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ABSTRACT

In the current study, the impact of the dietary combination of postbiotics and phytobiotics was examined on
the growth performance, carcass characteristics, meat quality, gut morphology, and tibia bone characteris-
tics of broiler chickens. This experiment was conducted in the Duhok government's private-sector poultry
house for 35 days. The broiler chickens were allocated into eight treatment groups. Each treatment had four
replicates, while each replicate had twelve birds. The treatment groups included T1= basal diet (negative
control), T2= basal diet + 0.01% (w/w) Doxin 200 (positive control), T3= basal diet + 0.3 % (v/w) post-
biotic, T4= basal diet + 0.3% black cumin oil (v/w), T5= basal diet + 0. 3% thyme oil (v/w), T6= basal diet
+ 0.15% postbiotic + 0.15% black cumin oil (v/w), T7= basal diet + 0.15% postbiotic + 0.15% thyme oil
(v/w), T8= basal diet + 0.15% postbiotic + 0.075% black cumin oil + 0.075% thyme oil (v/w). According to
the results, adding postbiotics and phytobiotics to broiler feed significantly increased weight growth, feed
conversion ratio, and economic index, particularly in birds in the T7 group. The meat traits had improved
nevertheless and were now in the normal range. Additionally, gut morphological characteristics had im-
proved and, particularly in bird groups given T7, had demonstrated the greatest rate of villa height/crypt
depth (Vh/Cd) ratio and absorptive surface area. In contrast to broiler-fed antibiotics, the characteristics of
the tibia bone were enhanced by a combination of postbiotics and phytobiotics. The greatest prospective
substitute for antibiotic growth promoters in broiler chicken is the combination of 0.3% postbiotics and
phytobiotics (thyme oil) as new feed additives.

AL [0l broiler productivity, guts health, probiotics byproduct, thyme oil.

INTRODUCTION

The poultry industry is growing due to increasing demand
for broiler production, population growth, urbanization, and
the low price of chicken meat, which makes poultry prod-
ucts popular as dietary protein resources (Zuidhof et al.
2014). However, increased production capacity has led to
an increase in diseases affecting poultry, causing economic
losses for owners. This led to the extensive use of antibiot-
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ics to prevent diseases and increase production (Durso and
Cook, 2014).

Unfortunately, the forced and indiscriminate use of anti-
biotics in poultry has raised concerns regarding the con-
sumption of meat and eggs and their negative impact on
human health (Shazali et al. 2014). Therefore, many coun-
tries in the world have banned the use of antibiotics in poul-
try, as well as the US Food and Drug Administration, to
prevent antibiotic-resistant poultry-borne pathogens
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(Tabashsum et al. 2023). In this context, specialists have
recently found many natural alternatives to antibiotics for
the purpose of obtaining safe, healthy, and disease-free
poultry products (Abd El-Ghany, 2020). Natural alterna-
tives as growth promoters and health enhancers are prebiot-
ics, probiotics, symbiotics, postbiotics, and prebiotics-
postbiotics mix (Rine et al. 2021). The action of these addi-
tives differs among themselves, as probiotics stabilize bene-
ficial microbe colonies in the digestive tract of birds, thus
preventing the colonization of harmful bacteria in them
(Halliwell, 2001). Recently, postbiotics, or fermented prod-
ucts from lactic acid bacteria group fermentation, which
have a positive effect on poultry gut microflora, were used
as new feed additives and a promising alternative to antibi-
otics (Kareem et al. 2016). It is the probiotic products from
Lactobacillus plantarum that have been the subject of many
recent types of research (Humam et al. 2020). The energetic
substances of postbiotics have a useful effect on broiler
performance (Loh et al. 2014; Kareem et al. 2015). Al-
though probiotics have advantageous impacts, a consider-
able number of them, particularly probiotic plasmids, pos-
sess antibiotic-resistance genes that can be transferred
among various organisms (Ramiah et al. 2014). Another
alternative to feed additives was probiotics, which contain
four main classes of promising subgroups: botanicals, oleo-
resins, herbs, and essential oils (Yitbarek, 2015). These
herbal products (thyme, ginger, pepper, black cumin, etc.)
have a positive effect on chicken growth performance and
health due to their stimulating appetite, increasing internal
secretions, antioxidant, antimicrobial, gut manipulation, and
immune-enhancing properties (Abd El-Hack et al. 2022).
The essential oils extracted from some of these plants, such
as black cumin and thyme, can be used safely in humans,
livestock, and poultry (Grashorn, 2010). Based on previous
studies, we can make the hypothesis that a combination of
postbiotic and phytobiotics may alter gut morphology,
promote growth performance, and improve meat quality
and health status in broiler chickens. However, little has
been known about the effect of mixing postbiotics and phy-
toncide in broiler chicken diets. Therefore, this study was
conducted to examine the effects of a combination of post-
biotics and phytobiotics on growth performance, carcass
characteristics, meat quality, gut morphology, and the char-
acteristics of the tibia bone in broiler chickens.

MATERIALS AND METHODS

Postbiotic and phytobiotic preparations

The stock culture of Lactobacillus plantarum (L.
plantarum) was prepared at the Laboratory of animal
resourse in the College of Agricultural Engineering
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Science, Salahaddin University-Erbil, Kurdistan Region,
Iraq. de-Mann Rogosa Sharpe (MRS) broth was used to
twice revive the stock cultures. After that, spread plates
were added and the incubation process was kept static for
an additional 48 hours at 30 °C. One colony was then
selected and put into 10 ml of MRS broth, where it was
allowed to grow for 24 hours. To begin, a total of 3 liters of
de Man, Rogosa, Sharpe (MRS) broth culture was
meticulously prepared following the guidelines provided by
the manufacturer. This involved dissolving 52.2 grams of
the MRS broth powder in one liter of distilled water. The
resulting solution was then subjected to autoclaving at a
temperature of 121°C for duration of 15 minutes. Utilizing
a 2 ml portion of the prepared inoculum, the bacteria were
introduced into a larger volume of 1000 mL of the
respective MRS broth (growth medium). Then it was
incubated there for the following 48 hours at 30 °C. The
bacterial cells were separated using centrifugation at 10,000
rotation per minute (rpm) for 15 minutes. After that, the
culture was ready to be used as an inoculum (Kareem et al.
2016). The native phytobiotic thyme oil was obtained from
a company in Duhok Governorate that produces dietary
supplements and essential oils under the brand name Aram
Factory.

Bird’s management and experimental design

This study was conducted at a local commercial poultry
project house in Duhok governorate, Iraq. A total of 384
birds' one-day-old, unsexed Ross 308 broiler chicks were
purchased from a local commercial hatchery in Erbil Gov.
and transportation was by controlled-environment chick
vehicles. The fields' house was environmentally controlled;
the lighting and temperature program was according to
Ross 308 guide (Aviagen, 2019). The birds were reared in a
flooring system in wire pens 110 x 110 x 60 cm
(lengthxwidthxheight). The postbiotics, thyme oil, and
black cumin oil were added to basal diets. Feed was
sprayed in prescribed amounts, mixed, and packaged in
polyethylene bags for each treatment group. The birds were
allocated into 8 treatment groups. Each group had 4 repli-
cates while each replicate had 12 birds. The treatment
groups included: T1) basal diet (negative control), T2) basal
diet + 0.01% (w/w) Doxin 200 (positive control), T3) basal
diet + 0.3% postbiotic, T4) basal diet + 0.3% black cumin
oil, T5) basal diet + 0.3% thyme oil (v/w), T6) basal diet +
0.15% postbiotic + 0.15% black cumin oil, T7) basal diet +
0.15% postbiotic + 0.15% thyme oil, T8) basal diet +
0.15% postbiotic + 0.075% black cumin oil + 0.075%
thyme oil. Birds received water and feed ad libitum to the
birds until 35 days of age. The birds were vaccinated
against Newcastle Disease (NDV), Infectious Bursal
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Disease (IBD), and Infectious Bronchitis (IB) Virus by-
drinking water at 7, 14, and 21 days respectively. By the
recommendations of the National Research Council (NRC,
1994) and Aviagen, Ross308 (Nutrition Specifications,
2022), broiler chickens were fed commercially balanced
diets made with local feed ingredients over periods of 1 to
10, 11 to 24, and 25 to 35 days, respectively (Tablel).

[:te) ) Ingredients and composition of experimental basal diet
Growth periods

Ingredient (% ) Starter Grower Finisher
(1-10d) (11-24 d) (25-354d)
}35221)11&5 concentrate 5 5 3
Corn 45 50 49
Soybean meal (48%) 31 274 23
Wheat 14.1 12 19.2
Vegetable oil 2.3 3 32
Limestone 1.3 1.3 1.3
Dicalcium phosphate 0.6 0.6 0.7
Salt 0.2 0.2 0.2
DL-methionine 0.17 0.17 0.17
L-lysine 0.13 0.13 0.13
Threonine 0.1 0.1 0.1
Anti-toxine 0.05 0.05 0.0
Anti-coccidiostat 0.05 0.05 0.0
NIR analyses of diets (%)
ME (kcal/kg) 2922 2986 3050
Crude protein (%) 22.33 21.44 20.14
Crude fat (%) 33 436 5.17
Crude fiber (%) 2.58 2.69 2.84
Ash (%) 8.63 7.15 5.66
Ca (%) 0.63 0.88 1.07
P (%) 0.58 0.6 0.6

' (5%) Broiler concentrate means the ratio mixing to feed, that contains: 40% Cp,
2.3% CF, 4.5% CF , 3.5 lysine digestible, 3.4 methionine dig., 4.1 Meth + Cystine
dig., 0.53 tryptophan dig., vitamin and mineral mix supplied/kg of diet: vtamin A:
12000 IU; vtamin D3: 2200 IU; vitamin E: 10 mg; vitamin K3: 2 mg; vitamin B1:
1 mg; vitamin B2: 4 mg; vitamin B6: 1.5 mg; vitamin B12: 10 mg; Niacin: 20 mg;
Pantothenic acid: 10 mg; Folic acid: 1 mg; Biotin: 50 mg; Copper: 10 mg; Iodine:
1 mg; Iron: 30 mg; Manganese: 55 mg; Zinc: 50 mg and Selenium: 0.1 mg.

% (48%) ratio of crude protein.

ME: metabolizable energy.

Sampling and data collection

Live body weight (LBW), body weight growth (BWQ),
feed intake (FI), and feed conversion ratio (FCR) were all
monitored weekly during the treatment period, which lasted
from one day to 35 days of age. The Europe Broiler Index
(EBI), also known as the production index, was developed
to compare the broiler outcomes from various treatments.
The EBI standardizes technical outcomes by taking feed
conversion, mortality, and daily weight gain into account.
The formula (Average weight gain (g)/day % survival rate)
/ Feed conversion x 10 was used to determine EBI. At the
end of the experiment, eight birds from each treatment
group (4 males and 4 females) close to the group's average
body weight were selected to estimate growth performance,
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biochemistry, meat quality, gut morphology, and tibia bone
characteristics.

Gut morphology

The histomorphology of the jejunum was assessed using the
methodology outlined by Humam et al. (2019). After the
chickens were slaughtered and underwent cleaning follow-
ing a Halal slaughter procedure, the jejunum was extracted
for examination. The measurements took place at the Vin
Medical Laboratory in Duhok City (Figure 1).

50 Unit' um Magnification: 8.2 x Jamesl

t width, 3-villi

Villus morphology measurements

Subsequently, the slides were stained with hematoxylin
and eosin and then mounted for examination under light
microscopes. Several parameters were measured, including
the depth of invagination between adjacent villi (known as
crypt depth), the height from the tip of the villi to the junc-
tion between villi and crypts (referred to as villi height),
muscle depth, villi tip width, villi base width, and villous
area (millimeters). To facilitate these measurements, soft-
ware called Dinocapture 2.0 version 1.4.0 was employed. In
addition, histological sections were initially examined un-
der a low-power microscope (10x). Furthermore, the mean
absorptive surface area (ASA) was calculated using the
following formula: ASA= (villus widthxvillus length) +
(villus width/2+crypt width/2)? - (villus width/2)* / (villus
width/2+crypt width/2), following the methodology by
Kisielinski et al. (2002).

Meat quality analysis

Drip loss

The drip loss measurement was carried out on individual
breast samples. After the slaughtering process, approxi-
mately 30-35 grams of fresh meat samples were collected
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from the pectoralis major muscle. These samples were indi-
vidually weighed, and these initial weights were recorded
as (W1).

To preserve the samples, they were placed in polyethyl-
ene plastic bags, which were then hermetically sealed.
These vacuum-sealed packages were subsequently stored in
a refrigerator at a temperature of -20 °C. On the seventh day
following storage, the ultimate weight (W2) was deter-
mined, following the procedure outlined by Abdulla et al.
(2017).

This measurement was promptly taken after the samples
were removed from the bags and dried using a soft bath-
room tissue. To calculate the percentage of drip loss, the
formula proposed by Hayat et al. (2021) was utilized. The
formula is expressed as follows:

Drip loss (%)= [(W1-W2) / W1] x 100

Where:
W1: weight (in grams) of the muscle sample before storage.
W2: weight (in grams) of the muscle sample after storage.

Cooking loss
The day-7 frozen breast muscle subsamples were placed in
a 4 °C chiller overnight to thaw after being removed from a
-20 °C freezer (Abdulla et al. 2017). Polyethylene bags
containing meat samples weighing approximately 30 g each
were subjected to submersion in a water bath that had been
pre-set to 80 “C. The samples were allowed to remain in the
water bath until their internal temperature reached 78 °C.
After attaining the desired internal temperature, the speci-
mens were subjected to an additional 10-minute cooking
period (Kareem et al. 2015). The samples were subjected to
a cooling process by placing them in bags and running tap
water for 30 minutes. Afterward, the samples were gently
removed from the cooking water using paper towels with-
out exerting any pressure and subsequently weighed again.
The cooking loss percentage was calculated using the equa-
tion of Hayat et al. (2021).

The formula for calculating cooking loss as a percentage
is expressed as follows:

[(W1-W2)/ W1] x 100

Where:

W1: weight of the muscle sample before being cooked in
the water bath (in grams).

W2: weight of the muscle sample after being cooked in the
water bath (in grams).
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Color value

Before use, the device was initially calibrated using refer-
ence tiles that were black and white. At 7 days post-
mortem, each sample was measured with its L* (lightness),
a* (redness), and b* (yellowness) measurements taken in
triplicate, utilizing the ColorFlex® system (Hayat et al.
2021).

The light source used was illuminant D65 and a 10° stan-
dard observer with an aperture size of 5 cm was employed.
The frozen meat specimens were defrosted throughout the
night in a refrigeration unit set at 4 °C. The meat samples
were prepared, bloomed for 30 minutes, and then put into
the ColorFlex® device (NR20XE Precision Colorimeter),
which works by scanning. To calculate the average color
values of the breast meat, three distinct site measurements
were made; for the second and third measurements, the cup
was spun 90 degrees clockwise (Kareem et al. 2015;
Humam et al. 2020).

pH value determination

The method outlined by Kareem et al. (2015) was utilized
to determine the pH value measurement of each breast
muscle. The portable pH meter (Eutech pH 700
pH/mV/°C/°F Bench Meter) was utilized for the indirect
determination of the pH of the breast muscles. Before its
utilization, the pH meter underwent calibration using a
standard buffer solution with pH values of 4.0 and 7.0.
Each breast meat sample, weighing approximately 0.5 g,
underwent homogenization (WTW Multi 3420, Germany)
for 20 seconds in 10 mL of distilled water.

Tibia bone parameter determination

The tibia bones located on the right side of the birds were
obtained subsequent to slaughter. These bones were sub-
jected to boiling at a temperature of 100 °C for 8 minutes.
The excision of the muscle tissue was conducted with pre-
cision using a scalpel blade.

The digital balance was used to measure the weight of the
bones. All bones were weighed in grams (after being dried
at 38 °C for a period of 48 hours), measured in length
(mm), medullary canal diameter (mm), and maximum and
minimum diameter (mm) (Figures 2, 3, 4, and 5) with a
digital caliper. Then, after the bones were oven-dried and
the ashes were determined, the calcium and phosphor val-
ues and percentage of ash were determined by using the
third-generation diode array NIR analyzer from PerkinEl-
mer called the DA 7250 NIR analyzer USA, which is in-
tended primarily for use in the food and agricultural indus-
tries, in only 6 seconds.
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The tibiotarsal and robusticity indexes are determined us-
ing the following formula: tibiotarasl index= (diaphysis
diameter—medullary canal diameter) / (diaphysis diameter)
x 100; robusticity index= bone length/cube root of bone
weight (Hafeez et al. 2020).

Tibiotarsal length

Diaphysis Diameter

A
C 1=

Tibiotarsal diameter (B+A/2)

Medullary Canal

Medullary canal
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Statistical analysis

Statistical analysis was conducted by SAS version 9.1
software using a completely randomized design procedure
(CRD) model (SAS, 2012). Data obtained for the growth
performance, carcass yield, meat quality, gut parameter,
and tibia bone were subjected to the generalized linear
model of SAS. Duncan’s multiple range tests was used to
compare the significant differences of the treatment means
at the probability level of (P<0.05).

RESULTS AND DISCUSSION

The effects of postbiotics and phytobiotics supplements and
their mixture on FBW, TWG, FI, and FCR are shown in
Table 2. Birds fed with T3, T6, and T7 had higher final BW
and total WG than other treatments (P<0.05). The final BW
and WG of birds fed the T6 and T7 were similar to the posi-
tive control diet (P>0.05) and higher than the negative con-
trol diet. There was no significant difference among the
treatments for FCR (P>0.05). Birds fed with T3, T4, T6,
T7, and T8 had higher statistical FI compared with birds fed
the negative and positive control diet. While the highest FI
was recorded in birds group T6 but doesn’t significant
among other experiment treatment groups.

The effects of postbiotics and phytobiotic and their com-
bination supplementations showed significant differences in
the mortality percentage of broiler chickens, as shown in
Figure 6. The percentage of mortality decreased signifi-
cantly showed between all treatment groups of birds that
received postbiotic and phytobiotic combination (T3, T4,
T5, T6, T7 and, T8) compared to the positive and negative
control. Furthermore, no statistically significant difference
between birds in treatment groups (T4, TS, T6, T7, and T8)
compared to other treatments group (T1, T2, and T3).
However, showed positive impacts of the postbiotics on the
mortality rate in the bird’s treatment group (T3) and re-
corded (4.2%) which that the lower percentage of mortality
among all treatment groups. While a higher rate of mortal-
ity was recorded in positive control groups (16.7%).

The results of the economic production index in Figure 7
showed that the European broiler index (EBI) was in-
creased significantly in all treatment groups fed postbiotic
and phytobiotic as feed additives with compare to the nega-
tive control. No significant differences in EBI were shown
across T3, TS5, T6, T7, and T8 compared to the positive
control. No significant differences (P<0.05) in EBI were
found in birds in the T7, T3, and T6 (381.2, 363, and
355.9), respectively, compared to the positive control
(360.1). Additionally, no significant differences were ob-
served between (T4, TS5, and T8) and all other treatment
groups.
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LY Effect of a combination of postbiotics and phytobiotics on growth performance (at 35" day)

Treatments’ Initial weight (g) Live body weight (g) Weight gain (g) Feed intake (g) Feed conversion ratio
T1 38.25 2037.69° 1999.44° 2993.76" 1.50
T2 37.82 2097.12% 2059.30° 3038.76° 1.48
T3 37.92 2142.66™ 2104.60™ 3107.12% 1.47
T4 37.95 2084.83% 2046.88% 3116.19" 1.52
T5 37.93 2068.13% 2030.21% 2979.40° 1.47
T6 38.07 2175.18" 2137.25° 3273.89° 1.53
T7 37.75 2173.96" 2136.21° 3152.25% 1.47
T8 38.12 2066.52% 2028.40° 3112.22% 1.53
SEM 0.06 21.52 21.51 23.11 0.01
P-value 0.621 0.0001 0.0001 0.020 0.43

T1: basal diet (negative control (NC)); T2: NC + 0.01% (v/w) Doxin 200 (positive control); T3: NC + 0.3% (v/w) postbiotic; T4: NC + 0.3% black cumin oil; T5: NC +
0.3% thyme oil; T6: NC + 0.15% postbiotic + 0.15% black cumin oil; T7: NC + 0.15% postbiotic + 0.15% thyme oil and T8: NC + 0.15% postbiotic + 0.075% black cumin

oil +0.075% thyme oil.

The means within the same column with at least one common letter, do not have significant difference (P>0.05).

SEM: standard error of the means.
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The highest EBI was recorded in birds fed a combination
of postbiotics and phytobiotics (thyme oil) in treatment
group T7 (381.2).

Table 3 shows the results of meat quality (L*), (a*), (b*),
drip loss, cooking loss, and pH value of broiler chicken fed
a combination of postbiotics and phytobiotics. No signifi-
cant differences were shown in redness, yellowness, and pH
values of the pectoralis major muscles of broiler chicken
fed a combination of postbiotics and phytobiotics across the
overall treatment group. While there was a significant dif-
ference (P<0.05) effect in lightness (L*) in all bird groups
fed postbiotics and phytobiotics compared to the positive
control. However, broiler pectoralis major muscles light-
ness in (T3, T4, T6, T7, and T8) were significantly similar
to bird groups in positive control T2, fed antibiotics, but
had a higher lightness, when compared to the negative con-
trol.

Furthermore, the breast fillets color of the overall bird's
group measured lightness, redness, and yellowness values
had a range in a normal distribution, according to the stan-
dard range of breast fillets color: dark (lightness<56), nor-
mal (56=<lightness<62), and pale (lightness>62), redness
(b*) its range: 3 to 12 and yellowness (a*) range: 0 to 13.

Regarding, drip loss and cooking loss of broiler chicken
pectoralis major muscles were observed no significant dif-
ferences were affected in all treatments group by supple-
ment combination diets (postbiotics and phytobiotics) com-
pared to the bird's group fed negative control, and positive
control (P>0.05).

The effects of feed combinations of postbiotics and phy-
tobioticss on the intestine morphology measurements (vil-
lus length, crypt depth, villus width, crypt width, and villus
area) of broiler chickens fed are presented in (Table 4).
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Effect of of a combination of postbiotics and phytobiotics on meat quality of broiler chicken (at 35" day)

Treatmeants® Lightness Redness Yellowness Drip loss % Cooking loss % pH

T1 52.37° 8.64 7.27 5.64 29.34 5.74
T2 57.73" 8.28 6.66 4.57 26.33 5.77
T3 55.64™ 7.75 8.05 4.84 30.00 5.83
T4 56.12% 7.78 8.63 4.73 30.99 5.82
T5 54.41% 8.36 8.85 491 28.99 5.73
T6 55.92™ 8.06 8.53 5.22 28.12 5.73
T7 56.30° 8.22 7.28 4.72 28.71 5.87
T8 57.41% 8.31 8.43 4.83 28.24 5.79
SEM 0.52 0.29 0.24 0.12 0.36 0.02
P-value 0.009 0.787 0.337 0.024 0.446 0.234

T1: basal diet (negative control (NC)); T2: NC + 0.01% (v/w) Doxin 200 (positive control); T3: NC + 0.3% (v/w) postbiotic; T4: NC + 0.3% black cumin oil; T5: NC +
0.3% thyme oil; T6: NC + 0.15% postbiotic + 0.15% black cumin oil; T7: NC + 0.15% postbiotic + 0.15% thyme oil and T8: NC + 0.15% postbiotic + 0.075% black cumin
oil +0.075% thyme oil.

The means within the same column with at least one common letter, do not have significant difference (P>0.05).

SEM: standard error of the means.

m Effect of a combination of postbiotics and phytobiotics on tibia bone characteristics of broiler chicken (at 35" day)

L Treatments
Bone characteristics SEM P-value
T1 T2 T3 T4 T5 T6 T7 T8

Tibiotarsal weight (g) 4.46 4.88 5.02 5.00 5.00 4.89 5.00 4.64 0.069 0.697
Tibiotarsal length (mm) 88.39 9099  89.58 90.81 9128  89.48 90.84 87.97 0.368 0.169
Diaphysis diameter (mm) ~ 9.05°  10.24®  9.87°  10.63* 10.19® 10.31™  10.36™ 10.11* 0.083 0.0001
Medullary canal (mm) 5.14 5.57 5.06 5.42 5.37 5.25 5.41 5.11 0.057 0.278
Tibiotarsal index 43.19°  45.64® 48.58"  49.06° 47.24°  49.09°  47.60° 49.53* 0.532 0.035
Robusticity index 5.32 5.38 5.28 5.31 5.35 5.29 5.32 5.28 0.021 0.958
gr‘;lc“‘m (Ca) mg/100 8.11° 833  9.19° 1077° 10.94*  8.30° 9.31° 8.67° 0.460 0.001
Phosphor (P) mg/100 gm  184.7*  125.0° 188.5* 129.5° 161.3° 168.5°  169.8" 155.8° 0.242 0.0001
Ash % 0902 0.848  0.838 1.020 1.027  0.950 0.890 0.803 0.033 0.61

T1: basal diet (negative control (NC)); T2: NC + 0.01% (v/w) Doxin 200 (positive control); T3: NC + 0.3% (v/w) postbiotic; T4: NC + 0.3% black cumin oil; T5: NC +
0.3% thyme oil; T6: NC + 0.15% postbiotic + 0.15% black cumin oil; T7: NC + 0.15% postbiotic + 0.15% thyme oil and T8: NC + 0.15% postbiotic + 0.075% black cumin
oil + 0.075% thyme oil.

The means within the same column with at least one common letter, do not have significant difference (P>0.05).

SEM: standard error of the means.

LERE Effect of a combination of postbiotics and phytobiotics on gut morphology of broiler chicken (at 35" day)

Treatments: Villi height Cryptdepth  Muscle width V\\/ﬁil!clh Crypt width Vh/(_:d sﬁlk')fse?crep;%ea
(mm) (mm) (mm) (mm) (mm) ratio (mm)?
T1 0.942" 0.159¢ 0.233° 0.079¢ 0.087¢ 6.1% 5.9%
T2 1.155¢ 0.209¢ 0.257° 0.073° 0.090° 5.7 5.1°
T3 1.795° 0.292° 0.303° 0.171° 0.195° 6.2% 6.2°
T4 1.713° 0.262° 0.262° 0.153* 0.193* 6.6% 6.0%
T5 1.620° 0.209¢ 0.229° 0.157° 0.173° 7.9% 6.9®
T6 1.507¢ 0.204¢ 0.234° 0.128° 0.143° 7.6% 7.4
T7 1.795* 0.224% 0.241° 0.113° 0.138" 8.4 7.4°
T8 1.693" 0.238" 0.241° 0.117° 0.127° 7.0% 6.8
SEM 0.02 0.01 0.01 0.01 0.01 0.62 0.59
P-value 0.0001 0.0001 0.0001 0.001 0.0001 0.0001 0.0001

T1: basal diet (negative control (NC)); T2: NC + 0.01% (v/w) Doxin 200 (positive control); T3: NC + 0.3% (v/w) postbiotic; T4: NC + 0.3% black cumin oil; TS: NC +
0.3% thyme oil; T6: NC + 0.15% postbiotic + 0.15% black cumin oil; T7: NC + 0.15% postbiotic + 0.15% thyme oil and T8: NC + 0.15% postbiotic + 0.075% black cumin
oil +0.075% thyme oil.

The means within the same column with at least one common letter, do not have significant difference (P>0.05).

SEM: standard error of the means.

Figure (1) displays photos of the small intestine's crypt Villi height, crypt width, and villous area in all bird
depths and villi heights taken with a light microscope. The groups (T3, T4, TS, T6, T7, and T8) fed postbiotics and
postbiotics and phytobiotics had a positive effect on gut phytobiotics increased compared to the negative control
morphology; overall, treatments fed postbiotics and phyto- (T1) and positive control fed antibiotics (T2). The bird's
biotics had significantly (P<0.05) higher villi measurements group in T3 and T7 had detected the highest villi height
compared to the control. across all treatment groups.
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No significant differences were observed in the crypt
depth of the bird's group (TS5, T6, and T7) fed phytobiotics
and postbiotics compared to the group fed antibiotics (T2).
Furthermore, chicken groups fed postbiotics and phytobiot-
ics and antibiotics had higher villi crypt depth compared to
the negative control. The highest villi crypt depth was de-
tected in chicken groups T3, T4, and T8. The villi crypt
width of broilers fed a combination of postbiotics and phy-
tobiotics (T3, T4, TS5, T6, T7, and T8) significantly in-
creased compared to the negative and positive controls. No
significant differences (P>0.05) in muscle depth were
shown in all treatments fed a combination of phytobiotics
and postbiotics compared to negative and positive controls.
However, muscle depth in T3 is greater compared to all
treatment groups. Also, Vh/Cd ratios were significantly
increased in birds in T5, T6, T7, and T8 compared to nega-
tive control, positive control, T3, and T4. A higher ratio of
Vh/Cd was detected in T7. However, it showed that the
absorptive surface area of villi increased significantly
(P<0.05) in all experimental treatment groups fed postbiot-
ics and phytobiotics compared to birds in T2 fed antibiotics.
No significant differences were observed across T5, T6, T7,
and T8 in absorptive surface area. However, a higher ab-
sorptive surface area was recorded in T7 and T8 compared
to all other treatment groups and negative and positive con-
trols.

The results of tibia bone quality are shown in Table 5.
The right tibia bones of the birds group fed dietary contain
postbiotics and phytobiotics has not significantly (P>0.05)
affect any of the examined bone parameters, such as tibio-
tarsal weight, tibiotarsal length, medullary canal, robusticity
index, and percentage of ash, compared to the positive or
negative control. Nevertheless, observed only quantitatively
higher tibiotarsal weight, length, and ash% in all birds’
groups compared to the control. However, there were sig-
nificant differences (P<0.05) in the diaphysis diameter,
tibiotrasal index, calcium, and phosphor. The highest levels
of diaphysis diameter were recorded in overall treatments
of the bird's group fed postbiotics and phytobiotics com-
pared to the negative control but did no significant differ-
ences with positive control. The tibia bone calcium level in
the bird group fed phytobiotic (thyme and black cumin oil)
in T4 and TS5 was found to be higher than in the group fed
postbiotic and control. No significant differences in tibia
bone calcium levels were found between the birds’ group
fed postbiotics and phytobiotics in T3, T6, T7 and, T8
compared to the positive control. The findings showed that
the tibia bone phosphor levels in the bird's group fed post-
biotics and phytobiotics (T3, T6, and T7) was highest sig-
nificantly compared to groups fed antibiotic control. No
significant differences were observed within the bird's
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group at (T5, T6, T7, and T7), and a lower level of phos-
phor was detected in T4.

Results from the current study showed that broiler chick-
ens fed combinations of postbiotics and phytobiotics had a
positive influence on growth performance and got similar
results to the bird's group that fed antibiotics and negative
control. The current results are in agreement with those of
Kareem et al. (2016) who found that birds fed postbiotics
and inulin had higher FBW, WG, and lower FCR compared
to the negative and positive controls. Similar to the findings
by Abd El-Ghany et al. (2022) reported that the application
of postbiotic compounds in feed and water significantly
improved the average body weight and feed conversion
ratio of broilers compared to the control. However, final
body weight, body weight gain, feed conversion ratio, and
Europe broiler index were found to improve significantly in
groups fed phytobiotics and probiotics compared to the
positive control (Hussein et al. 2020b).

Also, Kareem, (2020) reported the same outcome: the
bird groups that were fed 0.4% postbiotic improved the
growth performance of quail. However, Mohammed and
Kareem et al. (2022) reported no significant differences in
broiler chicks fed 0.03% postbiotics in FBW, WG, total FI,
and, FCR compared to the control. All feed additives were
found to enhance growth performance and feed efficiency
(Hussein et al. 2020a). Another result by Ferdous et al.
(2019) showed the highest FBW, and WG with the lowest
FCR in birds fed phytobiotic and probiotic. Similarly,
Kareem et al. (2021) reported that a broiler-fed diet with
combinations of various levels of postbiotic and inulin
(0.015 and 0.03%) had significantly improved weight gain
and feed conversion ratios. This could be due to the fact
that phytobiotics (thyme and black cumin oil) containing
high levels of bioactive phytochemicals such as carvacrol,
thymol, and thymoquinone responsible for the antibacterial
properties, exert stimulatory effects on pancreatic digestive
enzymes and their positive effect on nutrient digestibility or
even their appetite stimulation (Martel et al. 2020). In-
creased intestinal absorption has been hypothesized to en-
hance performance (Al-khalaifa et al. 2019). The organic
acids and bactericins as antimicrobial metabolites in post-
biotics can reduce the gastrointestinal pH and increase the
beneficial bacteria population (Aguilar-Toala et al. 2018).

Postbiotics possess bacteriostatic and bactericidal proper-
ties, which result in a reduction of pathogenic bacterial load
within the gastrointestinal microbiota. Additionally, post-
biotics exhibit an inhibitory effect against various patho-
gens (Kareem et al. 2014; Kareem et al. 2016; Kareem et
al. 2021).

Therefore, postbiotics and phytobiotics can act similarly
to antibiotics in terms of promoting growth. During this
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trial, the cumulative percentage of mortality in this study
was a significant (P<0.05) low, and high EPI compared
with the bird group fed the basal diet, representing the posi-
tive effect of feed additives (postbiotics and phytobiotics)
on the mortality rate, and economic index. The lower mor-
tality rate may be attributed to the inhibitory effects of these
additives on intestinal microorganisms through the modifi-
cation of the intestinal pH value (Abdel-Hafeez et al. 2017;
Hussein et al. 2020b). These findings were similar to those
found by Hussein et al. (2020a) indicating that the addition
of probiotics and phytobiotics as feed additives decreased
the mortality rate and increased the EPI. Additionally, this
result is consistent with that reported by Danladi et al.
(2022), who found that broiler chickens fed postbiotics
(0.2%) had the highest level of the European broiler index
and the lowest mortality rate when compared to the group
of birds given antibiotics.

The results of the current study show that, when com-
pared to bird groups that were fed antibiotics or a basal diet,
the addition of postbiotics and phytobiotics did not have a
statistically significant impact on the percentage of drip
loss, cooking loss, or pH value of breast meat samples,
while the lightness was improved. A similar trend was ob-
served by Kareem et al. (2015) for cooking loss and pH
value when they fed broiler postbiotic and inulin, in con-
trast, the percentage of drip loss was reduced. At the same
time, Orlowski et al. (2018) findings in the cornet study
indicated that drip loss and pH did not significantly differ in
broiler chickens that drank phytogenic compared to the
control. Conversely, another study done by Mohammed and
Kareem (2022) observed that breast meat of broiler chicken
fed postbiotic had a positive effect on cooking loss, drip
loss, and pH value compared to the bird's group fed the
antibiotic or basal diet. Also, Kareem et al. (2015) found an
increase in drip loss of broiler chicken breast meat fed
postbiotic and inulin. Color is one of the main indicators of
the quality of most foods. The pH is frequently used as an
important indicator for evaluating meat quality since it is
related to the meat's color, and water-holding ability, which
is largely governed by the postmortem conversion of mus-
cle glycogen to lactic acid (Tang et al. 2021). If comparing
the average pH values of breast meat obtained in this study
with the proposed criteria, it could be noticed that the breast
meat of broiler chicken fed with a combination of postbiot-
ics and phytobiotics could be classified as normal quality
meat; the range was between 5.73 and 5.87. Similar find-
ings were reported by Kareem et al. (2015), birds fed post-
biotic and inulin had no significant difference in lightness,
redness, and, yellowness compared to birds fed antibiotics.

Also, Mohammed and Kareem (2022) obtained the same
results and detected that birds fed postbiotic had no signifi-
cant differences in lightness and redness compared to birds
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fed antibiotics. On the other hand, Popovic et al. (2019),
found in their study that phytobiotics (essential oil of thyme
and oregano) added to the diet of broiler chickens did not
affect the value of this indicator pH value, redness (a*), and
yellowness (b*) color, but lightness (L*) color and drip loss
were significantly improved (P<0.05) compared to control
treatment which is consistent with the findings obtained in
this study. The lightness L* value is the main parameter
that determines the poultry meat color. Garcia et al. (2010)
mentioned that pale soft and exudative (PSE) meat lost
more than 14.61% water during heat treatment, which the
authors explain as a reduction of WHC in meat due to pro-
tein denaturation at a lower pH value. Fillets with higher
values are indicative of lighter color, which is associated
with low pH (pH< 5.6), while values falling below this
range are indicative of darker fillets with high pH (pH>5.9)
according to Ristic and Damme (2013). The property in
question exhibits a strong correlation with other attributes,
namely pH, water-holding capacity, emulsifying capacity,
and texture, as stated by Garcia et al. (2010). The correla-
tion between pH and meat quality attributes such, as color,
and water-holding capacity is well-established (Tang et al.
2021).

The villi are the main components responsible for the ab-
sorption of nutrients in the small intestine, and improving
gut morphology has a positive role in growth performance.
Villus height and crypt depth are important indicators of gut
function and animal health (Humam et al. 2019). The re-
sults of the present study showed that the chick's group fed
postbiotics and phytobiotics generally had detected a posi-
tive enhancement and improved gut morphology. Contrary
to the above findings, Peng et al. (2016) reported that sup-
plementation of Lactobacillus plantarum in broiler diets did
not affect gut morphology and no significant differences in
villus height, crypt depth, and villus height to crypt depth
ratio compared to control. However, Hafeez et al. (2020)
found villus length and width decreased (P<0.05) in phyto-
biotics (black cumin) fed broilers, whereas the crypt depth,
and the villus length to crypt depth ratio were not changed
(P<0.05). However, in agreement with our finding, Humam
et al. (2019) also found that dietary supplementation with
postbiotics produced by Lactobacillus plantarum signifi-
cantly increased the villi height, crypt depth, and villi
height: crypt depth compared with the control. Also,
Zangana and Mohamad (2016) observed an increase in the
villi height and crypt depth of broiler-fed probiotics. Fur-
thermore, Basit et al. (2020) mentioned dietary supplemen-
tation of phytobiotics improved gut morphology, and posi-
tively modulated and maintained the dynamics of cecal
microbiota with enhanced nutrient digestibility, thus, in-
creasing the growth performance, through increasing the
villus height, crypt depth, and, villus height/crypt depth.
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The improvements in both the height of the villi and the
depth of the crypts may be attributed to the positive effect
of the postbiotics composition, which contains a group of
amino acids, a group of vitamins, mineral elements, and
volatile fatty acids that is an important source of food for
the intestinal cells to sustain and renew them continuously,
and then increasing the length of the villi and the depth of
the crypts to contribute better to digestion and absorption
(Zangana and Mohamad, 2016).

In the current study, tibiotarsal weight, tibiotarsal length,
medullary canal, robusticity index, and percentage of ash
were not affected by the postbiotics and phytobotics of
broiler chicken. While diaphysis diameter, calcium, and
phosphor were improved. This observation corroborates the
findings of Kareem et al. (2015), who reported that the tibi-
otarsal index and robusticity were not affected by postbiot-
ics and inulin. In a similar study by Hafeez et al. (2020),
bone length, bone weight, and tibiotarsal index in broilers
were not affected by being supplemented with phytobiotics
(black cumin). Unlike the present results, Hafeez et al.
(2020) showed that the robusticity index decreased signifi-
cantly in the bird group fed phytobiotics and mentioned that
a lower robusticity index indicates stronger bones. At the
same time, Hafeez et al. (2020) reported that all of the bone
parameters under consideration, including tibia bone
weight, length, ash %, robusticity index, and tibiotarsal
index were not affected (P<0.05) due to the inclusion of a
phytobiotic (black cumin) at different levels in the broiler.
In contrast, other studies have reported positive effects of
broiler tibia bone-fed postbiotics and phytobiotics by Al-
Qahtani et al. (2021) found that birds' tibia bone length and
weight improved when fed probiotics, but on the other
hand, diaphysis diameter, tibiotarsal index, and robusticity
were not affected. Also, Behlul and Yusuf (2021) agree
with our results: Bone Ca, Mg, and P contents were higher
in the group with phytobiotic (thyme essential oil) added to
the diet than in the control group. Also, Fuentes et al.
(2013) observed the tibia bone parameter, diaphysis diame-
ter, calcium, and phosphorus in birds-fed probiotics (LAB).
The importance of the leg bone comes from the intensive
production and raising of broiler chickens that are particu-
larly susceptible to leg disorders due to selective breeding
for rapid growth and rapid weight gain with large breast
muscles, which leads to an imbalance between body size
and the weight-supporting skeletal system (Meyer et al.
2019). Bone minerals are an essential source of minerals for
metabolic needs that provide strength and hardness to bone
tissue in birds, and their development can be enhanced with
dietary supplementation (Javid et al. 2022).
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CONCLUSION

The study demonstrated that the addition of postbiotics and
phytobiotics had beneficial effects on total body weight,
feed conversion ratio, meat quality, gut morphology, and
the tibia bone of broiler chickens. However, birds in T7 fed
(basal diet+0.15% postbiotic+0.15% thyme oil) had higher
total body weight and broiler Europe Index, and also had a
lower feed conversion ratio and percentage of mortality
than the other treatments. The combination of postbiotic
and phytobiotic had positive effects on meat and tibia bone
quality and improved the percentage of tibia bone minerals,
such as calcium and phosphorus. However, the tibiotarsal
index and the villus absorptive surface area were increased
as compared to the birds fed antibiotics. Thus, a combina-
tion of postbiotics and phytobiotics, especially T7, could be
used as a substitute for antibiotics in diets to improve the
growth, meat quality, tibia bone, and gut health of broiler
chickens.
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