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ABSTRACT: This study was carried out to study the effect of enzymes mixture and phytase
supplementation in sorghum-soybean meal diets on some physiological responses of broiler
chicks. One hundred ninety-two, unsexed, day old Hubbard broiler chicks were randomly
distributed into six groups with four replicates each with eight chicks. Three diets from each
of the starter and grower based on sorghum- soybean meal were formulated to have either
recommended, medium or low levels of both crude protein and metabolizable energy. The
first starter and grower diets were served as control dietary treatment (D1). The second (D2)
and third (D3) starter and grower diets were formulated to have gradually decreased levels
of both crude protein by 2% and 4% and metabolizable energy 300 and 600 kcal/kg for diet
D2 and D3, respectively. Starter and grower diets were supplemented with or without
enzymes. The data reviled that, values of serum glucose, total protein and it's fractions
(albumin and globulin), total lipids, calcium and phosphorus(mg/dl) were increased (p<0.05)
with enzymes supplementation. However, liver enzymes (ALT and AST) and thyroid
hormones (T3 and T4) of broiler chicks were not significantly affected by cocktail enzymes
supplementation. While, the activity of ALT was decreased (p<0.05) with decreasing CP%
and ME level by 2% and 300 kcal/kg, respectively less than the recommended level, but no
further decrease in ALT activity was observed by decreasing CP% and ME energy beyond
the previously mentioned level. However, AST activity showed no clear trend in relation to
the level of both protein and energy. From the present results, it can be concluded that using
mixture and phytase enzymes into sorghum-soybean meal diet could be lead to improvement
on some physiological responses of broiler chicks.
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INTRODUCTION
Sorghum grain can replace maize in poultry
feed to a great extent in view of the
similarity in chemical composition of the
grain. The results on egg production and
broiler weight were similar in two
experiments when sorghum or maize was
fed as a source of energy. Local sorghum
grain was effective as high-yielding
sorghum or maize. Thus, sorghum grain has
a high potential for use in poultry feed
(Subramanian and Metta, 2000). The
nutrient  profile  of  sorghum s
complementary to protein sources typically
formulated in poultry rations anywhere in
the world and is very similar to corn (maize).
Nyannor et al. (2007) concluded that growth
performance of broiler chicks was equally
supported by corn or sorghum.
The proximate analysis of sorghum
compared to corn (according to NRC, 1994)
indicates that the cereal grains are similar
where sorghum contains less oil and slightly
more non-phytate phosphorus.
Kriegshauser et. al. (2006) indicated that
sorghum had higher values of protein as
expected, while the energy or fat content of
sorghum was slightly lower than that of
corn. The amino acid profile of the
sorghums compared well to corn, although
the average lysine content of sorghum tested
to be 0.26% versus corn at 0.30%. Huang et
al. (2006) conducted a unique study to
compare the apparent digestibility of
sorghum to corn using broilers, layers and
mature leghorn roosters. Crude protein
digestibility of sorghum versus corn in all
three classes of birds was similar between
the grain sources. However, lysine and
methionine amino acids were slightly more
digestible in the corn samples. Similar
results were obtained by Lemme et al.
(2004).
A research group studied the effect of
adding a commercial mixture of pectinases,
a-glucanases, and hemicellulases to
sorghum-soy feed rations for broilers.
Dominguez et al (2009) found that amino

acid digestibility increased 3 %, while the
metabolizable energy (ME) was increased
by over 6 % when used in rations that were
marginal in nutrients. This demonstrates that
enzymes can be used to get more nutrients
from sorghum. Similarly, Cadogan et al.
(2005) found that adding phytase enzyme on
sorghum-based diets improved weight gain,
amino acid digestibility, starch digestibility
and performance of broilers. Limited studies
do indicate that there are opportunities to use
enzyme preparations to improve bird
performance. However, the database is
currently lagging behind similar studies for
wheat, barley, and corn. Therefore, the
present study was carried out to study the
effect of diets based on sorghum/soybean
meal which having different levels of
protein and energy with constant C/ P ratio,
and supplement with the commercial
mixture of enzymes (amylase, protease, and
cellulose) and phytase enzyme on some
blood constituents in commercial broiler
chickens.
MATERIALS AND METHODS

A total number of one hundred ninety-two
unsexed, day old Hubbard broiler chicks
were used in this study. Chicks were
randomly distributed into 6 groups with 4
replicates each. All chicks were housed in
two-tiers floor batteries located in an open
house. The dimensions of the cage in each
battery were (100 x 60 x 40 cm) for length,
width, and height, respectively. Average
initial body weight of all treatments was
almost similar. Three diets within each of
the starter and grower diets plant origin were
formulated to have recommended medium
or low levels of both crude protein and
metabolizable energy. The first starter and
grower diets were formulated to meet the
nutrients requirements of broiler chicks
according to NRC (1994) and served as a
control treatment. The second and third
starter and grower diets were formulated to
have gradually decreased levels of both
crude proteins by about 2% and 4% and
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metabolizable energy by about 300 and 600
kcal/kg diet. Both starter and grower diets
were formulated to have similar C/P ratio
and similar levels of calcium, phosphorus,
lysine and sulphuric acids as recommended
by NRC (1994). Also, both starter and
grower diets were supplemented with and
without mixture of enzymes (Natuphos 1
kg/ton plus Vetazyme 250 g/ton feed). Each
1 kg Natuphos contained 500 000 FTU
phytase and each 1 g Vetazyme contained
amylase 500 U, protease 2000 U, cellulase
400 U and lactobacillus acidophilus 200
million CFU. The previous levels of
enzymes supplementation were
recommended by the manufacturer. All diets
were formulated from sorghum grains as a
main and untraditional source of energy. The
formula and chemical composition of the
experimental diets are shown in Table (1).
All chicks were full access to feed and water
during the experimental period (from O to 6
wks. of age).

All groups were randomly allocated in
batteries and kept under similar conditions
of management. Artificial lighting was
provided 24 hours during the first 10 days of
age, then the artificial light was used in the
evening only. The temperature in the
brooding house was about 36°C for the first
3 days of age, after that, it was reduced 2
degrees every week until the fourth week.
Then, the temperature was kept at 25°C till
the end of experiment. Chicks in each
replicate were weighed to the nearest gram
at the beginning of the experiment (at 1 day
of age) and at the end.

At the end of experiment (slaughtering),
blood samples were collected from each
experimental group (3 birds x 2 samples x 6
treatments = 36 samples). The blood
samples were collected in non-heparinized
tubes to obtain serum. The tubes putted
horizontally for 20 minutes to clot, then
centrifuged at 3000 rpm for 20 minutes to
obtain the serum and the sera were stored at
-20 °C until analysis.

Studied Traits:

Serum total protein and albumin
concentration were determined according to
the method of (Gornal et al., 1949) and
(Tietz and Saunders, 1995), while globulin
concentration was calculated by subtracting
TP by Alb according to the following
equation: Globulin (g/dl) = Total protein
(o/dl) — Albumin (g/dl). Serum glucose
(mg/dl) concentration was determined
according to the method of Trinder (1969).
Serum total lipid (g/dl) was determined
according to Zollner and Kirsch (1962).
Serum calcium and phosphorus were
determined according to Gindler and King
(1972) and EI-Merzabani et al. (1977). Liver
enzymes (Alanine amino transaminase and
Aspartate amino transaminase) activities in
the serum were determined according to
Reitman and Frankle (1957). Thyroid
hormones, Triiodothyronine (T3) and
thyroxin ~ (T4), concentrations  were
determined by a direct solid-phase 1*?° radio
immunoassay techniques using (Coat-A-
Coat TK T3 and TK T4) RIA kits purchased
from diagnostic products corporation (DPC,
Los Angeles, CA, 90045-5597 USA) at the
laboratory of Atomic Energy Authority in
Egypt, while ratio of T3/T4 was calculated
according to the following equation: T3/ T4
ratio = T3 value / T4 value.

Statistical analysis:

Data were statistically analyzed by the
analysis of variance using the General
Linear Model (GLM) procedure of
Statistical Analysis System (SAS, 2004).
Significant differences among treatments
were separated by Duncan's multiple range
tests (Duncan, 1955).

The following statistical model was used:
Yijk = M + Di + Ej +DE;jj + eijk

Where: Yijx = an observation measured, M =
the overall mean, D; = effect of dietary
treatment, Ej = effect of enzymes mixture,
DE;j; = effect of interaction (Di X Ej), eijk =
experimental error.
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RESULTS AND DISCUSSION
Serum total protein, albumin, globulin,
glucose, calcium and phosphorus:

Effect of enzyme:

The obtained results (Table 2) shows that the
values of glucose, total protein, albumin,
globulin, calcium, and phosphorus were
increased (p<0.05) with enzyme
supplementation. This increase may be due
to the improvement in digestibility and
availability of nutrients resulted from multi-
enzymes supplementation. Multi-enzymes
contained amylase, led to break starch into
sugars. Also protease breaks down proteins
by proteolysis of the peptide bonds that link
amino acids together in the polypeptide
chain forming the protein. In addition
cellulase catalyze the hydrolysis of cellulose
and phytase break down phytates in the feed
to release inorganic phosphorus and inositol
as well as protein, amino acids, trace
minerals and other nutrients chelated with
phytase. These results agree with that
reported by Olukosi et al. (2007) who
indicated that the improvements in nutrients
digestibility by enzyme supplementation
can be a reason for increasing blood glucose
concentration in broiler chicks. Also, Hajati
et al. (2009) found that adding enzymes
(Endo feed w + xylanase +fB-glucanase) to
broiler chick diets increased blood glucose
at 44 days of age. However, Jalali and Babaei
(2012) illustrated that serum total protein and
albumin concentrations were increased by
phytase addition to broiler chick diets. Safaa
(2013) reported that enzyme
supplementation which contains xylanase,
cellulase, protease and a-amylase to broiler
chick diets increased plasma total protein and
globulin at 42 days of age. It is well known
that, phosphorus (P) in phytate is low
availability (20- 30%) to monogastric
animals because the lack proper enzyme
system to hydrolysis phytate.  Phytate
phosphorus represented about 60-70% of
total phosphorus in plant origin. It is well
documented that, phytase supplementation
enhance phytate hydrolysis and increase

availability of nutrients bound to phytic
molecule ( Sebastain et. al., 1997 ). Also
phytase addition liberates calcium ions,
these ions are necessary for a-amylase
activity which is involved in starch digestion
(Ravindran et al., 1999; and Kies et al.,
2001). Also, Abou El-Wafa et al. (2005)
indicated that, phytase decrease P excretion
and improved mineral availability such as
Zn, Fe, Ca and K of poultry diets.

Effect of diet:

The presented results in Table (2) indicates
that birds fed on medium level of protein
and energy (D2) recorded the highest
(p<0.05) value of glucose followed by those
fed on low level of protein and energy (Ds).
However, birds fed on the diet of high
protein and energy (D1) recorded the lowest
(p<0.05) values of glucose. Concerning
the effect of dietary treatments on calcium
and phosphorus values, birds fed diets with
recommended (D1) or medium (D) levels of
protein and energy had similar values of
both two elements but higher (p<0.05) than
those fed on the diet of low protein and
energy level (Ds3). These differences could
be attributed to the difference in digestibility
and availability of nutrients.

Also, results indicated that, enzymes
mixture supplementation into diets having
different levels of protein and energy with
constant C/P ratio had significantly (p<0.05)
effect on blood glucose and insignificantly
effect on blood total protein, albumin,
globulin, calcium and phosphorus of broiler
chicks at 42 days of age.

Interaction effects:

The results (Table 2) showed that the
enzyme addition to the diets of high,
medium or low protein and energy levels
increased (p<0.05) blood serum glucose in
broiler chicks. This increase represented
about 32.23, 23.22 and 31.77% when
enzymes mixture were added to diet 1, 2 and
3, respectively compared to their
counterparts  un-supplemented  dietary
treatment. Also, enzyme supplementation
insignificantly increased total protein,
albumin, calcium and phosphorus values in
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blood serum of broiler chicks and this effect
was not dependent on diet composition.
These results agree partially with Bedford
(2000) and Acamovic (2001) who indicated
that, the effects of exogenous enzymes can
be variable and it depends on a large number
of factors such as the age of birds and the
quality and type of diet. Also, Sadaka (2006)
reported that, the addition of phytase to
either high or low ME diets increased
calcium release, which confirmed the
effective role of phytate in releasing calcium
from phytase complex. Also, results were in
full agreement with Buyse et al. (2002) and
Swennen et al. (2005) who indicated that
nutritional factors (diet quantity and
composition) affect intermediary
metabolism resulting in the change of
plasma metabolic levels in poultry. While,
Rabie et al. (2010) found that ME levels had
an insignificant effect on glucose, total
protein, albumin and globulin values in
broiler chicks. In addition, Mossad and Iben
(2009) reported that calcium and
phosphorus in blood serum increase with
increasing CP, whilst dietary energy did not
affect the serum level of them in Japanese
quails.

Total lipids, liver enzymes, and thyroid
hormones:

Effect of enzymes:

The averages of serum total lipids, liver
enzyme activities, thyroid hormones (T3, Ta)
and the ratio of Ta/T4 values as affected by
multi-enzymes supplementation into diets of
broiler chicks based on the sorghum-
soybean meal are presented in Table (3).
Enzymes addition had a significant (p<0.01)
effect only on serum total lipids. The
opposite was true with its effects on AST,
ALT, T3, T4 and T3/T4 ratios which were
insignificant. The increase in serum total
lipids by enzyme supplementation may be
due to the increase in nutrients digestibility,
availability, absorption, and metabolic rates.
Viveros et al. (2002) found that phytase
supplementation increased serum AST but
decreased ALT activity. Hajati et al. (2009)

reported that adding enzyme increased total
fat, whereas the concentration of blood
thyroxin (T4) in broiler chicks at 42 days of
age was reduced. Shanti et al. (2012)
indicated that, phytase supplementation at
the level of 600 FTU increased ALT in
blood serum of broiler chicks, while the
values of AST were not affected. Shehab et
al. (2012) found an insignificant effect of
Kemzyme, phytase or their mixture on AST
and T4 values, while T3 value was decreased
by phytase supplementation in Japanese
quail diets. Also, Safaa (2013) indicated that
enzymes addition (ZADO) which contained
xylanase, cellulase, protease and a-amylase
into broiler chick diets had no significant
effect on AST and ALT values.

Effect of diets:

Total lipids, liver enzyme activities, and T3
hormone were significantly (p<0.01)
affected by dietary treatments of broiler
chicks, while T4 and T3/T4 values were
insignificantly affected. Birds fed on low
protein and energy diets recorded the
highest (p<0.05) value (mg/dl) of total lipids
followed by those fed on the control diet.
However, birds fed on the diets medium
protein and energy level had the lowest
value (p<0.05) of serum total lipids. Birds
fed on the medium level of protein and
energy had higher values (p<0.05) of ALT
enzymes compared to those fed on low
protein and energy level, while those fed on
recommended protein and energy level had
intermediate ALT value. The highest value
(p<0.05) of AST enzyme was recorded for
birds fed on the control dietary treatment.
However, those fed on medium or low
protein and energy levels achieved similar
AST values. Rabie et al. (2010) reported that
the level of ME had insignificant effect on
activities of AST and ALT in blood plasma
of broiler chicks. The value of Tz hormone
was higher (p<0.05) in birds fed the medium
(D2) protein and energy level compared to
those fed on the control (D1) diet, while
those fed low (D3) protein and energy level
had intermediate T3 value.
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It could be concluded from these results that
decreasing the crude protein and ME by
about 2% and 300 kcal’/kg down the
recommended levels decreased serum total
lipids. However, the successive decrease of
CP and ME by about (4% CP and 600 kcal
ME) less than the control dietary treatment
resulted in an increase of serum total lipids
in broiler chicks at 42 days of ages. Also, AST
activity was decreased (p<0.05) with
decreasing protein and energy level by about
2% and 300 kcal ME/kg, respectively, but no
further decrease in AST activity with
decreasing the content of protein and energy
beyond the previously mentioned level. The
value of Triiodothyronine (T3) was increased
(p<0.05) with decreasing the level of protein
and energy by about 2% CP and 300 kcal
ME/kg less than the recommended level.
However, the value of T4 and Ta/T4 ratios in
blood plasma were not significantly changed
with decreasing protein and energy levels. So,
nutrition is an important factor in the
regulation of plasma hormones and their
receptors gene expression in many tissues of
chickens. For example, protein deficiency
changes the ratio of circulating
concentration of Ts and Ta, reduces
circulating concentrations of IGF-1 and
increase GH concentration (Scanes and
Griminger, 1990). Swennen et al., (2005 and

2006) reported that generally plasma T3
concentrations was increased whereas Ts
concentrations was decreased with low
crude protein (CP) diets which partially
coincided with the present results. It is well
known, that metabolic activity needs more
secretion of thyroid hormone particularly T3
hormone which is the biologically active
hormone (Smith et al., 1998).
Abdel-Azeeme (2011) reported that total
lipids were decreased by reducing CP and
ME in the diets of Japanese quails. He also
reported that, AST and ALT values were
increased by reducing CP and ME in the
diets. Also, Kout EI-Kloub et al. (2010)
indicated that, total lipids and cholesterol
values were decreased by high ME level.
Interaction effects:

The effect of interaction (Diet x Enzymes)
on total lipids liver enzymes and thyroid
hormones values were insignificant except
on thyroxin values and AST which was
higher (p<0.05) for birds fed on the control
diet (D1) supplemented with enzyme
mixture (Table 3). From these results, it
could be concluded that enzymes addition
into broiler chick diets had no detrimental
effect on liver enzymes or thyroid hormones
values and their effects were diet
independent.
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Table (1): Composition and chemical analysis of the experimental diets

Ingredients% Starter diets Grower diets

Con. Diet2 | Diet3 | Con. Diet 2 Diet 3
Sorghum grains 56.32 58.93 50.17 64.15 66.75 55.28
Soybean meal 27.78 21.20 15.00 19.45 11.60 6.00
Broiler concentrate 10.00 10.00 10.00 10.00 10.00 10.00
Wheat bran 0 7.07 22.43 0 9.00 26.42
Vegetable oils 4.50 1.40 0.90 5.00 1.15 0.80
Dicalcium phosphate 0.20 0.20 0.20 0.20 0.20 0.20
Limestone 0.70 0.70 0.70 0.70 0.70 0.70
Common salt 0.25 0.25 0.25 0.25 0.25 0.25
Premix* 0.25 0.25 0.25 0.25 0.25 0.25
Lysine 0 0 0.10 0 0 0.10
Total 100 100 100 100 100 100
Calculated analysis
Crude protein 22.92 21.15 19.31 20.11 18.07 16.39
Metabolizable energy 3086.1 | 2839.4 | 2569.3 | 3195.8 | 2881.1 2574.3
Calcium% 1.01 1.00 1.00 0.99 0.98 0.98
Av. Ph. % 0.46 0.46 0.46 0.44 0.44 0.44
Lysine 1.24 1.10 1.10 1.03 0.89 0.91
Meth. + Cys. 0.83 0.80 0.80 0.76 0.75 0.74
CF% 3.42 3.80 4.85 3.02 3.53 3.87
C/P ratio 134.65 | 134.25 | 133.06 | 158.92 | 159.44 157.07
laboratory analysis
DM % 90.98 90.76 | 90.40 | 90.88 89.97 89.78
OM % 82.15 83.90 | 83.32 | 83.49 82.62 83.08
CP % 23.44 21.20 | 19.40 | 19.89 17.99 16.05
EE % 4.80 3.53 3.15 5.60 3.35 3.53
NFE % 50.26 54.75 | 56.30 | 72.98 67.74 71.28
Ash % 8.82 6.94 7.30 7.50 7.20 5.62
CF % 3.61 3.30 3.32 3.03 3.55 3.96
Mois. % 9.02 9.23 9.12 9.10 10.12 10.30

* Each 1 kg Premix contained:

Vit. A, 3350000 IU; Vit. D3, 760 000 1U; Vit. E, 6700 IU; Vit. K3, 335 mg; Vit. B1, 334 mg; Vit.
B2, 1670 mg; Vit. B6, 500 mg; Vit. B12, 3.4 mg; Niacin, 10 000 mg; Ca. D. Pantothenate, 3334 mg;
Biotin, 16.7 mg; Folic acid, 334 mg;

Trace minerals: Iron, 13350 mg; Copper, 3335 mg; Zinc, 16700 mg; Manganese, 25000 mg; lodine,
500 mg; Cobalt, 84 mg; Selenium, 100 mg.

Additives: Ethoxyquine 600 mg

Carrier (ca co3) up to 1 kg
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Table (2): Averages of some blood serum constituent calcium and values + SE as affected
by enzymes supplementation into different sorghum-soybean meal based diets

Items Glucose T. Albumin. | Globulin | Cal. Phos.
Treat. mg/dI protein g/dl g/dl mg/dl | mg/dl
g/dl
Effect of enzymes:
Without 324.83P 3.11° 1.34° 1.74° 6.58" 6.49°
With 416.342 5.012 2.022 2.792 8.602 8.68?
SE+ +9.28 +0.27 +0.22 +0.289 | +0.264 | +0.237
Slgnlflcant ** ** * * ** **
Effect of diet:
Diet 1 246.17° 4.08 2.02 2.08 7.802 7.98%
Diet 2 471.002 4.40 1.50 2.57 8.282 8.252
Diet 3 394.58P 3.68 1.53 2.15| 6.68° 6.52°
SE+ +11.29 +0.33 +0.27 +0.35 +0.32 +0.29
Significant *x NS NS NS * *x
Effect of interaction
(dietsxenzymes):
Diet 1 without E. 212.00¢ 3.20 1.57 1.63 6.50 6.77
Diet 1 with E. 280.33° 4.97 2.47 2.53 9.10 9.20
Diet 2 without E 422.0% 3.13 1.10 1.97 7.60 7.47
Diet 2 with E. 520.002 5.70 1.90 3.17 8.97 9.03
Diet 3 without E. 340.50° 3.00 1.37 1.63 5.63 5.23
Diet 3 with E. 448.672 4.36 1.70 2.67 7.73 7.80
SE+ +16. 83 +0.47 +0.38 +0.50 +0.45 +0.41
Significant * NS NS NS NS NS

Means in the same columns for each treatment having different letters are significantly different

(p<0.05)

NS = not significant (p>0.05)
* = significant at (p<0.05) level
** = significant at (p<0.01) level
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Table (3): Averages of total lipids, liver enzymes and thyroid hormones values as affected

by enzymes supplementation into different sorghum-soybean meal based diets

Items Some blood constituents
T. lipids ALT AST T3 T4 T3/T4
Treat. mg/dI IU/L IU/L nmol | nmol /I ratio
/l

Effect of
enzymes: 524.1b 18.94 171.11 5.66 2.94 2.173
Without 614.62a 20.22 180.78 5.40 2.23 2.694
With

+9.00 +1.18 +355| #0.42| +0.416 0.414
SE+
Significant ** NS NS NS NS NS
Effect of diet:
Diet 1 583.0° | 19.58a° | 188.50% | 4.55P 2.35 2.018
Diet 2 503.87°¢ 23.0° 170.50° 6.632 2.67 2.868
Diet 3 621.17° 16.17° | 168.83" | 5.44a" 2.66 2.425
SE+ +11.03 +1.44 +4.35| +0.52 +0.50 0.508
Significant *x * * * NS NS
Effect of interact.
(dietsxenzymes):
Diet 1 without E 551.3 18.2 167.33° 4.00 2.54 1.373
Diet 1 with E. 614.70 21.0 209.72 5.09 2.17 2.663
Diet 2 without E 460.87 23.0 172.7° 7.22 2.80 3.137
Diet 2 with E. 546.90 23.0 168.3° 6.04 2.72 2.60
Diet 3 without E. 560.00 15.7 173.3° 5.77 3.49 2.010
Diet 3 with E. 682.30 16.7 164.3° 5.09 1.82 2.820
SE+ +15.60 +2.04 +6.15| +0.73 +0.72 0.718
Significant NS NS el NS NS NS

Means in the same columns for each treatment having different letters are significantly different

(p<0.05) NS = not significant (p>0.05)
** = significant at (p<0.01) level
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