVSlI. With 60.42 and 55.79 g EWs gained
in response to 125.91 g RCVS and 111.91 g RCVS| feed
intakes, it was reached to the closest economic optimum

levels (MvPP=079> MRC=058 and (MVPP=070> MRC=062);
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respectively. On the other hand, 62.88 and 62.60 g EW
gained with 2.05 and 2.54 kg cm? SS and 89.15 and
89.56 HU recorded for 116.59 and 113.52, 119.18 and
95.04, 133.63 and 103.97 g RCVS and RCVSI feed
intakes provided the technical optimum levels (the
rational production region) with Egy = 0.77 and 0.80, Ess
=0.73 and 0.84, E,y, = 0.44 and 0.89, respectively.

As compared to technical optimum production
levels of RCVS and RCVSI feed intakes, it is evident
that those of RCVSlI feed intake had a more pronounced
effect than those of RCVS, and thus it is better than
RCVS inlaying hens diets.

The technical and economic production levels of
EW and SSand HU of laying hens fed SCVS and SCVSlI
were presented in Tables 4 and 5. The closest economic
optimum levels for SCVSl (MVPP-1.27>MRC=059) and

VIl (MvPP=1.06>MRC=0.63) were obtained with

63.54 and 60.83 g EWs achieved per 117.29 g SCVS and
105.99 g SCVSI feed intake, respectively. However,
60.17 and 59.65 g EW, 1.77 and 1.63 kg cm? SS and
85.51 and 82.15 HU recorded with 106.68 and 101.54,
113.71 and 101.71, 104.09 and 99.50 g SCVS and
VS| feed intakes indicated the technical optimum
levels with Egy = 0.88 and 0.78, Ess= 0.29 and 0.53, Ey
=0.61 and 0.80, respectively.

When compared with technical optimum levels
of SCVS and SCVSI feed intakes, it was analyzed that
the optimal effectiveness levels of SS and HU provided
with SCVSlI feed intake were higher than those obtained
from SCVS feed intake, but was not that of EW.
Therefore, SCVSlI could be preferred to SCVS for egg
quality, but SCVS could be better than that of the other
for the performance in laying hens diets.

Tables 6 and 7 summarized the technical and
economic production levels of EW and its SS and HU of
laying hens fed ACVS and ACVSI feed. Both technical
and economic optimum levels of ACVS (Egy = 0.59)
and(MVPP=1.24> MRC=0.60), and ACVSI| (Ezw= 0.82)

and (MVPP=1.66> MRC = 0.64) feed intakes were realized

by the 61.93 and 62.84 g EWs brought about per 118.68 g
ACVS and 124.16 g SCVSlI feed intakes, respectively.
Moreover, 2.50 and 2.51 kg cm? SS, and 82.21 and 92.02
HU calculated for 118.68 and 90.91, and 127.80 and
11257 g ACVS and ACVSI feed intakes gave the
technical optimum levels with Ess = 0.31 and 0.96, and
Ehu = 0.53 and 0.56, respectively.

When compared with the technical optimum
levels of ACVS and ACVSI, it was observed that the
optimal effectiveness levels of EW, SS and HU for
ACVSlI feed intake were higher than those for ACVS.
Therefore, ACVSl was better than ACVS in laying hens
diets.

Table 8 presented the technical and economic
production levels of EW and its SSand HU of laying hens
fed by C. Economic optimum level for C
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(MVPP=1.22> MRC=0.55) was determined by 62.66

g EW gained per 118.79 g C feed intake. 65.97 g EW,
2.15 kg cm? SS and 80.41 HU calculated for 125.96,
118.79 and 135.79 g C feed intakes, furthermore,
supported by the technical optimum levels with Egy =
0.58, Ess= 0.94 and Ep, = 0.25 and 0.56, respectively.

As a result of the economic optimum levels
taking into consideration relationship between EW and
dternative CVS feed intakes, the highest (63.54 g) and
lowest (55.79 g) EWs were obtained by 117.29 g SCVS
and 111.91 g RCVSI feed intake, and thus their Eps
determined for the best economic efficiency levels were
0.59 and 0.35, respectively (Table 3, 4 and 9). These
results were supported by a number of the studies taking
into consideration Eps with the range 0.22 and 0.98 at the
economic efficiency levels of the relationships between
the poultry diets enriched by supplementary ingredient
and the poultry egg production (Topcu and Arslan, 2013;
Begum et al., 2011; Mohaddes, 2011; Oladeebo and
Ambe-Lamidi, 2007; Ojo, 2003). The production at the
economic efficiency levels of laying hens for SCVS and
RCVSlI intake mean that took place at the stage |1 of total
physical product (TPP) curve (the efficient region of the
egg production), and that occurred a lower increase than
one percent increase in their EW gains in response to one
percent increase in SCVS and RCVSI intake. When
being carried out such a production for these feeds, it was
utilized from the advantages of the scale economics, and
the factor cost may cause the production cost per scale to
decrease dramatically due to the efficiency of the scarce
production sources. Therefore, it could be economically
achieved up to the targeted EWs by providing the needed
feed types and quantity of feed.

The results of the present study also indicated
that 60.17 and 65.97 g EWSs gained in response to 106.68
g SCVS and 125.96 g C intake were achieved at the
highest and lowest technical optimum levels (Egy = 0.88
and 0.58). On the other hand, 2.51 and 1.77 kg cm? SS
per 90.91 g ACVSll and 113.71 g SCVS intake, and
89.56 and 80.41 HU per 103.97 g RCVSll and 135.96 g C
intake were also provided at the highest and lowest
technical optimum levels (Ess= 0.96 and 0.29, Ess= 0.89
and 0.25) (Table 9). The results of the present study are
similar to those of the previous research conducted on the
technical efficiency levels restricted by Eps varying
between 0.10 and 0.99, and considering the relationships
between hens’ performances and their feed intake (Topcu
and Ardlan, 2013; Ashagidigbi et al., 2011; Begum et al.,
2011; Heidari et al., 2011; Mohaddes, 2011; Binuomote
et al., 2008; Change and Villano, 2008; Alabi and Uruna,
2006; Ojo, 2003). Therefore, the farmers could
technically obtain the targeted EW, SS and HU by
providing the needed feed types and quantity of feed.
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Table 1. Ingredients and chemical composition of the experimental diets (%)

Experimental Diets'

C RCVSI RCVSII SCVS SCVClI ACVSI ACVSII
Ingredients (%)
Control diet 100 74.48 49.66 74.48 49.66 74.48 49.66
Common vetch seed 0 12.58 24.83 12.58 24.83 12.58 24.83
Barley 0 12.58 24.83 12.58 24.83 12.58 24.83
Lysine 0.016 0.008 0.016 0.008 0.016 0.008 0.016
Methionine 0.016 0.008 0.016 0.008 0.016 0.008 0.016
Choline chloride 0.016 0.008 0.016 0.008 0.016 0.008 0.016
Sulfur 0.003 0.002 0.003 0.002 0.003 0.002 0.003
Chemical composition (%)
cP 15.91 19.13 16.44 17.56 17.63 17.95 15.91
DM 91.97 89.94 90.41 91.01 90.94 90.87 90.30
EE 3.89 3.31 244 3.28 2.82 3.07 3.77
ADF 7.04 7.85 7.90 6.96 9.63 7.51 8.16
NDF 25.18 34.02 23.79 2531 35.38 29.23 25.89
CF 6.18 452 4.95 355 5.83 6.49 5.27
CA 13.31 10.14 9.26 10.25 9.50 10.76 7.76
ME?Kcal/kg 2650 2637 2634 2637 2634 2637 2634
CP? 16.00 16.00 16.00 16.00 16.00 16.00 16.00

IDiets: C = control diet containing commercial second period meal of laying hens; RCVSl = control diet containing raw common vetch
seed (12.5%); RCVSII = control diet containing raw common vetch seed (25%); SCVS = control diet containing cured common vetch
seed after soaking (12.5%); SCVSII = control diet containing cured common vetch seed after soaking (25%); ACVS = control diet
containing autoclaved common vetch seed (12.5%); ACVSI = control diet containing autoclaved common vetch seed (25%).

2t is calculated from tabular values of feedstuffs for chickens (Jurgens, 1996).

Table 2. Technical and economic production levels of EW, SSand HU based on RCVSI feed of laying hens

RCVSI EW MPP APP  Egy MVPP MRC SS MPP APP  Egs HU MPP APP Enu

11239 57.74 - 051 - - - 1.97 - 0.018 - 88.06 - 0.78 -

12591 60.42 0.20 048 041 079 058 097 -0.074 0.008 -9.60 8737 -005 069 -0.07
116.10 54.30 0.62 047 133 250 058 117 -0.020 0.010 -202 9488 -0.76 082 -094
12529 60.93 0.72 049 148 289 058 123 0007 0010 067 9341 -016 075 -021
11521 54.01 0.69 047 146 275 058 200 -0076 0.017 -440 8471 086 0.74 117
119.18 64.02 2.52 054 4.69 1009 058 205 0013 0.017 073 8796 082 074 111
11823  60.60 3.63 051 7.08 1450 058 135 0.742 0.011 65.02 7274 1614 062 2624
122.82 67.97 161 055 290 643 058 133 -0004 0.011 -040 8520 271 0.69 391
12321 6594 -5.18 054 -968 -20.72 058 182 1247 0.015 8444 7953 -1442 065 -22.33
122.64 65.40 0.95 053 178 379 058 165 0297 0013 2211 8789 -1462 0.72 -2041
11659 62.88 0.42 054 0.77 166 058 166 -0.002 0.014 -012 9336 -090 080 -1.13
117.82  65.82 2.39 056 4.28 957 058 160 -0.049 0.014 -359 7865 -1193 067 -17.87
12530 60.63 -0.69 048 -1.44 -2.78 058 167 0009 0.013 070 9443 211 075 2.80
12866 62.67 0.61 049 125 244 058 15 -0036 0.012 -297 8768 -201 068 -295
13363 55.84 -1.38 042 -3.30 -551 058 152 -0.006 0.011 -0.53 89.15 030 0.67 0.44
107.38  65.96 -0.39 061 -0.63 -1.54 058 045 0.041 0004 973 8757 006 0.82 0.07
11521 65.21 -0.10 057 -017 -0.38 058 147 0130 0.013 1020 9738 125 0.85 1.48
113.76  57.60 524 051 1035 2096 058 169 -0.151 0.015 -10.20 8752 6.79 0.77 8.82

*Bold and italic bold numbers refer the economic optimum and technical optimum levels, respectively.

Table 3. Technical and economic production levels of EW, SSand HU based on RCVSI| feed of laying hens

RCVSII EW MPP APP Egy MVPP MRC SS MPP  APP Ess HU MPP APP Eny

110.01  64.39 - 0.59 - - - 2.55 - 0.023 - 86.70 - 0.79 -

103.17 6530 -013 063 -021 -053 062 271 -0.023 0026 -0.89 8598 011 083 0.13
10001 5370 367 054 683 1466 062 238 0104 0024 438 8493 033 085 0.39
11191 5579 018 050 0.35 070 062 065 -0.145 0006 -2502 9519 086 0.85 1.01
95.83 5841 -016 061 -027 -065 062 205 -0087 0021 -407 8333 074 0.87 0.85
10397 5840 000 05 000 -001 062 128 -0.095 0012 -7.68 8956 0.76 0.86 0.89
11352 6260 044 055 0.80 176 062 15 0029 0014 213 8851 -011 078 -0.14
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12364 56.76 -058 046 -1.26 -231 062 200 0043 0016 269 9006 015 0.73 0.21
97.07 62.73 -022 065 -0.35 -090 062 266 -0.025 0027 -091 8726 011 0.90 0.12
11692 6451 0.09 055 0.16 036 062 190 -0038 0016 -236 9799 054 084 0.64
87.89 5928 018 0.67 0.27 072 062 238 -0017 0027 -061 8911 031 101 0.30
95.04 5766 -023 061 -037 -090 062 254 0.022 0027 084 879 -016 093 -017
109.64 6377 042 058 0.72 167 062 122 -0090 0011 -812 9191 027 084 0.32
12840 6343 -002 049 -004 -007 062 203 0.043 0016 273 8823 -020 0.69 -0.29
10348 5323 041 051 080 164 062 082 0049 0008 613 8944 -005 0.86 -0.06
11193 6127 095 055 174 3.81 062 266 0218 0024 917 9292 041 0.83 0.50
10426 6020 014 058 024 0.56 0.62 269 -0.004 0.026 -015 8897 052 0.8 0.60
93.04 6398 -034 069 -049 -135 062 048 0197 0.005 3816 8722 016 094 0.17
*Bold and italic bold numbers refer the economic optimum and technical optimum levels, respectively.
Table 4. Technical and economic production levels of EW, SSand HU based on SCVSI feed of laying hens
SCVSI EW MPP APP Eew MVPP  MRC SS MPP _ APP Ess HU MPP _ APP Enu
11650 67.84 - 0.58 - - - 1.73 - 0.015 - 86.02 - 0.74 -
11581  61.99 8.48 0.54 15.85 3392 059 168 0.073 0.015 500 8623 -031 074 -0.41
11765  55.83 -3.36 0.47 -7.08 -1343 0.59 253 0463 0.022 2153 7664 -522 065 -8.02
10251  64.01 -0.54 0.62 -0.87 -2.16 059 200 0.035 0.020 179 9180 -1.00 0.90 -1.12
12287  62.09 -0.09 0.51 -0.19 -0.38 0.59 157 -0.021 0.013 -165 8744 -021 071 -0.30
11566  61.47 0.09 0.53 0.16 035 0.59 0.86 0.098 0.007 1324 9334 -082 081 -1.01
11882  65.38 1.24 0.55 2.25 495 059 266 0569 0.022 2541 8661 -213 0.73 -2.92
12700 6129 -0.50 0.48 -1.04 -200 059 1.83 -0.101 0.014 -7.04 8725 0.08 0.69 011
11371 6365 -018 056 -032 -071 059 177 0005 0.016 029 7215 114 063 179
106.68  60.17 0.49 0.56 0.88 198 0.59 179 -0.003 0.017 -0.17 9252 -290 0.87 -3.34
11729 6354 0.32 0.54 0.59 127 059 147 -0.030 0.013 -241 80.01 -118 0.68 -1.73
11752  65.12 6.84 0.55 12.34 2735 059 245 4222 0021 20249 8709 3050 074 4116
11846  64.60 -0.55 0.55 -1.02 -221 059 151 -0993 0.013 -7792 8623 -091 0.73 -1.25
11021  60.61 0.48 0.55 0.87 194 059 167 -0.019 0.015 -1.28 8732 -013 0.79 -0.17
111.04  60.56 -0.06 0.55 -0.10 -0.22 059 177 0122 0.016 7.64 8899 2.03 0.80 2.53
104.09 67.72 -1.03 0.65 -1.58 -412  0.59 150 0.039 0.014 270 8551 0.50 0.82 0.61
123.73  66.65 -0.05 0.54 -0.10 -0.22 059 200 0.025 0.016 157 7860 -035 0.64 -0.55
12114  62.86 1.47 0.52 2.83 587 0.59 049 0583 0.004 14418 8787 -358 0.73 -4.93
*Bold and italic bold numbers refer the economic optimum and technical optimum levels, respectively.
Table 5. Technical and economic production levels of EW, SSand HU based on SCVSI| feed of laying hens
SCVSlI EW MPP  APP  Egy MVPP MRC SS MPP APP Ess HU MPP APP Eyy
96.79 57.48 - 0.59 - - - 1.84 - 0.019 - 83.75 - 0.87 -
10154 5965 046 059 0.78 1.83 063 227 0.090 0.022 405 8263 -024 081 -0.29
10599 60.83 0.27 0.57 046 1.06 0.63 3.22 0.214 0.030 703 8161 -023 0.7/ -0.30
10768 59.05 -1.06 055 -192 -4.22 0.63 118 -1.208 0.011 -11019 8752 350 081 431
85.16 62.00 -013 0.73 -0.18 -0.52 0.63 149 -0.014 0017 -0.79 80.77 030 095 0.32
10171 5281 -055 052 -107 -222 0.63 1.63 0.008 0.016 053 8508 026 084 031
97.34 61.68 -203 063 -320 -812 0.63 190 -0.062 0.020 -317 7978 121 082 148
98.55 6307 114 064 179 4.57 0.63 147 -0355 0.015 -2379 8770 653 08 734
109.04 56.71 -061 052 -117 -243 0.63 1.82 0.033 0.017 200 8963 018 082 0.23
11759 5695 0.03 048 0.06 0.11 0.63 156 -0.030 0.013 -229 8132 -097 069 -140
100.86 5499 0.12 055 021 0.47 0.63 200 -0.026 0020 -1.33 8967 -050 0.89 -0.56
10359 5358 -051 052 -100 -2.06 0.63 198 -0.007 0019 -038 8484 -177 082 -216
105.83 6743 6.17 0.64 9.68 24.68 0.63 177 -0.094 0017 -560 8540 025 081 0.31
98.38 60.55 0.92 0.62 150 3.69 0.63 190 -0.017 0019 -090 8803 -035 089 -0.39
10459 6293 0.38 0.60 064 1.53 0.63 168 -0.035 0016 -220 8644 -025 083 -0.31
11884 5733 -039 048 -081 -157 0.63 258 0.063 0.022 291 9492 059 080 0.74
99.50 5971 -0.12 060 -020 -0.49 063 266 -0.004 0027 -015 8215 0.66 0.83 0.80
98.64 5576 460 057 814 1841 0.63 1.00 1937 0.010 191.04 9332 -13.02 095 -13.76

*Bold and italic bold numbers refer the economic optimum and technical optimum levels, respectively.
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Table 6. Technical and economic production levels of EW, SSand HU based on ACVSI feed of laying hens

ACVSI EW MPP  APP  Egw MVPP MRC SS MPP APP  Egg HU MPP APP Eny

120.73  66.54 - 0.55 - - 1.13 - 0.009 - 86.12 - 0.71 -

132.00 65.72 -0.07 050 -0.15 -0.29 060 09 -0.015 0.007 -2.07 7365 -111 056 -1.98
134.85 69.60 136 052 2.64 544 060 221 0438 0016 2673 7745 133 057 2.32
12495 60.86 0.88 0.49 181 353 060 308 -0088 0025 -357 9297 -157 074 -211
12321  62.29 -0.82 051 -162 -327 060 274 0195 0022 879 9247 029 0.75 0.38
12343 60.53 -8.08 049 -1648 -3233 060 263 -0505 0021 2370 8905 -1571 0.72 -21.77
119.66  69.37 -235 058 -4.05 -939 060 150 0300 0.013 2392 7723 314 065 4.86
119.79 6624 -2500 055 -4521 -100.00 060 149 -0.080 0012 -643 8886 9304 074 12542
12489 61.99 -0.83 050 -1.68 -333 060 170 0.041 0014 302 8050 -1.64 064 -254
127.80 64.76 0.95 051 1.88 380 060 25 0295 0020 1475 8106 019 0.63 0.30
11868 61.93 031 0.52 0.59 124 060 250 0.007 0021 031 918 -119 077 -153
117.70 62.36 -043 053 -0.82 -1.73 060 166 0855 0014 60.64 8179 1027 0.69 1478
125.77 68.77 0.79 0.55 1.45 318 060 127 -0.048 0010 -478 8442 033 0.67 0.49
120.80 6551 0.66 0.54 121 263 060 223 -0193 0.018 1048 7980 093 0.66 141
127.80 62.30 -046 049 -094 -184 060 175 -0069 0.014 -501 8221 034 0.64 0.53
11989 58.14 0.53 048 1.08 210 060 077 0124 0006 1929 8852 -0.80 0.74 -1.08
121.41  60.50 156 0.50 3.13 624 060 087 0066 0007 919 9882 679 081 8.34
11248 6148 -011 055 -0.20 -044 060 061 0.029 0005 537 9679 023 0.86 0.27

*Bold numbers refer both economic and technical optimum levels for EW, and italic numbers refer the technical optimum levels.

Table 7. Technical and economic production levels of EW, SSand HU based on ACVSII feed of laying hens

ACVSII EW MPP APP Egy MVPP MRC SS MPP  APP  Egg HU MPP  APP Eny

11253  59.86 - 0.53 - - - 3.08 - 0.027 - 93.37 - 0.83 -

90.91 6895 -042 076 -055 -1.68 064 251 0.026 0028 09 9127 0.10 1.00 0.10
10823 59.73 -053 055 -096 -2.13 064 197 -0031 0018 -1.71 8274 -0.49 076  -0.64
11214  62.99 084 056 149 335 064 317 0307 0.028 1087 8631 0.92 0.77 1.19
10954 6814 -1.98 062 -318 -7.92 064 183 0515 0017 3085 9130 -1.92 083 -2.30
11764 6748 -008 057 -014 -0.33 064 231 0059 0020 302 8023 -137 0.68 -2.00
11295  59.77 164 053 310 657 064 225 0013 0020 064 9242 -2.60 082 -317
10111 6592 -052 065 -080 -2.08 064 180 0038 0018 213 8711 045 0.86 0.52
11725 5997 -037 051 -072 -147 064 269 0055 0023 240 8194 -0.32 0.70  -0.46
12416  62.84 042 051 0.82 1.66 064 190 -0114 0015 -748 9733 223 0.78 284
11257 6843 -048 061 -0.79 -1.93 064 234 -0038 0.021 -1.83 9202 0.46 0.82 0.56
12236 6228 -063 051 -1.24 -251 064 191 -0044 0016 -2.82 9169 -0.03 0.75 -0.04
91.63 6405 -006 070 -0.08 -0.23 064 090 0033 0010 335 9257 -0.03 101 -0.03
11407 60.72 -015 053 -028 -0.59 064 161 0032 0014 224 9882 0.28 0.87 0.32
12512 5753 -029 046 -063 -1.16 064 050 -0.100 0.004 -25.14 99.46 0.06 0.79 0.07
11719 6285 -067 054 -125 -2.69 064 291 -0304 0.025 -1224 9270 0.85 0.79 1.08
98.88 6325 -002 064 -003 -0.09 064 050 0132 0.005 26.02 8805 0.25 0.89 0.29
12081  66.01 013 055 023 050 064 200 0068 0017 413 9201 0.8 0.76 0.24

*Bold numbers refer both economic and technical optimum levels for EW, and italic numbers refer the technical optimum levels.

Table 8. Technical and economic production levels of EW, SSand HU based on C feed of laying hens

C EW MPP APP Eew MVPP MRC SS MPP APP Ess HU MPP  APP Enu

11843 62.1 - 0.52 - - - 2.1 - 0.018 - 79.80 - 0.67 -

11501 592 086 051 1.66 342 055 20 0026 0.018 150 9330 -395 081 -4.87
12753 715 098 056 175 393 055 3.1 0087 0.024 357 8580 -060 0.67 -0.89
12784 602 3710 047 -78.73 -14839 055 23 -2569 0.018 -14097 7620 -31.71 0.60 -53.22
131.05 646 137 049 277 547 055 15 -0246 0.012 -2089 8730 347 067 521
12596 642 008 051 0.16 033 055 27 -0224 0021 -1053 9180 -0.88 0.73 -1.20
126.14 6399 -128 051 -252 -511 055 133 -7560 0011 -717.02 8116 -59.60 0.64 -92.63
121.88 64.73 -017 053 -033 -069 055 227 -0220 0019 -11.83 9282 -273 0.76 -3.59
11596 6597 030 052 0.58 122 055 217 -0024 0017 -142 7896 -339 063 -5.41
13591 66.46 0.05 0.49 0.10 019 055 168 -0.049 0012 -399 8041 0.15 0.59 0.25
13379 6276 174 047 3.71 69 055 200 -0.151 0.015 -10.07 8852 -3.82 0.66 -5.77
12861 6996 -1.39 054 -256 -556 055 198 0004 0.015 025 8031 159 0.62 2.54
13743 6186 -092 045 -204 -367 055 220 0025 0.016 15 7986 -0.05 0.58 -0.09
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126.36 6424 -021 051 -042 -08 055 204 0014 0.016 0.90 7117 0.78 0.56 1.39
13929 6552 010 047 021 040 055 181 -0.018 0013 -137 6244 -068 045 -151
137.89 6026 3.78 0.44 864 1511 055 190 -0.065 0.014 -469 8132 -1356 059 -22.99
14280 6766 151 047 3.18 6.03 055 25 0134 0.018 750 79.69 -033 056 -0.59
11879 6266 021 053 0.40 083 055 215 0.017 0.018 094 7953 001 0.67 0.01

*Bold and italic bold numbers refer the economic optimum and technical optimum levels, respectively.

Table 9. Summary of the technical and economic optimal levels and group means of EW, SS and HU based on
seven feed types of laying hens

RCVSI RCVSII SCVS SCvSl| ACVSI ACVSII C

level mean levdl mean level mean Levedl mean levd mean level mean level mean

Economic optimum

Few 12591 11996 11191 106.10 117.29 11559 105.99 102.87 118.68 123.10 124.16 11161 11879 128.93

EW 6042 6155 5579 6030 6354 63.08 6083 59.03 6193 6383 6284 6338 62.66 64.33
MVPP 0.79 - 0.70 - 1.27 - 1.06 - 124 - 1.66 - 0.83 -
MRC 0.58 - 0.62 - 0.59 - 0.63 - 0.60 - 0.64 - 0.55 -

Technical optimum

Few 116,59 11996 11352 106.10 106.68 115.59 101.54 102.87 118.68 123.10 124.16 11161 12596 128.93

EwW 6288 6155 6260 6030 6017 6308 5965 59.03 6193 6383 6284 6338 6597 64.33
Egw 0.77 - 0.80 - 0.88 - 0.78 - 0.59 - 0.82 - 0.58 -
Fss 11918 11996 9504 106.10 113.71 11559 101.71 102.87 118.68 123.10 90.91 11161 11879 128.93
SS 2.05 151 25 192 177 174 163 189 250 176 251 201 215 2.10
Ess 0.73 - 0.84 - 0.29 - 0.53 - 0.31 - 0.96 - 0.94 -
Fau 133.63 119.96 103.97 106.10 104.09 11559 99,50 102.87 127.80 123.10 11257 111.61 13596 128.93
HU 89.15 87.64 8956 89.18 8551 8564 8215 8581 8221 8576 9202 90.63 8041 81.68
Enu 0.44 - 0.89 - 0.61 - 0.80 - 0.53 - 0.56 - 0.25 -

* Bold and italic bold numbers indicate the highest and lowest technical and economic optimum levels, respectively.

Conclusions: The results of the present study showed AOAC (1990). Official Methods of Analysis. 15" ed.

that 117.29 g SCVS producing 63.54 g EWin laying hens Arlington: Association of Official Anaytica
not only at the economic optimum production level Chemist, VA. pp. 56.
taking into account farmers financial power but also Ashagidigbi, W.B., S.S. Sulaiman and A. Adesiyan (2011).
106.68 g SCVS producing 60.17 g EW at the technical Technical and allocative efficiency of poultry egg
optimum production level without considering their producersin Nigeria. Agric. J., 6 (4): 121-124.
financial power had the major effect on marginal Binuomote, S.O., J.O. Ajetomibi and A.O. Ajao (2008).
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