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ABSTRACT

Stress in poultry production is energy-demanding. Nucleotides and yeast cell-wall products are
essential nutrients for broiler performance, gut function, and immune response. Antibiotics,
like florfenicol, negatively affect the immune system. A total of 600 one-d-old broiler chickens
(Cobb-500) were weighed and randomly allotted into four groups with three replicates each.
The control group (G1) received the basal diet, G2 received a diet supplemented with
a combination of nucleotides and Saccharomyces cerevisiae derivatives (250 g/Ton), G3
received the basal diet and medicated with florfenicol (25 mg/Kg body weight) in drinking
water for 5 days, while G4 received a combination of nucleotides and Saccharomyces cerevisiae-
derivatives (250 g/Ton) and medicated with florfenicol in drinking water. Growth performance
criteria were recorded weekly. Blood, intestinal contents, small-intestine sections, and litter
samples were collected to measure birds’ performance, carcass yields, leukocytic counts,
antioxidant capacity, antibody titres, phagocytic index, caecal Clostridia, intestinal histomor-
phometry, and litter hygiene. Nucleotide-supplemented groups (G2 and G4) revealed signifi-
cant (p < 0.05) improvements in feed conversion, and body weight, but not for carcass yields in
comparison to the control. Dietary nucleotides in G2 elevated blood total proteins, leucocytic
count, antioxidant capacity, and phagocytic index, while they lowered blood lipids and litter
moisture and nitrogen (p < 0.05). Dietary nucleotides in G4 ameliorated the immunosuppres-
sive effect of florfenicol (p < 0.05) indicated in reducing caecal Clostridia, improving duodenal
and ileal villi length, and increasing blood albumin and globulin levels, and phagocytosis%.
Supplementing diets with nucleotides and yeast products has improved the immune system
and provided a healthier gut for broilers.
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1. k
Background chloramphenicol and thiamphenicol by substituting

Antibiotics have been used in the poultry industry to
prevent and treat microbial infections in chickens.
Additionally, adding antibiotics to drinking water
during vaccination is commonly applied in poultry
farms. There are insufficient data on the impact of
antibiotics on the immune system of broiler chickens
[1-3]. Further investigations are required to examine
the effects of frequently applied antibiotics such as
florfenicol on the performance and immune response
of broilers. Florfenicol is an antibiotic which com-
monly has been used in poultry production and can
effectively fight against a range of gram-negative and
gram-positive bacteria [4]. The development of florfe-
nicol aimed to create a safer alternative to

a sulfomethyl group for the nitro group attached to
the benzene ring. This substitution was necessary to
avoid the dangerous side effects that could be fatal in
some cases [5]. In intensive farming, birds experience
stressors like overcrowding, hot weather, vaccination,
and bacterial and parasitic infections that can reduce
their immunity and productivity. Recently, non-drug
feed additives like yeast-derived products have gained
popularity as an alternative to antibiotics and antibio-
tic-free manufacturing techniques. Evidence suggests
that yeast-derived additives can improve the birds’
immunological status, intestinal integrity, and growth
parameters [6,7].
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Yeast nucleotides are often used in livestock and
poultry diets to replace antibiotics and as valuable feed
additives either in the form of yeast extracts or as pure
constituents [8,9]. Nucleotides are essentially supple-
mented in poultry diets because the animal’s ability for
synthesis is insufficient in some conditions, such as
fast development, stress, and illness [10]. In broilers,
dietary nucleotide supplementation increased the
body weight and carcass yield [11]. Furthermore,
according to Bonato et al. [12], egg production, ferti-
lity, and hatchability improved by supplementing
nucleotides to breeders’ diets. Yeast-derived com-
pounds contain high concentrations of nucleotides,
mannan polysaccharides, and p1,3-1,6-glucans [13].
The dietary supplementation of yeast cell wall extracts
(mannan polysaccharides and {1,3-1,6-glucans)
improved broiler growth performance [14]. Yeast
beta-glucans are natural polysaccharides that are safe
to be taken orally [15]. These natural components,
such as P-glucans and mannans, can potentially
improve intestinal microflora and provide nutrients
for the gut flora [11,16]. Several investigations have
shown that yeast components, specifically
Saccharomyces cerevisiae, can reduce caecal Clostridia
count and promote the growth of beneficial bacteria
[17]. Additionally, yeast-derived B-(1, 3/1, 6) glucans
have an immune-strengthening effect by modulating
the antimicrobial activity of macrophages [15].

The objective of this study was to assess the impact
of dietary nucleotides and yeast-derived products
from Saccharomyces cerevisiae on the growth rate,
carcass yields, immunity, intestinal mucosa,

Clostridia, and litter conditions of broiler chickens
treated with florfenicol in their drinking water for 5
days.

2. Materials and methods
2.1. Ethical approval

All procedures for handling and treating birds at the
Poultry and Animal Research Center of the Faculty of
Veterinary Medicine were approved by the Cairo
University Institutional Animal Care and Use
Committee (Vet CU 09092023756).

2.2. Experimental design

The feeding trial was conducted for 33 days in the
Poultry and Animal Research Center using deep litter
floor pens in a semi-closed system house. In total, 600
hatch day-old Cobb-500 broiler chicks were involved
in the trial. Birds were randomly assigned to four
groups, each consisting of three replicates of 50 birds.

The experiment design was as follows: The G1 was
the control group that received the basal diet [18]
without any growth-promoting factors, as listed in
Table 1. G2 was the bird group supplemented with
250 g NutriFix®/Ton of basal diet. G3 was the bird
group that received the basal diet and was medicated
for 5 days with florfenicol (25 mg/Kg body weight) in
drinking water (from day 15 to day 20). G4 was the
bird group supplemented with 250 g NutriFix®/Ton of
basal diet and medicated for 5 days with florfenicol

Table 1. Feed ingredients and nutrient contents of broiler diets from 1 to 33

days of the experiment.

Control basal diet (G1)

Ingredients % Starter Grower Finisher
Yellow corn 57.43 61.23 65.93
Corn gluten meal (60% CP) 3.00 2.00 2.00
Soybean meal (46% CP) 36.0 32.20 27.00
Soy-oil 0.00 1.20 2.0
Di-calcium phosphate 0.90 0.80 0.50
Limestone 1.40 1.30 1.25
Common salt 0.35 0.35 0.35
Sodium bicarbonate 0.15 0.15 0.15
DL-Methionine 0.20 0.20 0.20
L-Lysine HCI 0.20 0.20 0.25
UNIKE® Plus * 0.05 0.05 0.05
Phytase 0.01 0.01 0.01
Xylanase 0.01 0.01 0.01
Vitamin-Mineral premixes ** 0.30 0.30 0.30
Total (%) 100 100 100
Chemical composition

ME (Kcal/kg) 3010.06 3105.84 3201.51
Crude protein (%) 23.11 21.04 19.05
Crude fat (%) 2.57 3.83 4.73
Crude fibre (%) 2.36 2.30 2.22
Calcium (%) 1.02 0.95 0.86
Available phosphorus (%) 0.50 0.47 0.41

*Toxin binder (Adisseo, France).

**\/itamin-mineral premix per Kg of diet: 1200000 IU vit. A, 350,000 IU vit. D3, 4000 mg vit.
E, 250 mg vit. B1, 800 mg vit. B2, 600 mg vit. B6, 3.2 mg vit. B12, 450 mg vit. K3, 4.5¢g
nicotinic acid, 1.5 g Ca pantothenate, 120 mg folic acid, 5 mg biotin, 55 mg choline
chloride, 3g Fe, 2g Cu, 109 Mn, 8 g Zn, 120 mg |, 40 mg Co.
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Table 2. Composition of NutriFix® (Agromed GMBH Company,
Austria).

Composition Quantity

Brewer’s yeast 960 g
(Saccharomyces cerevisiae)

Mannan oligosaccharide 1009

Beta glucan (1,3&1,6) 1259

Diatomaceous earth Up to 1kg

(25 mg/Kg body weight) in drinking water (from day
15 to day 20).

NutriFix® (Agromed GMBH Company, Austria) is
an optimized combination of Nucleotides, 3-(1-3/1-
6)-glucans and mannans derived from Saccharomyces
cerevisiae, as explained in Table 2. Florfenicol (98% N.
L.T. on a dried basis; Pharma Swede-Egypt Company)
is a novel broad-spectrum antibiotic, as it is
a fluorinated derivative of thiamphenicol.

2.3. Sampling and measurements

2.3.1. Growth performance

Throughout the experiment, weekly body weights
(BW), feed intake (FI), and daily mortality values
were recorded for each replicate. Based on this data,
the weekly body weight gain (BWG) and feed conver-
sion ratio (FCR) adjusted for mortality were calcu-
lated. At the end of the 33-day trial, we estimated the
European Production Efficiency Factor (EPEF) using
the following formula: EPEF = (liveability (%) x live
body weight (kg)/(age in days x FCR) x 100).

2.3.2. Carcass traits

On day 33, five birds were slaughtered from each
replicate in each group. The weight of carcasses,
breasts, thighs, drums, and abdominal fat were mea-
sured to determine their yield.

2.3.3. Intestinal histomorphometric examination
On day 33, intestinal sections (duodenum, jejunum,
and ileum) were collected from five birds from each
group and flushed with 0.9% saline solution, then
preserved, and fixed for 48 h in neutral buffered 10%
formalin [19]. A rotatory microtome was used to pre-
pare 3—4 um paraffin wax sections, which were depar-
affinized, stained with haematoxylin and eosin (H&E),
and examined under a light microscope [20]. The
histomorphometry of villus height and crypt depth
was implemented by a high-power lens (X 400).
Histomorphometry was done through
a computerized microscopic image analyser linked to
a full HD microscopic camera (Leica Microsystems,
Germany).

2.3.4. Blood biochemical indices
Blood was sampled from eight birds per group on the
33" day (at slaughtering). These samples were

centrifuged at 3,000 rpm for 15 min to obtain serum
samples. Standardized kits manufactured by
Spectrum-Germany were used to measure the serum
levels of glucose, total proteins, albumin, total choles-
terol, and triglycerides, following the manufacturer’s
instructions. The serum globulins were calculated by
subtracting the albumin value from the total protein
value.

2.3.5. Blood leukocytic count and H/L ratio

On day 33, the leukogram was measured using whole
blood samples collected in EDTA tubes. The total
leukocytic count was determined using Natt and
Herrick diluent. The differential leukocytic count
was performed manually using Giemsa stain [21-23].
The heterophil-lymphocyte ratio (H/L) was evaluated
for the assessment of stress [24,25].

2.3.6. Serum total antioxidant capacity (TAC)
Serum TAC was determined using kits purchased
from Biodiagnostic Co.-Egypt. The principle of the
reaction is to calorimetrically determine the residual
amount of hydrogen peroxide that is exogenously
offered after the reaction with the antioxidants in
serum samples [26].

2.3.7. Immunological phagocytic parameter

On days 27 and 33, heparinized blood samples were
collected from five birds per group. From the hepar-
inized blood, the polymorphonuclear cells (PMNC)
were separated using a discontinuous gradient of
Percoll (Pharmacia) rendered isotonic with 0.15 M of
NaCl (solution referred to at 100%) according to
Zagami [27]. Then, the Phagocytosis assay was devel-
oped according to Vujanovic et al. [28] with minor
modifications. Then, 1x 10° cells PMNCs were sus-
pended in 400 ml Haemacel medium. The heat-
inactivated yeast particles adjusted to a concentration
of 6 x10°/ml and labelled with Neutral red (Sigma)
were mixed. The mixture was incubated at 37°C for
1-h. After two washes with ice-cold 0.02% EDTA, any
non-ingested yeast particles were removed. The pha-
gocytic index (PI) was calculated by dividing the aver-
age number of yeast particles ingested by a single cell.
The percentage of cells that ingested at least one yeast
particle was referred to as the percent of phagocyto-
sis (PP).

2.3.8. Vaccinal newcastle disease virus (NDV)
immune status

The serum vaccinal immune status of the eight birds/
group was evaluated through the haemagglutination
inhibition (HI) test [29] on day 27 (after florfenicol
medication) and day 33 of age. In 99-V-bottomed
microwell plates, 25 ul from each serum sample were
two-fold serially diluted and assessed against 25 pl of
NDV antigen (commercial Lasota) standardized at
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four haemagglutination units (4 HAU). After 20 min
incubation at room temperature, each well received
25ul of 1% chicken RBCs suspension. Readings of
antibody titres were recorded as mean log, HI titres.

2.3.9. Litter examination

On day 33, litter samples were collected from three
different spots of each replicate pen, and the upper 7
cm was scraped and collected in sterile plastic bags
[30,31]. Litter moisture was determined by hot-air
oven through drying 10 g of each litter sample at 100
+5°C [30]. After 24-48 h, dry weights were obtained
and subtracted from the initial values to get the moist-
ure percentage. In addition, the litter’s total nitrogen
content was estimated through total Kjeldahl nitro-
gen [32].

2.3.10. Caecal clostridial count

On day 33, caecal contents from four slaughtered birds
per group were collected for microbiological investi-
gation. One gram of each sample was diluted in a 9 ml
sterile saline solution and homogenized (10~" dilu-
tion), followed by 10-fold serial dilutions till the dilu-
tion 1072 [33]. Out of the last 3-dilutions, 100 ul were
collected and distributed onto Reinforced Clostridial
Agar plates (Oxoid Ltd, Basingstoke, Hants, UK) and
incubated for 24-48 h at 37°C under anaerobic condi-
tions. Finally, the clostridial colonies were enumer-
ated, and the counts were expressed as mean logj
CFU/g caecal content.

2.3.11. Statistical analysis

The statistical analysis was implemented by PASW
Statistics Software from SPSS Inc., Chicago, IL, USA,
Version 18.0. Results were reported as means * pooled
standard errors of the means (SEM). The one-way
ANOVA test was applied to compare the means of
control and test groups, and then Tukey’s test was
applied to determine post hoc comparisons. The 0.05
level was used as the significance level (P-value).
Boxplots were produced through R (Version 3.6.1,
R Foundation for Statistical Computing) by applying
“ggplot2” and “ggpubr” packages [34,35].

3. Results
3.1. Productive performance

By the end of the study (day 33), the birds that
received a combination of yeast cell wall extracts and
nucleotides (G2 and G4), as well as those treated with
florfenicol in water (G3), showed significant improve-
ment in body weight (BW), body weight gain (BWG),
and feed conversion ratio (FCR) compared to the
control group (p < 0.05). Moreover, there was a slight
improvement in the European Production Efficiency
Factor (EPEF) in all groups except the control.

However, there was no significant difference in BW,
BWG, and FCR between the groups that fed on the
yeast bioactive product (G2 and G4) and the group
that received florfenicol in water (G3). Additionally,
all groups had similar mortality rates (Tables 3 and 4).

3.2. Carcass traits

Table 5 presents the impact of yeast nucleotide dietary
supplementation on carcass traits. The results indi-
cated that adding yeast bioactive product (a combina-
tion of yeast cell wall extracts and nucleotides) did not
significantly affect the dressing, breast, drumstick, or
thigh yields compared to the control group.

3.3. Histomorphometry of the intestine

Results in Table 6 showed that the length of the intestinal
villi of the duodenum, jejunum, and ilium increased
significantly in the group that was given florfenicol
(G3) compared to the control group. Additionally,
there was a significant increase in villi length in both
the duodenum and ileum in the group that was given
florfenicol and NutriFix® (G4) compared to the control
group. The NutriFix® group (G2) also showed
a significant increase in the ileal villi length compared
to the control. The duodenum in groups (G3) and (G4)
had significantly increased villus crypt ratios compared
to the control group. Moreover, the villus crypt ratio in
the ileum showed a significant increase in the combina-
tion group (G4) compared to the control group.

Birds experienced positive micromorphological
changes in their gut due to increased villus height and
the villus height-to-crypt-depth ratio. These changes
enhance the small intestine’s capacity to digest and
absorb nutrients effectively. When small intestine sec-
tions of poultry fed with florfenicol were examined, the
presence of lymph nodules in the lamina propria of the
duodenum and jejunum was noticed. However, the
addition of NutriFix® supplement along with florfenicol
resulted in a significant increase in the lymphoid tissue
of the lamina propria of the jejunum only.

3.4. Blood biochemical parameters

Table 7 shows a significantly higher serum glucose
level in G3 than in other groups. In addition, serum
total proteins and albumin levels were significantly
elevated in G2 and G4 compared to the control
group and G3. While in G2 sera, cholesterol and
triglycerides were significantly declined compared to
other groups.

3.5. Leukogram and H/L ratio

Results presented in Table 8 revealed immunosup-
pression associated with a significant reduction of
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Table 4. Influence of dietary Nutrifix® on cumulative growth performance parameters of broiler chickens (days 1-33).

Groups Body weight (g) Daily gain (g) Feed intake (g) FCR (9/9) EPEF Mortality (%)
G1 1905° 56° 2892 1.56° 332 10.00

G2 2059% 61° 2956 1.47° 389 10.00

G3 2059% 61° 2954 1.47° 392 9.33

G4 2058° 61° 2974 1.48° 386 10.00
SEM' 21.88 0.66 22.13 0.01 9.32 1.38
P-value 0.001 0.001 0.643 0.003 0.129 0.998

2bMean values with different superscripts in the same column indicate significant differences (Tukey's test; p < 0.05).

(G1), Control group (basal diet); (G2), basal diet +250 g NutriFix®/Ton of feed; (G3), basal diet + florfenicol (25 mg/Kg body weight) in drinking water for 5
days; (G4), basal diet +250 g NutriFix®/Ton of feed + florfenicol (25 mg/Kg body weight) in drinking water for 5 days.

FCR, Feed Conversion Ratio (g of feed/g of weight gain).

EPEF: European Production Efficiency Factor= (liveability x live weight (kg)/(age in days x FCR) x 100.

'SEM:Pooled standard error of means.

Table 5. Influence of dietary Nutrifix® on Carcass traits of broiler chickens.

Groups Dressing (%) Breast (%) Thigh (%) Drum (%) Abdominal fat (%)
G1 71.36 33.50 25.52 12.85 1.18
G2 73.86 32.25 25.47 12.89 1.42
G3 72.89 33.81 25.00 12.81 0.93
G4 73.07 33.28 24.68 13.07 117
SEM' 0.41 035 0.21 0.12 0.15
P-value 0.180 0.446 0.454 0.891 0.710

(G1), Control group (basal diet); (G2), basal diet +250 g NutriFix®/Ton of feed; (G3), basal diet + florfenicol (25 mg/Kg body weight) in
drinking water for 5 days; (G4), basal diet +250 g NutriFix®/Ton of feed + florfenicol (25 mg/Kg body weight) in drinking water for
5 days.

'SEM:Pooled standard error of means.

Table 6. Effect of diet supplementation with NutriFix® on the histomorphometry of the small intestine of broiler chickens
medicated with florfenicol.

Duodenum Jejunum lleum
Groups Villi length Crypt depth V/C Villi length Crypt depth V/C Villi length Crypt depth V/C
G1 1702.78" 114.91 14.88° 1053.19° 88.23° 12.23° 580.94° 76.51° 7.61°
G2 1566.86° 102.91 15.25° 905.83¢ 132.15° 6.85° 785.78% 110.14° 7.13°
G3 1888.57° 105.37 17.92° 1428.85° 123.11° 11.65° 840.13° 106.42° 7.91%®
G4 1989.42° 105.49 19.10° 1035.29° 109.71° 9.44% 854.59% 100.89° 8.48°
SEM! 44.84 6.01 0.87 43.63 6.18 0.82 26.54 3.90 0.29
P-value <0.0001 0.241 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.002

ab<\ean values with different superscripts in the same column indicate significant differences (Tukey's test; p < 0.05).

(G1), Control group (basal diet); (G2), basal diet +250 g NutriFix®/Ton of feed; (G3), basal diet + florfenicol (25 mg/Kg body weight) in drinking water for 5
days; (G4), basal diet +250 g NutriFix®/Ton of feed + florfenicol (25 mg/Kg body weight) in drinking water for 5 days.

SEM:Pooled standard error of means.

V/C: Villus crypt ratio.

Table 7. Effect of diet supplementation with NutriFix® on blood biochemical indices of broiler chickens medicated with florfenicol.
Protein profile

Lipid profile

Groups Total protein (g\dl) Albumin (g\dl) Globulin (g/dl) A/G ratio Cholesterol (mg\dl) TAG (mg\dl) Glucose (mg/dl)
G1 3.99° 1.82° 2.10% 0.89 154.62° 55.75° 228.25°

G2 4552 2.36° 2.24% 1.08 137.75° 41.13° 234.25°

G3 3.46° 1.85° 1.57° 121 160.50° 49.87° 256.50°

G4 443? 2.19° 2512 1.00 159.00° 52752 242.13%
SEM' 0.87 0.05 0.67 0.05 2.66 143 2.80
P-value 0.0001 0.0001 0.030 0.125 0.004 0.0001 0.001

ab<\ean values with different superscripts in the same column indicate significant differences (Tukey's test; p < 0.05).

(G1), Control group (basal diet); (G2), basal diet +250 g NutriFix®/Ton of feed; (G3), basal diet + florfenicol (25 mg/Kg body weight) in drinking water for 5
days; (G4), basal diet +250 g NutriFix®/Ton of feed + florfenicol (25 mg/Kg body weight) in drinking water for 5 days.

'SEM:Pooled standard error of means.

TLC and lymphocytes as well as significant elevation
in heterophils %, H/L ratio, and monocytes % in the

heterophils %, lymphocytes %, and H/L ratio when

compared to the florfenicol group at p <0.05.
group that received florfenicol in the water when

compared to other groups at p <0.05. On the other

hand, NutriFix® enrichment in the diet after florfenicol

administration showed a significant immune-

modulatory role through amelioration of TLC,

3.6. Total antioxidant capacity (TAC)

The data presented in Figure 1 showed a significant
increase in serum total antioxidant capacity in the
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Table 8. Effect of diet supplementation with NutriFix® on total and differential leucocytic counts of broiler chickens medicated

with florfenicol.

Lymphocytes Monocytes Eosinophils Basophils

Groups TLC Heterophiles (%) (%) (%) (%) (%) H/L ratio
G1 22.16 17.00° 71.16% 8.83% 2.50 0.67 0.24°
G2 23.16 18.17° 69.33%° 8.85° 3.00 0.66 0.26°
G3 18.17° 24.00° 61.00 € 11.16° 3.50 0.68 0.39°
G4 20.172 19.00° 67.83° 9.83% 2.50 1.00 0.28°
SEM' 0.47 0.71 0.88 0.36 0.18 0.14 0.02
P-value 0.0001 0.0001 0.0001 0.024 0.120 0.801 0.0001

ab<\Mean values with different superscripts in the same column indicate significant differences (Tukey's test; p < 0.05).
(G1), Control group (basal diet); (G2), basal diet +250 g NutriFix®/Ton of feed; (G3), basal diet + florfenicol (25 mg/Kg body weight) in drinking water for 5
days; (G4), basal diet +250 g NutriFix®/Ton of feed + florfenicol (25 mg/Kg body weight) in drinking water for 5 days.

TSEM:Pooled standard error of means.
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Figure 1. Effect of diet supplementation with Nutrifix on serum total antioxidant capacity (TAC) of broiler chickens (day 33). (G1),
control group (basal diet); (G2), basal diet +250 g NutriFix®/Ton of feed; (G3), basal diet + florfenicol (25 mg/Kg body weight) in
drinking water for 5 days; (G4), basal diet +250 g NutriFix®/Ton of feed + florfenicol (25 mg/Kg body weight) in drinking water for

a,b,c,

5 days.

group that received a diet enriched with NutriFix°,
either alone or after being administered with florfeni-
col, when compared to the control group and the
group that received only florfenicol, respectively (p =
0.0001).

3.7. Phagocytic assay

NutriFix® showed

a 111% average increase in phagocytosis% at dif-

supplemented group (G2)

ferent ages compared to the control, and 98% (day
27) and 108% (day 33) more increases than flor-
fenicol (G3) group (p<0.0001). Also, phagocytic
index (PI) reported 48% and 71% increases in
NutriFix® supplemented birds (G2) at 27- and 33-
days of age, respectively, compared to control, and
85% (day 27) and 117% (day 33) compared to
florfenicol (G3) group (p <0.0001). On the other
hand, the (G3) group
a significantly lower phagocytic index (-20.5%)

florfenicol showed

than the control. However, supplementing the

4 mean values with different letters on the same columns indicate significant differences (Tukey’s test; p <0.05).

broiler diet with NutriFix® raised phagocytic activ-
ity in florfenicol-subjected birds (G4), where pha-
gocytosis % recorded 52% and 56% increases at
27- and 33-days of age, and PI reported 16% and
24% elevated levels at 27- and 33-days of age over
control (p <0.0001) (Table 9).

3.8. Vaccinal newcastle disease virus (NDV) HI
titres

On day 27, NDV antibody titres in birds’ sera of
G4 reported the highest mean HI titres of 4.00 +
0.00 log,, but with no significance compared to
the other groups (p =0.077). On day 33, the high-
est NDV antibody titres were recorded in sera of
G2 and G4, which received NutriFix® dietary sup-
plement, regardless of florfenicol medication.
However, those elevated titres were not significant
compared to the control (G1) and florfenicol (G3)
groups (p =0.126), Table 10.
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Table 9. Effect of diet supplementation with NutriFix® on the phagocytic assay of
broiler chickens medicated with florfenicol.

Phagocytosis %

Phagocytic Index (PI)

Groups Day 27 Day 33 Day 27 Day 33
G1 27.67° 31.33¢ 5.10° 5.43¢
G2 58.33? 66.00° 7.57% 9.30°
G3 29.33¢ 31.67° 4.07¢ 427¢
G4 42.00° 49.00° 593° 6.73°
SEM! 3.82 437 0.39 0.57
P-value <0.0001 <0.0001 <0.0001 <0.0001

abcdpean values with different superscripts in the same column indicate significant differences

(Tukey's test; p < 0.05).

(G1), Control group (basal diet); (G2), basal diet +250 g NutriFix®/Ton of feed; (G3), basal diet +
florfenicol (25 mg/Kg body weight) in drinking water for 5days; (G4), basal diet +250g
NutriFix®/Ton of feed + florfenicol (25 mg/Kg body weight) in drinking water for 5 days.

'SEM:Pooled standard error of means.

Table 10. Effect of diet supplementation with NutriFix® on
NDV vaccinal antibody titres of broiler chickens medicated
with florfenicol.

Mean HI titre (log,)

Groups Day 27 Day 33
G1 3.67 4.50
G2 333 6.33
G3 3.00 5.00
G4 4.00 6.40
SEM' 0.15 0.35
P-value 0.077 0.126

(G1), Control group (basal diet); (G2), basal diet +250 g NutriFix®/Ton of
feed; (G3), basal diet + florfenicol (25 mg/Kg body weight) in drinking
water for 5 days; (G4), basal diet +250 g NutriFix®/Ton of feed + florfe-
nicol (25 mg/Kg body weight) in drinking water for 5 days.

'SEM:Pooled standard error of means.

3.9. Caecal clostridial count

On day 33, caecal clostridial counts (Figure 2) of
G4 received NutriFix® dietary supplement and
medicated with florfenicol reported the lowest
mean of 5.78+0.40 log,,, compared to control
(G1) 9.00+1.53 logo/g, G2 (9.51%0.51 log;o/g),

and G3 (8.69 +0.88 logio/g). No significant differ-
ences were indicated between the diverse groups (p
=0.127).

3.10. Litter moisture and nitrogen percentages

On day 33, the NutriFix® (G2; 33.70 +2.25%) and
control (G1; 33.78 £ 5.99%) groups reported the low-
est levels of litter moisture % (Figure 3). Higher values
were recorded for groups medicated with florfenicol;
either with or without dietary NutriFix® supplementa-
tion. However, NutriFix® supplementation in G4
medicated with florfenicol aided in reducing litter
moisture (46.47 + 4.07%) to levels lower than G3 that
received florfenicol alone (53.40 + 1.36%). Significant
differences were indicated between the experimental
groups (p = 0.029), as indicated in Figure 3. The lowest
litter nitrogen content was recorded in NutriFix®
group (G2; 1.88%) compared to other groups (GI =
2.02%; G3 =2.72%; and G4 = 2.38%).

Groups ﬁ Control E NutriFix - Florfenicol . NutriFix+florfenicol

i
o
L

Log10 CFU/g
(o]

—

Control NutriFix

Florfenicol NutriFix+florfenicol

Groups

Figure 2. Effect of diet supplementation with Nutrifix® on the caecal clostridial count of broiler chickens (day 33). Control (G1),
control group (basal diet); NutriFix (G2), basal diet +250 g NutriFix®/Ton of feed; Florfenicol (G3), basal diet + florfenicol (25 mg/Kg
body weight) in drinking water for 5 days; NutriFix+ florfenicol (G4), basal diet +250 g NutriFix®/Ton of feed + florfenicol (25 mg/

Kg body weight) in drinking water for 5 days.
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Figure 3. Effect of diet supplementation with nutrifix® on litter moisture % of broiler chickens (day 33). Control (G1), control group
(basal diet); NutriFix (G2), basal diet +250 g NutriFix®/Ton of feed; Florfenicol (G3), basal diet + florfenicol (25 mg/Kg body weight)
in drinking water for 5 days; NutriFix+ florfenicol (G4), basal diet +250 g NutriFix®/Ton of feed + florfenicol (25 mg/Kg body
weight) in drinking water for 5 days. Asterisk (*) indicates significance at p <0.05.

4. Discussion

In poultry farming, antibiotic medications are exten-
sively used without an adequate understanding of
their potential side effects on birds’ immunity. Some
antibiotics, such as salinomycin, cyclophosphamide,
tilmicosin, enrofloxacin, and florfenicol, have immu-
nosuppressive effects on the immune response of birds
[1]. Furthermore, the usage of antibiotics in poultry
production undergoes severe criticism due to food
safety public issues of antibiotic residues and the
development of antimicrobial resistance [17]. Also,
antibiotics are commonly used as dietary growth
promoters in the poultry industry. Growth-
promoting substances, such as antibiotics, cocci-
diostats, exogenous enzymes, antioxidants, probio-
tics, and prebiotics, are non-nutrient additives that
are added to nutritionally balanced diets so that
birds will utilize nutrients, grow, have enhanced
gut health, and exhibit a competent immune sys-

tem [17]. Probiotics are microbes, like
Streptococcus, Lactobacillus, and yeast
(Saccharomyces cerevisiae), that improve the

intestinal microbiota of the birds and exert posi-
tive health effects. The bioactive compounds of
yeast, such as beta-1,3;1,6 glucans, mannans, and
nucleotides, have been shown to improve intest-
inal health, feed efficiency, growth, immunity, and
gut morphology in chickens [11,14,17].
Nucleotides are low-molecular-weight bioactive
agents that are either endogenously synthesized
or dietary-supplemented.Nucleotides are essential
for the physiological processes and immunological
modulation in birds [11]. Dietary nucleotides are

provided to birds as yeast extract or pure material.

4.1. Growth performance

In the current study, the growth performance para-
meters (BW, BWG, and FCR) were significantly
improved in broiler chickens fed yeast-derived
components (beta-1,3;1,6 glucans, mannans, and
nucleotides) and birds treated with florfenicol in
water compared with the control group. Previous
studies have discussed that under challenging field
conditions, supplementing yeast derivatives and
antibiotics in diets protected the intestinal tract
from the colonization of pathogens, enhanced
FCR, and improved birds’ health [8,10,36-38]. In
addition, NutriFix® contains high concentrations of
nucleotides, which may contribute to improved
performance since yeast nucleotides have been
shown to increase chicken growth in terms of
average daily gain and FCR and are beneficial for
broilers immunity and nutrient utilization
[11,39,40]. The duration of florfenicol treatment,
which was only for five successive days, was insuf-
ficient to induce weight differences. According to
Hassanin et al. [41], oral florfenicol administration
to birds possibly maintains the mucosal surfaces
intact, and the increase in the florfenicol dose
may cause a short-term deleterious effect on the
BW of birds.

4.2. Carcass traits

In the current study, numerical increases in dres-
sing% were observed in bird groups that received
dietary yeast-derived supplements (beta-1,3;1,6 glu-
cans, mannans, and nucleotides). However, no sig-
nificant improvements in carcass attributes were
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recorded between the experimental groups.
According to certain studies, dietary yeast-derived
products boosted the yields of broiler chicken car-
casses, including the weights of the breast, thigh,
and drumstick [6,36]. However, numerous research
[42,43] showed no significant variation in carcass
characteristics. Several studies have indicated that
one likely reason is that the exogenic nucleotides
are absorbed in the intestinal tract and moved to
immunologic organs as bursa, where they enhance
broiler immunity [44].

4.3. Intestinal histomorphometry

Birds treated with florfenicol and supplemented with
dietary NutriFix® achieved the highest villi length in
both the duodenum and ileum. NutriFix® showed bet-
ter histomorphometry indices in the ileum compared
to other intestinal sections. Nucleotides are mainly
absorbed in the upper region of the small intestine
[44]. Exogenous dietary nucleotides aid in the prolif-
eration of enterocytes during periods of growth and
the high demand for protein and DNA synthesis,
accelerate intestinal mucosa recovery and enhance
the activity of brush-border enzymes [44,45]. Wu
et al. [11] reported a considerable rise in ileal villus
heights in chickens fed 0.1% dietary yeast nucleotides.
In the current experiment, villi crypts of jejunum and
ileum showed significant depths in birds that received
yeast derivatives and exogenous nucleotides. Alizadeh
et al. [8] discussed that villi crypts are the factories that
renew the villi, and they reported that birds that
received 0.025 and 0.05% exogenous dietary nucleo-
tides showed deeper jejunal villi crypts where most of
the nutrient absorption takes place. Khalifeh et al. [1]
mentioned that oral treatment with florfenicol main-
tained the intactness of intestinal mucosal surfaces.

4.4. Blood biochemical parameters

Serum biochemical parameters of birds supplemented
with dietary NutriFix® revealed significant elevations
in serum proteins, albumin, and globulins while low-
ering cholesterol and triglyceride levels. Those find-
ings could be attributed to the role of dietary inclusion
of yeasts (S. cerevisiae) in the enhancement of nutrient
bioavailability and boosting the enzymatic activity
such as alanine aminotransferase, aspartate amino-
transferase, creatine phosphokinase, and lactate dehy-
drogenase, which promote food utilization [46].
Fathima et al. [36] stated that dietary yeast is a rich
source of protein, minerals, and vitamins and meets
the amino acid demands of broilers, which could
replace soybean and fish meals. Furthermore,
NutriFix® supplementation showed significant hypoli-
pidemic action. Kannan et al. [47] supported these
findings, as they reported that yeast-nucleotide

supplementation to poultry lowered cholesterol levels
due to the ability of the yeast to regulate serum cho-
lesterol via bile acid de-conjugation. However, the
group treated with florfenicol reported a significant
elevation in glucose concentration, which suggested
stress, as a previous report indicated that heat-
stressed chicks showed increased glucose levels [48].
Additionally, florfenicol lowered blood proteins, albu-
min, and globulin, which correlates with Khalifeh et al.
[1] and Hassanin et al. [41], who stated that the oral
administration of 30 mg of florfenicol per kg body
weight downregulated the immunoglobulins in chick-
ens. Results agreed with Cao et al. [49], who discussed
that florfenicol suppresses protein production when
administered in high doses.

4.5. Leukogram and H/L ratio

The present study found a significant decrease in the
number of lymphocytes and an increase in the percen-
tage of neutrophils in the florfenicol-treated group.
Previous studies have suggested that florfenicol can
alter lymphocyte subsets and impact the immune
response in chickens, which is consistent with
Klaudia and Alina’s [50] findings. Recent studies
have shown that probiotics do not always need to be
alive to benefit one’s health [51]. In fact, “postbiotics”,
“paraprobiotics”, and “metabiotics” have been newly
developed. Paraprobiotics refer to non-living micro-
bial cells or cell fragments that are immunologically
active and thus beneficial to the host. Postbiotics are
the soluble substances released by probiotic microbes
[36]. The results of the current study suggest that
supplementing with NutriFix® can significantly
improve the immunosuppressive effects of florfenicol
by enhancing several parameters of the leukogram. It
has been known since 1964 that mannans produced
from yeast cell walls have immunogenic properties
[52]. Additionally, B-glucans can stimulate the innate
immune system, which leads to lymphocyte activation
and stimulation of the adaptive immune system
[36,53].

The Heterophil/Lymphocyte ratio (H/L) reveals the
immunity and robustness of poultry. Considering
longevity, immunological response, and resistance to
infection and heat stress [54], chickens with low H/L
ratios outperform birds with high H/L ratios [55],
which is consistent with results in the current study
that showed a higher H/L ratio in the florfenicol-
treated group, and supplementation with NutriFix®
significantly normalized the H/L ratio.

4.6. Total antioxidant capacity (TAC)

In this study, the groups that received diets enriched
with yeast derivatives, mannans, and glucans
(NutriFix®) reported significant elevations of serum
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TAC. Superoxide and hydroxide free radicals and
reactive oxygen species are known for their ability to
generate degenerative diseases and immune disorders
[56,57]. Yeast beta-glucans exhibit the ability to sca-
venge free radicals. Similarly, S. cerevisiae mannans
displayed high antioxidant activity in the Krizkova
et al. [57] study. The enzymatic and nonenzymatic
antioxidant expressions in chicken, such as glu-
tathione and superoxide dismutase, are also upregu-
lated by yeast cells. As a result, they protect the
integrity of proteins, nucleic acids, and cell membrane
structure and function [56]. To prevent oxidative
stress in poultry, yeast cells, and yeast-derived pro-
ducts increase the activity of antioxidant enzymes,
lower the level of reactive oxygen species, and lower
lipid peroxidation [36].

4.7. Phagocytic assay

The phagocytic index is the ability of white blood cells
to engulf and destroy bacteria. The current results
indicated that florfenicol inhibited the phagocytic
activity of immune cells, but NutriFix® potentiated
the phagocytic activity of leukocytes and ameliorated
the immune-suppressive effect of florfenicol medica-
tion. These findings agreed with Paape et al. [58], who
found that florfenicol significantly inhibited the in-
vitro phagocytic activity of blood neutrophils in
bovine. Results also resembled those of Attia et al.
[59], who stated that stressors cause a reduction in
phagocytic activity in broilers. Dietary supplements of
nucleotides and yeast derivatives can help mitigate the
negative impacts of florfenicol, improve broiler’s
immune systems, and enhance macrophage phagocy-
tosis even under stressful conditions [59,60]; however,
their molecular pathways of this modulation are
almost unidentified.

4.8. NDV-HI titres

NDV-HI antibody titres in this study indicated ele-
vated antibody titres in groups that received NutriFix®
either with or without florfenicol medication. The
effect of florfenicol as an antibiotic on the immune
system of chickens is still debatable. Previous research
pointed to a significant down-regulating effect of flor-
fenicol on humoral immune response (HI antibody
titre) [1]. Another study reported lower NDV-HI titres
in groups treated with florfenicol (30 mg/Kg BWt)
compared to the non-treated birds [41]. In
a different trial, florfenicol administration to chicks
at 50 mg/Kg feed did not result in a noticeably reduced
immunological response to the Newcastle disease
virus vaccination [49]. Dietary nucleotides influenced
the immunoglobulin response and increased HI anti-
body titres and immune response of birds, as reported

in previous studies [60,61]; however, the mechanism is
still unclear.

4.9. Caecal clostridia count

Birds supplemented with NutriFix® and medicated
with florfenicol exhibited the lowest caecal clostridial
counts. Studies have shown that Saccharomyces cere-
visiae yeast extracts and 0.1% nucleotide supplementa-
tion can lower Clostridia levels [62-64]. Wu et al. [11]
have reported that dietary nucleotides increase the
number of goblet cells in the intestinal mucosa,
which increases the mucus secretion that protects
intestinal epithelium. Also, Wu et al. [11] documented
the upregulation of MUC2 and TFF2 gene expressions
in birds supplemented with yeast nucleotides, which
enhance intestinal mucosal immunity. Additionally,
feeding yeast nucleotides to birds promoted intestinal
beneficial bacteria and enhanced the intestinal barriers
[11]. On the other hand, florfenicol causes thinning of
the protective mucus coating of the intestine.
Furthermore, it could significantly reduce the abun-
dance of beneficial intestinal bacteria such as
Lactobacillus, which block the pathogen attachment
sites and resist pathogens such as Clostridia [65].

4.10. Litter moisture and nitrogen percentages

The study found that NutriFix® supplementation
resulted in the most hygienic litter conditions, while
the florfenicol-medicated group had the lowest litter
quality. Those results are compatible with previous
research findings [64] that the Saccharomyces cerevi-
siae yeast extracts supplemented group exhibited
high litter quality with reduced moisture and nitro-
gen contents. Dietary probiotics such as Bacillus,
yeast products, and nucleotides increase nitrogen
utilization, lower its excretion in bird droppings,
improve environmental quality, and lower feeding
costs [64,66,67]. In a recent study, Wang et al. [68]
administered florfenicol in drinking water at differ-
ent doses to broilers for 5-days and found that doses
greater than 0.15g/L induced significant kidney
damage and proved the renal toxic effect of florfeni-
col on chicks. This finding could explain the high
moisture content of the florfenicol-treated group, as
the affected kidney function led to an increase in
excreted urine.

5. Conclusion

NutriFix® dietary supplementation efficiently enhanced
weekly body weights, weight gains, and FCR, raised
dressing and drum yields, enhanced protein and lipid
blood parameters, elevated the phagocytic activity, and
raised the NDV vaccinal antibody titres even when
birds medicated with florfenicol. Additionally,
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NutriFix® supplementation increased total leucocytic
count, augmented the serum antioxidant capacity
(TAC), and reduced litter moisture and nitrogen. On
the other hand, the leucocytic profile in the florfenicol-
medicated group indicated immunosuppression.
Dietary NutriFix® supplied to florfenicol medicated
birds showed a significant immune modulatory role,
lowered caecal Clostridia counts, and increased duode-
nal and ileal villi length, crypt depth, and V/C ratio.
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