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Introduction: It has been demonstrated that medicinal plants and their derivatives can improve various aspects
of broiler chicken production, including feed consumption, daily weight, feed conversion ratio, gut health, and
immune responses. Using multiple medicinal plants in combination may enhance synergistic effects, improving
broiler chicken performance and carcass quality compared to using individual plants. In broiler chicken farming,
feed additives are often added to drinking water where pelleted diets are prevalent. Therefore, adding feed
additives to either feed or drinking water raises serious questions regarding their efficacy. Three commercial
phytogenic feed additives that are available in the market are Coxan, O.X.Plant, and Entex. Coxan contains
oregano (with menthol as the active ingredient) and garlic (containing allin and allicin), O.X.Plant contains
savory (the active ingredient carvacrol and thymol), thyme (with thymol and carvacrol as the main active
ingredients) and red pepper oleoresin ( with capsaicin) and Entex contains cinnamon (cinnamaldehyde), garlic
and eucalyptus (cineol). The objective of this research was to compare the effects of implementing these
commercial phytogenic feed additives (in water and feed) on growth performance, intestinal microflora and
morphology, and immune response of broilers.

Materials and methods: A total of 336 Ross 308 broilers were examined in a completely randomized design
with seven treatments, four replicates, and 12 chickens per replicate. Experimental treatments included: control
(without phytogenic in feed or water), Coxan either in feed (300 mg/kg) or in drinking water (200 mL/1000 L),
0.X.Plant either in feed (200 mg/kg) or in drinking water (135 mL/1000 L) and Entex either in feed (500
mg/kg) or drinking water (350 mL/1000 L). Daily weight gain, daily feed intake, daily water intake, and feed
conversion ratio were measured throughout the experiment. After slaughtering broilers at 42 days of age, the
length of each intestinal section (duodenum, jejunum, ileum) was measured for two broilers from each
experimental unit. To determine the microbial population, samples were taken from the ileum of chickens. EMB
culture medium was used to determine Escherichia coli population and MRS culture medium was used for
Lactobacillus bacteria. To check the humoral immune response, 0.1 mL of 25% sheep red blood cell suspension
in PBS was injected into the breast muscle of chickens on days 12 and 29" of rearing. Blood samples were
taken from the chickens on days 28, 35, and 42 of rearing, and the titers for anti-SRBC, immunoglobulin G, and
M were determined. Antibody titer against Newcastle disease was measured by the HI method.

Results and discussion: The effect of phytogenic additives in feed or drinking water on average daily feed
consumption, daily weight gain, feed conversion ratio, and daily water consumption was not significant in the
entire rearing period. Broiler chickens' water intake did not change, indicating that the additives added to their
drinking water at tested levels do not have an unpleasant taste that would deter the chickens from drinking it.
The relative lengths of the duodenum, jejunum, cecum, and colon were not affected by the experimental
treatments. However, chickens that received Entex in their feed exhibited a lower relative length of the ileum
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compared to the control group. No significant difference was observed in the relative length of different
sections of the intestine in the birds that received phytogenic additives either in feed or water. The relative
lengths of the duodenum, jejunum, cecum, colon, villus length, villus area, crypt depth, thickness of lamina
propria, thickness of muscular layer, and thickness of advantis layer were not affected by the experimental
treatments. Chickens consumed 500 mg/kg of Entex phytogenic additive in the feed had a lower villus width in
the ileum region compared to the chickens in the control group. The population of Escherichia coli in the ileum
decreased by adding O.X.Plant and Entex to the broiler feed, compared to the control group. Broilers fed Entex
in the feed had also a lower count of Escherichia coli compared to those fed Coxan in the diet. The population
of Lactobacillus bacteria in the ileum of chickens that received Coxan in water, O.X.Plant in feed and water, and
Entex in feed increased compared to the control group. There was no significant difference in the population of
Escherichia coli and Lactobacillus bacteria in the treatments that received phytogenic additives either in feed or
in drinking water. The addition of phytogenic essential oils in poultry feed has been shown to improve the
microflora by increasing the number of lactobacilli, which may also improve the morphological characteristics
of the intestine, probably improving the ability of digestion and absorption in the digestive system and growth
efficiency of broiler chickens. Antibody levels against SRBC were higher at 28, 35, and 42 days in all chickens
consuming phytogenic additives in drinking water. The performance of animals is directly linked to their health
and immunity. A compromised or stressed immune system not only makes animals susceptible to infectious
diseases but can also lead to weight loss. when dealing with infectious diseases. Therefore, the use of
immunomodulators can increase performance by improving the immune status. In poultry production, it is
important to strengthen the immune system to prevent the occurrence of diseases.

Conclusions: The results of this research showed that the commercial phytogenic additives Coxan, O.X.Plant,
and Entex did not have significant effects on growth performance, relative length, and intestinal morphology in
broilers. However, a notable finding was the significant reduction in the population of pathogenic Escherichia
coli with the addition of O.X.Plant and Entex in the diet compared to the control group. In general, it can be
concluded that adding the tested phytogenic additives in water not only does not hurt the drinking water
consumption of broilers but also the immune responses of broilers were found to be more positively improved
when these phytogenic additives were administered in water compared to adding them in feed. This suggests
that leveraging these additives in water may offer enhanced benefits in terms of improving the immune system
in broilers without compromising performance parameters.
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Table 1. Ingredients and chemical composition of broiler diet in the starter, grower, and finisher phases (%)

Nutrition phases

Nutrition phases

Ingredients Starter Grower Finisher Chemical composition Starter Grower Finisher
0-10) 11-24)  25-42) 0-10)  11-24)  25-42)
(day (day (day (day (day (day

Corn 5214 5460  59.41  Metabolizable energy 2850 2950 3050

(kcal/kg)

Soybean meal 39.80 38.21 32.92  Crude protein (%) 22.17  20.46 18.59

Soy oil 1.62 3.19 391 Digestible methionine (%) 0.61 0.56 0.51

Corn gluten

meal 1.96 0 0 Dig. Methionine + cystinfo ) 0.90 0.83 0.76

Di-calcium

phosphate 1.98 1.76 1.58 Digestible lysine (%) 1.22 1.09 0.98

Calcium

carbonate 0.99 0.90 0.84 Digestible threonine (%) 0.82 0.73 0.66

Sodium chloride 0.24 0.27 0.22

Digestible valine (%) 0.91 0.85 0.77

ls)i(::(ilrlll)r(r)lnate 0.15 0.11 0.19 Digestible arginine (%) 1.33 1.27 1.14
L-threonine 0.11 0.07 0.06 Digestible isoleucine (%) 0.83 0.78 0.70
DL-methionine 0.31 0.28 0.26 Calcium (%) 0.96 0.87 0.79
L-lysine HCI 0.20 0.11 0.11 Available phosphorus (%) 0.48 0.44 0.40
Mineral premix! 0.25 0.25 0.25 Sodium (%) 0.15 0.15 0.15
Vitamin premix? 0.25 0.25 0.25 Electrolytes balance (mEq/kg) 228 223 210

! Vitamin premix per kg of diet 9000 IU of vitamin A, 2000 IU of vitamin D3, 18 IU of vitamin E, 2 mg K3, 1.8 mg B1, 6.6
mg B2, 30 mg B3, 10 mg vitamin Bs, 3 mg Be, 1 mg By, 0.015 mg Bi2, 0.01 mg vitamin Hz, 500 mg It provided choline and 1

mg of antioxidants.

2 The mineral premix provided 50 mg of iron, 100 mg of manganese, 85 mg of zinc, 10 mg of copper, 1 mg of iodine, and

0.2 mg of selenium per kg of diet.
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Table 2. Effect of phytogenic additives of Coxan, O.X. Plant, and Entex in drinking water and feed on growth
performance and daily water consumption in the whole period

Treatment Averagetdla(lily feed Avergfiendally Feed. Ave; gﬁzu(riflgt}i, (:}Ivlater
reatments intake . conversion :
(g/day/bird) (g/day/bird) ratio (mL/day/bird)
Control 100.1 56.3 1.84 145.1
Coxsan in feed 99.4 56.2 1.83 152.3
Coxsan in water 102.2 59.8 1.76 157.8
0.X. Plant in feed 106.4 59.6 1.84 154.0
0.X. Plant in water 106.2 60.9 1.79 150.3
Entex in feed 100.3 59.5 1.74 148.4
Entex in water 102.7 58.0 1.82 151.2
SEM 0.81 0.49 0.011 2.27
P-value 0.078 0.061 0.073 0.87
Phytogenics in water 103.7 57.8 1.79 153.1
Phytogenics in feed 102.0 56.5 1.80 151.5
SEM 0.46 0.28 0.006 1.31
P-value 0.22 0.66 0.33 0.78
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Table 3. Effect of phytogenic additives of Coxan, O.X. Plant, and Entex in water and feed on the relative length
of different sections of small intestine of broilers

Treatments Duodenum Jejunum Ileum Cecum Colon
Control 13.86 38.95 40.822 8.77 433
Coxsan in feed 13.41 36.98 39.25%® 8.71 4.03
Coxsan in water 14.37 36.42 37.96%® 8.45 3.55
O.X.Plant in feed 17.11 36.58 39.334® 9.00 3.86
0O.X.Plant in water 13.45 36.37 39.70% 8.93 3.55
Entex in feed 13.17 33.72 34.47° 8.77 3.81
Entex in water 13.50 36.17 38.87%® 8.42 4.48
SEM 0.510 0.517 0.503 0.109 0.125
P-value 0411 0.279 0.021 0.766 0.307
Phytogenics in water 13.77 36.32 38.84 8.6 3.86
Phytogenics in feed 11.23 35.76 37.68 8.82 3.9
SEM 0.29 0.29 0.29 0.06 0.072
P-value 0.500 0.620 0.250 0.299 0.846

b Different superscripts in each column indicate a significant difference (P<0.05).
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Table 4. Effect of phytogenic additives of Coxan, O.X.Plant, and Entex in water and feed on morphology of
ileum in broilers

. . Lamina Muscle  Advantis Villi
Villus VI.HuS Villus Crypt propria layer layer length /
Treatments width  surface area  depth . . .
length (um) (um) (um?) (um) thickness  thickness thickness Crypt
i i " (um) (um)  (um)  depth
Control 655 233% 477522 177 36 2634 44 3.75
Coxsan in feed 773 162 390026 165 34 1882 36 4.80
Coxsan in water 716 178 404774 172 31 258 39 4.27
O.X.Plant in feed 901 1772 491457 196 29 2664 37 4.60
O.X.Plant in water 638 1753 351746 215 36 2964 45 3.02
Entex in feed 817 154° 398736 260 22 354+ 40 3.60
Entex in water 816 176 440143 185 26 2804 32 4.57
SEM 29.02 6.95 17857.11 10.19 1.75 13.97 2.02 0.228
P-value 0.146 0.050 0.362 0.163 0.204 0.05 0.615 0.340
fv lg;‘r’gem“ m 723 176 398887 190 31 278 38 3.95
Phytogenics in feed 830 164 426739 207 28 269 37 4.33
SEM 16.85 4.01 10309.8 5.88 1.01 8.06 1.16 0.131
P-value 0.089 0.402 0.483 0.453 0.472 0.760 0.800 0.467

b Different superscripts in each column indicate a significant difference (P<0.05).

055 sazsz psibl jslis Koo 5 Shgs 5 O po Sl g iy LSl LSS (LS lagog3él 51-0 Jsoer

(\+¥ CFU/g)

Table 5. Effect of phytogenic additives of Coxan, O.X. Plant, and Entex in water and feed on ileal microflora of

broilers (10° CFU/g)
Treatments Escherichia coli Lactobacillus
Control 7.28 6.4°
Coxsan in feed 7.1 6.8
Coxsan in water 6.8 3¢ 7.12
0.X.Plant in feed 6.6% 7.02
0.X.Plant in water 6.9 ¢ 7.12
Entex in feed 6.5°¢ 7.0°
Entex in water 7.08b¢ 6.9%
SEM 0.04 0.05
P-value 0.001 0.005
Phytogenics in water 6.9 7.03
Phytogenics in feed 6.7 6.9
SEM 0.02 0.02
P-value 0.178 0.511

*¢ Different superscripts in each column indicate a significant difference (P<0.05).
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Table 6. Effect of phytogenic additives of Coxan, O.X.Plant, and Entex in water and feed on total antibody titer,
IgG, and IgM against SRBC and antibody titer against Newcastle disease vaccine

Day 28 Day 35 Day 42 Newcastle

Anti- Anti- Anti- titer
Treatment SRBC IgG IgM SRBC IgG IgM SRBC IgG IgM
Control 1.5 02 1.22b 5.6° 3.6° 2.0 43¢ 2.8¢ 1.5 6.0
Coxsanin feed 2.1%* 1.0 1.1° 7.6%®  6.6® 1.0 56  38% 17 4.0
Coxsan in 260 07  18° 9.6° 82" 13 7.0® 52w 17 5.0
water
OX.Plantin = 5 o5 o 73® 550 |8 5.7% 42 15 42
feed
OXPlantin - cw o3 2w 921 751 17 728 551 17 5.8
water
Entex infeed  1.1° 0.1 1.0° 85%  6.5%® 20 7.0®  50%c 20 5.3
Entex in water 1.5% 0.3 1.1° 9.3 7.1 22 8.1? 6.5* 1.6 4.7
SEM 0.11 0.08 0.06 0.29 0.31 0.13 0.24 0.24 0.08 0.26
P-value 0.012  0.080 0.004 0.001  0.001 0.158 0.001 0.001 0.739 0.303
Phytogenicsin 1 o 4 130 93 760 17 7.4° 570 16 5.1
water
?e};ydt"gem"s moys 05 103 78 620 16 6.1b 43> 1.7 45
SEM 0.06 0.04 0.03 0.16 0.17  0.07 0.13 0.13 0.04 0.15
P-value 0.175 0.816 0.005 0.005 0.023 0.496 0.004 0.004 0.818 0.259
¢ Different superscripts in each column indicate a significant difference (P<0.05).
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