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This experiment aimed to see how a probiotic containing Heyndrickxia coagulans 

(Bacillus coagulans) and different levels of pennyroyal essential oil (PEO) affected 

broiler chicken growth, intestinal microbiota, intestinal morphology, and immune 

response. In this study, 300 one-day-old Ross 308 broilers were used in a completely 

randomized design of 3×2 factorial arrangement, six treatments, five replications, and 

10 chicks per replicate, with three levels of PEO (zero, 100, and 200 mg/kg) and two 

levels of probiotic (zero and 200 mg/kg). The interaction effects revealed that broilers 

fed only H. coagulans had the best body weight gain and feed conversion ratio 

(p<0.05). In addition, using H. coagulans alone caused increased lactic acid bacteria, 

villus height, villus height to crypt depth ratio, and antibody titer compared to sheep 

red blood cells compared to diet without additive. The main effects were observed, in 

which case the birds fed H. coagulans diets had higher villus height, villus height to 

crypt depth ratio, and antibody titer in contrast to sheep red blood cells, as well as 

lower intestinal coliform counts and pH than those not fed H. coagulans diets 

(p<0.05). In comparison, the number of intestinal coliform bacteria was smaller in 

chicks fed 200 mg/kg PEO than in chicks fed no PEO. In conclusion, using H. 

coagulans alone in broiler feeding is more effective than PEO in improving growth, 

immune response, intestinal microbiota, and intestinal morphology. 

Keywords: Heyndrickxia coagulans (Bacillus coagulans), Broilers, Pennyroyal essential oil, 

Performance, Probiotics. 
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1 Introduction 

robiotics are live microbial feed supplements that 

benefit the microbial equilibrium in the host's intestine 

(1). Several Bacillus species have recently been identified as 

potential probiotics. Heyndrickxia coagulans (Bacillus 

coagulans) is a spore-forming and lactic acid-producing 

bacterium probiotic strain (2). Studies in pigs (3) and 

humans (4) show that H. coagulans altered gastrointestinal 

microbial equilibrium by replenishing desirable microbes 

and antagonizing pathogenic microorganisms. According to 

a previous report, dietary supplementation of H. coagulans 

in broiler chicken feed improves their growth performance 

and intestinal microflora (5).  

Volatile oils extracted from flowers, nuts, spices, 

vegetables, and roots are known as essential oils (6). Basic 

oils have been shown to increase growth performance and 

feed efficiency in poultry by improving gut ecological 

conditions, increasing digestibility, and simulating digestive 

enzyme secretion (7, 8). Pennyroyal (Mentha pulegium L.), 

a Labiatae family herb, is found worldwide. The Middle 

East, Europe, North Africa, Minor Asia, and the Near East 

are all home to pennyroyal (9, 10). Its essential oil has been 

shown to have antibacterial (11, 12) and antioxidant 

properties (11). Furthermore, pennyroyal had an important 

impact on the morphology of the intestinal tract of poultry. 

The intake of pennyroyal essential oil (PEO) (200, 300, and 

400 mg/kg diet) in quail results in an improvement in the 

villi height and width of the intestine, according to Dehghani 

et al. (11). Additionally, the effects of pennyroyal on chicken 

performance have been shown (13). 

While individual probiotic strains and phytobiotic 

substances are beneficial, their synergism will improve their 

efficacy (14). The consumption of a mixture of probiotics 

and phytobiotic substances as functional feeds has not been 

extensively studied. The study showed that combining plant 

extracts with lactobacillus increases broiler growth 

performance (15). As a result, it was hypothesized that 

supplementing broiler development with PEO in 

conjunction with H. coagulans may have a positive impact. 

In light of this, we investigated the effects of a PEO blend 

containing H. coagulans on broiler growth performance, 

immune response, intestinal microbiota, and intestinal 

morphology in the current study. 

2 Materials and Methods 

2.1 Birds, Management, and Experimental Diets 

Three hundred one-day-old male broiler chicks (Ross 

308) were randomly assigned to 6 treatments with five 

replicate pens and 10 birds per replicate. The broilers were 

reared in pens of identical size (100×100 cm floor area and 

80 cm height) for a 42-day experimental period. 

Temperature, light, and ventilation were controlled 

according to the Ross broiler breeding standards. Mash diets 

were prepared freshly daily and formulated to meet or top 

the Ross 308 management manual requirements for broiler 

chickens (Table 1). Feed and water were provided ad libitum 

to the birds throughout the 42-day experimental period. The 

experiment was conducted according to the animal welfare 

guidelines at the Veterinary Control and Research Institute 

of Kerman, Iran. Three levels of dietary supplemental PEO 

(0, 100, and 200 mg/kg of diet) and two levels of H. 

coagulans (0, 200 mg/kg) were pooled as an entirely 

randomized design with a 3×2 factorial arrangement. The 

probiotic bacterium was used as the H. coagulans ATCC 

7050 (lyophilized H. coagulans powder, 1011 CFU/g, Pardis 

Roshd Mehregan Co., Iran). Before starting the experiment, 

total H. coagulans were confirmed in probiotics, and they 

were included and blended with diets every week. After 

mixing, the diets supplemented with H. coagulans were 

analyzed for spore counts weekly (16). Pennyroyal essential 

oil was purchased from Zahra Rosewater Company in Iran 

and kept in dark, glassy bottles until their use. The 

composition of the PEO was determined using gas 

chromatography (Agilent 7890B) with a mass detector 

(Model 5977A, Agilent Technology) (17). Table 2 

demonstrates the chemical composition of pennyroyal 

essential oil. Pennyroyal essential oil was added to a quantity 

of soybean oil and homogenized using a mixer. The mixture 

was then pulverized with the corn. Corn with essential oil 

was added to the premixture. Finally, the premixture was 

added to the main mixture and stored in covered containers 

before feeding for blend stability. 

 

 

 

 

P 
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Table 1. Ingredients and calculated nutrient composition of the basal diets 

Items Starter (1 to 14 d) Grower (15 to 35 d) Finisher (36 to 42 d) 

Ingredients (%)    

Corn 30.0 30.24 30.00 

Soybean meal (44% CP) 35.9 34.60 31.80 

Wheat 28.0 27.98 30.25 

Soybean oil 2.30 3.60 4.50 

Calcium carbonate 1.35 1.352 1.361 

Mono calcium phosphate 1.36 1.285 1.170 

Salt 0.30 0.30 0.30 

DL-methionine 0.16 0.176 0.089 

L-Lysine HCl 0.10 0.148 0.20 

Vitamin premix1 0.25 0.25 0.25 

Mineral premix2 0.25 0.25 0.25 

Xylanase enzyme 0.03 0.03 0.03 

Calculated Analysis    

Metabolizable energy (kcal/kg) 2986 3010 3033 

Crude protein (%) 22.1 20.1 18.7 

Lysine (%) 1.27 1.2 1.07 

Methionine + Cystine (%) 0.97 0.9 0.85 

Calcium (%) 0.9 0.87 0.77 

Available phosphorus (%) 0.68 0.61 0.61 

 1Supplied per kg of diet: vitamin A (retinol), 12000 IU; vitamin D3 (Cholecalciferol), 5000 IU; vitamin K3, 2.55 mg; thiamin, 3 mg; riboflavin, 7.5 mg; 

vitamin B6 (pyridoxine), 4.5 mg; vitamin B12 (cyanocobalamin), 0.02 mg; niacin, 51 mg; folic acid, 1.5 mg; biotin, 0.2 mg; pantothenic acid, 13.5 mg; choline 

chloride, 250 mg. 
2 Supplied per kg of diet: Mn, 120 mg; Cu, 16 mg; I, 1mg; Fe, 40 mg; Zn, 100 mg, Se, 0.3 mg. 

Table 2. Phytochemical composition of pennyroyal essential oil 

Compounds % Total 

Pulegone 39.22 

Menthone 35.82 

Piperitone 14.76 

γ‐Terpinene 3.34 

Other compounds 6.86 

 

 

2.2 Growth Performance 

Birds and feed were weighed on days 1, 21, and 42 on a 

pen basis, and the body weight gain (BWG), feed intake 

(18), and feed conversion ratio (FCR) were calculated. Birds 

were checked twice daily for mortality and weighed. 

2.3 Intestinal Microbiota and pH 

On day 42, a bird was randomly chosen from each pen, 

and one gram of exudative material from their lower ileum 

was collected. The ileal digesta were serially diluted in 

phosphate-buffered saline for lactic acid bacteria and 

coliform counts. To cultivate lactic acid, bacteria were used 

from dilutions 10-3 to 10-6; for coliforms, bacteria were used 

from the culture of dilutions 10-2 to 10-5. The lactic acid 

bacteria were cultivated on MRS agar (Merck-110661) at 37 

°C for 48 h, and the coliforms were cultivated on 

MacConkey agar (Merck-105465) at 37 °C for 24 h. (5). The 

pH of the intestinal contents was measured using a digital 

pH meter (Elmetron, CP103 model) after mixing digesta 

with distilled water at a ratio of 1: 1. 

2.4 Intestinal Morphology 

At 42 days of age, one bird was randomly selected from 

each replicate, weighed, and sacrificed. To evaluate the 

structure of the ileum tissue, 1 cm segments of the lower 

ileum were fixed in 10% buffered formaldehyde after 

evacuation and washing. Then, each sample was embedded 

in paraffin waxes, and finally, 5-µm sections of each sample 

were stained with hematoxylin and eosin. The slides were 

examined using an optical microscope (Micromaster, Fisher 

Scientific, Cat. No. 12-562-27, Fisher Scientific, Waltham, 

MA), and the intestinal criteria, including villus height, 

villus width, and crypt depth (n = 5/bird) were measured 

https://jpsad.com
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using the Image Pro Plus v 4.5 software package (Media 

Cybernetics, Silver Spring, MD, USA) (5). For 

histomorphological analysis, villus height and crypt depth 

were measured from five randomly selected villi and their 

corresponding crypts, taken from one intestinal section per 

bird. 

2.5 Immune Response 

On days 21 and 35, two birds per replicate were injected 

brachial with 1 mL of 0.5% sheep red blood cells (SRBC) 

suspension into a brachial vein. For SRBC preparation, first, 

the blood of a male sheep was collected into tubes with 

EDTA. Then, the samples were centrifuged at 2000 rpm for 

15 min. Finally, they were washed 3 times in phosphate-

buffered saline. Blood samples were collected seven days 

after injection, and sera were frozen until antibody titers 

were determined using hemagglutination assays (5). For 

hemagglutination titration, 50 µL of PBS was added to the 

first row of a 96-well V-bottom microtiter plate, followed by 

50 µL of heat-inactivated serum. Twofold serial dilutions 

were performed after incubation at 37°C for 30 minutes. 

Subsequently, 50 µL of a 2.5% SRBC suspension was added 

to each well, and the plates were incubated for 30 minutes. 

The IgG titers were determined using a similar protocol, 

adding 2-mercaptoethanol to assess mercaptoethanol-

resistant antibodies. Titers were recorded as the log₂ of the 

reciprocal of the last dilution, showing agglutination. 

2.6 Statistical Analysis 

The data were analyzed using a two-factorial design with 

three PEO and two H. coagulans levels using the GLM 

procedure of SAS (SAS Institute, Cary, NC). Tukey’s test 

was used to determine the effect of treatments, and 

differences were considered significant at p<0.05. Means 

were presented with their standard error of means. 

3 Results and Discussion 

3.1 Growth Performance 

Table 3 demonstrates the effects of different amounts of 

PEO and H. coagulans supplementation on broiler chicken 

growth performance. During the entire time, there was a 

significant interaction (p<0.05) between these two 

supplements on BWG and FCR. As a result, broilers fed only 

H. coagulans had the best BWG and FCR. Feeding 200 

mg/kg of PEO to the birds had a negative impact on their 

performance, lowering BWG and worsening FCR (p<0.05). 

Table 3. Effects of pennyroyal essential oil (PEO) and Heyndrickxia coagulans on the growth performance of broilers 

Items  Body weight gain (g/b/d)  Feed intake (g/b/d)  Feed conversion ratio 

PEO (mg/kg) H. coagulans       

0 − 53.83b,c  96.96  1.85a,b 

 + 58.42a  96.31 1.69d 

100 − 55.99a,b  94.69 1.70c,d 

 + 50.38c,d  94.07 1.82b,c 

200 − 50.49c,d  95.89 1.94a 

 + 48.43d  93.92 1.89a,b 

SEM  0.937  1.453 0.025 

Main effect     

0  56.12a  96.63 1.77b 

100  53.19b  94.38 1.76b 

200  49.46c  94.90 1.91a 

SEM  0.663  1.027 0.018 

 − 53.44  95.84 1.83 

 + 52.41  94.77 1.80 

SEM  0.541  0.839 0.014 

p-value     

PEO  <0.001  0.291 <0.001 

H. coagulans  0.196  0.377 0.168 

PEO × H. coagulans <0.001  0.870 <0.001 

a–d Means with different superscripts within each column are significantly different (p<0.05) 

 “−” H. coagulans without 200 mg/kg diet; “+” H. coagulans with (+) (200 mg/kg diet) 

 

Broilers fed diets containing Lactobacillus acidophilus, 

Bacillus subtilis, and Clostridium butyricum had higher 

BWG and lower FCR than those fed a control diet in another 

experiment (19). Furthermore, Wealleans et al. (20) found 

https://jpsad.com
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that supplementing the diet with multi-bacillus-strains 

improves BWG and FCR substantially. Preserving 

beneficial microbial populations in the intestine, which 

improves feed digestion and absorption, is one potential 

explanation for this change (21, 22). In addition, other 

studies have shown that supplementing with probiotics will 

increase growth efficiency by improving intestinal 

morphology, which leads to better nutrient consumption and 

optimal growth (21-23). As a result, the improved FCR of 

the broilers fed H. coagulans in our experiment may be 

attributed to improved intestinal microbiota and intestinal 

morphology, as seen in the current experiment's intestinal 

microbiota and intestinal morphology results (Table 5 and 

Table 6). Pennyroyal powder does not seem to have a 

positive effect on broiler growth efficiency, according to 

Ghalamkari et al. (24). Oregano essential oils (400 mg/L) 

had little impact on broiler BWG and FCR from 1 to 40 days 

in a study (25). In another study, dietary supplementation 

with PEO (200, 300, and 400 mg/kg) did not affect quail 

BWG and FCR (11). A study found that pennyroyal at a 

concentration of 0.07 percent reduced broiler efficiency, 

which may be attributed to its toxic effect at higher doses 

(26), by the present study's findings. In addition, this result 

may be explained by a reduction in beneficial microbiota at 

higher PEO doses, which counteracts the typical benefits of 

antimicrobial activity. 

3.2 Intestinal Microbiota and pH 

Table 4 shows the effects of various amounts of PEO and 

H. coagulans supplementation on the intestinal bacteria of 

birds. There was a significant interaction (p<0.05) between 

these two additives on the population of lactic acid bacteria. 

As a result, using only B. coagulants or 100 mg/kg, PEO 

caused increased lactic acid bacteria compared to a diet 

without additives (p<0.05). Intestinal coliform counts and 

pH were smaller in H. coagulans-fed chicks than in non-H. 

coagulans-fed chicks (p<0.05). 

Table 4. Effects of pennyroyal essential oil (PEO) and Heyndrickxia coagulans on intestinal microbiota (log cfu/g) and pH of broilers 

Items  Lactic acid bacteria Total Coliform bacteria Intestinal pH 

PEO (mg/kg) H. coagulans    

0 − 7.365b 6.183a 6.143a,b 

 + 8.205a 5.713a,b 5.67b,c 

100 − 8.235a 5.965a,b 6.43a 

 + 7.445a,b 5.217a,b 5.30c 

200 − 7.947a,b 5.357a,b 5.85b 

 + 7.362b 4.500b 5.65b,c 

SEM  0.185 0.259 0.112 

Main effect 

0  7.785 5.498a 5.90 

100  7.840 5.591ab 5.86 

200  7.655 4.928b 5.75 

SEM  0.131 0.204 0.079 

 − 7.849 5.835a 6.14a 

 + 7.671 5.143b 5.54b 

SEM  0.107 0.161 0.060 

p-value     

PEO  0.601 0.013 0.364 

H. coagulans  0.255 0.013 0.001 > 

PEO × H. coagulans 0.001 0.039 0.002 

a–cMeans with different superscripts within each column are significantly different (p<0.05)  

“−” H. coagulans without 200 mg/kg diet; “+” H. coagulans with (+) (200 mg/kg diet) 

 

In comparison, the number of intestinal coliform bacteria 

was smaller in chicks fed 200 mg/kg PEO than in chicks fed 

no PEO (p <0.05). According to interaction effects, birds fed 

diets supplemented with PEO plus H. coagulans had lower 

coliform counts than those without additives. These findings 

are consistent with those of Hung et al. (21), who found that 

feeding H. coagulans to broilers reduces the number of 

coliform bacteria in the duodenum. Furthermore, a study 

found that using H. coagulans causes the intestinal pH to 

change from alkaline to acidic (27). The use of B. subtilis 

selectively inhibits the proliferation of pathogens such as 

salmonella by producing reactive fatty acids and lowering 

the pH of the digestive tract, according to Park and Kim (28). 

In agreement, Erhan et al. (13) reported that adding 

https://jpsad.com
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pennyroyal levels (0.25 or 0.50%) reduced the E. coli count 

in the intestines of broilers. Mentha species had 

antimicrobial properties that were effective against 

microorganisms believed to be toxic to broilers (29). 

Compounds found in Mentha plants, such as pulegon, 

menthole, menthone, and piperitenone oxide, have 

antimicrobial properties (29). PEO had a bactericidal activity 

against many bacteria, according to Dehghani et al. (11). 

Different levels of PEO, on the other hand, had little impact 

on the population of lactic acid bacteria. Furthermore, 

interaction effects show that PEO plus H. coagulans have 

the lowest coliform counts and pH. Previous research into 

the mechanisms of action of phytobiotic compounds and 

probiotic strains has shown that these compounds can work 

together to improve animal health (18). 

3.3 Intestinal Morphology 

Table 5 shows the influence of various amounts of PEO 

and H. coagulans on the intestinal morphology of broiler 

chickens. There was an interaction between PEO and H. 

coagulans for villus height and width, with the highest villus 

height and width associated with 200 mg/kg of PEO plus H. 

coagulans (p<0.05). In addition, broilers fed only H. 

coagulans had the highest villus height to crypt depth ratio. 

The main effects were observed, with birds feeding H. 

coagulans having higher villus height and a higher villus 

height to crypt depth ratio than birds not feeding H. 

coagulans (p<0.05). In this study, we may hypothesize that 

combining dietary PEO with H. coagulans will 

synergistically affect intestinal morphology change. Hung et 

al. (21)observed that birds feeding H. coagulans had more 

villi in the jejunum than control birds, but no major 

variations in crypt depth were found. Supplemental 

probiotics can increase villus height by lowering intestine 

pH, which inhibits the growth of many pathogenic intestinal 

microbes and, as a result, reduces inflammatory processes in 

the intestinal mucosa, which raises villus height (30). As 

seen in the current experiment's immune response results, a 

healthy intestine significantly improves the bird's immune 

status (Table 6). 

Table 5. Effects of pennyroyal essential oil (PEO) and Heyndrickxia coagulans on intestinal morphology of broilers 

Items  Villus height (μm) Villus width (μm) Crypt depth (μm) Villus height/crypt depth 

PEO (mg/kg) H. coagulans     

0 − 1383e 198.1a,b 82.38 17.10c 

 + 1509b 185.6d 78.38 19.31a 

100 − 1414d 194.8b,c 81.50 17.35b,c 

 + 1451c 195.6b 81.25 17.87b,c 

200 − 1499b 187.5c,d 83.59 17.90b,c 

 + 1557a 205.0a 84.50 18.43a,b 

SEM  5.018 1.638 1.757 0.264 

Main effect 

0  1446b 191.9b 80.37 18.21 

100  1432b 195.2a,b 81.38 17.61 

200  1528a 196.3a 84.05 18.17 

SEM  3.542 1.158 1.242 0.187 

 − 1432b 193.5 82.49 17.45b 

 + 1505a 195.4 81.37 18.54a 

SEM  2.897 0.945 1.014 0.152 

p-value     

PEO  <0.001 0.039 0.125 0.069 

H. coagulans  <0.001 0.167 0.447 <0.001 

PEO × H. coagulans <0.001 <0.001 0.365 0.007 

a–dMeans with different superscripts within each column are significantly different (p<0.05) 

“−” H. coagulans without 200 mg/kg diet; “+” H. coagulans with (+) (200 mg/kg diet) 

https://jpsad.com
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Table 6. Effects of pennyroyal essential oil (PEO) and Heyndrickxia coagulans on immune response (log2) of broilers 

Items  Primary (28 day) Secondary (42 day) 

PEO (mg/kg) H. coagulans   

0 − 3.667c 5.750b 

 + 8.500a 8.500a 

100 − 3.750c 4.665b 

 + 4.000b,c 5.500b 

200 − 3.500c 4.938b 

 + 5.500b 7.625a 

SEM  0.363 0.588 

Main effect 

0  6.083a 7.125a 

100  3.875b 5.083b 

200  4.500b 6.28a,b 

SEM  0.256 0.416 

−  3.639b 5.117b 

+  6.000a 7.208a 

SEM  0.221 0.339 

p-value   

PEO  <0.001 0.020 

H. coagulans  <0.001 0.001 

PEO × H. coagulans <0.001 0.034 

a–cMeans with different superscripts within each column are significantly different (p<0.05) 

“−” H. coagulans without 200 mg/kg diet; “+” H. coagulans with (+) (200 mg/kg diet) 

 

3.4 Immune Response 

Table 6 shows the effects of various amounts of PEO and 

H. coagulans on the immune response of broiler chickens. 

In contrast to SRBC, there was a significant association 

(p<0.05) between various amounts of PEO and H. coagulans 

on antibody titer at 28 and 42 days. With and without 200 

mg/kg of PEO, the highest antibody titer is related to H. 

coagulans. At 28 and 42 days, the antibody titer against 

SRBC in birds fed H. coagulans was higher than in birds fed 

no H. coagulans (p <0.05). PEO feeding has a negative 

impact on the immune response of the birds at 28 and 42 

days (p<0.05). In agreement with the present study, Kabir et 

al. (31)found that feeding probiotics to broilers improved 

antibody synthesis in response to SRBC. In a study, 

pennyroyal powder did not affect antibody titers against 

SRBC in broilers (24). Furthermore, Nobakht et al. (12) 

found that different amounts of pennyroyal did not affect 

broiler Heterophil/Lymphocyte ratio. Unfortunately, no 

research has been done on the impact of PEO on broiler 

immune responses. Hossain et al. (18) found that feeding 

pigs green tea plus probiotics enhanced immunity by the 

synthesis of IL-6 and TNF-a 

4 Conclusions  

Individual H. coagulans (200 mg/kg) dietary 

supplementation may enhance broiler growth, immune 

response, intestinal microbiota, and intestinal morphology; 

however, the combination of H. coagulans with PEO did not 

vary the measured parameters. Future studies should 

examine lower inclusion levels of PEO or explore alternative 

essential oil combinations to optimize efficacy. 
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