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Abstract

Background: The aim of this study is to investigate whether the energy matrix values of the nonstarch
polysaccharide- (NSP-) degrading enzymes, bioemulsifier (LYSOFORTE), guanidinoacetic acid (CreAMINO", or their
combinations could be summed. The effects of these additives on the growth performance, carcass traits, and
economic value of the broiler chicken diets were evaluated. A total of 525-one-day-old Ross chicks with an initial
body weight of 42.96 + 0.87 g were haphazardly allocated into seven groups with five replicates. The seven
experimental treatments are as follows: (1) basal diet with no additives (breeder recommendation), which is the
control group, (2) basal diet minus 100 kcal/kg supplemented with 0.02% NSP-degrading enzymes (NSP), (3) basal
diet minus 50 kcal/kg supplemented with 0.025% emulsifier (LYSOFORTE"), (4) basal diet minus 50 kcal/kg
supplemented with 0.06% guanidinoacetic acid (CreAMINO", (5) basal diet minus 150 kcal/kg supplemented with a
mixture of NSP and LYSOFORTE (NSPL), (6) basal diet minus 100 kcal/kg supplemented with a mixture of NSP and
CreAMINO” (NSPC), and (7) basal diet minus 200 kcal/kg supplemented with a mixture of NSP, LYSO, and
CreAMINO” (NSPLC). The experiment lasted for 35 days.

Results: It was found that the final body weight, body weight gain, and relative growth rate were significantly
higher in birds fed diets supplemented with NSPL, NSPC, CreAMINO, and LYSO with the reduced energy matrix
value. The overall feed conversion ratio was significantly improved due to the supplementation of NSPC, CreAMING,
NSPL, and LYSO with the reduced energy matrix value compared to the control group. Moreover, no significant
effect on the carcass criteria was observed by the different treatments. As a result of the dietary supplementation
with NSPL, NSPC, CreAMINO’, and LYSO with the reduced energy matrix value, the net profit, total return, economic
efficiency, and performance index were increased and the cost of feed per kg of body weight gain was decreased.

Conclusion: The energy matrix value of NSPL, NSPC, CreAMINO’, and LYSOFORTE could be established in the diets
of broiler chickens to improve the growth performance and economic efficiency.
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Background

There is a global demand for chicken meat which con-
tinues to increase exponentially [1]; this is partly due to
the health claims associated with it, lack of cultural restric-
tions on its consumption, efficient production, and human
population growth [2]. How this expected increase in
poultry production will be achieved and what will be the
consequences of this change for the sustainability of the
production system are the main questions that need an-
swer. The poultry production assured that more improve-
ments in growth rate and store use efficacy can be
achieved through genetic selection in the predictable fu-
ture [3, 4]. As a consequence of the increased growth rate,
birds reach slaughter weight at a later time than before.
This has decreased the use of bird resources, and less en-
ergy is now needed to maintain body functions due to the
shorter growth cycle [5-7]. This improvement in energy
efficiency has resulted in a significant reduction in feed
consumption of birds, thus improving the environmental
sustainability of broiler production. However, it was re-
ported that a higher energy level was more effective in
body weight gain (BWG) and morphological parameters
rather than the Cobb 500 broiler chicken recommenda-
tion, but in the case of feed conversion ratio, a more ap-
propriate energy level was achieved from Cobb 500 broiler
chicken recommendation [8].

New feeding practices for poultry include greater ac-
curacy in providing nutrients for optimal growth per-
formance and reducing feed costs and excess nutrients
associated with environmental impact [9-14]. According
to NRC [15], the standard measure for describing the re-
quirements of energy for poultry and the energy content
of diets is the metabolizable energy (ME). The ME is a
costly part of poultry diets and it is considered a signifi-
cant portion of the total cost of producing broiler
chicken [16-18]. This supplemental energy requires ME
optimization in the diets to decrease feed costs [19]. The
level of dietary ME level has a significant role in adjust-
ing the feed efficiency and feed intake in broilers [20].
Several trials have been done to increase the availability
of energy for broiler and to raise the accuracy of deter-
mining the values of ME of dietary constituent [12, 21—
26]. The study of Tasirnafas et al. [27] indicated that the
highest weight was reported in the ostrich chicks fed on
10% dietary wastage and 2500 kcal/kg dietary energy.

Many feed additives like enzymes, emulsifiers, and creat-
ine (CreAMINO) have energy matrix value in poultry
feed formulation. Nonstarch polysaccharides (NSPs) are
indigestible carbohydrates that result in an increase in the
viscosity of the gut digesta and a decrease in the nutrients’
availability for digestion due to nutrient enclosure. Non-
starch polysaccharides affect fat digestion more than other
nutrients, and the saturated fatty acid digestion is affected
more than the unsaturated fatty acids. To overcome the
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negative effects of these compounds on the growth per-
formance, NSP-degrading enzymes are used. For instance,
xylanases and -glucanases are used for the degradation of
the arabinoxylans and B-glucans in wheat, rye, barley, and
oats and have demonstrated efficiency in improving the
nutritional value of these grains for poultry [28]. There-
fore, the most important role of supplying enzymes in
monogastric animal diets is increasing the concentration
of the apparent ME of the feed that consequently has eco-
nomic benefits. This increase is usually in the range of
50-150 kcal/kg feed depending on the nature and quality
of the ingredients used in the diet and the nature of the
used enzyme [29]. NSP-degrading enzymes can reduce the
increase in the viscosity of digesta resulting from sugars
leaking from the grain cell walls by releasing the nutrients
trapped in the feed cellular matrix [30] because the viscos-
ity is larger in smaller birds and decreases with age.

Using an additional energy source in broiler diets repre-
sented in fats and oil supplementation is a common prac-
tice in the poultry industry. On the other hand, young
chicks lack the necessary enzymes needed for effective di-
gestion that improves with age with a significant improve-
ment in the metabolic energy values of lipids in poultry
from 1.5 to 3.5 weeks of age [31, 32]. The most convenient
dietary tool to use is lysophospholipids, an absorption en-
hancer, which can increase emulsification and absorption
of fats in the intestine and permit the remodeling of diets
to be at the least cost without harming poultry perform-
ance [31]. Emulsifiers could play a key role in micelle for-
mation, and lysophospholipids are natural surfactants of
hydrolyzed soy lecithin [33].

Guanidinoacetic acid (GAA) is a readily available pre-
cursor of creatine, which is synthesized in the kidneys
from glycine and L-arginine by L-arginine: glycine ami-
dinotransferase. Next, GAA forms creatine in the liver
by the action of guanidinoacetate N-methyltransferase.
Creatine is a natural component that occurs in the tis-
sues of the animal's body and acts as an important func-
tion in energy metabolism as an energy carrier in the
cells [34]. It is estimated that about 50% of creatine re-
quired daily is synthesized by the animal whereas the
rest must be supplemented by the diet daily. Short-term
high-intensity exercise, or repeated bursts of exclusive
power, can benefit from creatine supplementation; there-
fore, the sparing effect of creatine on energy and protein
requirement is studied and it is concluded that it has a
matrix value of 50 kcal/kg feed [35]. Furthermore, GAA
may be essential for feeding poultry as a substitute for
dietary arginine and to maintain the bird's total energy
balance [36].

Therefore, this study aimed to investigate whether the
energy matrix values of the NSP-degrading enzymes,
emulsifier (LYSOFORTE), and GAA (CreAMINO)) or
their combinations could be summed or not by assessing
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the effects of their dietary supplementation on the
broilers’ growth performance, carcass traits, and the eco-
nomic value of the diets.

Results
Growth performance
The effects of NSP-degrading enzymes, LYSO,

CreAMINO), and their combinations with the reduced
matrix values on the growth performance parameters are
shown in Table 1. Throughout the starter stage, a signifi-
cant increase (P < 0.05) in the growth performance param-
eters except for the FCR was reported in the birds fed
on a diet supplemented with NSPL with its reduced en-
ergy matrix value in comparison with the control group.
No significant effects (P > 0.05) were observed in the BW,
BWG, FI, and FCR in the NSP-degrading enzymes, LYSO,
CreAMINO, NSPC, and NSPLC groups with their
reduced energy matrix value in comparison with the con-
trol group. Throughout the grower stage, the BW and
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BWG were significantly higher (P <0.05) only in the NSPL
group with its reduced energy matrix value. The FI was not
significantly affected (P =0.39) by the treatments. The FCR
was significantly lower (P<0.05) in the NSPL and NSPC
groups. During the finisher period, the dietary supplementa-
tion of the LYSO, CreAMINO, NSPL, and NSPC with the
reduced energy matrix values resulted in a significant in-
crease (P < 0.05) in the bird's BW and BWG and a significant
decrease (P<0.05) in the FCR. The final BW, total BWG,
and relative growth rate (RGR) were increased significantly
(P<0.01) in this order NSPL >NSPC >CreAMINO > LYSO
with the reduced energy matrix value. The overall FCR was
decreased significantly (P = 0.00) in this order NSPC < CreA-
MINO < NSPL<LYSO with the reduced energy matrix
value. No significant differences (P> 0.05) in the final BW,
total BWG, RGR, and FCR in the NSP-degrading enzymes
and NSPLC groups with their reduced energy matrix values
in comparison with the control group. The total FI was not
significantly differed (P > 0.05) by the treatments.

Table 1 The effects of dietary supplementation of NSP-degrading enzymes, LYSOFORTE', CreAMINO” and their combination on the

growth performance of broiler chickens:

Parameter T1 T2 T3 T4 T5 T6 T7 SEM P-value
Int. Wt. (g) 4234 4298 42,50 4324 4328 4320 4344 0.13 036
Starter period

BW (q) 42365°° 437,607 41509° 427.31%0¢ 44633° 429.99°¢ 421,60 288 0.05
BWG (g) 38131 394.61° 372.58° 384.072° 403.04° 386.79°° 378.16> 285 005
Fl (9) 46564 48801°° 459.79° 464,02 496.15° 47047 476.53°¢ 360 002
FCR 122 123 123 121 123 121 126 0.005 007
Grower period

BWI(g) 1073.15 111231% 1034.32° 1109.44°5¢ 115991° 1089.62°° 1065.89> 10,02 0.02
BWG (g) 649.50°° 674.71%°¢ 619.23° 682.12% 713.58° 659.62%°¢ 644.29° 7.51 0.03
Fl () 1062.82 1097.29 1037.18 1067.67 111865 1061.87 1073.78 914 039
FCR 163%° 162°° 167° 1.56° 157° 160 166° 0.008 0.001
Finisher period

BW(g) 2188.32¢ 227540 2363.88° 2459.90°° 2519212 2491.28% 227500 <@ 2272 0.001
BWG(g) 111517 ° 116308 ° 1329.56 ° 1350.46° 1359.30° 1401.66° 2258.22° 2043 0.001
Flg) 2256.98 230251 215040 230530 236553 2263.14 221722 2497 034
FCR 203° 198° 1635 1705 1.745¢ 161° 183°° 0037 0.002
Overall performance

BW(g) 2188.32° 227540 2363.88° 2459907 2519.21° 2491287 2275.00 < 2272 0.001
BWG(g) 2145.98° 223241 232138 2416.66°° 247593° 244808%° 223156 <4 2270 0.001
Fli@) 378545 3853.36 370748 3806.50 398034 379549 3767.54 3465 047
FCR 1.76° 172° 1,60 157° 160" 155°¢ 168°° 001 0.001
RGR 192.40° 192,58 192.92°° 193.08° 193.24° 193.18° 192,50 0.06 0.001

2b<d Means within the same row carrying different superscripts are significantly different at (P < 0.05).

T1: Control group "basal diet with no additives (breeder recommendation (BR)). T2: Basal diet minus 100 kcal/kg supplemented with 0.02% NSP-degrading
enzymes (NSP). T3: Basal diet minus 50 kcal/kg supplemented with 0.025% emulsifier (LYSOFORTE"). T4: Basal diet minus 50 kcal/kg supplemented with 0.06%
guanidinoacetic acid (CreAMINO"). T5: Basal diet minus 150 kcal/kg supplemented with a mixture of NSP and LYSOFORTE" (NSPL), Té: Basal diet minus 100 kcal’kg
supplemented with a mixture of NSP and CreAMINO” (NSPC). T7: Basal diet minus 200 kcal/kg supplemented with a mixture of NSP, LYSO, and

CreAMINO” (NSPLC)..

BW body weight; BWG body weight gain; FI feed intake; FCR feed conversion ratio; RGR relative growth rate
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Carcass traits

The effects of NSP-degrading enzymes, LYSOFORTE,
CreAMINO), and their combinations with the reduced
matrix values on the carcass traits relative to the live
body weight (%) are summarized in Table 2. The re-
sults revealed that there were no significant differ-
ences (P>0.05) in the weights of breast meat, carcass
weight, drumstick, abdominal fat, thigh, liver, gizzard,
and proventriculus as a result of the treatments.
However, there was a numerical decrease in the ab-
dominal fat % in LYSOFORTE and CreAMINO'
groups.

Economic importance

The economic importance of the diets is shown in
Table 3. No significant differences (P >0.05) were re-
ported in feed costs and total costs between the con-
trol group and other groups. The total returns were
significantly higher in birds fed on diets supplemented
with NSPL, NSPC, CreAMINO’, and LYSO with the
reduced energy matrix value (P <0.05). The net profit
and performance index were significantly increased
(P<0.01) in birds fed on diets supplemented with
NSPC, NSPL, CreAMINO, and LYSO with the re-
duced energy matrix value. The economic efficiency
was increased significantly (P < 0.01) in birds fed on di-
ets supplemented with CreAMINO’, NSPC, NSPL,
and LYSO with the reduced energy matrix value. The
cost of feed per kg of BWG was decreased (P <0.01)
in birds fed on diets supplemented with NSPC, NSPL,
and CreAMINO with the reduced energy matrix
value. The dietary supplementation with NSP-
degrading enzymes and NSPLC with the reduced en-
ergy matrix value had no significant effect (P> 0.05)
on the economic value of the diets.

Page 4 of 11

Discussion

Rapid growing poultry requires nitrogenous and ener-
getic compounds to support performance and growth.
However, contentious problems exist when feeding small
birds with large amounts of nutrients [37, 38]. The
current study had been done to assess the impact of
dietary supplementation of 0.02% NSP-degrading en-
zymes, 0.025% emulsifier (LYSOFORTE)), and 0.06% cre-
atine (CreAMINO) and their combinations with the
reduced energy matrix value on the growth performance
of broilers, carcass traits, and the economic value of the
diets. The results revealed that the NSPL, NSPC, CreA-
MINO’, and LYSO supplementation with the reduced
energy matrix values (150, 100, 50, and 50 kcal/kg which
are lower than the control group, respectively) enhanced
the growth performance of the broilers, while matrix
values of NSP-degrading enzymes alone or NSPLC did
not result in a significant enhancement in the growth
performance all over the experimental period. However,
the dietary addition of NSP-degrading enzymes with
LYSO or CreAMINO led to significantly better per-
formance than that of the control group or the single
supplementation. The final BW, BWG, and RGR were
increased significantly in NSPL > NSPC > CreAMINO >
LYSO with the reduced energy matrix value. The overall
FCR was decreased in NSPC < CreAMINO < NSPL <
LYSO with the reduced energy matrix value. Similarly,
Kocher, et al. [39] reported a significant increase in
AME and protein content of SBM-based diets by supple-
menting an enzyme compound containing multicarbo-
hydrase activities without significant improvement of the
birds’ growth performance. The results of Meng and Slo-
minski [40] showed that supplementing the corn-SBM
diet with a multicarbohydrase mixture of cell wall-
degrading activities had no consequence on feed intake
and BW but improved BWG and FCR. Zanella et al. [41]

Table 2 The effect of dietary supplementation of NSP-degrading enzymes, LYSOFORTE, CreAMINO” and their combination on the

weight of carcass traits relative to the live body weight (%):

Parameter T1 T2 T3 T4 T5 T6 T7 SEM P-value
Carcass weight 91.69 90.73 94.38 89.97 86.99 93.25 8849 0.87 0.27
Breast meat 2829 2447 26.08 25.39 28.80 27.76 27.19 042 022
Thighs 9.70 9.66 941 10.17 924 9.52 9.84 0.19 097
Drumstick 9.71 10.64 9.89 11.84 10.83 1035 1379 041 0.18
Liver 229 1.95 2.09 260 1.79 264 234 0.1 052
Gizzard 1.59 1.54 1.72 1.79 0.89 1.83 1.56 0.12 067
Proventriculus 036 0.26 033 036 032 033 0.28 0.01 023
Abdominal Fat 1.82 1.60 1.39 1.16 1.62 2.04 147 0.09 0.39

2b< Means within the same row carrying different superscripts are significantly different at (P < 0.05).
T1: Control group "basal diet with no additives (breeder recommendation (BR)). T2: Basal diet minus 100 kcal/kg supplemented with 0.02% NSP-degrading

enzymes (NSP). T3: Basal diet minus 50 kcal/kg supplemented with 0.025% emulsifier (LYSOFORTE). T4: Basal diet minus 50 kcal/kg supplemented with 0.06%
guanidinoacetic acid (CreAMINO"). T5: Basal diet minus 150 kcal/kg supplemented with a mixture of NSP and LYSOFORTE" (NSPL), Té: Basal diet minus 100 kcal/kg
supplemented with a mixture of NSP and CreAMINO™ (NSPC). T7: Basal diet minus 200 kcal/kg supplemented with a mixture of NSP, LYSO, and

CreAMINO™ (NSPLC).
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Table 3 The effect of dietary supplementation of NSP-degrading enzymes, LYSO, CreAMINO” and their combinations on the

economic efficiency of the experimental diets:

Parameter T1 T2 T3 T4 T5 T6 T7 SEM P-value
Final BW (kg) 2.18¢ 227 236" 245% 251° 249%° 227 002 0.001
Feed cost (LE) 1476 1452 15.06 1422 15.20 1457 1444 0.12 0.290
Total cost (LE) 2226 2202 22556 2172 2270 2207 2194 0.12 0290
Total return/bird(LE) 39.38° 40,95 <@ 42555 4427°° 4534° 44,847 40,95 <@ 040 0.001
Net profit (LE) 17.12° 18925 19.29° 2255 2264° 2276 19,00 040 0.001
E EF’ 116 130 132° 158° 149° 1.56° 1315 003 0.001
Feed cost/kg gain 6.89° 6.65° 6.74° 6.14° 6.13% 595¢ 6.47°° 007 0.001
Pl (%) ° 124.39° 131.28" 137.20° 153.79° 156.96° 160.54° 134.74°¢ 242 0.001

*Economic efficiency, $ performance index. LE: Egyptian pound.

abcd Means within the same row carrying different superscripts are significantly different at (P < 0.05).

T1: Control group "basal diet with no additives (breeder recommendation (BR)). T2: Basal diet minus 100 kcal/kg supplemented with 0.02% NSP-degrading
enzymes (NSP). T3: Basal diet minus 50 kcal/kg supplemented with 0.025% emulsifier (LYSOFORTE). T4: Basal diet minus 50 kcal/kg supplemented with 0.06%
guanidinoacetic acid (CreAMINO"). T5: Basal diet minus 150 kcal/kg supplemented with a mixture of NSP and LYSOFORTE" (NSPL), Té: Basal diet minus 100 kcal/kg
supplemented with a mixture of NSP and CreAMINO™ (NSPC). T7: Basal diet minus 200 kcal/kg supplemented with a mixture of NSP, LYSO, and

CreAMINO™ (NSPLC).

reported a significant improvement in the broilers’
growth performance by the supplementation of a mar-
ketable enzyme product containing amylase, protease,
and xylanase to a corn-SBM diet due to the increase in
the ileal digestibility of AME and protein.

The present study showed that the dietary supplemen-
tation with CreAMINO  alone or in combination with
NSP-degrading enzymes with the reduced energy matrix
values improved the growth performance of broiler
chickens all over the experimental periods. These results
can be attributed to the GAA as a precursor to creatine
synthesis because more arginine became obtainable for
other functions as protein synthesis [42]. Guanidinoace-
tic acid supplementation has been shown to have sparing
effects on arginine, increasing the availability of arginine
in broilers [43]. In addition, arginine has an effect on the
intestinal morphological features [44]. Therefore, the
dietary inclusion of GAA may affect intestinal digestion
and nutrient absorption. Fosoul et al. [26] reported im-
proved performance of chickens fed low ME diet with
supplemental GAA probably via improved dietary NEp.
They suggested that including GAA in diets with lower
energy content might improve the overall body energy
retention such as fats or proteins which contribute to
the well understanding of energy use in broiler chickens.
Michiels et al. [45] reported an improved FCR and aver-
age daily gain all over the experimental period and in-
creased breast meat yield in groups supplemented with
GAA in comparison with the control birds. Also, Lemme
et al. [46] reported that guanidinoacetic acid (GAA) re-
sulted in improvement of the bird performance and it
was optimal between 0.06% and 0.12% supplemented
GAA due to the vital role of GAA supplementation in
energy metabolism that increased the muscle concentra-
tion of creatine and creatine phosphate: ATP ratio.

Abudabos et al. [35] reported a significant improvement
in FCR all over the experimental periods by supplement-
ing the low-energy diets with CreAMINO’, and the
greatest performance was recorded for the diet with
50 kcal/kg lower ME. Dilger et al. [36] reported similar
results of the gain and gain/feed when GAA and creatine
were added to the semipurified and practical-type diets.
Various factors influence the lipid digestibility in birds,
and these include the saturation degree [47], the free fatty
acids levels [48], and the position of the fatty acid in the
triglyceride molecule [49]. Also, fat digestion may be influ-
enced by metabolic and physiological factors that depend
on the bile salts’ surfactant action for the emulsification
process. Though baby chicks have inadequate amounts of
bile salts resulting in poor fat utilization, this significantly
enhanced fat utilization from 1.5 to 3.5 weeks of age [32,
50-52]. Therefore, many experiments have interested in
supplementing emulsifiers or bile salts to enhance fat
utilization. Our results revealed a nonsignificant effect of
LYSOFORTE on the growth performance of broilers dur-
ing the starter stage but it had an improving effect on the
overall performance. However, the combination of NSP-
degrading enzymes and LYSOFORTE improved the BW
and BWG throughout the starter stage and all over the
period. These positive effects may be due to the increase
in the digestibility of fatty acids [53]. LYSOFORTE formed
smaller and more stable micelles than other emulsifiers
such as lecithin [54], and this is a major factor influencing
the absorption of lipid and lipophilic substances [55].
Lysophospholipids have been reported to improve intes-
tinal permeability to macromolecules such as dextrans and
proteins [56], affect the protein channels formation [57],
regulate the activity of various enzymes [58], and cause
hypertrophy of the epithelial cells in broiler duodenum
[59]. Zhang et al. [53] showed that LYSOFORTE
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supplementation resulted in an improvement in growth
performance during the starter period. Melegy et al. [31]
reported an improving effect of LYSOFORTE Booster to
the lowered performance induced by a negative control
diet. The study of Jansen et al. [60] showed a high ME due
to the utilization of lysophospholipids in the feed of broiler
chickens. Zhao and Kim [61] showed increased BWG and
lower FCR in broiler chickens fed diets supplemented with
lysophospholipids compared to nonsupplemented diets.
Also, a low-energy diet supplemented with emulsifier and
multienzymes partially improved the growth performance
and hence correct the depressing effects of the low-energy
diets in broilers [62, 63]. Zampiga et al. [64] suggested that
the use of lysophospholipids can improve the feed effi-
ciency of broiler chickens.

The improvements of NSPL, NSPC, LYSO, and CreA-
MINO' supplementation on the performance of broilers
were reflected in the economic value of the diets where
the total return was increased in NSPL, NSPC, CreA-
MINO), and LYSO. The net profit and performance index
were significantly increased in NSPC, NSPL, CreAMINO),
and LYSO. The economic efficiency was increased in
CreAMINO, NSPC, NSPL, and LYSO with the reduced
energy matrix value. The cost of feed per kg of BWG was
decreased significantly in NSPC, NSPL, and CreAMINO'
with the reduced energy matrix value. Similar results were
obtained in the study of Amer, et al. [12] who reported
improved economic efficiency by supplementing the low-
energy diet with the alpha-galactosidase enzyme.

Regarding the effect of dietary supplementation of
NSP-degrading enzymes, LYSOFORTE, CreAMINO),
and their combinations with the reduced matrix values
on the carcass traits, the results revealed nonsignificant
effects of these additives on the relative weights of breast
meat, carcass weight, drumstick, thigh, liver, gizzard, and
proventriculus. There was a numerical decrease in the
abdominal fat weight in LYSOFORTE and CreAMINO'
groups. Similarly, Zhao and Kim [61] reported decreased
abdominal fat weight in lysophospholipid-supplemented
groups compared to the basal diet. Also, Zhang [65] re-
ported decreased abdominal fat percentage in broiler
chickens fed diets that contained varying levels of emul-
sifiers at 0.02, 0.035, 0.05, and 0.065% on day 42 which
give evidence that emulsifiers can increase the body fat
cycle and improve the deposition of muscle fats. Zam-
piga et al. [64] showed that lysophospholipids had a lim-
ited effect on carcass traits of broiler chickens. The
results of Metwally et al. [66] showed increased carcass
dressing and decreased abdominal fat as a result of
CreAMINO' supplementation in broiler chicken diets.

Conclusions
Dietary supplementation with CreAMINO or LYSO-
FORTE' or the mixture of NSP-degrading enzyme with
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CreAMINO  or with LYSOFORTE' with the reduced en-
ergy matrix value of 50, 50, 100, and 150 kcal/kg lower
than the breeder recommendation, respectively, can im-
prove the final body weight, body weight gain, feed con-
version ratio, and the relative growth rate of broiler
chickens and can increase the economic efficiency of
their supplemented diets.

Methods

Birds

A total of 525-one-day-old broiler chicks (Ross 308
broiler) with an initial body weight of 42.96 +0.87 g
were obtained from a commercial chick producer
(Dakahlia Poultry, Mansoura, Egypt) and used in the ex-
periments. The experiment was carried out at the ex-
perimental station of the Faculty of Veterinary Medicine,
Zagazig University, Egypt. The experimental protocol
was approved by the Ethics of the Institutional Animal
Care and Use Committee of Zagazig University, Egypt
(ZUIACUC-2019), and all animal experiments were per-
formed in accordance with the recommendations de-
scribed in “The Guide for the Care and Use of
Laboratory Animals in Scientific Investigations”. The
replicate number and treatment group were visible at
each pen. The maximum number of birds per pen and
space per bird, respectively, followed the current legisla-
tion. The birds were housed in pens with 15 birds each.
Feed and water were supplied for ad libitum consump-
tion. Pens were equipped with feeders and drinkers. The
temperature and lighting regime followed the breeder's
recommendation. All pens were checked daily for gen-
eral health status and whether there were sick and dead
birds. Standard health and vaccination practices were
done against New Castle (at the 4th and 14th days) and
Gumboro diseases (at the 7th and 22 days). After the
study, all remaining birds were released.

Investigated feed additives

The used feed additives were as follows: (1) nonstarch
polysaccharide- (NSP-) degrading enzymes, in a com-
mercial form AveMix XG 10 (AVEVE Biochem, Merk-
sem, Belgium), which is a multienzyme concept with
high glucanase and high xylanase activity, designed for
monogastric feeds (active substances: endo—1,3 (4)-3-
glucanase; endo-1,4-f3-xylanase and cellulase); (2) bioe-
mulsifier in a commercial form LYSOFORTE (Kemin
Industries, Inc.,, USA); and (3) GAA in a commercial
form CreAMINO' (AlzChem, Trostberg, Germany).

Diets and experimental design

Birds were randomly allocated into seven treatments
with five replicates (15 chicks/ replicate). The seven
treatments are as follows: (1) basal diet with no additives
(breeder recommendation) which is the control group,



Page 7 of 11

(2020) 16:391

Metwally et al. BMC Veterinary Research

“(1dSN) ,ONIWY31D pue ‘OSAT ‘dSN 40 3Inxiw e yum paruawaiddns Bx/jexs 00z snuiw 1a1p [eseg L (DdSN) ,ONIWY31D Pue dSN JO S1nixiw e yum pajuswajddns Bx//ed 00L SnuIw 191p [eseg 91 ‘(1dSN) ,ILHO40SAT
pue dSN JO INIXIW e yum paruswaiddns Bx/je 051 SNUW 131p [esed 5L “(LONIWY31D) pde dnadeoulpiuenb 990°0 Yum paiuswajddns By/[eay 05 snUIW 131P [eseg i1 ([ ILHOJ0SAT) JSISINWS %S00 Yim

pajuswa|ddns B/]edy 0g snuiw 131p |eseq €] (dSN) dwAzua Buipesbap-dSN %200 Yim paruswsa|ddns B3/jess 0oL snulw 191

Jeseq :z] *((4g) UONEPUSWIWOD3I JSP3IT) SIAINPPE OU UYIM I3Ip |esed, dnoib [0auoD :| |

‘Bw 10 ‘S ‘Bw G€°0 ‘| ‘Bw Op ‘Uz ‘bw 09 ‘U Bw g ‘N Bw g ‘94 Bw G1°0 ‘unolq ‘bw L0 ‘Ulweeqod
‘bw g¢ ‘upelu b g'¢ ‘suixopukd B g0 ‘pide dijoy ‘Bw o1 ‘p1oe dluayiolued Bw o€ ‘uiejoqu ‘Bw g | ‘Buiwelyl ‘Bw g0 ‘Y UIweA B Q| ‘J UlwWelA ‘N 00T ‘€Q UIWRNA IN] 00S | ‘Y UlwelA 331p Jo By Jad xiwald .

900 900 - 900 - - - 900 900 - 900 - - - 900 900 - 900 - - - SONINY1D
§200 - 200 - 5200 - - 500 - ST00 - SO0 - - 5200 - 5200 - 5200 - - 3 1HO405AT
200 200 200 - - 200 -0 W0 W0 - - 200 - 700 200 200 - - 200 - sdwAzus BuipeiBap-gsN
100 100 100 100 100 100 100 100 100 100 100 100 100 100 €00 00 #00 SO0 SO0  $00 SO0 awikzug aseIfyd
100 100 L0000 %00 $00 00 0 €00 €0 SO0 SO0 00 SO0 80 SO STO  1TO0  1Z0 €270 120 aujuopay
610 810 80 90 /IO 8L0 L0 070 €70 €20 810 80 1Z0 8l0  ¢l0 170 1T0  1¥0 ¥0  1E0 VO ULOIIBN-1Q
§T0 STO0 S0 €20 1TO 60 10 610 /T0 [0 0ZO  0C0 ¥C0 0C0 €10 L0 /10 920  SZO  1T0  STO (RENVBIES
870 (TO0  [TO 0O  TTO  €C0 1TO IS0 L0 SI0 €00 €0 810 €0  [T0 ¥2O  +T0 /10 810  1T0  8l0 31eUOGURDI] WNIPOS
800 ZI0  LL0 €0 870 ¢CO0 870  0S0 0S0  0€0 0€0  0S0  0S0  0€0 OO  0S0  O€0  O€O €0 €0 €0 o XIW3Id
060 060 0€0 0S0  0€0  0€0 O0SO  100 L0  ¢lO0 ¢€0  ¢€0 ¢¢0 <C€0 0S50  0S0 0S50  0S0O 90 S0 Sl DH-5A1-1
050 S80  $80 160 060 880 060 ¢80 S80  S80 160 160 880 160 100 100 100 100 5000  S000 S000 3UOISaWIT
STL vl vl ¥l vCL o STL STl 6l WL WPl e€l 68l OFL 6€l ¢ol SOl SOl Ul UL 8Ol Ll aleydsoyd wnpjedIq
¥80 000 00l L0l €L 00l ¢ 00l 00l 001l 001 00l 00l 08l 9l $9L SOl €91 €91 v9l €91 llo ueagAos
0 05l 0§l /§9  8TS  tvTE  8ES 0 600 0 199 059 TT€ S$89 TS0 9/€  SUE  [TOL 86 69 66  dD %09 'esw uaN|6 wod
6687 €¥lc  [SLT (96l  [TlT S9€T €1 S¥SE LIS T8IE 06€C  C0VT S6LT LT 696€ 08SE  C6SE 66/C  [ST € LST dD9%8Y '[eaw ueagos
PEVO  1TL9  [L99 8999  8T69 T/89 0889 0L/9 Y009 SLE9 8L€9  YEY9 88W9 PEWO  6€SS ¥6SS /665 €0/S 895 §95 85§ oD

1 ol s1 vl €1 T WL 4 91 SI w1 €1 7 L 1 ol sL vl €1 1L
(ps€-£2) pouad Jaysiuy (Pzz-11) pouad samoin (POL-0) pouad Jauels swuLIpaIBu|

(%) s191p [eaURWILdXS 3y} Jo uonisodwod aewixoid ay] ¢ ajqeL



Page 8 of 11

(2020) 16:391

Metwally et al. BMC Veterinary Research

‘(D1dSN) ,ONIWY34D PUe ‘OSAT ‘dSN 4O 34nxiw e yum pajuswajddns 6%/]ed¥ 00Z snuiw 13Ip [eseq :/1 “(DdSN) LONIWV®ID pue dSN JO aImxiw & yum pajuswalddns 63/]edx 00L snuiw I3Ip [eseq :91 ‘(1dSN) ,J1HO40SAT
pue dSN Jo a1nixiw e yum pajuswa|ddns B/|edy 0L snulw 131p |eseq g1 ‘(LONIWY?34D) pie nedeOUIpIUENb 9%90°0 YUM pajuswa|ddns B/[e3y 0§ snuiw 131p |eseq 1 "(,3LHO40SAT) Jauis|nW %S00 Yum
pajuswa|ddns B/|edy 0§ snuiw 331P |eseq €] “(dSN) dwAzua BuipeiBap-dSN %Z0'0 Yim pajuswsaiddns By/jesy 001 snuiw 3a1p [eseq izl *((4g) UOIepUSWWODa) J9Paaiq) SIAINPPE OU Yim 331p |eseq, dnoib [o1uo) 1]

v£0  v/0 ¥/.0 /0 v£0  v/0 ¥/0 €80 180 180 180 180 180 180 ¥60 V60 60 S60 560 760 S60 SuIUOSIyL
E0  €E0 €€0 €€0 €€0  CE0  EE0  SE0 €€0 €€0  GE0 S0 PEO  SE0  8E0D 6£0 6€0 0¥0 040 6¢0 0¥0 aunshd
6v'0  6v0 870 670 6v0 6r0 6¥0 ¢SO0 ¥S0 7SO0 €S0 €S0 ¥S0 €S0 €90 <90 90 <90 90 90 ¢90 SUIUOIYISIN
L0 0L L0 90l 90l 90l 90l 8Ll 8l gLl Zl'L 1L 1L LUL eEL 8EL 8t'l  8E'L 8¢l 8¢l 8¢l auIsh]
o 0 o [44Y) o o o S0 S¥O0 s¥0 S¥0 S0 SO0 SKFO 050 0S0 050 0S0 050 050 0S0 sniydsoud ajqejieny
690 890 890 990 /90 /90 990 €0 /L0 ¢0 1O 1O 1LO 00 080 640 6,0 /L0 LL0 8/0 /L0 sniydsoyd
S80 S80 S80 §80 §80 S80 S80 060 060 060 060 060 060 060 SOL SO SOl SO'L SOl SO0l SO'L wnisje
0sle 0sle oe6vle  66vle 0Sle 0Gle 0SlLE 00le  6660€ 00LE 00Le 00le 00Le O00LE SCOE  6%C0E GC0E  6%C0E  61C0E SC0E  67C0¢E (631/1e3%) IV
LSS 6YS 6YS L0'S elrs €S Elrs 6l9 SLS s  wS  wS 096 VS LS9 9 w9 L9 €19 L9 Cl9 ysy
85t v v 9EY 1SR A AVA AT R0} 4 oy  9cy 9y €ly  v0S L& 0S¢E 6v'e ¥L€ €8¢ 9¢ 89% 1e4
Sce  9le Lle 08¢ /(8¢ 00€ S8C 8FE PEE vee 96¢C  96¢C Sl'E €6C  €9€ e Sv'e 90¢ 60°€ 9ce  [0€ 19gl4 spniD
956l /6l vI6l 676l L6l Cl'6l L6l 00CC <¢L0C 850C 0Clc 90l ¢80C 60l wlve 8EWC vlve  98%C 691C 8¢ 0LYC us10id =pnid
088 8788 9r88 0588 1§88 8¥88 7988 6788 0588 /788 (588 6788 0588 1988 /¥88 0588 /Y88 (588 1588 0588 €988 lenew Aig
L1 91 Sl vl €l (4% LL L1 91 Sl vl €l (4% LL L1 91 Sl vl €1 (4% L1

(pse-£2) pouad saysiuiy

(pzz-L1) pouad Jamoin

(POL-0) pouad 1aneIs

(%) S191p [PYURWILAAXS By} JO UolIsodwod [edjWaYd alewixoid ay] § ajqel



Metwally et al. BMC Veterinary Research (2020) 16:391

(2) basal diet minus 100 kcal/kg supplemented with
0.02% NSP-degrading enzymes (NSP), (3) basal diet
minus 50 kcal/kg supplemented with 0.025% emulsifier
(LYSOFORTE), (4) basal diet minus 50 kcal/kg supple-
mented with 0.06% guanidinoacetic acid (CreAMINO)),
(5) basal diet minus 150 kcal/kg supplemented with a
mixture of NSP-degrading enzymes and LYSOFORTE
(NSPL), (6) basal diet minus 100 kcal/kg supplemented
with a mixture of NSP-degrading enzymes and CreA-
MINO' (NSPC), and (7) basal diet minus 200 keal/kg
supplemented with a mixture of NSP-degrading en-
zymes, LYSO, CreAMINO, and NSPLC. The experi-
ment lasted for 35 d. The experiment was divided into
three periods including the starter period (0-10 d), the
grower period (11-22 d), and the finisher period (23-35
d). The proximate composition and chemical compos-
ition of the experimental diets are shown in (Tables 4
and 5) based on a corn-soybean meal, and they were for-
mulated to follow the Ross Manual Guide [67]. The feed
was offered to the birds in pelleted physical feed form in
the whole period (starter, grower, and finisher).

Growth performance

The initial body weight of the one-day-old chick was re-
corded on arrival, and then birds were weighed at the
end of each stage at 11, 22, and 35th days of age. Body-
weight gain was calculated as the difference between the
final body weight during the intended period and the
initial weight during the same period. Feed intake of
each replicate was recorded as the difference between
the feed offered weight and residues left and then di-
vided by the number of birds in each replicate to deter-
mine the average feed intake per bird. The feed
conversion ratio (FCR) was estimated at the end of each
stage [68]: FCR =amount of feed consumed (g)/BWG
(g). The relative growth rate (RGR) was calculated at the
end of the experiment using the following equation [69]:

Carcass traits

At the end of the experiment, five birds per group (one
bird /replicate) were randomly selected and fasted for
12 h with a free water supply, and then euthanized by
cervical dislocation according to the American Veterin-
ary Medical Association guidelines for the euthanasia of
animals, AVMA [70] for carcass evaluation (e.g., carcass
weight, breast meat weight, and abdominal fat pad).

Economic importance

Collective efficiency measures were calculated according
to El-Telbany and Atallah [71] and Dunning and Daniels
[72]. They include the total return, total costs, variable
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costs, and net profit. The performance index (PI) was
calculated according to North and Bell [73].

Total return (LE)/bird = price of kg x live body weight/
bird.

Total costs (LE) =fixed costs + variable costs (feed
cost, LE).

Net profit (LE) = total returns — total costs.

Economic efficiency (EEF) = net profit (LE)/total feed
cost (LE).

Feed cost/kg gain = total feed cost/total weight gain.

Performance index % (PI) = final live body weight (kg)/
feed conversion x 100.

Statistical analysis

Shapiro—Wilk’s test was used to verify the normality and
Levene’s test was used to verify homogeneity of variance
components between experimental treatments and the
assumption were achieved (p > 0.05). One-Way ANOVA
was used to investigate the effect of dietary supplemen-
tation of NSP-degrading enzymes (NSP), emulsifier
(LYSOFORTE), and creatine (CreAMINO') and their
combinations with the reduced energy matrix value on
the broilers’ growth performance, carcass traits, and the
economic value of the diets using SPSS version 17 for
Windows (SPSS, Inc., Chicago, IL, USA). The sample
size used in this study was determined in line with exist-
ing research [12]. Duncan’s multiple range test was used
to compare the differences between the means test [74]
and the variation in the data was expressed as pooled
SEM, and the significance level was set at P < 0.05.
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