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Abstract. In poultry production, biostimulants can replace antibiotics. These substances, made from plant ex-
tracts, improve animal growth and performance. This experiment was carried out to investigate the impact of
biostimulants (NUQOONEX) as a natural growth promoter on growth parameters and economic efficiency mea-
surements. Unsexed 1 d old chicks (n = 90) of a commercial meat type (Ross 308) were randomly equally allo-
cated into three groups of six replicates (five chicks per replicate) in this study. Group G1 fed on the control diet
(without additive), while groups G2 and G3 fed on the diet supplemented with 100 mg NUQO©NEX kg~! (on
top and (matrix value; this matrix reduced the nutrient requirement by 0.3 % crude protein and 30 kcal metaboliz-
able energy, respectively) for 35 d. Results showed that broiler chicks of groups G2 and G3 showed a significant
(P < 0.05) improvement in the average feed conversion ratio (FCR) of broiler chicks compared to the control
group. Group G2 recorded the best value of FCR compared to group G3 and the control group. Cholesterol and
low-density lipoprotein (LDL) levels in broiler serum were decreased (P < 0.05) in group G3 and then in group
G2 when compared to the control group. Groups G2 and G3 recorded significant (P < 0.05) improvements in
the antioxidant status of glutathione peroxidase (GPx) and malondialdehyde (MDA) when compared to the con-
trol group. The serum level of IgM was significantly (P < 0.05) increased in group G3 and group G2 when
compared to the control group. There were significant (P < 0.05) increases in total return from chick sales / LE
(livre égyptienne) and net profit (one chick) / LE and in the economic efficiency of group G3 and group G2 when
compared to the control group. Broiler chickens fed the diet supplemented with NUQOO®ONEX showed a positive
effect in terms of the FCR, cholesterol, antioxidant status (GPx and MDA) and immune status (IgM), carcass
quality traits, and economic effectiveness measurements.

Poultry meat occupies an important position in our diet from
a nutritional point of view (Marangoni et al., 2015; Prates,
2025). Poultry meat provides first-class protein as it includes
every necessary amino acid in balanced proportion, neces-
sary for maintaining life and promoting growth (Alagawany
etal.,2021b). It is low in calories and is a good source of sev-

eral essential fatty acids, as well as unsaturated and saturated
fatty acids. Compared to other varieties of red meat, it has a
higher protein level. Certain essential fatty acids like linoleic,
linolenic, and arachidonic are present in chicken meat (Ala-
gawany et al., 2021a; Kralik et al., 2025). Poultry meat is also
an excellent source of vitamin B12 and niacin. Also, it has a
relatively reliable source of riboflavin and thiamine. Poultry
meat present in the diet contributes to various minerals (cal-
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cium, iron, and zinc) (Murphy and Allen, 2003). So poul-
try meat is a perfect food for infants, young children, adults,
old people, those recovering from illness, and those trying to
manage their weightiness (Kralik et al., 2025).

Many years ago, growth promoters of antibiotics (GPAs)
were supplemented into animal and poultry feed (Reda et al.,
2025). Risky or prolonged utilization of antibiotics causes
numerous health problems for animals, as well as for hu-
mans. According to Stanacev et al. (2011), the use of GPAs
in the animal industry may lead to an increase in bacteria that
are resistant to antibiotics, the buildup of antibiotic remains
in animal products, and the potential for resistant strains to be
passed from animals to humans through the food chain. Re-
strictions set by European Union health authorities in 2006
aimed to overcome this issue by limiting or outlawing the
use of GPAs in egg- and meat-producing animals (Windisch
et al., 2008). Any restriction on the use of GPAs in egg and
meat production will raise the cost of production, therefore
lowering the profitability. Following a complete ban or lim-
ited use of antibiotic growth promoters, thorough research
about their replacement with chemicals that, with acceptable
use, boost production performance, preserve animal health,
and do not produce dangerous residues in food is necessary
(Castanon, 2007; El-Ratel et al., 2024). Countries have there-
fore looked for natural substitutes that include antimicrobials
in cattle and poultry diets without having a negative impact
on health or productivity. In poultry production, research has
demonstrated that antibiotic substitutes (prebiotics, enzymes,
probiotics, emulsifiers, and organic acids) have some benefi-
cial regulatory and antioxidant effects on intestinal micro-
biota. If the compounds’ toxic and therapeutic effects are as-
sessed in addition to their interactions with medications, they
may be regarded as growth stimuli (Fatima et al., 2024). One
of these important and promising alternatives is phytobiotics
(Windisch et al., 2008). Thus, the hunt for plant extracts with
therapeutic qualities was focused on adding them into the
diet of birds as growth promoters (Alloui et al., 2013; Rafeeq
et al., 2023).

Saponin (one of the phytogenic feed additives — PFAs) has
the ability to enhance the permeability of the gut wall, hence
potentially improving the absorption of minerals and nutri-
ents (Reyer et al., 2017). In the meantime, some researchers
have shown that feeding PFAs to broilers increased AME
(apparent metabolizable energy) and crude protein digestibil-
ity (Murugesan et al., 2015; Mountzouris et al., 2011; Pir-
gozliev et al., 2019). As a result, PFAs will probably not in-
crease the feed’s digestible portion but would instead be used
with the aim of maximizing the use of the non-digestible por-
tion. Because of these advantages, a PFA can be included in
the diet with nutritious matrix values, which is vital for feed
sustainability and the lowest possible cost of formulation. On
another hand, seaweeds are macroscopic organisms found in
marine ecosystems and are a rich source of polyunsaturated
fatty acids (PUFAs), polysaccharides, bioactive peptides, and
enzymes (Matos et al., 2024). Seaweeds and their derivatives

Arch. Anim. Breed., 69, 77—88, 2026

S. A. A. EI-Sayed et al.: Natural biostimulants in broilers

are important sources of animal and plant biostimulants and
are frequently used to enhance agricultural productivity (Van
Oosten et al., 2017). The most widely researched seaweed
species, used as a source of biostimulants for commercial and
industrial plants, is Ascophyllum nodosum. Many commer-
cial products and extracts of A. nodosum have been shown
to promote the growth of animals and plants and also to im-
prove animal and plant defences by regulating physiologi-
cal, molecular, and biochemical processes (Van Oosten et al.,
2017).

For a long time, nutritional matrix values have been as-
signed to feed additives like enzymes (Saleh et al., 2023).
This nutritional value is then included in the nutritional value
of the entire diet, which permits the reduction of the incor-
poration of some ingredients, like those required for protein
(soybean) and energy (oil and/or fat), as well as minerals
(Bedford and Cowieson, 2020). This should theoretically re-
sult in a decrease in feed costs while the animal continues to
perform at the same level of production. Hence, the purpose
of this paper is to determine the effects of biostimulants as a
natural growth promoter — on top and with a matrix value —
in broiler diet on growth parameters and economic efficiency
measurements.

2 Material and methods

2.1 Ethical approval

The study was conducted with ethical permission from
Zagazig University and was approved by the Institu-
tional Animal Care and Use Committee (approval no. ZU-
TACUC/2/F/2/2025). We obtained informed consent from the
owner of the birds involved in the study. All methods were
carried out according to the relevant guidelines and regu-
lations (Ethics Committee, Faculty of Agriculture, Zagazig
University, Egypt). The study was carried out in compliance
with the ARRIVE guidelines.

2.2 Feed additive used

NUQOONEX is a blend of essential oils extracted from
herbs and spices, including thyme, clove, and cinnamon,
and Ascophyllum nodosum. NUQOONEX is manufactured
by NUQO (a French feed additives company) and is based
on a specific component preparation and depends on a new
double-encapsulation style, according to the manufacturer.

2.3 Experimental birds, housing, and management

Unsexed 1d old chicks (n = 90) of a commercial meat type
(Ross 308) purchased from a local hatchery were used as
experimental birds in this study. On entrance, these chicks
were weighed and randomly allocated to equal three treat-
ment groups. Each group contained six replicates, with five
chicks in each. Group Gl fed on a control diet (without
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additive), while groups G2 and G3 fed on a diet supple-
mented with 100 mg NUQO©NEX kg~! diet (on top and
matrix value, respectively, with the matrix value reducing the
nutrient requirement by 0.3 % crude protein and 30 kcal me-
tabolizable energy) for 35d. Each experimental unit of the
chicks was reared in a separate pen in a naturally ventilated
open house at a density of 10 birds m~2. The birds were kept
under similar managerial parameters, including space, tem-
perature, light, relative humidity, and ventilation. The birds
received continuous lighting during the first 5 d, and then the
birds received a lighting regimen of 23 h of light and 1h of
darkness to minimize the chickens’ activity. The temperature
was set to 33 °C for the first week and then was regularly
reduced by 3 °C per week and then was lastly kept at 24 °C.
Isocaloric and isonitrogenous diets were formulated to ful-
fil the nutritional requirements for broiler chicks as outlined
in the Ross 308 Broiler Management Guide, which also spec-
ifies the dietary requirements for broilers weighing up to
2.0kg. Fresh and clean water was available to the birds at all
the times. Three mash rations (starter, grower, and finisher)
were prepared and fed ad libitum to the experimental birds.
The experiment was extended for 35 d, and the feeding pe-
riod was divided into three phases: the starter phase from 0
to 10d, in which the birds were fed a diet containing 23 %
CP and ME (2975kcalkg™! diet), the grower phase from
11 to 24d, in which the birds were fed a diet containing
21.5% CP and ME (3050 kcal kg_1 diet), and the finisher
phase from 25 to 35 d, in which the birds were fed a diet con-
taining 19.5 % CP and ME (3100 kcal kg’1 diet) (Tables 1
and 2). The experimental diets and feedstuffs were examined
for ether extract, moisture, and crude protein in accordance
with the AOAC’s (2002) standard operating procedures.

2.4 Indicators for assessing growth performance

On their first day of life, each bird was independently
weighed to ascertain the average beginning body weight;
then, the body weight was noted every week to estimate
the average body weight development of the birds in ev-
ery group. Each group’s weekly body weight gain was com-
puted for each bird each day, and the average weight gain
per bird and per group was then determined as follows: body
weight gain = W2 — W1. Regarding feed intake (FI), every
day, the diets were routinely delivered at 03:00 p.m. (LT);
daily feed consumption per group was computed by sub-
tracting the weight of the remaining feed from the weight
of the given feed and subsequently dividing by the number
of birds in each group. The feed conversion ratio (FCR) was
estimated weekly according to Wagner et al. (1983). The Eu-
ropean production efficiency factor (EPEF) was estimated
following Huff et al. (2013) as follows: EPEF = viability
(%) - body weight (kg) - 100 / feed conversion ratio - trial du-
ration in days.
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2.5 Carcass traits

When the 35 d trial ended, four birds from each group were
chosen, fasted for the entire night, were weighed, and then
were slaughtered with a sharp knife and drained until all of
the blood was gone. The feathers were then removed, the an-
imals were disembowelled, and the weight was finally taken
to determine the dressing percentage. The liver, heart, diges-
tive tract (gizzard, proventriculus, and spleen) were selected,
weighed, and expressed as a percentage of live body weight
(Dilger et al., 2006).

2.6 Biochemical analyses of the serum
2.6.1 Blood sampling

Four birds from each group were randomly selected at the
end of the study (35d of age) and were slaughtered to ob-
tain blood samples. Each blood sample was collected in a
clean centrifuge tube without anticoagulant to separate the
serum. The samples were refrigerated overnight and then
centrifuged at 3000 rpm for 15 min. Before being used for
biochemical analysis, the serum was stored at —20 °C.

2.6.2 Serum parameters measured

Serum total cholesterol (Natio and Kaplan, 1984), triglyc-
eride, high-density lipoprotein level (Burstein and Schol-
nick, 1973), low-density lipoprotein level (Friedewald et al.,
1972), total protein (Grant, 1987), albumin (Doumas and
Pinkas, 1971), globulin (Doumas and Biggs, 1972), crea-
tinine, and blood urea nitrogen (Fossati et al., 1980) were
calorimetrically determined using commercial diagnostic
kits. As explained by Reitman and Frankel (1957), the serum
levels of the enzymes aspartate-aminotransferase (AST)
and alanine-aminotransferase (ALT) were measured. Glu-
tathione peroxidase (GPx) activity was measured calorimet-
rically in erythrocytes following the procedures of Rotruck
et al. (1973), and serum malondialdehyde (MDA) concen-
tration was measured in accordance with Yagi (1984) us-
ing a spectrophotometer at 520 nm and being expressed as
nmalmL~! in terms of the TBARS (thionbarbituric reaction
substance) index. Following manufacturer directions, ELISA
tests (Bird IgY/IgM ELISA Quantitation kits; Shanghai
Enzyme-linked Biotechnology Co. Ltd., Shanghai, China)
were used to determine the quantities of serum immunoglob-
ulins, including immunoglobulin Y (IgY) and immunoglob-
ulin M (IgM).

2.7 Economic efficiency measurements

Cost parameters were categorized using the techniques of
Ahmed (2007). The first parameter was total fixed costs
(TFCs): in this state, each chick took up equal costs in terms
of litter, labour, purchased chicks, water, electrolyte, veteri-
nary medicaments (drugs, vaccine and veterinary supervi-
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Table 1. Feed ingredients of experimental diets expressed on an as-fed basis (g kg_l).

Starter ‘ Grower ‘ Finisher

Gl G2 G3| GI G2 G3| Gl G2 G3
Corn 555.15 55495 571.25 | 590.06 589.85 606.15 | 644.85 644.65 660.95
Soybean meal 48 363.51 363.54 353.61 | 32844 32847 318.55 | 276.27 27630 266.37
Wheat bran 30.00  30.00  30.00 30.00  30.00  30.00 30.00  30.00  30.00
Soybean oil 8.99 9.06 2.10 14.25 14.32 7.36 13.14 13.21 6.25
Limestone 11.95 11.94 11.97 11.51 11.53 11.53 11.07 11.08 11.12
Mono-calcium phosphate 12.53 12.54 12.62 9.67 9.66 9.77 8.60 8.60 8.68
Sodium chloride 3.04 3.04 3.03 3.03 3.03 3.03 3.02 3.02 3.01
Sodium bicarbonate 1.51 1.51 1.52 1.52 1.52 1.53 1.55 1.55 1.56
L-methionine 3.74 3.74 3.80 3.21 321 3.26 3.00 3.00 3.05
L-lysine HCL 2.51 2.51 278 1.76 1.76 2.03 2.00 1.99 2.26
L-threonine 1.39 1.39 1.50 0.92 0.92 1.03 0.87 0.87 0.98
Choline chloride 60 % 0.88 0.88 0.92 0.83 0.83 0.86 0.83 0.83 0.87
Ronozyme proAct? 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Ronozyme hi-phos® 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Enspira® 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Vitamin E 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Broiler premix® 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Mycofix selectd 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Diclazuril 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
NUQOONEX 0.00 0.10 0.10 0.00 0.10 0.10 0.00 0.10 0.10
Total amount 1000 1000 1000 1000 1000 1000 1000 1000 1000

2 Ronozyme proAct (protease enzyme, DSM). b Ronozyme hi-phos (phytase enzyme, DSM). € Enspira (energy-releasing enzyme produced by United

Animal Health). 4 Mycofix select (anti-mycotoxin, DSM). € Broiler premi
vitamin D3 — 5000 IU; vitamin E — 80 mg; vitamin K3 — 4 mg; vitamin B1

x in a 3kg unit and contribution per kg of complete feed: vitamin A — 13 000 1U;
— 5mg; vitamin B2 — 9 mg; vitamin B6 — 5 mg; pantothenic acid — 25 mg; biotin

—0.350 mg; folic acid — 2.5 mg; niacin — 70 mg; vitamin B12 — 0.02 mg; I (calcium iodate) — 1.25 mg; Se (sodium selenite) — 0.300 mg; Cu (copper sulfate)

— 16 mg; Mn (manganese sulfate) — 120 mg; Zn (zinc oxide) — 120 mg; Fe
EE denotes ether extract. CF denotes crude fibre.

Table 2. Composition of experimental diets expressed on an as-fed

(iron sulfate) — 20 mg. ME denotes metabolic energy. CP denotes crude protein.

basis (g kg_l).

Starter ‘

Grower ‘ Finisher

Gl G2  G3 |

Gl G2 G3|] GI G2 G3

Calculated analysis*

ME, kcal kg~ ! 2975 2975 2975
CP, % 23.00 23.00 23.00
EE, % 3.84 3.85 3.19
CF, % 3.07 3.07 3.07
Calcium, % 0.96 0.96 0.96
Available P, % 0.50 0.50 0.50
Lysine, % 1.32 1.32 1.32
Methionine, % 0.69 0.69 0.69

3050 3050 3050 | 3100 3100 3100
21.50 2150 2150 | 1950 19.50 19.50
4.42 4.43 3.77 4.40 4.41 3.75
3.00 3.00 2.99 2.89 2.89 2.88
0.88 0.88 0.88 0.83 0.83 0.83
0.44 0.44 0.44 0.41 0.41 0.41
1.18 1.18 1.18 1.08 1.08 1.08
0.62 0.62 0.63 0.58 0.58 0.58

* ME denotes metabolic energy. CP denotes crude protein. EE denotes ether extract. CF denotes crude fibre.

sion), equipment depreciation, and building, and so these fac-
tors were considered to be fixed expenses for each group.
Next were the total variable costs (TVCs), covering the ex-
pense of feed and feed additives (Hassan, 2009). This was
calculated during the experiment. Total costs (TCs) were cal-
culated when the entirety of the fixed expenses and variable

Arch. Anim. Breed., 69, 77—88, 2026

costs were added up. Total returns (TRs) from chick sales
were calculated as body weight x kg price. Net profit was
calculated as total returns — total costs. Economic efficiency
was calculated as net profit / total cost.
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Table 3. Effect of dietary supplementation of NUQOO©ONEX on growth performance parameters of broiler chickens during the experimental

period (1-35d of age).

1

Treatments p value
Parameter Gl G2 G3
Initial body weight (g) 443+£0.17 44.42+0.22 44.2£0.40 0.867
Final body weight (g) 2192+£15.27 22234+1945 2216+£19.34 0.486
Absolute body weight gain (g) 2147+£1539  2178+19.57 2172+£19.73 0.494
Total feed intake (g per bird) 3369+£22.13  3301+£26.28  3356+£33.05 0.255
Feed conversion ratio (g feed / g gain)  1.57£0.005%  1.52+0.003° 1.55+ 0.003> < 0.001
EPEE? 365+ 16.34 397 +17.57 388 +12.34 0.384

4=¢ Means within the rows carrying different superscripts are significantly different at p < 0.05. ! Treatments: G1 — control diet (no

additives added); G2 — control diet +100 mg NUQO©NEX (biostimulants) qu1 diet (on top); G3: control diet +100 mg
NUQO®NEX (biostimulants) kg_1 diet (matrix value reducing nutrient requirement by 0.3 % crude protein and 30 Kcal metabolizable

energy). 2 EPEF: European production efficiency factor.

2.8 Statistical analyses

A completely statistical randomization design was employed
in this investigation. The conventional statistical one-way
analysis of variance (ANOVA) was applied to all outcomes
using SPSS (2008), version 17. Duncan’s multiple-range test
was used to determine whether or not the means of the treat-
ments differed significantly (Duncan, 1955). Means were
considered to be statistically significant at p < 0.05.

3 Results

3.1 Growth performance parameters

The effect of the dietary supplementation of NUQOONEX
on the overall performance of broiler chicks during the
starter, grower, and finisher periods is shown in Table 3. Sta-
tistical analysis of the data showed that experimental diets
had a significant (P < 0.05) effect on the FCR of broiler
chicks during the experiment. Broiler chickens from groups
G2 and G3 showed a significant improvement (P < 0.05) in
terms of the average feed conversion ratio compared to the
control group. G2 recorded the best value of FCR compared
to group G3 and G1. No significant (P > 0.05) difference
was found in final body weight (g), absolute body weight
gain (g), total feed intake (g per bird), and EPEF when groups
G2 and G3 were compared to the control group. However,
there was a slight improvement in the EPEF in the groups
G2 and G3 when compared to the control group.

3.2 Serum parameters
3.2.1 Lipid profile

The effect of the dietary supplementation of NUQOONEX
on the lipid profile of broiler chicks during the experimental
period is shown in Table 4. Cholesterol and LDL levels were
significantly (P < 0.05) decreased in group G2 and then in
group G3 of the broiler chicks when compared to the control
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group. In contrast, no significant difference was detected in
the TG, HDL, and VLDL among the different experimental
groups.

3.2.2 Liver and kidney functions

Table 5 shows the effect of the dietary supplementation of
NUQOG®NEX on the liver function of broiler chicks during
the experimental period. The serum of the broiler chickens
of the experimental groups showed no significant (P > 0.05)
difference in terms of total protein, albumin, globulin, AST,
and ALT among the different the experimental groups. In the
same context, the data presented in Table 5 showed no sig-
nificant difference in terms of all kidney parameters among
treatments.

3.2.3 Antioxidant activity

The effect of the dietary supplementation of NUQOO©NEX
on the antioxidant activity of broiler chicks during the exper-
iment is shown in Table 6. The serum of the broiler chickens
of the experimental groups G2 and G3 showed a significant
(P < 0.05) increase in the antioxidant status of GPx when
compared to the control group. The highest value of GPx was
found in the group with 100 mg NUQOONEX kg~ diet (on
matrix). Statistical analysis of the data showed that serum
MDA level was significantly decreased (P < 0.05) in group
G3 and group G2 when compared to the control group. The
lowest value of MDA concentration was found in group G3.

3.2.4 Immunoglobulins

The results shown in Table 7 showed that the serum IgM
level was significantly increased (P < 0.05) in group G3 and
group G2 when compared to G1. The highest value of IgM
level was found in group G3. In contrast, no significant dif-
ference was detected in the IgY level among the different
experimental groups.

Arch. Anim. Breed., 69, 77-88, 2026
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Table 4. Effect of dietary supplementation of NUQOO®NEX on the lipid profile of broiler chickens at 35 d of age.

Parameter? Treatments! p value
Gl G2 G3
Cholesterol (mgdL™1) 210+17.25 167+6.66> 178 £7.17% 0.036
TG (mgdL™!) 164 47.94 148 +6.49 1544324  0.190
HDL (mgdL~!) 59254159  55.6743.12 60424267  0.400
LDL (mgdL~1) 1114£15.932  82.4746.56 87.71+£5.67° 0.029
VLDL (mgdL—1) 32.87+1.58 29.62+£129  30.83+0.65  0.190

ab Means within the rows carrying different superscripts are significantly different at P < 0.05. ! Treatments: G1
— control diet (no additives added); G2 — control diet + 100 mg NUQO©NEX (biostimulants) kg_1 diet (on top);
G3 - control diet + 100 mg NUQO®NEX (biostimulants) kg71 diet (matrix value reducing nutrient requirement
by 0.3 % crude protein and 30 Kcal metabolizable energy). 2 TG: triglyceride, HDL: high-density lipoprotein,
LDL: low-density lipoprotein, VLDL: very-low-density lipoprotein

Table 5. Effect of dietary supplementation of NUQO©ONEX on the liver and kidney functions of broiler chickens at 35 d of age.

Parameter? Treatments® p value
Gl G2 G3
Total protein (gdL~1) 6.63+£0.43 6.09 +0.38 6.04 £0.38 0.525
Albumin (gdL~1) 2.234+0.06 2.154+0.05 2.244+0.16 0.826
Globulin (gdL~1) 4.40+£0.41 3.94+041 3.80+0.37 0.544
AST (IUL~ 2 228 +5.98 198+7.45 213+£13.54 0.094
ALT (UL~ 12 9.70 £ 1.09 9.62+0.72 9.424+0.78 0.972
Urea (mgdL~!) 14.67£0.70 15.06+0.32 15.124+0.44 0.798
Creatinine (mgdL™1) 0.42+0.03 0.41+£0.01 0.36 £0.02 0.260

Means within the rows carrying different superscripts are significantly different at P < 0.05.  Treatments: G1
— control diet (no additives added); G2 — control diet + 100 mg NUQO©NEX (biostimulants) kg_1 diet (on
top); G3: control diet + 100 mg NUQO©NEX (biostimulants) kg*l diet (matrix value reducing nutrient
requirement by 0.3 % crude protein and 30 Kcal metabolizable energy). b AST: aspartate-aminotransferase,

ALT: alanine-aminotransferase

3.3 Carcass traits

The data presented in Table 8 illustrate the effect of feeding
broiler chickens diets with different levels of NUQOONEX
on carcass traits. The carcass yield per bird per gram, dress-
ing percentage, and carcass yield percentage of broiler chick-
ens were significantly increased (P < 0.05) in group G3 and
group G2 when compared to the control group. When com-
pared to the control group, the live weight per bird per gram
had no significant (P > 0.05) effect on group G3 and group
G2. The data showed that there were significant (P < 0.05)
increases in the percentage of heart, liver, gizzard, proven-
triculus, spleen, and giblets of group G3 and group G2 when
compared to the control group.

3.4 Economic efficiency measurements

Table 9 shows the effect of NUQOONEX on economic ef-
ficiency. There was no significant (P > 0.05) difference in
the feed cost (one chick) /LE and total cost /LE of group
G3 and group G2 when compared to the control group.
The use of NUQOONEX in the birds’ feeding systems im-
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proved the total return from chick sales / LE, net profit (one
chick) / LE, and economic efficiency when compared to the
control group.

4 Discussion

Statistical analysis of the current data showed that the broiler
chicken diet supplemented with NUQOONEX exhibited a
significant improvement (P < 0.05) in FCR compared to the
control group. The use of the 100 mg NUQOONEX kg~!
diet (on top) achieved the best significant FCR compared
to the 100mg NUQOONEX kg~! diet (with matrix) and
the control group. No significant (P > 0.05) difference was
found in the final body weight (g), absolute body weight gain
(g), total feed intake (g per bird), and EPEF when groups
were supplemented with NUQOONEX when compared to
to control group. However, there was a slight improvement
in the EPEF in the groups supplemented with NUQOONEX
when compared to control group. According to Platel and
Srinivasan (2004), the main reason for the improvement in
gut health is believed to be the possible stimulatory activ-
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Table 6. Effect of dietary supplementation of NUQOO©NEX on antioxidant indices of broiler chickens at 35 d of age.

Parameter? Treatments! p value
Gl G2 G3

GPx (ngmL™1) 1.584+0.01° 2.58+£0.02> 2.67+£0.022 < 0.001

MDA (nmolmL~!)  0.94+0.012 0.69+0.01> 0.59+0.01° < 0.001

4= Means within the rows carrying different superscripts are significantly different at P < 0.05.

! Treatments: G1 — control diet (no additives added); G2 — control diet + 100 mg NUQO©ONEX
(biostimulants) kg*1 diet (on top); G3 — control diet + 100 mg NUQOONEX (biostimulants) kg’l diet
(matrix value reducing nutrient requirement by 0.3 % crude protein and 30 Kcal metabolizable energy).
2 GPx: glutathione peroxidase, MDA: Gawet et al. (2004).

Table 7. The effect of dietary supplementation of NUQOONEX on the immunoglobulins of broiler chickens at 35 d of age.

2

Parameter Treatments! p value
G1 G2 G3

IgY (mgdL™)  2.67+0.19 3.14+£0.19 3284020  0.074

IgM (mgdL~1)  1.7840.11° 2.36+020* 244+0202  0.026

a.b Means within the rows carrying different superscripts are significantly different at P < 0.05.
! Treatments: G1 — control diet (no additives added); G2 — control diet + 100 mg NUQO©ONEX
(biostimulants) kg*1 diet (on top); G3 — control diet + 100 mg NUQOONEX (biostimulants) kg71
diet (matrix value reducing requirement reduced by 0.3 % crude protein and 30 Kcal metabolizable

energy). 2 IgY and IgM: immunoglobulins

ity of phytogenic chemicals on digestive secretions like bile,
mucus, and digestive enzymes. Our results agree with those
of Amad et al. (2011), who proved that the FCR of broiler
chickens fed PFA was higher. This may be connected to the
fact that minerals, fats, and proteins have greater nutrient di-
gestibility. These consequences may lead to increased eco-
nomic efficiency in the production of meat from broilers.

In a study conducted by Cho et al. (2014), adding
250 mgkg ™! of anise and thyme to broiler diets as feed sup-
plements significantly increased the feed conversion rate.
Also, Bravo et al. (2011) found that the FI in broilers supple-
mented with PFA (i.e. 100 mgkg~') was unaffected by a 2 %
reduction in metabolizable-energy (ME) level (i.e. from 3000
to 2950 kcal kg~!) while maintaining a consistent crude pro-
tein (CP) level. In line with Paraskeuas et al. (2016), broiler
growth performance was unaffected by PFA addition, but
FCR was raised, resulting in reductions in the formulated diet
of 1.32 % crude protein and ME by 0.8 MJ kg~!. Similarly to
this, leaf meal from medicinal plants increased the FCR and
growth of broilers by enhancing their antioxidative ability
without having an adverse impact on their health (Daramola,
2019). Kleczek et al. (2014), in a study looking into the im-
pact of propolis on broiler growth performance, similarly dis-
covered that there were no significant differences in EPEF
values.

According to studies by Attia et al. (2017a, b) and Jamroz
et al. (2005), adding essential oil (EO) supplements to the
diet enhanced the growth performance of the chicks by pro-
moting the release of digestive enzymes, which, in turn, leads
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to better nutrient digestion. Statistical analysis of the lipid
profile of the present study showed that cholesterol and LDL
levels were significantly decreased (P < 0.05) in the group
supplemented with the 100 mg NUQO©NEX kg~! diet (with
matrix) and then in the group supplemented with the 100 mg
NUQOONEX kg~! diet (on top).

In contrast, no significant difference was detected in TG,
HDL, and VLDL among the different experimental groups.
Numerous herbal spices or extracts that were studied, in-
cluding the essential oils of oregano (Brenes and Roura,
2010) and thyme (Lee et al., 2005), demonstrated good hypo-
cholesterolemic effects in chickens. These outcomes could
primarily be produced by the enzymes involved in the sup-
pression of lipid and cholesterol production (Crowell, 1999).
Also, broiler chickens given diets supplemented with car-
vacrol, thymol, and menthol showed a drop in serum choles-
terol, but there were no alterations observed in the blood
serum concentrations or ratios of triglycerides, HDL, and
LDL (Saadat et al., 2016; Beiranvand et al., 2017). Our
results are consistent with those of Abdel-Wahab (2019),
who reported that, when feeding broiler chickens with diets
containing marjoram plant, which contains thymol and car-
vacrol, their serum levels of LDL-c, cholesterol, and triglyc-
erides dropped substantially, while their levels of HDL-c
rose.

Statistical analysis of the liver and kidney functions of
the present data showed that the serum of broiler chickens
showed no significant (P > 0.05) difference in total protein,
albumin, globulin, AST, ALT urea, or creatinine among the
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Table 8. Effect of dietary supplementation of NUQO®NEX on carcass traits relative to the live weight of broiler chickens at 35 d of age.

2

1

Parameter Treatments p value
Gl G2 G3
Live weight per bird g~} 2192+13.95  2223+£10.55 2224 4+10.64 0.101
Carcass yield per bird g_1 1588 +£13.31>  16384+10.462 1655+ 12.38% 0.001
Heart % 0.50+0.005°  0.52+0.005°  0.56+0.006* < 0.001
Liver % 2.07+£0.02¢ 2.3140.01° 2.37+0.01* < 0.001
Gizzard % 1.724+0.01¢ 2.0840.01° 2.204+0.022 < 0.001
Proventriculus % 0.31£0.007°  0.36+0.006  0.34+0.007° < 0.001
Spleen % 0.104+0.003¢  0.11+0.002>  0.12+0.0012 < 0.001
Dressing % 77.04+0.19°  78.96+£0.18®  79.86+£0.242 < 0.001
Giblets % 4.60+0.02°¢ 5.27+40.03" 5.47+£0.04* < 0.001
Carcass yield % 72.4440.18  73.69+£0.15> 743940222  <0.001

4=¢ Means within the rows carrying different superscripts are significantly different at P < 0.05. ! Treatments: G1 — control
diet (no additives added); G2 — control diet + 100 mg NUQO®ONEX (biostimulants) kg*l diet (on top); G3 — control diet +
100 mg NUQOONEX (biostimulants) kg_1 diet (matrix value reducing requirement by 0.3 % crude protein and 30 Kcal

metabolizable energy).

Table 9. Effect of dietary supplementation of NUQO©NEX on economic evaluation of broiler chickens during the experimental period

(1-35d of age).

Parameter? Treatments! p value
Gl G2 G3

Feed cost (one chick) / LE 90.29 £0.58 88.79 £ 0.69 88.71+£0.86 0.958

Total cost / LE 110.29 +£0.58 108.79 £0.69 108.71 +£0.86 0.958

Total returns / LE 131.53+£0.91° 133.39+1.164 133.01+1.162 0.038

Net profit (one chick) / LE 21.24+0.440 24.6 £0.512 24.34+0.37* < 0.001

Economic efficiency 0.19 4 0.004° 0.23 +0.004% 0.22+0.003* < 0.001

b Means within the rows carrying different superscripts are significantly different at P < 0.05. ! Treatments: G1 — control
diet (no additives added); G2 — control diet + 100 mg NUQO©NEX (biostimulants) kg*1 diet (on top); G3 — control diet +
100 mg NUQO®NEX (biostimulants) kg’l diet (matrix value reducing nutrient requirement by 0.3 % crude protein and

30 Kcal metabolizable energy).

different experimental groups. Our results agree with those
of Khosravinia et al. (2013), who reported that, when birds
drink water that contains a kind of SKEO (essential oil),
there is no rise in their levels of creatinine or uric acid. Man-
soub (2011) found that blood biochemical measures of the
liver and kidney functions were not significantly affected by
adding oregano oil. On the other hand, Abdel-Wahab (2019)
found that adding marjoram to broiler diets substantially low-
ered liver enzymes (ALT and AST).

Abou-Elkhair et al. (2014) found that supplementing
broiler chick diets with black pepper increased their blood
total protein and albumin levels. Statistical analysis of the
present data showed that the broiler diets supplemented with
NUQO®NEX recorded significant (P < 0.05) increases in
the antioxidant status of GPx when compared to the control
group. The highest value of GPx concentration was found in
the group supplemented with the 100 mg NUQOONEX kg ™!
diet (with matrix).

Arch. Anim. Breed., 69, 77-88, 2026

In another study, Mehdipour and Afsharmanesh (2018)
stated that, on day 42 of the trial, dietary cinnamon pow-
der markedly raised total antioxidant capacity (TAC), total
SOD activity, corticosteroid, and catalase in the group fed
cinnamon, and there was a decrease in the levels of MDA.
Statistical analysis of the present data showed that MDA
level was decreased (P < 0.05) in groups supplemented with
NUQO®NEX when compared to the control group. The low-
est value of MDA concentration was found in group supple-
mented with the 100 mg NUQO©ONEX kg~! diet (with ma-
trix).

Statistical analysis of the data showed that the IgM level
was significantly increased (P < 0.05) in groups supple-
mented with NUQOONEX when compared to the control
group. The highest value of IgM level was found in the group
supplemented with the 100 mg NUQO©NEX kg~! diet (with
matrix). In contrast, no significant difference was detected in
IgY levels among different experimental groups. Similarly
to our findings, following a commercial blend of phytogenic
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supplementation, Hong et al. (2012) found that IgG and total
antibody titres were unaffected by essential oil supplementa-
tion (125 ppm including essential oil derived from oregano,
anise, and citrus peel). In addition, Sang-Oh et al. (2013) re-
ported that supplementing cinnamon in the diet raised the
levels of immunoglobulin in the serum of broilers. Further-
more, certain serum biochemical data indicate that the use of
biostimulants can enhance immunological function. Begum
et al. (2014) stated that the serum immunoglobulin (Ig) G
concentration rose when 0.1 % of a blend of herbal extracts
was added to broiler diets.

The carcass yield per bird per gram, dressing percentage,
and carcass yield percentage of broiler chickens were sig-
nificantly increased (P < 0.05) in groups supplemented with
NUQO®NEX when compared to the control group. The live
weight per bird per gram had no significant (P > 0.05) ef-
fect on groups supplemented with NUQO©NEX when com-
pared to control group. Statistical analysis of the present data
showed that there were significant (P < 0.05) increases in
the percentage of heart, liver, gizzard, proventriculus, spleen,
and giblets of the groups supplemented with NUQOONEX
when compared to control group. Our results are consistent
with those of Abo Omar et al. (2016), who reported that,
when natural herbs were added to the feed, the proportions of
dressings were greater than those found in the control birds.

In the present study, there was no significant (P >
0.05) difference in the feed cost (one chick) / LE and total
cost / LE of groups supplemented with NUQO©NEX when
compared to the control group. Statistical analysis of the
present data showed that there were significant (P < 0.05)
increases in the total returns from chick sales / LE, net profit
(one chick) / LE, and economic efficiency of groups supple-
mented with NUQOONEX when compared to the control
group. Yan et al. (2019) mentioned that adding phytonutrient
supplements to a low-energy diet helps to keep broiler FCR
high and to boost economic profit, possibly through better
gut health.

5 Conclusions

Broiler chickens fed a diet supplemented with
(NUQO®NEX) showed positive effects on FCR, choles-
terol, LDL, antioxidant status (GPx and MDA) and immune
state (IgM), carcass quality traits, and economic efficiency
measurements (total return from chick sales /LE and net
profit (one chick)). The best results recorded were with the
inclusion rate of 100 mg NUQO©ONEX kg~! (on top).
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