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Abstract

HIS study conducted to investigate how the addition of amino acids and proteolytic enzymes can

compensate for the reduced protein content in broiler diets. The 420-day-old male chicks (Arbor
Acres) were assigned into seven treatment groups. Seven diets were prepared to cover all the nutrient
needs except crude protein, T1 crude protein (CP) according to the strain guide requirements
(control), T2-T4 gave 2% minus of CP than the control diet with the addition of amino acids to get the
recommendation levels or protease enzyme or mixture of them, respectively. T5-T7 gave 4% minus
of CP than the control diet with the addition of amino acids to get the recommendation levels or
protease enzyme or mixture of them, respectively. Productive performance, carcass characteristics,
thyroid hormones, blood proteins, liver and kidney functions, intestinal morphology and economic
efficiency were be measured. The results indicated that the addition of a sufficient amount of amino
acids, or adding protease enzyme, or adding both to diets low in protein percentage, whether with a
deficiency of 2% or 4%, compensated for this decrease and produced results that were comparable to
the control group also enhancing the overall feed conversion ratio. No significant differences
(P>0.05) were seen between all treatments in carcass characteristics, thyroid hormones, blood
proteins, kidney and liver functions and intestinal histomorphological parameters. These data imply
that adding necessary amino acids in in amounts that meet nutritional needs or using protease
enzymes or a combination can lower broiler feed crude protein by up to 4%.

Keywords: Amino acids; Blood biochemical parameters; Broilers; Crude protein; Protease enzymes;
Thyroid hormones.

Introduction land, water, and air due to the possibility for
overfeeding, acidity, and ecotoxicity [9]. Changes in
feed's nutritional composition can consequently have
a substantial impact on the environment, the need for
producing protein sources such soybean meal, and
the environment's ability to utilize nutrients [10]. The
performance, feed  efficiency, and  meat
characteristics of broilers fed low CP diets prepared
with sufficient dietary amounts of AA were shown to
be comparable [11]. More noticeable decreases in
dietary CP might be possible, though, when the
remaining proteinogenic amino acids become more
widely available commercially [2]. Additionally, the
addition of the protease enzyme to the broiler diets
increased the digestibility of the crude protein, which
led to a greater fall in the inclusion levels of soybean
meal and a higher decrease in dietary CP [12-13].
Due to the availability of these non-bound amino
acids and protease enzymes, considerable reductions
in the amount of dietary CP and soybean meal in

Since broiler chicks are the greatest source of protein
for human consumption, there is a higher need for
animal protein sources as a result of population
growth [1]. Since crude protein (CP) is the major
element needed for optimal growth and development,
70% of the costs related to producing broilers are
spent on creating diets that are mostly protein-based
[2]. Researchers looked for approaches to lower
feeding costs in light of global economic issues and
feed component supply [3-6]. Consequently,
improving the efficiency of broiler feeding. In order
to build protein for appropriate growth, dietary
amino acids are necessary [7]. The first limiting
amino acid is methionine. Additionally, skeletal
muscle and feather growth and development depend
on lysine and threonine [8]. Where, owing to the
massive amounts of excreta produced during the
raising of broilers, which include a significant
quantity of nitrogen (N) that is transformed into
ammonia and may have an adverse effect on the
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broiler diets are already possible, even if this topic
seems to be relatively new [14].

Finding out how adding amino acids and proteolytic
enzymes can make up for the lower protein content
in chicken diets is the aim of this study.

Material and Methods

The Poultry Nutrition Research Unit (PNRU) of
Cairo University's Agriculture College and National
Research Centre in Egypt carried out this
investigation.

Finding out how adding amino acids, protease
enzyme, or both would impact the percentage of
crude protein levels and the productivity of broiler
chicks from 1 to 35 days of age, together with certain
physiological indicators, was the aim of the chick
growth experiment.

Seven treatment groups were created from the
420 day-old male chicks (Arbor Acres) (7 groups x 6
replicates x 10 chicks each). With the exception of
crude protein, seven diets were created to meet the
nutritional requirements of Arbor Acres chicks, T1
crude protein (CP) according to the strain guide
requirements (control), T2-T4 gave 2% minus of CP
than the control diet with the addition of amino acids
to get the recommendation levels or protease enzyme
or mixture of them, respectively. T5-T7 gave 4%
minus of CP than the control diet with the addition of
amino acids to get the recommendation levels or
protease enzyme or mixture of them, respectively.
Table 1, 2 and 3 shows the composition of all
experimental diets throughout various periods.

The initial weights of the chicks in each replicate
were quite similar, weighing about 42g. The
experimental diets were given to the chicks during
the starter (1-10 days), grower (10-26 days), and
finisher (2635 days) periods while they were being
raised in a warm environment. The chicks had free
reign to eat and drink. A vaccination schedule against
New Castle, IB, IBD, and avian flu was followed
during the experiment.

The chicks were weighed after an overnight fast,
and the amount of feed that each replicate consumed
each day was noted (FI). The feed conversion ratio
(FCR=FI/WG) and body weight growth were
computed [4-6].

After an overnight fast, six chicks per treatment
were slaughtered at a representative weight 35 days
later. The weight of the carcass, the liver, heart,
spleen, and gizzard were recorded after the birds
were slaughtered, and the proportion of each organ to
the weight of the live body was computed [3].

Samples for intestinal histomorphological
measurement were taken from the duodenum area of
the intestine after the birds were slaughtered, and
fixed in neutral buffered formalin. After paraffin
embedding and histological processing, hematoxylin-

Egypt. J. Vet. Sci.

eosin-stained sections that were 5 microns thick were
then created. Standard light microscopy was used to
assess the histological sections. Using NIH ImagelJ
software, quantitative histomorphometric
measurements of the length of the crypt and villi
areas [15].

Blood samples were taken in plain tubes during
the slaughtering process. The serum was extracted
from the tubes by centrifuging them for 15 minutes at
2500 rpm. The tubes were then kept at -20 °C for
additional examination.

Using commercially available kits (Bio
Diagnostic, Cairo, Egypt), albumin, creatinine, AST,
and ALT were determined in serum using an
automatic  spectrophotometer with a  high-
performance readout (FlexorEL200 Biochemical
Analyzer, Cairo, Egypt).

The T3/T4 ratio was calculated using ELISA Kits
(My Bio Source Inc., San Diego, CA) for the
measurement of total T3 and total T4.

At the end of the trial period, the economic
efficiency profit of broiler production was calculated.

The General Liner Model of SAS (SAS 2000)
was used to statistically evaluate the data using one-
way analysis of variance. The new multiple range
test developed by Duncan was utilized to find the
difference between means at (P<0.05).

Results

Productive performance

Table 4 displays the feed intake (FI), feed
conversion ratio (FCR), and body weight growth
(BWGQ) statistics for the starter, grower, finisher, and
overall periods.

The performance findings clearly show that feed
intake and weight gain at various periods do not
differ significantly (P>0.05) between the groups.
Additionally, there were no significant variations
(P>0.05) in the feed conversion ratio (FCR) between
the starter, grower, and finisher periods, but across
the whole period, all treatments considerably
(P<0.05) enhanced the FCR when compared to the
control. This means that adding a sufficient amount
of amino acids to meet the nutritional needs of birds,
or adding protease enzyme, or adding both to diets
low in protein percentage, whether with a deficiency
of 2% or 4%, compensated for this decrease and
produced outcomes that were similar to those of the
control group, improving the FCR overall.

In order to compensate for the lack of protein in
the broiler diets, amino acids are either added
directly in amounts sufficient for the birds'
nutritional requirements or protease enzyme is added,
which improves the digestibility of dietary protein
and the release and availability of amino acids.

Carcass characteristics
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Table 5 shows how various treatments affect the
properties of the carcass. Due to the wvarious
treatments, there was no discernible difference
(P>0.05) in the percentages of live body weight for
the dressing, bursa, spleen, liver, heart, and gizzard.
Additionally, no discernible variations in intestine
length were found across all treatments (P>0.05). It
showed that, in comparison to the control diet, the
addition of amino acids or the protease enzyme to the
diets lacking in protein produced carcass features that
were comparable.

Thyroid hormones

The effects of treatments on thyroid hormone
levels are displayed in Table 6. In T3, T4, and T4/T3,
no significant changes (P>0.05) were seen across any
of the treatments. Which indicated that the addition
of protease enzyme, amino acids at enough amount
to meet the broiler requirements or both of them to
the low-protein diets by 2 or 4% had no adverse
impacts on the thyroid hormones.

Liver and kidney functions

The results of the impact of various treatments on
the blood biochemical parameters are displayed in
Table 7.

In terms of liver function, there was no
discernible difference (P>0.05) between the control
group and all treatments in terms of aspartate
aminotransferase (AST) and alanine
aminotransferase (ALT).

In the kidney function, No significant differences
(P>0.05) found between all treatments and the
control group in the level of creatinine.

Which state that the liver and kidneys functioned
normally when amino acids, the protease enzyme, or
both were added.

Blood proteins

Table 8 shows how various treatments affect the
blood protein. Total protein, albumin, globulin, and
the albumin/globulin ratio did not differ significantly
(P>0.05). Which indicated that the addition of amino
acids, protease enzyme or both of them to the low
protein diets didn’t affect the blood protein levels.

Intestinal morphology

Table 9 shows how various treatments affect the
villi height, crypt depth and the ratio of them in the
duodenum of broilers at 35d.

Villi height, crypt depth and the villi height /crypt
depth did not differ significantly (P>0.05). Which
indicated that the addition of amino acids, protease
enzyme or both of them to the low protein diets
didn’t affect the morphological parameters of
duodenum.

Economic Efficiency

Table 10 shows how dietary interventions affect
cost-effectiveness. The results demonstrated that
adding protease enzyme and/or amino acids to low-
protein meals (2 or 4% CP) in proportions that met
the birds' nutritional demands improved their relative
economic efficiency (REE) as compared to the
control group. These results show that treatments
achieve maximal economic efficiency by lowering
the relative cost per unit of body weight.

Discussion

Compared to the group fed a basal diet, broilers
given a low-protein diet high in the amino acids
lysine, methionine, and threonine under heat stress
showed improved productive performance, cecal
microbiota, and decreased intestinal epithelial
damage [16].

There were no differences (P > 0.05) in the
average daily gain, feed intake, or feed conversion
ratio between the two treatments when the dietary CP
content was decreased from 21% to 19% with
supplemented amino acids to meet requirements.
This led to compensatory productive performance.
On the other hand, this improved the broiler's hepatic
antioxidant capacity, N retention, P, Cu, and Mn
absorption, and P, Cu, Zn, Fe, and Mn metabolic
consumption during a period of one to thirty days
[17].

Crystalline amino acids enable the lowering of
dietary crude protein (CP), hence reducing nitrogen
pollution and feed costs [16]. Reducing the broiler
diet's CP content by two to three percent can improve
intestinal health by preventing the growth of
Clostridium perfringens and has no effect on
performance [19-21].

The breakdown of proteins releases amino acids
and short peptides that aid in the absorption of Mn,
Fe, Zn, and Cu [21]. Additionally, a low-protein diet
reduces the consumption of soybean meal, which
inhibits the absorption of minerals due to its phytate
content [22]. The low-protein diet has less phytate,
which can combine with cations to form insoluble
complex salts and reduce the absorption of minerals
[22-24].

In comparison to birds fed traditional diets,
Musigwa et al. [25] proposed that reduced broiler
protein diets supplemented with amino acids that
contain 60% essential and 40% non-essential amino
acids enhance maximal nutrient utilization and
support comparable growth.

In comparison to the control group, broiler
growth was compensated by lowering dietary CP
levels and addition amino acids [26].

Adding amino acids to broiler diets could lower
crude protein without affecting weight gain or feed
conversion ratio [27].
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It was necessary to add amino acids to lower
protein diets because lowering the amount of protein
in broiler diets decreased the quantity of non-specific
nitrogen available for non-essential amino acid
synthesis [26].

Low-protein broiler feeds might reap advantages
from the addition of protease enzyme to enhance
growth and increase production efficiency [28].

Supplementing the broiler feed with exogenous
acid protease increased growth performance by
improving the ileal digestibility of certain nutrients
(crude protein, energy, and amino acids). [29].

An enzyme called protease increases the
breakdown of protein into amino acids, enhancing
the quality of feed materials [30].

The feed conversion ratio of broiler chickens is
decreased when the protease enzyme is added to
their diet. [31].

In comparison to a control 21% CP, Jabbar et al.
[13] discovered that a meal including 19% crude
protein and over the course of 15-28 days, the
protease enzyme enhanced the nutritional
digestibility and performance of broilers.

Higher dietary amino acid density improved
broiler growth performance, and the addition of an
exogenous protease affected the rate at which the
FCR of broiler chicks improved, until the age of 42
days [33].

The growth and ideal morphometry of grower-
phase chickens were positively impacted by the
addition of amino acid L-valine to their diet [32].

Gazani et al. [35] concluded that broiler chick
production and the digestibility of dry matter and
organic matter were improved when protease enzyme
was added to meals that were low in protein and
amino acids.

There was no change in productive performance
as compared to control when essential amino acids
including lysine, methionine, threonine, and valine

TABLE 1. Starter diet formulation and nutrients.

were added to low-protein diets during the initial
phase [36].

Reducing the protein composition of diets is
probably the most efficient method of lowering the
excretion of unutilized nitrogen. However, the
impact of low-protein diets on productive
performance was not substantial, even when
synthetic amino acids were used to match the birds'
needs [37].

The amount of CP in broiler chickens' grower
and finisher diets can be reduced by up to 3.0%
without compromising performance or meat quality,
provided that the birds' amino acid requirements are
met [38].

Conclusion

These findings suggest that we can reduce the crude
protein content of broiler diets by 2% or 4%. This shortfall
can be made up for by adding essential amino acids in
amounts that meet nutritional needs or by adding protease
enzymes, or a combination of them. Neither of these
treatments has an adverse effect on weight gain or feed
conversion ratio, nor does it have an adverse effect on
blood proteins, thyroid hormones, liver, or kidney
functions and intestinal morphology. In addition to
improved financial effectiveness.
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Ctrl 21% CP+  21%CP+ 21%CP+aa  19%CP+ 19%CP+ 19%CP+aa+

(23% CP) E aa +E E aa E
Yellow corn 53.18 572 57.26 57.26 62.73 63.02 63.02
Soybean meal (44%) 33.75 33.23 33 33 30 29.35 29.35
Corn Gluten meal (60%) 5 15 1.5 1.5
Corn bran 1 1 1
Soybean oil 3 3 3 3 3 3
Dicalcium phosphate 1 1 1 1.2 1.2 1.2
Limestone 1.85 1.85 1.85 1.85 1.85 1.85 1.85
Vit and Min Mix (1) 0.3 0.3 0.3 0.3 0.3 0.3 0.3
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NaCl 0.3 0.3 0.3 0.3 0.3 0.3 0.3
L-lysine HCI 0.14 0.14 0.19 0.19 0.14 0.22 0.22
Dl-methionine 0.33 0.33 0.38 0.38 0.33 0.46 0.46
Therionine 0.15 0.15 0.22 0.22 0.15 0.3 0.3
Total 100 100 100 100 100 100 100
Calculated

Composition%?

Crude protein 23.03 21.05 21.07 21.07 19.03 19.05 19.05
ME (Kcal/Kg) 3012 3008 3002 3002 3049 3045 3045
Lysine% 1.43 139 1.4 1.44 1.30 1.41 1.41
Methionine% 0.52 0.47 0.52 0.52 0.44 0.52 0.52
Methionine+Cystine% 0.9 0.81 0.86 0.86 0.75 0.83 0.83
Therionine? 0.99 0.92 0.99 0.99 0.85 0.99 0.99
Tryptophane% 0.30 0.29 0.29 0.29 0.26 0.26 0.26
Valine% 1.06 0.97 0.96 0.96 0.87 0.86 0.86
Calcium% 0.97 0.97 0.97 0.97 0.99 0.99 0.99
Nonphytate P% 0.51 0.50 0.50 0.50 0.52 0.51 0.51

™ The amount of vitamin-mineral mixture per kilogram of feed: Vitamin A, 12000 IU; Vitamin D3, 2200 IU; Vitamin E, 10 mg; Vitamin
K3, 2 mg; Vitamin B1, 1 mg; Vitamin B2, 4 mg; Vitamin B6, 1.5 mg; Vitamin B12, 10 g; 50 g of biotin; 500 mg of choline chloride; 10 mg
of copper; 1 mg of iodine; 30 mg of iron; 55 mg of manganese; and 0.1 mg of selenium. (2) According to NRC 1994.

TABLE 2. Grower diet formulation and nutrients.

Ctrl 21%  19% CP+ 19%CP+ 19%CP+aa  17%CP+ 17%CP+  17%CP+aa+

CP) E aa +E E aa E
Yellow corn 59.93 64.08 64.24 64.24 68.7 68.85 68.85
Soybean meal (44%) 27.7 26.95 26.5 26.5 24.23 23.7 23.7
Corn Gluten meal
(60%) 54 2 2.1 2.1
Soybean oil 3 3 3 3 3 3 3
Dicalcium phosphate 1 1 1 1 1.1 1.1 1.1
Limestone 1.75 1.75 1.75 1.75 1.75 1.75 1.75
Vit and Min Mix (1) 0.3 0.3 0.3 0.3 0.3 0.3 0.3
NaCl 0.3 0.3 0.3 0.3 0.3 0.3 0.3
L-lysine HCI1 0.14 0.14 0.19 0.19 0.14 0.23 0.23
Dl-methionine 0.33 0.33 0.39 0.39 0.33 0.47 0.47
Therionine 0.15 0.15 0.23 0.23 0.15 0.3 0.3
Total 100 100 100 100 100 100 100
Calculated
Composition%?®
Crude protein 21.02 19.01 19.02 19.02 17.00 17.07 17.07
ME (Kcal/Kg) 3105 3101 3100 3100 3120 3114 3114
Lysine% 1.29 1.24 1.29 1.29 1.16 1.29 1.29
Methionine% 0.50 0.45 0.50 0.50 0.41 0.50 0.50
Methionine+Cystine% 0.85 0.77 0.81 0.81 0.69 0.78 0.78
Therionine% 0.91 0.84 0.91 0.91 0.77 0.91 0.91
Tryptophane% 0.26 0.25 0.24 0.24 0.22 0.22 0.22
Valine% 0.96 0.87 0.86 0.86 0.78 0.77 0.77
Calcium% 0.92 0.92 0.91 0.91 0.93 0.92 0.92
Nonphytate P% 0.46 0.46 0.45 0.45 0.46 0.46 0.46

@ The amount of vitamin-mineral mixture per kilogram of feed: Vitamin A, 12000 IU; Vitamin D3, 2200 IU; Vitamin E, 10 mg; Vitamin
K3, 2 mg; Vitamin B1, 1 mg; Vitamin B2, 4 mg; Vitamin B6, 1.5 mg; Vitamin B12, 10 g; 50 g of biotin; 500 mg of choline chloride; 10 mg
of copper; 1 mg of iodine; 30 mg of iron; 55 mg of manganese; and 0.1 mg of selenium. ® According to NRC 1994.
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TABLE 3. Finisher diet formulation and nutrients.

Ctrl (19% 17% CP+ 17%CP+ 17%CP+aa  15%CP+ 15%CP+  15%CP+aa+

CP) E aa +E E aa E
Yellow corn 59.93 64.08 64.24 64.24 68.7 68.85 68.85
Soybean meal (44%) 27.7 26.95 26.5 26.5 2423 23.7 23.7
Corn Gluten meal
(60%) 5.4 2 2.1 2.1
Soybean oil 3 3 3 3 3 3 3
Dicalcium phosphate 1 1 1 1 1.1 1.1 1.1
Limestone 1.75 1.75 1.75 1.75 1.75 1.75 1.75
Vit and Min Mix (1) 0.3 0.3 0.3 0.3 0.3 0.3 0.3
NaCl 0.3 0.3 0.3 0.3 0.3 0.3 0.3
L-lysine HCI 0.14 0.14 0.19 0.19 0.14 0.23 0.23
Dl-methionine 0.33 0.33 0.39 0.39 0.33 0.47 0.47
Therionine 0.15 0.15 0.23 0.23 0.15 0.3 0.3
Total 100 100 100 100 100 100 100
Calculated
Composition%?
Crude protein 19.00 17.02 17.02 17.02 15.02 15.02 15.02
ME (Kcal/Kg) 3200 3201 3200 3200 3202 3198 3198
Lysine% 1.02 0.97 1.02 1.02 0.93 1.02 1.02
Methionine% 0.48 0.4 0.48 0.48 0.39 0.48 0.48
Methionine+Cystine
% 0.81 0.73 0.77 0.77 0.65 0.73 0.73
Therionine 0.83 0.76 0.83 0.83 0.69 0.83 0.83
Tryptophane% 0.21 0.20 0.19 0.19 0.18 0.18 0.18
Valine% 0.87 0.78 0.7 0.77 0.69 0.67 0.67
Calcium®% 0.84 0.86 0.86 0.86 0.86 0.85 0.85
Nonphytate P% 0.40 0.41 0.41 0.41 0.41 0.40 0.40

M The amount of vitamin-mineral mixture per kilogram of feed: Vitamin A, 12000 IU; Vitamin D3, 2200 IU; Vitamin E, 10 mg; Vitamin
K3, 2 mg; Vitamin B1, 1 mg; Vitamin B2, 4 mg; Vitamin B6, 1.5 mg; Vitamin B12, 10 g; 50 g of biotin; 500 mg of choline chloride; 10
mg of copper; 1 mg of iodine; 30 mg of iron; 55 mg of manganese; and 0.1 mg of selenium.

@ According to NRC 1994.
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TABLE 6. The effect of different treatments on the thyroid hormones.

Item T3 (ng/ml) T4 (ng/ml) T4/T3
Control 4.73 18.37 3.89
-2%CP+aa 4.79 17.13 3.63
-2%CP+E 5.01 21.78 433
-2%CP+Mix 5.00 20.08 4.00
-4%CP+aa 4.65 18.46 430
-4%CP+E 5.06 17.70 3.49
-4% CP+Mix 4.28 18.86 445
Significance NS NS NS
SE +0.76 +3.29 +0.56

NS= Non significant, Means designated with the same letter within the same column are not significantly different at 0.05 level of
probability.

TABLE 7. The effect of different treatments on the liver and kidney functions.

Item ALT AST Creatinine
(U/L) (U/L) (mg/dl)
Control 14.66 188.09 0.61

-2%CP+aa 14.87 182.60 0.59
-2%CP+E 14.92 187.71 0.59
-2%CP+Mix 13.97 186.58 0.47
-4%CP+aa 13.64 185.04 0.47
-4%CP+E 13.96 185.53 0.48
-4%  CP+Mix 14.68 185.68 0.59
Significance NS NS NS
SE +0.73 +4.22 +0.22

NS= Non significant, Means designated with the same letter within the same column are not significantly different at 0.05 level of
probability.

TABLE 8. The effect of different treatments on the blood proteins.

Item Albumin (A) Globulin (G) A/G
Total protein (g/dl) (g/dl) (g/dl) ratio
Control 7.34 4.04 3.51 1.24
-2%CP+aa 7.86 4.35 3.62 1.19
-2%CP+E 7.94 4.32 3.98 1.21
-2%CP+Mix 8.79 4.81 3.50 1.23
-4%CP+aa 7.80 4.30 3.68 1.20
-4%CP+E 8.10 4.42 3.73 1.21
-4%  CP+Mix 8.26 4.52 3.51 1.24
Significance NS NS NS NS
SE +2.38 +1.33 +1.06 +0.06

NS= Non significant, Means designated with the same letter within the same column are not significantly different at 0.05 level of
probability.

TABLE 9. The effect of different treatments on the villi height, crypt depth and the ratio of them in the duodenum of
broilers at 35d.

Item Vl"l(l::slght Cry(p; ;ﬁ)e pth Villus height / Crypt depth
Control 1438 149 9.65
-2%CP+aa 1451 147 9.87

-2%CP+E 1446 145 9.97
-2%CP+Mix 1440 144 10.00
-4%CP+aa 1459 150 9.73

-4%CP+E 1462 147 9.95

-4% CP+Mix 1439 147 9.79
Significance NS NS NS

SE +56 +39 +2.56

NS= Non significant, Means designated with the same letter within the same column are not significantly different at 0.05 level of
probability.
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TABLE 10. The effect of different treatments on the Economic efficiency.

Body Feed Feed cost/ Total Sale price/ NET Economic
weight gain  Intake/bird bird cost/bird bird profit  efficiency Relative
® ® (LE) (LE) (LE) (LE) EE %
Control 1719 2949 51.88 101.88 128.93 27.04 0.27 100
-2%CP+aa 1850 2996 50.15 100.15 138.75 38.60 0.39 145.23
-2%CP+E 1863 2972 50.20 100.20 139.73 39.53 0.39 148.61
-2%CP+Mix 1857 2875 48.55 98.55 139.28 40.72 0.41 155.66
-4%CP+aa 1806 2858 45.58 95.58 135.45 39.87 0.42 157.13
-4%CP+E 1829 2895 47.11 97.11 137.18 40.06 0.41 155.43
-4% CP+Mix 1759 2819 45.88 95.88 131.93 36.05 0.38 141.66
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