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Research article
Ερευνητικό άρθρο

ABSTRACT: The aim of this study was to evaluate the effect of diatery addition or oral intake of Japanese mint volatile 
oil (M. arvensis) on growth performance, rumen parameters, fecal characteristics and fecal microbiology of Saanen 
kids. Twenty-four male and female kids60 ± 5 d age and11.43kg body weight (BW) were randomly divided into three 
groups (n = 8). Japanese mint volatile oil was not added to the control group. In the research, Japanese mint volatile 
oil was either added to the feed at 200 mg/kg level (Group I) or orally given (Group II) to the Saanen kids while no 
treatment was applied to control group. The animals were weighed at the begining and the endof the study. Rumen and 
fecal samples were collected at the end of the study. While pH, NH3N, volatile fatty acid (VFA) and protozoa were 
examined in rumen content, pH and microorganism population were examined in fecal content. There were no signif-
icant differences (P>0.05) in live weight (LW), live weight gain (LWG), average daily gain (ADG), daily dry matter 
intake (DMI) and feed conversion ratio (FCR) between the control and experimental groups. There were no differences 
in the rumen pH, faecal pH, rumen NH3N and faecal score of the control and experimental groups.In the study, there 
were no significant differences between the control and experimental groups detected in terms of faecal microorganism 
population, while salmonella was detected in one of the control group faecal sample. Addition of Japanese mint volatile 
oil to kids diet caused significant decreases in rumen isobutyric acid (P<0.05), butyric acid (P=0.003), isovaleric acid 
(P=0.005) and total VFA (P< 0.05) values. It was determined that the use of Japanese mint by adding to the diet in kids 
diet caused a significant decrease (P=0.004) in the distribution of Entodinium and a significant increase (P≤0.001) in 
the distribution of Epidinium from rumen protozoa. The use of mint oil by drinking and adding to the feed caused a 
significant difference in the total number of protozoa. A significant increase (P≤0.05) in the total number of protozoa 
was detected with the addition of Japanese mint volatile oil by drinking (oral administration).In this study, it was de-
termined that the addition of Japanese mint oil to the kids showed a positive trend on the ADG parameter. Also, the 
decrease in the number of pathogenic microorganisms E.coli and Salmonella in this study supports the antimicrobial 
effect of of Japanese mint volatile oil. In summary, the results of this study show that Japanese mint, which is natural 
and does not carry residual risk, can contribute to performance and support health criteria in kids after weaning.
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INTRODUCTION

In livestock production, antibiotics at sub-therapeu-
tic levels were commonly used to enhance the ef-

ficiency of converting feeds to gain (e.g., milk and 
meat) and/or prevent metabolic disorders and health 
problems (Dibner and Richards,2005). However, the 
restriction and the ban on the use of antibiotics have 
prompted scientists and the feed industry to search for 
alternative products. Recently some researchers have 
suggested that some of phytogenics have potential 
to manipulate rumen fermentation since volatile oils 
or their mixture have antimicrobial activities against 
a wide range of rumen micro-organisms. Phytogen-
ics offer a unique opportunity in this regard as many 
plants produce secondary metabolites, such as vola-
tile oils that, when extracted and concentrated, may 
exert antimicrobial activities against a wide variety 
of rumen microorganisms(Mirzaei-Alamout.et al., 
2016).In addition to the antimicrobial effects of these 
additives, they also have many functions such as an-
tioxidant, anti-inflammatory, immune-modulating, 
stimulating digestive enzymes and pharmacological 
activities, and thus have been evaluated as natural 
feed additives in farm animals (Atanasov et al.,2015; 
Patra and Saxena, 2010).Studies have shown that 
phytobiotic additives positively affect rumen fermen-
tation and provide advantages in terms of production 
performance, health status, welfare and environmen-
tal factors in ruminants.

One of the important phytogenic plants used in 
animal nutrition is mint. Mints belong to the genus 
Mentha, in the family Labiatae (Lamiaceae) which 
includes other commonly grown essential oil-yielding 
plants such as basil, sage, rosemary, marjoram, laven-
der, pennyroyal and thyme. The four most commonly 
cultivated species are: Japanese Mint/Menthol Mint 
(M.arvensis), Peppermint (M.piperita), Spearmint 
(M.spicata), Bergamot mint (M. citrata). The chem-
ical components of mint leave and oilvary with plant 
maturity, variety, geographical region and processing 
conditions. Japanese mint (Mentha arvensis) popu-
larly known as menthol mint is a source of natural 
menthol which is widely used in pharmaceutical and 
flavour industries (Zachariah and Leela, 2006). Souza 
et al. (2014) reported menthol (70.00%) as the main 
component of menthol mint essential oil followed by 
menthyl acetate (7.00-12.00%) which is an indicator 
of maturity. A total of 12 compounds were reported 
including menthol, pulegone and piperitone. Padalia 
et al. (2013) analysed the oil from 9 cultivars of M. 
arvensis and reported 33 constituents were menthol 

(73.70-85.80%), menthone (1.50-11.00%), menthyl 
acetate (0.50-5.30%), isomenthone (2.10-3.90%), lim-
onene (1.20-3.30%) and neomenthol (1.90-2.50%).In 
particular, in this study, unlike other mint species, the 
extraction product of Japanese mint with high men-
thol content was used and Japanese mint volatile oil 
was applied to kids in different ways (by adding to the 
feed and oral administration). In addition, the effects 
of giving Japanese mint volatile oil, which is known 
to have antioxidant and antimicrobial effects and pos-
itive effects on digestive enzymes, to kids under stress 
after weaning, on performance parameters, changes 
in rumen and fecal contents were investigated. In the 
present study, we aimed to investigate to the poten-
tial use of mint volatile oil of Saanen kids on growth 
performance, rumen parameters and rumen protozoa 
population and faecal microbiology.

MATERIAL AND METHODS

Saanen Kids, management and experimental de-
sign

All experimental procedures used in this study 
were approved by Bursa Uludag University Animal 
Experiments Local Ethics Committee (Protocol num-
ber: 2020-02/06). All animals were handled according 
to the European Union directive number 86/609/EEC 
concerning the protection of animals used for exper-
imental and other scientific purposes. The study was 
conducted from July to June, 2020, at Bursa Uludag 
University Applied Research Center for Veterinary 
Faculty Unite in Bursa, located within North West 
Turkey, 40o north latitude, 29o east longitude and an 
altitude of 120 m above sea level (Gorukle/ Bursa). 

The kids were hosted in individual paddocks with 
approximately 2.0 m2 with wheat straw bedding. All 
twenty-four paddocks were in the same condition. 
Twenty-four female and male Saanen kids were used 
in this study. Each group consisted of 8 kids. There 
were 3 kids born as twins, 1 kid born as triplets and 
4kids born as single birth in both control and exper-
imental groups. The groups were similar with regard 
to body weight (kg) at the beginning of the study (60 
± 5 d of age, Control:11.74;drinking group:11.25 and 
feed group: 11.30).The nutrient compositions of con-
centrate feed and alfalfa hay are presented in Table 1. 
The control group was fed with concentrate and alfal-
fa hay as indicated in Table 1 and essential oil was not 
added to this group. The animals in the experimental 
group (Group I), to which mint volatile oil was added 
to the feed, took the essential oil together with the feed 
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and mixed with the mixed feed (TMR) by spraying at 
200mg/kg daily. Mint volatile oil was administered 
orally to the animals in group II at a daily level of 200 
mg/day/kids with a 10 ml syringe with a serum rub-
ber attached. During the experiment, kids were given 
Japanese mint volatile oil before being fed at 09:00.
The animals consumed peppermint essential oil with-
out rejecting it in both applications. The volatile oils 
were extracted by hydrodistillation. Hydrodistillation 
is a simple form of steam distillation. High pressure 
steam is forced through crushed plant, picking up the 
oil. The vapor containing the oil is then condensed, 
producing a liquid containing a mixture of water and 
the plant oil. The oil is then separated from the water. 
Then the composition of peppermint oil was deter-
mined by GS-MS. The active ingredient components 
obtained from M. arvensis by steam distillation are 
shown in Table 2. The Japanese mint volatile oil was 
obtained from a local company (Semieterik®) that ex-
tracts aromatic plants in the Aegean region.

Uniform feeding and management standards were 
applied in the control and experimental groups. The 
trial lasted for a total of 8 weeks period, 2 weeks of 
adaptation and 6 weeks of trial. The diets were calcu-
lated to have similar concentrations of metabolizable 
energy, starch and CP based on published values from 
the NRC (2001). The basal diets contained approxi-
mately 90% concentrate and 10% forage, which was 

alfalfa hay. The diets were prepared as a total mix ra-
tion, divided into equal portions. TMR and freshwater 
were available ad libitum.

 Chemical analysis
Dry matter (method 934.01), crude protein (meth-

od 984.13), ether extract (method 920.39), and ash 
(method 942.05) analyzes were made from calf starter 
and alfalfa hay using the methods specified in AOAC 
(2000). Calcium (method 927.02) and (method 
965.17) phosphorus amounts were determined using 
the methods specified in AOAC (1990). Neutral de-
tergent fiber (aNDF) and acid detergent fiber (ADF) 
analyzes were determined with a fiber analyzer-An-
kom200 (Ankom Technology, USA) as described 
by Van Soest et al. (1991) with ash correction. So-
dium-sulfite and heat-stable α-amylase were used in 
NDF analysis. 

Body weight and feed intake
Total mix ration (concentrate feed + alfalfa hay) 

was weighed and recorded every day. The refusal feed 
was collected and weighed and the daily consumed 
TMR was calculated. Daily dry matter intake (DMI) 
was calculated based on daily consumed concen-
trate and alfalfa hay. Weighings to determine the live 
weight gain (LWG) of the kids were made only at the 
beginning (average initial weight-AIW) and end (av-
erage final weight-AFW) of the experiment in order 
to minimize the stress formation. Average daily gain 
(ADG) was calculated by dividing the difference two 
consecutive weighing by the number of days passed. 
Feed efficiency was calculated by dividing daily DMI 
by the ADG.

Table 1: Nutrient composition of grower concentrate and alfalfa 
hay (dry matter basis,g/kg)1

Item Starter concentrate2,3 Alfalfa hay
Dry matter, % 919.0 921.6
CP, % 180.0 184.7
Ether extract, % 42.1 27.0
NDF, % 215.4 322.8
ADF, % 87.1 264.1
ADL, % 26.3 61.8
NFC4, % 500.2 359.3
Ash, % 62.3 106.2
Ca, % 17.0 14.6
P, % 5.8 3.3

1Nutrient analyses of the feeds were performed according to 
AOAC (1990) and AOAC (2000)
2C.P. Feed Industry, Tekirdag, Turkey.
3Contained the main ingredients: wheat brain, ground corn grain, 
corn gluten meal, sunflower meal, palm meal, canola meal, 
ground barley grain, corn meal, molasses, calcium carbonate, 
vinasse, soya bean meal, vegetable oil, ammonium chloride, 
vitamin and mineral mix, salt.
4NFC (Non-Fibre Carbonhydrate): 100 - (% NDF + % CP + % 
Ether extract + % Ash).

Table 2: Volatile oil components of M.Arvensis used in this study
Components %
Alpha pinen 0,78
Beta myrcene 0,61
Beta pinen 0,77
Germacren D 1,25
Isomenthon 3,84
Limonen 3,69
Menthol 71,88
Menthone 12,15
Menthyl acetate 0,57
Sabinen 0,33
Cis-3-Hexenyl valerate 0,38
Isopulegol 0,79
Neoisomenthol 2,58
Neoisopulegol 0,39
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Rumen parameters
At the end of the study, rumen fluid was collect-

ed from all kids with an esophageal tube 4 h after 
morning feeding. Rumen pH was immediately as-
sessed with a previously calibrated portable pH meter 
(Metler-Toledo, Switzerland). Ruminal fluid was im-
mediately filtered using 4 layers of cheesecloth with 
a mesh size of 250 µm. 5 ml of filtrate sample was 
preserved by adding 1 ml of 1% H2SO4 for NH3-N 
and 2 ml of filtrate was acidified with 0.04 ml of 
50% H2SO4 for volatile fatty acid (VFA) concentra-
tions. These samples were stored at -20°C for further 
analysis of nitrogen ammonia and VFA. The NH3-N 
concentration was quantified using the method pro-
posed by Annino (1964). Samples were prepared for 
VFA analysis and transferred into gas chromatogra-
phy (GC) sample vial for analysis by GC (Hewlett 
Packard Agilent Technologies 6890N Network GC 
System, Serial CN10447002, China) with GPx 10% 
SP-1200/1% H3PO4 on 80/100 Chromosorb and using 
a 6’∞2 mm ID glass column (Supelco, Bellefonte, PA, 
USA).Protozoa were counted and identified in the ru-
men fluid using a Fuchs-Rosenthal hematocytometer 
under the light microscope, according to the method 
described by Ogimoto and Imai (1981).

Feces collection and analyses
Faecal samples were collected from each kids by 

retrieval from the rectum at the end of the study. Fae-
cal pH was measured immediately using the electron-
ic pH meter (Metler-Toledo, Switzerland). According 
to the method described by Verlinden et al., (2006) 
faecal samples were collected in glass beakers and 
10-fold diluted with distilled water. Then the obtained 
mixture was homogenized and the pH was deter-
mined .Fecal scores were established as 0) normal, 1) 
semi-formed and/or pasty, 2) loose but stays on top of 
bedding, and 3) watery and/orsifts through bedding 
(Swedzinski et al., 2019).

For the isolation and enumeration of faecal micro-
flora, 5 g of faecal content from each kids was asepti-
cally transferred into a sterile stomacher bag and ho-
mogenised with 45 ml of saline peptone water (MRD, 
Merck, 1.12535.0500) in a Seward Stomacher 80 Lab 
System for 2 min. Serial 10-fold dilutions were made 
in sterile saline peptone water and plated in duplicate 
onto relevant selective media. Lactobacillus spp. were 
grown on de Man Rogosa and Sharpe (MRS, Merck, 
1.10660) agar and were enumerated after 3 d of incu-
bation at 35°C under 5% CO2 (Anaerobik Jar, Merck, 
1.16387 and Anaerocult C, Merck, 1.16275). Bifido-

bacterium spp. was grown on Bifidobacterium Selec-
tive Medium agar (BSM agar, SIGMA, 88517). The 
plates were incubated at 37°C for 48 to 72 h in an-
aerobic jar with gas generating sachet (Anaerobik Jar, 
Merck, 1.16387 and Anaerocult C, Merck, 1.16275). 
For coliforms and E. coli isolation and enumeration, 
serial 10-fold dilutions of samples were made in sa-
line peptone water and plated onto relevant selective 
media. Total coliform was grown on Violet Red Bile 
(VRB, Merck, 1.01406) agar using the “pour” plate 
technique and plates with 30-300 colonies were used 
for enumeration after 24-48 h of incubation at 37 °C. 
After incubation, typical colonies (red colonies with 
halos) were inoculated in Lactose Broth (LB, Merck, 
1.07661) in a Durham tube at 44°C for 24 h. After 
incubation, acid and gas formation positive colonies 
were confirmed to be E. coli using the IMVC series 
of tests (indole, methyl red, Voges-Proskauer, citrate). 
Indol (+), Methyl red (+), Voges-Proskauer (−) and 
Citrate (−) indicated the presence of E. coli type-1.

Faecal samples was analyzed as indicated in ISO 
6579/A1: 2007 (ISO, 2007). For pre-enrichment 25 
g sample was homogenized in 225 ml of BPW for 2 
min at 230 rpm, and incubated at 37°C. After pre-en-
richment, 0.1 ml was transferred onto modified semi-
solid Rappaport-Vassiliadis (MSRV, Oxoid, CM1112) 
agar and incubated at 41.5°C between 18-42 hour 
until a defined zone was observed. Selective plating 
was performed from MSRV agar onto XLD agar, xy-
lose lysine tergitol-4 (XLT-4, Oxoid, CM1061) agar, 
and incubated at 37°C for 24 hours. After incubation, 
1-5 suspected Salmonella colonies were selected and 
streaked onto MacConkey (MC, Oxoid, CM0115) 
agar to obtain pure culture to biochemical identifica-
tion. For initial biochemical identification, pure MC 
agar culture was initially transferred into brain heart 
infusion (BHI, Oxoid, CM1135) broth and incubated 
at 37°C for 18-20 hour. This culture was then used for 
determining unease activity (Urea Agar Base, Oxoid, 
CM0053), triple sugar utilization and H2S formation 
(Triple Sugar Iron Agar, Oxoid, CM0277), and ly-
sine decarboxylase activity (Lysine Iron Agar, Oxoid, 
CM0381). Further identification was performed us-
ing API20E (Biomerieux, 20100), and profile results 
were evaluated accordingly.

Statistical analysis
All data were first tested for normality of distribu-

tion using the UNIVARIATE procedure in SAS. The 
data relating to growth performance and other pa-
rameters were analyzed using the PROC GLIMMIX 
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procedure of SAS 9.4 (SAS Institute Inc.; Cary, NC, 
USA). The model for parameters included only treat-
ment as a fixed factor. In all models, kid within treat-
ment was considered as a random effect in the models 
just to take the individual differences into account. 
Statistical differences were considered significant 
for P < 0.05. All results are reported as least squares 
means and corresponding standard errors.

RESULTS 

Volatile oil components and growth performance
The ingredients and chemical composition of the 

concentrate feed and alfalfa hay are presented in Ta-
ble 1. The control and experimental diets contained 
approximately 90% concentrate and 10% forage, 
which was alfalfa hay. The volatile oil composition 
of Japanese mint is shown in Table 2. The menthol 
(71.88%), menthone (12.15%), isomenthon (3.84%) 
and limonen (3.69%) were determined to be the main 
active components for Japanese mint oil. At the end 
of the study, AIW, AFW, LWG, ADG, DFI and FCR 
did not differ (P> 0.05) between groups, whereas the 
ADG value tended to be higher in the addition of Jap-
anese mint oil by oral administration than in the con-

trol and other experimental group (Table 3).

Rumen pH, Rumen NH3 N, rumen VFA profile and 
rumen protozoa population

The rumen pH and NH3 N values did not differ 
(P>0.05) between groups (Table 4). In the study, these 
values remained within the limits that should be.The 
molar proportions of acetic acid, propionic acid, and 
the acetic/propionic acid ratio in the rumen did not 
differ (P > 0.05) between the control and experimental 
groups (Table 4). But total VFA (P<0.05), isobutyric 
acid (P<0.05), butyric acid (P=0.003) and isovaleric 
acid (P=0.005) concentrations were affected by treat-
ment. These parameters were measured as the lowest 
in the rumen samples taken from the group in which 
mint volatile oil was added to the feed. In the study, 
differences were determined in the entodinium and 
epidinium populations in terms of rumen protozoa 
distribution, and in the total amount of protozoa in 
the control and experimental group samples (Table 
5). Addition of mint volatile oil to the diet caused a 
significant decrease in entodinium number (P=0.004) 
and total protozoa number (P≤0.001) and a significant 
increase in epidinium number (P≤0.05) in the rumen.

Table 3. The effect of different applications of M. arvensis on performance parameters in Saanen kids

Parameters The way Japanese mint oil is given
n Control Oral Administration Adding to feed P

 Birth weight (kg) 8 3.67±0.12 3.42±0.12 3.57±0.13 0.398
 Average initial weight (kg) 8 11.74±1.14 11.25±0.90 11.30±0.80 0.925
 Average final weight (kg) 8 14.70±1.62 15.61±1.72 14.41±0.64 0.810
Live Weight Gain (kg) 8 2.96±0.71 4.36±1.04 3.11±0.39 0.371
Average daily gain (g) 8 87.43±17.97 115.69±25.66 86.39±10.93 0.483
Daily feed intake (g) 8 347.86±36.91 375.86±33.00 261.91±28.42 0.059
Daily DM intake (g) 8 319.93±33.94 345.68±30.35 240.88±26.14 0.059
Feed Conversion Ratio 8 4.31±0.66 3.69±0.31 3.58±0.93 0.747

FCR:Daily DM intake/Average daily gain

Table 4. The effect of different applications of M. arvensis on rumen parametersin Saanen kids

Parameters The way Japanese mint oil is given
n Control Oral Administration Adding to feed P

 Rumen pH 8 6.44±0.11 6.64±0.14 6.58±0.10 0.493
Rumen NH3N (mg/dl) 8 17.73±0.82 17.43±0.46 15.87±0.64 0.523
Rumen VFA profile
Acetic acid (A), (mmol/L) 8 43.72±2.77 35.13±7.34 30.26±3.24 0.144
Propionic acid (P), (mmol/L) 8 18.35±2.42 14.52±4.06 11.88±2.40 0.319
Isobutyric acid, (mmol/L) 8 1.16±0.06a 0.97±0.09ab 0.77±0.104b 0.032
Butyric acid, (mmol/L) 8 28.72±2.86a 21.72±5.46a 8.30±2.56b 0.003
Isovaleric acid, (mmol/L) 8 5.08±0.18a 4.04±0.42ab 2.73±0.47b 0.005
A/P 8 2.50±0.21 2.71±0.28 2.93±0.28 0.545
Total VFA, (mmol/L) 8 102.30±7.84a 80.18±17.13ab 56.62±8.79b 0.035
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Faecal pH, faecal score and faecal microorganism 
population.

The results of faecal pH and faecal score values 
are presented in Table 6. Supplementing with mint 
volatile oil did not alter the faecal pH from that of the 
control group, but the faecal score value was lower 
in the kids fed the mint volatile oil than in the con-
trol group. In the study, no difference was detected 
in the faecal samples of the control and experimental 
groups in terms of faecal microbiology. However, E. 
coli, one of the pathogenic microorganisms in the fe-
ces, was found less positive (8/3) in the feces samples 
of the group to which mint volatile oil was added to 
the feed. Salmonella was found only in control group 
stool samples (8/1).

DISCUSSION
In recent years, a variety of plant bioactive com-

pounds, including saponins, essential oils-volatile 
oils, tannins, and flavonoids have been evaluated for 
their ability to modulate rumen microbial fermenta-
tion processes to improve feed utilization efficiency 
while decreasing methane emission and nitrogen ex-
cretion (Patra and Saxena, 2009, 2010). In the present 
study, Saanen kids were fed a different applications of 
Japanese mint volatile oil, which contains high lev-
els of menthol as the main active ingredient. Japanese 
mint volatile oil extracted from M. arvensis leaves 
which is rich in menthol (71.88%) used in this study. 

In the study, the application of mint volatile oil with 
feed and orally was accepted by the animals and con-
sumed comfortably.

No significant differences were found between the 
control and experimental groups in terms of perfor-
mance data. The present study, we observed that 200 
mg/day/kids Japanese mint volatile oil markedly in-
creased ADG (115.69 g) and AFW (15.61 kg)in oral 
administration group. The reason for this increase 
in ADG and AFW may be related to the decrease of 
pathogen bacteria count and the efficiency of dietary 
energy utilization for maintenance and weight gain in 
goats. Similar studies supplementing with volatile oils 
reported varying results. Similar to our results, Mou-
ra et al. (2017) reported that adding 500 mg copaiba 
essential oils/kg DM had no effect on DMI but in-
creased ADG and gain efficiency compared to a non-
adding-group. On the other hand, in a meta-analysis 
report, Dorantes-Iturbide et al. (2022) concluded that 
in small ruminants, the use of essential oils increased 
the dry matter intake, daily live weight gain and feed 
efficiency. In their study, Simitzis et al. (2014) found 
no effect in growth performance in lambs supple-
mented with cinnamon oil (1 ml/kg of concentrated 
feed) for 35 days.When the studies conducted with 
aromatic plants belonging to the Lamiaceae fami-
ly and the Mentha genus are examined, results have 
been obtained indicating that there are no significant 

Table 5. The effect of different applications of M. arvensis on rumen protozoa population in Saanen kids

Parameters  The way Japanese mint oil is given
n Control Oral Administration Adding to feed P

Entodinium, (%) 8 99.04±0.45a 99.17±0.24a 95.41±1.16b 0.004
Diplodinium, (%) 8 0.32±0.30 0.39±0.22 1.97±0.88 0.103
Epidinium, (%) 8 0.64±0.30b 0.39±0.14b 2.60±0.54a 0.001
Total protozoa count/ml rumen fluid, (log10) 8 5.91±0.15ab 6.17±0.17a 5.59±0.14b 0.05

Table 6. The effect of different applications of M. arvensis on faecal parameters in Saanen kids

Parameters The way Japanese mint oil is given
n Control Oral Administration Adding to feed P

Faecal pH 8 8.20±0.07 7.95±0.17 8.17±0.08 0.317
Faecal score (initially) 8 1 2 2 -
Faecal score (average) 8 2 2 3 -
Faecal microbiology
Coliform, (cfu Log10/g) 8 3.38±0.73 3.17±0.64 1.97±0.43 0.219
Lactobacillus spp. (cfu Log10/g) 8 3.20±0.56 2.70±0.24 3.17±0.50 0.706
Bifidobacteria spp. (cfu Log10/g) 8 2.50±0.28 3.12±0.47 2.90±0.31 0.505
E.coli positive (fresh feces) 8 8/8 8/8 8/3 -
Salmonella positive (fresh feces) 8 8/1 8/0 8/0 -

Fecal scores were established as 0) normal, 1) semi-formed and/or pasty, 2) loose but stays on top of bedding, and 3) watery and/or 
sifts through bedding
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changes in performance parameters or that they affect 
performance positively. Mohamadi et al. (2017) re-
ported that pennyroyal had no effect on performance 
parameters in sheep, likewise Olmez et al. (2022) de-
termined that pennyroyal added at different levels did 
not affect the growth performance of Tuj lambs. Kha-
misabadi et al. (2016) stated that there was no change 
in FCR in the groups in which 3% mint and 3% thyme 
were added to lamb rations. The same researchers de-
clared that the addition of 3% mint from the Mentha 
family increased the daily BWG. As a result, reasons 
such as aromatic plants, ration formulation, interac-
tion between feeds, compatibility with animal species 
and rumen microbial fermentation may cause aromat-
ic plants to give different results.

In the present study, ruminal pH and rumen NH3-N 
was not affected by the dietary inclusion of Japanese 
mint volatile oil. A meta-analysis conducted by Or-
zuna-Orzuna et al. (2022) reported that, dietary ad-
dition with EOs reduced rumen NH3-N levels with-
out affecting rumen pH in beef cattle. On the other 
hand, Benchaar et al. (2008) stated that it is possi-
ble for rumen microorganisms to adapt the effects of 
EOs when used for a long time, and this may reduce 
their positive effects. The results observed for rumi-
nal pH in our study suggest that rumen functions of 
ruminants are performed under stable conditions and 
mint volatile oil added to the ration does not affect 
this situation. The molar ratios of acetate, propionate 
and A/P, which are important volatile fatty acidsare 
products of carbohydrate fermentation in the rumen, 
were not affected by the addition of Japanese mint 
oil, but caused significant changes in the amount of 
other volatile fatty acids and total volatile fatty acids. 
Jahani-Azizabadi et al. (2022) fed a mixture includ-
ing peppermint oil to calves and determined that total 
VFA and molar proportions of propionate, butyrate, 
and isovalerate, as well as the acetate-propionate ratio 
in the rumen were not affected. Poudel et al. (2019) 
also observed an increase in propionate concentration 
in dairy calves fed a diet supplemented with a mixture 
of EO (thymol, caryophyllene, p-cymene, cineole, 
terpinene, and carvacrol). Inconsistent results from 
different studies on the effects of EO on rumen fer-
mentation depend on diet composition, environment, 
major bioactive compounds, and doses.

Factors such as the use of feed additives, the phys-
iological condition of the animal and the ration may 
affect the rumen microbial population. Many of these 
factors may not eliminate bacteria, protozoa, or fungi, 

but are typically observed as fluctuations in microbial 
populations (Naseri et al.2022).Similarly, there were 
fluctuations in the distribution of rumen protozoa in 
our study. On the other hand, Naseri et al. (2022) ob-
served that supplementation with 1.2 ml/sheep/day 
Pistacia atlantica gum essential oil did not affect the 
protozoa population in sheep.

It has been concluded that fecal bacterial counts 
such as Bifidobacterium and Lactobacillus were sim-
ilar between control and experimental groups. Simi-
lar to our results, Swedzinski et al. (2019) noted that 
addition of a 1,25 g/d essential oils mix and a pre-
biotic did not affect the fecal bacteria counts of the 
pathogens (Clostridia, Escherichia and Salmonella) 
and benefical bacteria (Bifidobacter and Lactobacil-
lus) between calves. Fecal microbiology in animals 
is a guiding data for interpreting the microorganisms 
in the digestive system and their health (Celi et al., 
2017). The decrease in faecal coliformcounts and the 
number of feces positive for E.colimay indicate that 
the supplementation of Japanese mint volatile oil add-
ed to the feed at the 200 mg/kg level prevented the 
growth of harmful microorganisms and that Japanese 
mint oil was better utilized by beneficial bacteria in 
the intestines of growing Saanen kids.

CONCLUSIONS
The results of the study showed that supplement-

ing Japanese mint volatile oil by drinking or adding to 
the diet did not make a significant difference in per-
formance and rumen fermentation parameters com-
pared to the control group. However, it was concluded 
that the application of mint volatile oil by drinking 
affects the ADG parameter and performance positive-
ly. In addition, the number of E.coli in the feces was 
found to be less in the group added to the feed, and 
Salmonella was determined only in the control group. 
In conclusion, in this study, it was observed that Jap-
anese mint volatile oil at 200 mg/day/kids level was 
able to reduce the fecal pathogenic load without caus-
ing a significant effect on rumen parameters in terms 
of both applications (feed or drinking). Considering 
these results, it can be said that Japanese mint volatile 
oil which has a high menthol content, can be bene-
ficial for kids post weaning period by reducing the 
pathogenic microorganism load with its antimicrobial 
effect.

CONFLICTS OF INTEREST
The authors declare that there are no conflicts of 

interest.



J HELLENIC VET MED SOC 2024, 75 (1)
ΠΕΚΕ 2024, 75 (1)

6846 B.O. KIRMIZI, D. YESILBAG, I. CETIN, E. CETIN

ACKNOWLEDGEMENTS
This report is part of the first author’s Ph.D. the-

sis, which was financially supported by Bursa Uludag 
University Scientific Research Projects Coordina-
tion Unit (LTP Project: TDK-2021-321). The authors 

thank Serdal Dikmen (Bursa Uludag University, 
Turkey) for the statistical analysis. Thanks to Kadir 
Yeşilbağ (Bursa Uludag University, Turkey) for his 
support in the English language.

REFERENCES

Annino JS (1964) Clinical Chemistry. New York, USA: Little Brown
AOAC (1990) Official Methods of Analysis, 15th ed, Arlington, VA.
AOAC (2000) Official Methods of Analysis 17th ed, Assoc. Off. Anal. 

Chem, Arlington, VA. 
Atanasov AG, Waltenberger B, Pferschy-Wenzig EM, Linder T, Waw-

rosch C, Uhrin P, Temml V, Wang L, Schwaiger S, Heis EH, Roll-
inger JM, Schuster D, Breus JM, Bochkov V, Mihovilovic MD, Kopp 
B, Bauer R, Dirsch VM, Stuppner H (2015) Discovery and resupply 
of pharmacologically active plantderived natural products: a review. 
Biotechnol Adv 33:1582-614.

Benchaar C, Calsamiglia S, Chaves AV Fraser G, Colombatto D, McAllis-
ter TA, Beauchemin K (2008) A review of plant-derived essential oils 
in ruminant nutrition and production. Anim Feed Sci Tech 145:209-
228.

Celi P, Cowieson AJ, Fru-Nji F, Steinert RE, Kluenter AM, Verlhac V 
(2017) Gastrointestinal functionality in animal nutrition and health: 
New opportunities for sustainable animal production. Anim Feed Sci 
Tech 234:88-100. 

Dibner JJ, Richards JD (2005) Antibiotic growth promoters in agriculture: 
history and mode of action. Poult Sci 84:634-43.

Dorantes-Iturbide G, Orzuna-Orzuna JF, Lara-Bueno A, Mendo-
za-Martínez GD, Miranda-Romero LA, Lee-Rangel HA (2022) Es-
sential Oils as a Dietary Additive for Small Ruminants: A Meta-Anal-
ysis on Performance, Rumen Parameters, Serum Metabolites, and 
Product Quality. Vet Sci 9:475.

Jahani-Azizabadi H, Baraz H, Bagheri N, Ghaffar MH (2022).Effects of 
a mixture of phytobiotic-rich herbal extracts on growth performance, 
blood metabolites, rumen fermentation, and bacterial population of 
dairy calves.J. Dairy Sci. 105:5062-5073. 

Khamisabadi H, Kafilzadeh F, Charaien B. (2016) Effect of thyme (Thy-
mus vulgaris) or peppermint (Mentha piperita) on performance, di-
gestibility and blood metabolites of fattening Sanjabi lambs. Biharean 
Biologist 10(2): 118-122.

Mirzaei-Alamouti H, Moradi S, Shahalizadeh Z, Razavian M, Aman-
lou H, Harkinezhad T,Jafari-Anarkooli I, Deiner C,Aschenbach JR 
(2016) Both monensin and plant extract alter ruminal fermentation in 
sheep but only monensin affects the expression of genes involved in 
acid-base transport of the ruminal epithelium. Anim Feed Sci Technol 
219:132-43.

Mohamadi R., Rahchamani R., Ghanbari F., Farivar F. (2017) Peppermint 
and pennyroyal essential oil effect on performance, rumen microbial 
population and some blood parameters of sheep. Iranian Journal of 
Veterinary Medicine 11(1): 75-84.

Moura LV, Oliveira ER, Fernandes ARM, Gabriel AMA, Silva LHX, Ta-
kiya CS, Cˆonsolo, NRB, Rodrigues GCG, Lemos Thaís, Gandra JR 
(2017). Feed efficiency and carcass traits of feedlot lambs supple-
mented either monensin or increasing doses of copaiba (Copaifera 
spp.) essential oil. Anim Feed Sci Tech 232, 110-118. 

Naseri V, Kafilzadeh F, Jahani-Azizabadi H (2022) Effects of Pistacia at-

lantica gum essential oil on ruminal methanogen, protozoa, selected 
bacteria species and fermentation characteristics in sheep. Small Ru-
minant Res 209:106650.

NRC (2001) Nutrient Requirements of Dairy Cattle, 7th revised ed. Wash-
ington, DC: National Academy Press.

Ogimoto K, Imai S (1981) Atlas of Rumen Microbiology. Tokyo, Japan: 
Japan Scientific Societies Press. 

Olmez M, Makav M, Şahin T. (2022) Evaluation of Pennyroyal as A Feed 
Additive on Growth Performance, Some Biochemical Parameters 
and Antioxidant Status in Weaned Tuj Lambs. Osmaniye Korkut Ata 
Üniversitesi Fen Bilimleri Enstitüsü Dergisi 5(1):372-385.

Orzuna-Orzuna JF, Dorantes-Iturbide G, Lara-Bueno A, Miranda-Rome-
ro LA, Mendoza-Martínez GD, Santiago-Figueroa IA (2022) Me-
ta-Analysis of Essential Oils Use for Beef Cattle Feed: Rumen 
Fermentation, Blood Metabolites, Meat Quality, Performance and, 
Environmental and Economic Impact. Fermentation 8:254.

Padalia RC, Verma RS, Chauhan A, Sunderesan V, Chanotiya CS (2013) 
Essential oil composition of sixteen elite cultivars of Mentha from 
western Himalayan region, India. Maejo Int J Sci Technol 7(1):83-93.

Patra AK, Saxena J (2009) Dietary phytochemicals as rumen modifiers: a 
review of the effects on microbial populations. Anton van Leeuwen-
hoek 96:363-375.

Patra AK, Saxena J (2010) A new perspective on the use of plant second-
ary metabolites to inhibit methanogenesis in the rumen. Phytochem-
istry 71:1198-1222. 

Poudel P, Froehlich K, Casper DP, St-Pierre B (2019). Feeding essential 
oils to neonatal Holstein dairy calves results in increased ruminal 
Prevotellaceae abundance and propionate concentrations. Microor-
ganisms 7:120.

Simitzis PE, Bronis M, Charismiadou MA, Mountzouris KC, Deligeorgis 
SG (2014) Effect of cinnamon (Cinnamomum zeylanicum) essential 
oil supplementation on lamb growth performance and meat quality 
characteristics. Animal 8:1554-1560.

Souza AA, Lemos MJ, Brito DMC, Fernandis MS, Castro RN, Souza SR 
(2014) Production and quality of menthol mint essential oil and anti-
fungal and antigerminative activity. Am J Plant Sci 5(1):3311-3318.

Swedzinski C, Froehlich KA, Abdelsalam KW, Chase C, Greenfield TJ, 
Koppien-Fox J, Casper DP (2019) Evaluation of essential oils and a 
prebiotic for newborn dairy calves. Transl Anim Sci 4:75-83. 

Van Soest PJ, Robertson JB, Lewis BA (1991) Methods for dietary fiber, 
neutral detergent fiber, and nonstarch polysaccharides in relation to 
animal nutrition. J Dairy Sci 74:3583-3597.

Verlinden A, Hesta M, Hermans JM, Janssens GPJ (2006) The effects of 
inulin supplementation of diets with or without hydrolyzed protein 
sources on digestibility, faecal characteristics, haematology, and im-
munoglobulins in dogs. British Journal of Nutrition 96:936-944.

Zachariah TJ, Leela NK (2006) Volatiles from herbs and spices. In: Hand-
book of herbs and spices.3rd ed, Woodhead Publishing: pp 177-218.

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

